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Abstract
This study examines how artificial intelligence (AI), adaptive learning systems, and digital tools enhance dif-
ferentiated instruction (DI) to advance educational equity in digital classrooms. Using a systematic review
of 41 peer-reviewed studies published between 2015 and 2025, the study analyzes how different technologies
support the four components of DI, namely content, process, product, and learning environment, under the
PRISMA protocol. The synthesis identifies four main themes. Digital tools increase accessibility and fos-
ter multimodal engagement, though their adaptive functions often remain static. AI and adaptive systems
enable real-time personalization but face persistent challenges related to algorithmic transparency, data de-
mands, and contextual relevance. Innovative products and immersive environments such as virtual reality
labs, educational games, and multimodal storytelling extend inclusion by providing multiple response formats,
text-to-speech, and flexible submission options aligned with Universal Design for Learning principles. Teacher
attitudes and institutional support consistently determine whether technological innovations lead to sustain-
able differentiation. The review demonstrates that technology strengthens DI only when educators integrate
it with professional judgment, institutional commitment, and systemic equity frameworks. The findings offer
actionable insights for teachers, researchers, and policymakers seeking to design digital learning environments
that promote inclusion and educational justice.

Keywords: Differentiated instruction. Artificial Intelligence. Adaptive learning systems. Digital platforms.
Equity in education.

Resumo
Este estudo examina como a inteligência artificial (IA), os sistemas de aprendizagem adaptativa e as ferra-
mentas digitais fortalecem a instrução diferenciada (ID) para promover a equidade educacional em salas de
aula digitais. Com base em uma revisão sistemática de 41 estudos revisados por pares publicados entre 2015 e
2025, o estudo analisa como diferentes tecnologias apoiam os quatro componentes da ID, a saber, conteúdo,
processo, produto e ambiente de aprendizagem, seguindo o modelo PRISMA. A síntese identifica quatro temas
principais. As ferramentas digitais aumentam a acessibilidade e promovem o engajamento multimodal, embora
suas funções adaptativas frequentemente permaneçam estáticas. A IA e os sistemas adaptativos permitem a
personalização em tempo real, mas enfrentam desafios persistentes relacionados à transparência algorítmica,
à demanda de dados e à relevância contextual. Produtos inovadores e ambientes imersivos, como laboratórios
de realidade virtual, jogos educacionais e narrativas multimodais, ampliam a inclusão ao oferecer múltiplos
formatos de resposta, conversão de texto em fala e opções flexíveis de envio, de acordo com os princípios do
Desenho Universal para a Aprendizagem. As atitudes dos professores e o apoio institucional determinam de
forma consistente se as inovações tecnológicas levam à diferenciação sustentável. No geral, a revisão demons-
tra que a tecnologia fortalece a ID somente quando os educadores a integram ao julgamento profissional, ao
compromisso institucional e aos marcos sistêmicos de equidade. Os resultados oferecem orientações práticas
para professores, pesquisadores e formuladores de políticas que buscam projetar ambientes de aprendizagem
digitais que promovam a inclusão e a justiça educacional.

Palavras-chave: Instrução diferenciada. Inteligência Artificial. Sistemas de aprendizagem adaptativa. Plata-
formas digitais. Equidade na educação.
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1 Introduction
Differentiated instruction (DI) is now widely acknowledged as crucial for meeting learner diversity. It
addresses differences in readiness, interests, learning preferences, and sociocultural backgrounds by
adjusting content, process, product, and the learning environment (Tomlinson, 2001, 2014). Instead
of a one-size-fits-all model, DI emphasizes flexibility in both design and implementation to foster
equity, engagement, and better learning outcomes (Ferrer; Naanep, 2025; Puzio; Colby; Algeo-Nichols,
2020; Ramaila, 2025; Sabir; Wang; Zou, 2024). Globally, including Indonesia, DI has been officially
supported through curriculum reforms and inclusive policies aimed at reaching all learners, especially
those from marginalized or linguistically diverse backgrounds (Marlina; Efrina; Kusumastuti, 2019;
Ouyang; Ye, 2023; Smale-Jacobse et al., 2019). Its value lies in its ability to reduce opportunity gaps,
promote learner independence, and develop positive attitudes toward learning (Cullen; Oppenheimer,
2024; Donald; Ford, 2022; Saad; Abdullah, 2025). However, implementing DI can be difficult and
requires teacher expertise, careful planning, and effective classroom management (Maulana; Helms-
Lorenz; Irnidayanti, 2019; Van Geel et al., 2019). Many teachers struggle to maintain individualized
learning paths, track student progress, and manage diverse needs in large classrooms (Cevikbas; Kaiser,
2022; Darling-Hammond et al., 2020; Kariippanon et al., 2019; Kerimbayev; Akramova; Kassanov,
2025; Tetzlaff; Schmiedek; Brod, 2020). These challenges have increased interest in using technology
to make DI more scalable, efficient, and adaptable across different settings.

Over the past two decades, digital transformation has facilitated a gradual shift toward more per-
sonalized learning models (Engelbrecht; Llinares; Borba, 2020; Mena-Guacas; Lopez; Garcia, 2025;
Shemshack; Spector, 2020; Tetzlaff; Schmiedek; Brod, 2020). The rise of artificial intelligence (AI),
adaptive learning platforms, and interactive tools has created new opportunities for responsive instruc-
tion. AI systems, including intelligent tutors and recommender engines, evaluate student performance
in real time and adjust content dynamically (Gligorea et al., 2023; Naseer; Ali; Khan, 2024; Sajja;
Miller; Watson, 2024; Sayed; Mahmoud; Ibrahim, 2022; Taşkın, 2025). Adaptive platforms orga-
nize tasks based on learner input, enabling individualized pacing, while digital tools like learning
management systems, educational games, and collaborative applications create multimodal environ-
ments that accommodate diverse learning preferences (Jose; Kumar; Sharma, 2024; Strielkowski et
al., 2024; Vincent-Ruz; Boase, 2022; Wang; Hwang; Wang, 2020). These technologies reduce the
practical challenges teachers face when implementing DI because they automate assessments, provide
tailored pathways, and enhance student engagement (Krishan; Al-Rsa’i, 2023; Palieraki; Koutrouba,
2021; Vaganova; Livshits; Smirnova, 2020). When aligned with DI principles, they have the potential
to support large-scale personalization, even though issues related to contextual fit, ethics, and equity
remain unresolved.

Theoretically, DI and educational technologies share constructivist, learner-centered foundations
emphasizing scaffolding, mastery, and self-regulation (Damyanov, 2024; Donkoh; Amoakwah, 2024;
Guo; Wang; Zhang, 2024). Adaptive platforms reflect Vygotsky’s concept of the zone of proximal
development by offering targeted support (Damyanov, 2024; Donkoh; Amoakwah, 2024; Guo; Wang;
Zhang, 2024), while AI-driven personalization functions as formative feedback that sequences tasks
based on learner performance. In practice, digital tools can enact DI principles by enabling flexible
pacing, varied content, and real-time monitoring. However, the level of alignment depends on how
these tools are designed and implemented. Some applications genuinely extend the logic of DI, while
others offer superficial personalization with fixed content or opaque algorithms (Burner; Lindvig;
Wærness, 2025; Chang; Kim; Lee, 2023; Kochmar et al., 2021; Liao; Chen; Hwang, 2024; Murtaza;
Ahmed; Khan, 2022). For technology and DI to work together effectively, their integration must be
based on pedagogical frameworks prioritizing teacher agency and equitable outcomes.

Empirical evidence on technology-supported DI remains mixed, varying in strength, setting, and
technological scope. Some studies show positive effects on formative assessment and motivation,
while others indicate limited use or specific challenges in certain contexts (Burner; Lindvig; Wærness,
2025; Sree; Kumar; Gupta, 2024). Adaptive systems might benefit lower-achieving students more
than high achievers, and dashboards heavily depend on teacher interpretation (Molenaar; Campen,
2019; Pozdniakov; Martinez-Maldonado; Tsai, 2025). Most research focuses on short-term outcomes,
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leaving long-term factors like self-regulation, motivation, and inclusion less examined (Farrokhnia;
Noroozi; Schut, 2025; Held; Mejeh, 2024; Zafar; Ali; Raza, 2024). These differences highlight the
need for a thorough review that categorizes technologies, clarifies the conditions that support them,
and situates DI within broader equity frameworks.

Previous reviews have examined aspects of DI and technology separately, often emphasizing dig-
ital personalization or AI ethics without exploring their intersection. For instance, Smale-Jacobse
et al. (2019) focused on DI implementation in traditional classrooms, while Shemshack and Spector
(2020) reviewed personalized learning terminology. Engelbrecht, Llinares, and Borba (2020) exam-
ined mathematics classrooms during digital transformation, and Damyanov (2024) addressed special
education. In Latin America, some reviews have explored AI and digital technologies, but with limited
pedagogical focus. Salas-Pilco and Yang (2022) mapped AI applications in higher education, identi-
fying adaptive learning trends but overlooking how they align with DI. Silva León, Garcia, and Santos
(2024) analyzed broader digital innovations, emphasizing entrepreneurship and social inclusion rather
than classroom differentiation. Portilla, Smith, and Brown (2025) provided a global synthesis of AI
in Education 4.0, highlighting algorithmic bias and personalization challenges without situating them
in equity-oriented pedagogies. Meanwhile, Carrillo, Sanchez, and Rodriguez (2026) explored AI’s
structural and policy implications in Latin American higher education but did not address adaptive or
differentiated learning processes. None of these reviews systematically investigates how AI, adaptive
tools, and digital platforms jointly operationalize DI to promote equity.

Building on this gap, the present review examines how these technologies are integrated into DI
and assesses how such integration advances educational equity across its four components (content,
process, product, and environment). To achieve this aim, the review addresses three guiding research
questions.
1. RQ1. How are AI, adaptive systems, and digital platforms used to implement DI across educational

contexts?
2. RQ2. Which pedagogical, institutional, and contextual factors enable or constrain equitable

technology-supported DI?
3. RQ3. In what ways do these technologies contribute to advancing educational equity through DI?

2 Method
2.1 Research design

This study followed a qualitative Systematic Literature Review using the PRISMA 2020 framework
(Page; McKenzie; Bossuyt, 2021), as seen in Figure 1, to ensure transparency and reproducibility. It
synthesized empirical studies from 2015 to 2025 on integrating AI, adaptive learning systems, and
digital tools within DI. This period reflects a decade of rapid growth in AI and adaptive technologies
in education.

The scope of “AI” in this review includes intelligent tutoring systems, machine learning–based
recommender engines, and generative AI applications. “Adaptive systems” refer to algorithmic or
data-driven platforms that personalize learning processes based on learner input or performance data.
“Digital tools” encompass multimodal and collaborative technologies used in classroom contexts, such
as virtual labs, educational games, and online learning platforms.

2.2 Data sources and search strategy
A comprehensive search was performed across six databases: Scopus, Web of Science, ERIC, ProQuest,
ScienceDirect, and SpringerLink. The search strategy combined keywords and Boolean operators to
identify studies on DI integrated with AI, adaptive learning systems, and digital technologies. The
final search string used in all databases was:

(“differentiated instruction” OR “differentiated teaching”) AND (“artificial intelligence”
OR “AI” OR “adaptive learning” OR “adaptive system*” OR “digital platform*” OR
“digital tool*” OR “educational technolog*” OR “technology integration”) AND (“kinder-
garten” OR “early childhood” OR “elementary” OR “primary” OR “secondary” OR “K-12”
OR “higher education” OR “university” OR “undergraduate*” OR “vocational training”).
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Figure 1. The review protocol.
Source: Own elaboration.

The formula used the wildcard symbol (*) to include word variations and linked conceptual groups
with AND operators to ensure inclusive retrieval of studies on AI. Searches were limited to the title,
abstract, and keyword fields and included educational level terms (e.g., kindergarten, K-12, higher
education). All records were managed in EndNote, duplicates removed, and results verified through
backward and forward citation tracking before applying the inclusion and exclusion criteria.

2.3 Inclusion and exclusion criteria
The review applied specific criteria to ensure rigor and relevance, summarized in Table 1. To maintain
consistent data extraction and accurate interpretation of findings, only studies published in English
were included. This decision was made because English dominates peer-reviewed academic publishing,
and reliable translations are limited across databases. Although this may introduce language bias,
it helped keep coding and quality assessment procedures consistent across all sources. The possible
effects of this limitation are discussed in the final section of the paper.

2.4 Screening and selection process
After removing duplicates, two reviewers independently screened the titles and abstracts against the
inclusion criteria. Potentially eligible studies then underwent full-text review, and any disagreements
were resolved through discussion to ensure consistency. The process and exclusion decisions at the
full-text stage were documented to maintain transparency.
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Table 1. Inclusion and Exclusion Criteria.

Criterion Inclusion Exclusion

Publication type Peer-reviewed empirical research
(qualitative, quantitative, mixed
methods)

Non-peer-reviewed reports, theoret-
ical papers, or conference abstracts
without full papers, grey literature

Publication period 2015–2025 Before 2015 or after 2025
Language English Non-English publications
Focus Studies addressing DI combined with

AI, adaptive systems, or digital plat-
forms

Studies unrelated to DI or limited
to conventional/non-digital instruc-
tion

Educational level Early childhood, primary, secondary,
higher, or vocational education

Studies not specifying or irrelevant
to educational contexts

Availability Full-text accessible Abstract-only or inaccessible full
text

Source: Own elaboration.

2.5 Data extraction and analysis
Data were systematically extracted using a structured template that covered: bibliographic details;
study context; technology type; DI components; research design; and key findings. The coding system
for thematic analysis was developed inductively and refined through iterative comparison. Initial codes
based on Tomlinson’s (1999) four DI dimensions were aligned with technology categories, pilot-tested
on ten studies, and collaboratively refined into a final codebook. Thematic coding was supported
by an AI-assisted text analysis tool to organize and cluster data during the initial synthesis stage.
All coding decisions and thematic interpretations were manually verified by the researchers to ensure
analytical consistency and validity, with each step documented for replicability and auditability.

We also constructed a co-occurrence matrix from the final codes (technology category, DI com-
ponent, mediators, and equity dimensions) and created a thematic network (as presented in Figure
4) to visualize the connections among topics. An AI-assisted tool helped with early clustering, and all
links were checked manually.

3 Findings and discussion
This section presents the main findings and discusses their implications. To give an overview, Table
2 maps the selected studies based on the types of technology used (AI-based systems, adaptive tools,
and broader digital platforms) and the DI components they cover (content, process, product, and
environment).

Across the reviewed period, the early studies (2015-2019) primarily focused on digital tools for
differentiated content and formative assessment, reflecting the initial stages of classroom digitaliza-
tion. In contrast, studies from 2020-2025 increasingly incorporated AI and adaptive learning systems,
emphasizing personalization, data analytics, and equity considerations. This shift suggests a gradual
evolution from tool-based differentiation toward intelligent, context-sensitive systems that align with
equity and inclusion frameworks. These patterns help clarify how tools fit within DI frameworks and
guide the synthesis below.

3.1 Publication and context overview
Research on technology-enhanced DI increased significantly across 41 studies after 2018 (Figure 2),
aligning with digital transformation and remote learning. By level (Figure 3), the collection includes
eight primary, 14 secondary, five higher/vocational, five teacher-education, and nine cross-level K-12
investigations. Geographically, the studies cover 23 countries across Europe, Asia, North America,
and Oceania, allowing for cautious generalization while remaining aware of policy and infrastructure
factors that influence implementation.
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Table 2. Studies mapped by technology type and DI component.

No. Authors AI Adaptive Tools Digital Tool/Platform Content Process Product Environment

1 Meutstege, Van Geel, and Visscher
(2023)

- √ √ √ √ √ √

2 Hasanah, Suyatno, and Maryani
(2022)

- √ √ √ √ √ -

3 Min and Theng (2018) - √ √ √ √ √

4 Valiandes, Neophytou, and Hajisote-
riou (2018)

- - √ √ √ √ √

5 Smets, De Neve, and Struyven
(2020)

- - √ √ √ √ √

6 Westbroek, Janssen, and Driel (2020) - - √ √ √ √ √

7 Strogilos, Lim, and Binte Mohamed
Buhari (2021)

- √ √ √ √ √ -

8 Griful-Freixenet, Struyven, and
Vantieghem (2021)

- - √ √ √ √ -

9 Vantieghem, Van de Putte, and De-
clercq (2020)

- - √ √ √ √ -

10 Valiandes (2015) - √ - √ √ √ -
11 Karst, Förster, and Souvignier (2022) - √ √ √ √ - -
12 Förster, Kawohl, and Souvignier

(2018)
- √ √ √ √ - -

13 Iterbeke, De Witte, and Schelfhout
(2020)

- - √ √ √ - -

14 Maulana, Helms-Lorenz, and Irni-
dayanti (2019)

- - √ √ √ √ -

15 Songer, Ibarrola, and Mi (2019) √ √ √ √ √ √ -
16 Wu, Wong, and Li (2019) - √ √ √ √ √ -
17 Easa and Blonder (2023) - - √ √ √ √ -
18 Hasanah, Suyatno, and Maryani

(2023)
- - √ √ √ √ -

19 Halil, Abdullah, and Yunus (2024) - - √ √ √ √ -
20 Zervoudakis, Mastrothanasis, and

Tsafarakis (2019)
√ - √ - √ - -

21 Şentürk and Sari (2018) - - √ √ √ √ -
22 Estaiteyeh and DeCoito (2023) - - √ √ √ √ -
23 Spyropoulou, Wallace, and

Poulopoulos (2025)
- √ √ √ √ √

24 Shareefa, Moosa, and Hoo (2024) - - √ √ √ √ √

25 Shareefa (2023)
26 Yuen, Luo, and Wan (2023) - - √ √ √ √ √

27 Malacapay (2019) - - √ √ √ √ -
28 Gibbs and Beamish (2021) - - √ √ √ √ √

29 Heng (2023) - √ - √ √ √ √

30 Smets and Struyven (2018) - - √ √ √ √ √

31 Vaganova, Livshits, and Smirnova
(2020)

- √ √ √ √ √ -

32 Palieraki and Koutrouba (2021) - √ √ √ √ √ √

33 Naseer, Ali, and Khan (2024) √ √ √ √ √ -
34 Krishan and Al-Rsa’i (2023) - - √ √ √ √ -
35 Howorth, Smith, and Jones (2024) √ √ √ √ √ √ -
36 Kong and Yang (2024) √ - - √ √ √ -
37 Kempe and Grönlund (2019) - √ √ √ √ √ -
38 Yunianto, Kusuma, and Sari (2024) √ - - √ √ √ -
39 Woo, Guo, and Susanto (2024) √ - - √ √ √ -
40 Chen, Yin, and Cheung (2025) √ √ √ √ √ √ -
41 Sajja, Miller, and Watson (2024) √ √ √ √ √ √ -

Source: Own elaboration.

3.2 Technology types used in DI
The review identifies four broad categories of technologies:
1. AI and machine learning (8 studies), including generative AI for writing support and feedback, in-

telligent assistants, optimization algorithms for grouping, and deep learning for adaptive pathways;
2. Adaptive learning platforms (8 studies) such as Learning Navigator, computer-based Learning

Progress Assessment (LPA), and assessment-linked systems (e.g., Lernstand 5) that tailor instruc-
tion to readiness and performance;

3. General digital platforms and tools (20 studies), including digital games, Virtual Reality (VR) labs,
ICT labs, online collaboration tools (Padlet, Google Classroom, Quizizz), and multimedia/story-
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Figure 2. Number of publications by year.
Source: Own elaboration.

Figure 3. Number of publications by level of education.
Source: Own elaboration.

telling applications;
4. Conceptual/minimal-integration discussions (7 studies) focusing on DI frameworks rather than

concrete tools.

3.3 Network visualization of technology-DI relationships
We generated a co-occurrence network in VOSviewer (v1.6.20) using the coded relationships among
technology categories (AI, adaptive systems, and general digital tools), DI components (content, pro-
cess, product, and environment), mediating factors (e.g., teacher mindset, professional development,
infrastructure access, classroom constraints), and equity dimensions (e.g., accessibility, personaliza-
tion, agency/autonomy). The network (Figure 4) consists of 17 items connected through 136 weighted
links. In the map, node size reflects how frequently each item appears across the 41 studies, edge
thickness represents the strength of co-occurrence between two items, and color indicates cluster
membership as computed by the VOS clustering algorithm.

The red cluster (left) reflects classroom-level differentiation using digital tools, multimodal pro-
ducts, and inclusive learning environments under real instructional constraints. The green cluster
(right) represents adaptive/AI systems, teacher professional development, and mindset, highlighting
how personalization and agency depend on teacher capacity, algorithmic transparency, and infrastruc-
tural support. Bridge links (e.g., Process, Infrastructure Access) show that equitable differentiated
instruction emerges from the interaction between pedagogical inclusion and adaptive technologies.

3.4 Trends in technology-enhanced DI integration
The review identified four key themes in the integration of technology into DI, as outlined in Table 3.
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Figure 4. Co-occurrence network of technology, DI components, mediating factors, and
equity dimensions.
Source: VOSviewer (version 1.6.18, Van Eck and Waltman (2010)).

Theme 1: Digital Tools for Content Differentiation

A consistent finding across the studies (Halil; Abdullah; Yunus, 2024; Hasanah; Suyatno; Maryani,
2023; Malacapay, 2019; Yuen; Luo; Wan, 2023) is that teachers make extensive use of accessible dig-
ital platforms such as Google Classroom, Padlet, Quizizz, and multimedia applications to differentiate
learning content. These platforms support multimodal content delivery, provide tiered materials, and
increase accessibility for students with varied readiness levels and diverse backgrounds. For instance,
Quizizz allows teachers to conduct instant formative assessments with different difficulty levels, while
Padlet facilitates collaborative curation of ideas that can be adjusted according to student ability or
interest. The pedagogical reasoning behind these practices is consistent with Tomlinson (1999) and
Annemieke et al. (2019), who argue that DI should begin by offering varied entry points into the
content so that all learners can access the core concepts.

However, many of these tools operate at a static level of differentiation, where teachers prepare
materials in advance with varying levels of complexity rather than making dynamic adjustments during
the learning process. This pattern points to a gap between the potential of digital tools and how they
are currently applied in classrooms. The literature emphasizes that teacher digital literacy and the
availability of infrastructure are essential mediators (Cevikbas; Kaiser, 2022; Engelbrecht; Llinares;
Borba, 2020). Without sufficient professional development and robust digital infrastructure, the
promise of differentiated content risks remaining superficial. Prior research on technology-mediated
personalization (Shemshack; Spector, 2020) also cautions that digital tools must move beyond mere
content dissemination to support deep conceptual understanding and learner autonomy. Thus, the
challenge in this theme lies not only in equipping teachers with digital tools but also in empowering
them to utilize these tools in ways that extend beyond simple content variation.

Theme 2: Adaptive Systems and AI for Process Differentiation

The integration of adaptive learning systems and AI represents the most promising yet complex
frontier of DI. Studies by Songer, Ibarrola, and Mi (2019) and Zervoudakis, Mastrothanasis, and
Tsafarakis (2019), and Förster, Kawohl, and Souvignier (2018) highlight how platforms like Learning
Navigator and algorithms like Particle Swarm Optimization (PSO) can automate group formation,
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Table 3. Key themes, supporting studies, findings, and implications.

Theme Supporting Studies Key Findings Implications

Theme 1: Digital
Tools for Content
Differentiation

Halil, Abdullah,
and Yunus (2024),
Hasanah, Suyatno,
and Maryani (2023),
Malacapay (2019) and
Yuen, Luo, and Wan
(2023)

Teachers commonly used ac-
cessible digital tools (e.g.,
Google Classroom, Padlet,
Quizizz, AVP, social media)
to deliver multimodal con-
tent, tiered materials, and ac-
cessible resources for students
with varying readiness levels.
These tools enabled flexible
content delivery and improved
accessibility but often lacked
advanced adaptivity.

Enhancing teacher
digital literacy and
ensuring infrastruc-
ture availability are
essential for lever-
aging digital tools
effectively to support
differentiated content.

Theme 2: Adaptive
Systems and AI for
Process Differenti-
ation

Songer, Ibarrola,
and Mi (2019), Zer-
voudakis, Mastrothana-
sis, and Tsafarakis
(2019) and Förster,
Kawohl, and Souvignier
(2018)

AI-powered systems such as
Learning Navigator and PSO
algorithms supported auto-
mated group formation, per-
sonalized learning pathways,
and real-time recommenda-
tions based on learner perfor-
mance. These systems re-
duced teacher workload but
faced challenges related to
transparency, data require-
ments, and contextual fit.

Transparency of algo-
rithms, teacher train-
ing, and data protec-
tion protocols are re-
quired to ensure effec-
tive and ethical use of
adaptive and AI-based
systems in DI.

Theme 3: Innova-
tive Products and
Inclusive Learning
Environments

Wu, Wong, and Li
(2019), Estaiteyeh and
DeCoito (2023) and
Spyropoulou, Wallace,
and Poulopoulos (2025)

Technologies like Virtual
Reality (VR), digital video
games, and flexible digital
products enabled students
to produce diverse outputs
and engage in context-rich,
inclusive learning environ-
ments. Accessibility features
(e.g., text-to-speech, multiple
response formats) improved
participation of students with
diverse needs.

Teacher capacity-
building for designing
inclusive digital prod-
ucts and utilizing
accessibility features
is crucial for sustain-
ing innovation and
supporting diverse
learners.

Theme 4: Teacher
Mindset and Con-
textual Factors

Halil, Abdullah,
and Yunus (2024),
Hasanah, Suyatno, and
Maryani (2023), Yuen,
Luo, and Wan (2023)
and Shareefa, Moosa,
and Hoo (2024)

Teacher mindset, professional
development, and institu-
tional support strongly influ-
enced technology-enhanced
DI adoption. Positive atti-
tudes and adequate support
enabled effective integration,
while infrastructure limita-
tions, rigid curricula, and
time constraints hindered
implementation.

School policies,
teacher professional
learning, and mindset
shifts are critical to
sustain and scale
technology-supported
DI practices.

Source: Own elaboration.

provide personalized learning trajectories, and deliver real-time instructional recommendations. These
systems embody the pedagogical principle of tailoring the learning process to each student’s perfor-
mance data, closely reflecting Vygotsky (1978) concept of the zone of proximal development (ZPD).
By situating learners within their ZPD, AI-driven systems reduce teacher workload and allow for
scalable personalization (Celik et al., 2022; Seo; Tang; Smith, 2024).

Nevertheless, the literature points to several important challenges. Transparency and algorithmic
bias remain unresolved concerns (Chang; Kim; Lee, 2023; Murtaza; Ahmed; Khan, 2022). Teachers
often have a limited understanding of how adaptive systems generate recommendations, which can
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result either in uncritical reliance or in mistrust. These systems also require large amounts of learner
data, raising concerns about privacy, ethical use, and cultural relevance (Giannakos; Mikalef; Molenaar,
2025). Heinrich, Darling-Aduana, and Martin (2019) emphasize that successful integration depends
heavily on contextual fit, since rural or under-resourced schools may face barriers such as limited
bandwidth, insufficient hardware, and low levels of data literacy. The implication is that teacher
training, algorithmic transparency, and data governance must accompany the adoption of AI-based
DI to ensure that these tools promote equity rather than reinforce divides. This theme reveals a critical
paradox. While AI and adaptive technologies have the potential to expand individualized learning at
scale, their effectiveness ultimately relies on the pedagogical goals and ethical frameworks that guide
their use.

Theme 3: Innovative Products and Inclusive Learning Environments

The third theme expands DI beyond content and process by focusing on student products and the
creation of inclusive learning environments. Research by Wu, Wong, and Li (2019), Estaiteyeh and
DeCoito (2023) and Spyropoulou, Wallace, and Poulopoulos (2025) demonstrates how technologies
such as VR, digital video games, and flexible authoring tools enable students to produce varied and
creative outputs while engaging in rich and immersive contexts. These studies align with construc-
tivist theories of learning (Bruner, 1996; Piaget, 1972), which emphasize that learners deepen their
understanding through the active creation and representation of knowledge in diverse forms.

Digital technologies also contribute to inclusivity by embedding accessibility features. Tools such
as text-to-speech, multiple response formats, and personalized interface settings expand opportunities
for participation among students with disabilities or special learning needs (Damyanov, 2024). In
this sense, DI is framed not only as a pedagogical variety but also as a mechanism of equity that
allows learners with diverse needs to fully engage. This perspective is consistent with the principles of
Universal Design for Learning (UDL) (CAST, 2018), which emphasizes the importance of providing
multiple means of engagement to sustain motivation and interest, multiple means of representation to
present information in varied formats such as text, audio, or visuals, and multiple means of expression
to allow students to demonstrate their learning in diverse ways. When DI is combined with UDL,
the emphasis is placed on ensuring that technology does more than diversify instruction. It should
also function as a tool to proactively remove barriers, making it possible for all learners to access and
participate meaningfully in the learning process.

Yet, sustaining such innovations requires more than access to digital products. Teachers must
be capacitated to design inclusive digital tasks, assess multimodal outputs, and integrate accessibil-
ity features meaningfully. Prior work (Molenaar; Campen, 2019; Pozdniakov; Martinez-Maldonado;
Tsai, 2025) stresses that teacher interpretation of digital feedback is pivotal for transforming raw
technological affordances into pedagogically valuable practices. Hence, this theme illustrates that in-
novative products and environments cannot be decoupled from teacher expertise and the embedding
of curricula.

Theme 4: Teacher Mindset and Contextual Factors

The most decisive factor in technology-supported DI is not the technology itself but the mindset
and context of educators and institutions. Studies (Halil; Abdullah; Yunus, 2024; Hasanah; Suyatno;
Maryani, 2023; Shareefa; Moosa; Hoo, 2024; Yuen; Luo; Wan, 2023) consistently demonstrate that
teachers’ attitudes toward innovation, their access to professional learning, and the level of institutional
support significantly influence implementation. Teachers with a growth-oriented mindset (Dweck,
2006) are more likely to experiment with digital differentiation. In contrast, those constrained by rigid
curricula, time pressures, or a lack of infrastructure tend to adopt surface-level uses.

This is consistent with earlier research (Smale-Jacobse et al., 2019; Van Geel et al., 2019) show-
ing that DI is inherently complex and depends strongly on teacher agency. Without institutional
policies that provide sufficient time, resources, and incentives, even the most advanced technolo-
gies are likely to be underused. By contrast, supportive environments that encourage collaborative
professional learning communities (Darling-Hammond et al., 2020) allow teachers to share practices,
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build confidence, and sustain innovation. Contextual factors, therefore, play a decisive role in shaping
how technology-enhanced DI can be meaningfully implemented. As Li, Zhang, and Limniou (2021)
note, cultural orientations toward hierarchy, autonomy, or innovation deeply influence how teachers
interpret and adopt technology-enhanced DI.

The implication is clear that scaling DI with technology requires a systemic approach that balances
teacher mindset, institutional support, and cultural context. Technology alone cannot overcome
structural and attitudinal barriers but must be embedded within broader educational change efforts.

3.5 Cross-theme synthesis
Technology-enhanced DI is more than just a set of tools; it connects pedagogy, institutional frame-
works, and equity efforts. Digital tools expand access to content, but without adaptive procedures
and inclusive design, they can remain static. AI and adaptive systems offer scalability, yet opaque
algorithms and data-heavy processes raise equity issues. Innovative products encourage multimodality
and inclusion but seldom scale without teacher expertise and policy support. Teachers’ mindsets and
institutional conditions influence results across areas, highlighting that technology’s value is socially
shaped and dependent on pedagogical goals and systemic backing (SDG 4).

Most evaluations emphasize short-term engagement or test improvements; long-term outcomes
like autonomy, self-regulation, critical thinking, and inclusion are less studied. Algorithmic opacity
and inconsistent infrastructure risk are increasing disparities. Many studies view teachers as end-users
rather than partners in design. Future research should explore AI governance in education, strengthen
teacher agency through ongoing professional development, and tackle issues of access, bias, and
sustainability. In this view, technology acts as a strategic partner, not a replacement, promoting
personalization and educational justice when aligned with equity-focused pedagogy and institutional
commitment.

4 Conclusion
This review explored how AI, adaptive systems, and digital tools are integrated into DI to promote ed-
ucational equity. Analyzing 41 studies reveals that technology-enhanced DI operates as an ecosystem
connecting pedagogy, institutional frameworks, and justice goals. AI and adaptive systems increase
personalized learning options, while digital platforms and inclusive products encourage multimodal en-
gagement. However, teacher agency, ethical governance, and systemic support are crucial for making
sure that technological differentiation enhances rather than damages equity.

The findings redefine DI in the digital age as a process of pedagogical mediation, where technol-
ogy gains significance through teacher-guided and ethically designed implementation. Future efforts
should focus on enhancing teachers’ AI literacy, promoting transparent and data-responsible prac-
tices, and incorporating digital-justice principles into institutional and policy frameworks. Long-term
progress toward inclusive, technology-supported differentiation will rely on collaborative design among
educators, researchers, and policymakers grounded in equity, ethics, and pedagogical purpose.

5 Limitations and directions for future research
While this review followed PRISMA 2020 for rigor and transparency, several limitations should be
acknowledged. Limiting to English-language, peer-reviewed articles may have excluded relevant non-
English or grey literature. The 2015-2025 time frame captures rapid technological changes but might
omit emerging developments in generative AI. The diversity of study designs also constrained quanti-
tative synthesis, making the findings interpretive. Future research should expand database coverage,
include multilingual studies, and explore post-2025 innovations, especially regarding ethical gover-
nance, teacher AI literacy, and long-term equity outcomes.
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