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Abstract In recent years, digital learning materials have increasingly replaced and complemented traditional resources, and
they are gradually being standardized to ensure higher levels of accuracy and diversity. Digital educational resources have
become an indispensable component of modern education, offering numerous advantages over traditional materials. They
allow learners to access content anytime and anywhere, and they can vividly illustrate mechanisms, processes, and natural
phenomena that conventional resources often fail to convey effectively. However, the growing integration of digital
materials in education also presents significant challenges that require further consideration. Despite growing research
interest, comprehensive overviews remain limited. This study aims to address this gap by systematically analysing recent
research trends, influential publications, thematic focuses, and future directions in digital learning materials. A systematic
review was conducted via the PRISMA framework, with Scopus selected as the primary database for rigorous quality control.
The inclusion criteria included peer-reviewed journal articles in English published from 2017 onwards containing “digital
learning material” or “digital teaching material” in the title, abstract, or keywords. From an initial pool of 404 articles, 45
met the final selection criteria. The data were cleaned, coded, and analysed via VOSviewer for keyword co-occurrence and
network mapping. The findings reveal significant growth in publications, especially after 2020, driven by the global shift
toward online learning. Sixteen thematic clusters were identified, with collaborative learning and mathematics serving as
key connectors. Fifteen categories of challenges emerged, including limited generalizability and small sample sizes. Five
major research directions were proposed: spanning methodology, contextualization, technology integration, teacher
training, and assessment. This study provides the first systematic, PRISMA-based synthesis of digital learning materials
research, offering a holistic framework to guide future scholarly and practical advancements in the field.
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1. Introduction

Digital learning materials play a crucial role in transmitting information in general and in education in particular,
especially in recent years, due to the application of advancements in science and technology to teaching and learning.
Compared with other traditional learning materials such as books, newspapers, and printed materials, digital learning materials
have several outstanding advantages. These advantages have been demonstrated to be successful in numerous research
projects aimed at enhancing the quality of education (Dewi et al., 2020; Evawati & Susilowati, 2023; Mondragon-Estrada et al.,
2023; Safitri, 2023).

However, digital learning materials also face numerous difficulties and challenges, such as a shortage of digital learning
resources (Alwafi, 2023), a lack of funding for developing digital learning materials (Alwafi, 2023), existing digital materials
being monotonous and unengaging for students (Mondragén-Estrada et al., 2023; Safitri, 2023), the limited ability of teachers
to create digital learning materials (Dewi et al., 2020), the tools and time required to evaluate the quality of learning materials
(Evawati & Susilowati, 2023), and so on.

To address the difficulties and challenges posed by digital learning materials, many scholars worldwide have conducted
various experiments. For example, Alwafi (2023) studied students' deep learning on the basis of self-created digital learning
materials, Afifah (2023) researched the creation and development of multimodal digital teaching materials, and Uda et al.
(2022) explored the design and development of problem-based digital learning materials. However, most previous studies have
focused on specific aspects of the digital learning material issue, with very few publications providing an overall perspective on
digital learning materials in education. For example, Bong and Chen (2024) conducted a comprehensive study on teachers'
digital competence, Ali et al. (2022) synthesized student learning models in online environments, and Rabiu et al. (2023)
compiled approaches to designing materials for blended learning. The general overview of learning materials has not been
extensively and comprehensively studied, leaving a gap that needs to be filled. Filling this gap is important because it allows for
a more holistic understanding of digital learning materials and their impact on education.
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For that reason, this study aims to bridge the current research gap with a comprehensive analysis of digital educational
materials. The authors focus on addressing the following research questions:

* RQ1l: What are the general research trends in digital learning materials in recent years?

* RQ2: Which publications on digital learning materials have had the most significant impact? How do scholars recognize
the influence of these publications?

¢ RQ3: What are the prominent research topics surrounding digital learning materials?

¢ RQ4: What are the typical difficulties and challenges encountered in research on digital learning materials?

¢ RQ5: What research directions are proposed for the future?

2. Methodology

In this study, a comprehensive and structured approach was adopted to search, select, and evaluate articles via content
analysis and synthesis methods. The research model employed in this study was the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) framework. The PRISMA model is widely recognized and recommended for conducting
systematic reviews and rigorous research. It provides standardized procedures that guide scholars in conducting their studies
and is widely utilized in reputable journals and the academic community at large.

2.1. Sample and data collection

Currently, various data sources are available for storing and retrieving relevant articles across multiple disciplines.
Examples of popular data sources include Google Scholar, Scopus, Web of Science, ERIC, and ARXIV. Among these options,
Scopus and Web of Science stand out as widely utilized data sources because the articles indexed in these databases undergo
thorough evaluation and quality control. On the other hand, Google Scholar, ERIC, and ARXIV, while offering free access, include
a vast array of unreviewed documents, which can pose challenges in terms of data management and filtering, particularly for
novice researchers. Given these considerations, the authors of this study opted to utilize Scopus as the primary data source for
their research.

2.2. Search criteria

To conduct a comprehensive search for articles pertaining to the current research topic, the following inclusion and
exclusion criteria were established:
Inclusion criteria:

¢ The article must include the keywords "digital learning material*" or "digital teaching material*" in the title, abstract,
or keywords.

¢ The article must have been published within recent years. The year 2017 was selected because it marked the beginning
of the widespread application of information technology.

¢ The article should demonstrate a sound structure and content.

¢ The article must be written in English.

¢ The articles must be published in reputable journals.

Exclusion criteria:

e The article does not contain the keywords "digital learning material*" or "digital teaching material*" in the title,
abstract, or keywords.

¢ The article was published prior to 2017.

¢ The article lacks a well-organized structure and adequate content.

¢ The article was not written in English.

¢ The articles are not published in journals.

2.3. Eligibility assessment

To ensure the accuracy and reliability of the search results, a two-step evaluation process was implemented. In the first
step, the authors utilized Scopus's automatic filtering tools to screen the articles. In the second step, the remaining results were
independently assessed by two researchers who were not affiliated with the author. The filtered results from both researchers'
evaluations were then compared. If their assessments aligned, the article was included. However, in cases where discrepancies
arose, the author exercised judgement to determine whether the article should be included or excluded, considering careful
consideration of the various reviews.

2.4. Data coding and analysis

Following the filtering process, the selected articles were stored in a CSV file for subsequent analysis. The variables of
interest included in the analysis included the title, abstract, keywords, year of publication, citations, research direction,
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limitations, and future research directions. Before proceeding to the analysis stage, the data underwent a meticulous cleaning
process to ensure accuracy and consistency. This cleaning process involved the following steps:

¢ The spelling errors are corrected to increase the accuracy of the data.
e The acronyms and their corresponding full words are consolidated to avoid duplication and maintain consistency
across the entire dataset.

Once the data had been processed and cleaned according to the aforementioned steps, the VosViewer tool was
employed for analysis. VosViewer is a recognized analytics tool in the field that facilitates the exploration and visualization of
significant patterns, relationships, and trends within datasets.

The article selection process adhered to the PRISMA guidelines, as depicted in Figure 1. Initially, a total of 404 articles
were identified in the Scopus database through keyword searches. After applying automatic filters on the basis of publication
year, journal, and language (English), 296 articles were excluded. Among the remaining 108 articles, 23 were eliminated
because of their lack of relevance to the research topic, despite the presence of search keywords in the title, abstract, or
keywords. Among the remaining 85 articles, 32 did not provide full access to their content. Consequently, out of the total of 53
full articles collected by the author, 8 were excluded because their quality was relatively lower than the standards set for an
article. Therefore, for the analysis in this study, a final set of 45 articles was utilized.

Identification of new studies via databases and registers

c Records removed before screening:
-.% Records identified from: Duplicate records (n =0)
il Databases (n = 404) Records marked as ineligible by automation
= Registers (n=0) tools (n = 296)
§ Records removed for other reasons (n =0)
Y
Records screened Records excluded
(n=108) (n=23)
Y
_S Reports sought for retrieval - Reports not refrieved
8 (n = 85) > (n=32)
®
A Reports excluded:
Reports assessed for eligibility Inappropriate content (n = 2)
(n=>53) Improper structure (n = 3)
Low quality (n =3)
Y
- New studies included in review
2 (n=45)
% Reports of new included studies
s (n=0)

Figure 1 The PRISMA flowchart depicting the article selection process.
3. Results and Discussion

RQ1: What are the general research trends in digital learning materials in recent years?

In recent years, the research trends surrounding digital learning materials have exhibited intriguing patterns and
fluctuations (see Figure 2). An analysis of the available data revealed the following general trends. Between 2017 and 2018,
there was a consistent number of publications, with an average of three per year, indicating a steady level of interest in the
topic. However, in 2019, there was a significant decrease in the number of publications, with only one recorded. This sudden
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decline could be attributed to various factors, such as a shift in research focus or a temporary reduction in funding for digital
learning materials research.

Total

18
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14
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10

2017 2018 2019 2020 2021 2022 2023 2024
o Total 3 3 1 3 9 7 16 3

Figure 2 Publication trends in digital teaching and learning materials in recent years. Source: Scopus Database.

The trend shifted once again in 2020, with another increase of three publications. This suggests a renewed interest in
the field, likely driven by advances in technology and the growing recognition of the importance of digital resources in
education. The subsequent year, 2021, experienced a notable surge in the number of publications, totaling nine. This
substantial growth indicates a renewed emphasis on exploring digital learning materials, potentially driven by the need for
online and remote learning solutions during the global pandemic.

The upwards trajectory continued in 2022, with a relatively high number of publications at seven, indicating sustained
research activity in this domain. However, in 2023, there was a significant spike in the number of publications, reaching 16. This
increase can be attributed to several factors, including enhanced funding opportunities, technological advancements, and the
growing recognition of the benefits associated with digital learning materials. For 2024, the available data include only three
articles collected in the first quarter. Although this number is equivalent to the number of publications from 2017 and 2018, it
is important to note that it represents a limited time frame. It is reasonable to predict that research related to digital learning
materials may continue to increase throughout the remaining quarters of 2024.

RQ2: Which publications on digital learning materials have had the most significant impact? How do scholars recognize
the influence of these publications?

The impact of articles can be assessed through their citation counts. The research team delved deeper into this aspect
by examining high-impact citations, general knowledge citations, and research method citations (see Table 1). With respect to
the total number of citations, the study titled "The effects of digital learning material on students' mathematics learning in
vocational education" authored by Zwart et al. (2017) demonstrated the highest performance, with 83 citations. However, it is
important to note that this cumulative count spans from 2017, making direct comparison with other articles in the same table
challenging. The article titled "Potential Barriers to the Implementation of Digital Game-Based Learning in the Classroom:
Preservice Teachers' Views" by Kaimara et al. (2021) and the article titled "Changes in Teacher Burnout and Self-Efficacy During
the COVID-19 Pandemic: Interrelations and e-Learning Variables Related to Change" by WeiRenfels et al. (2022) garnered a
total of 39 citations each.

In terms of citation impact, the article titled "Potential Barriers to the Implementation of Digital Game-Based Learning
in the Classroom: Preservice Teachers' Views" authored by Kaimara et al. (2021) stands out as highly influential, receiving a
total of four high-impact citations. Similarly, the publication titled "Understanding teacher design practices for digital inquiry-
based science learning: the case of Go-Lab" by de Jong et al. (2021) is also recognized for its significant impact, garnering three
influential citations. The remaining articles in the dataset either had only one high-impact citation or lacked information
regarding high-influence citations. Notably, the influence index of citations is determined through a supervised machine
learning model, which takes into account the context surrounding the cited article. This index was developed to assist
researchers in understanding how an article has been utilized in related research, whether it has been used or expanded upon
(Valenzuela et al., 2015).
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Table 1 Top 10 influential publications.

No Title (References) Total Highly Background  Methods
Influential
Citations
1 Potential Barriers to the Implementation of Digital Game-Based Learning in 39 4 16 2 (5.13%)
the Classroom: Preservice Teachers’ Views (Kaimara et al., 2021) (41.03%)
2 Understanding teacher design practices for digital inquiry—based science 30 3 8 (26.67%) 7
learning: the case of Go-Lab (de Jong et al., 2021) (23.33%)
3 The effects of digital learning material on students’ mathematics learning 83 N/A 18 N/A
in vocational education (Zwart et al., 2017) (21.68%)
4 Changes in Teacher Burnout and Self-Efficacy During the COVID-19 39 1 13 N/A
Pandemic: Interrelations and e-Learning Variables Related to Change (33.33%)
(WeiBenfels et al., 2022)
5 The art of note taking with mobile devices in medical education (Pyorala et 18 1 9 (50%) 1(5.56%)
al., 2019)
Distance learning and assistance using smart glasses (Spitzer et al., 2018) 15 1 5(33.33%) N/A
7 Digital teaching materials and their relationship with the metacognitive 24 N/A 10 N/A
skills of students in primary education (41.67%)
(Nieto-Marquez et al., 2020)
8 Impacts of aiot implementation course on the learning outcomes of senior 15 N/A 8(53.33%) 1(6.67%)

high school students
(Tsai et al., 2021)

9 The effect of digital learning material on students’ social skills in social 19 1 8 (42.10%) N/A
studies learning (Sariyatun et al., 2021)
10  Aninvestigation of the digital teaching book compared to traditional books 32 N/A 21 N/A
in distance education of teacher education programs (Uygarer & (65.62%)

Uzunboylu, 2017)

Source: Scopus Database.

In terms of general influence, the article titled "An investigation of the digital teaching book compared to traditional
books in distance education of teacher education programs", authored by Uygarer and Uzunboylu (2017), presented the highest
level of influence, as it was cited in 65.62% of instances. This article contributes primarily to the general knowledge section.
The article titled "Impacts of AloT implementation course on the learning outcomes of senior high school students" by Tsai et
al. (2021) and "The art of note-taking with mobile devices in medical education" by Pyoréla et al. (2019) recorded contributions
of 53.33% and 50%, respectively. When considering the number of citations related to research methods, the results were
relatively modest, with only four out of ten articles providing this information (source: Semantic Scholar). Among these, the
article titled "Understanding teacher design practices for digital inquiry-based science learning: the case of Go-Lab" by Jong et
al. (2021) held the highest proportion, with 23.33%. The remaining three articles had percentages ranging from 5% to 7% in
terms of citation weight.

RQ3: What are the prominent research topics surrounding digital learning materials?

To address research question 3, the thematic structure of the field was established by analysing the occurrences of
authors' keywords (Vinh et al., 2024) Figure 3 presents a network representation of keywords that appeared together in at least
one article from 2017--2024. In this figure, nodes represent keywords, edges symbolize connections between keywords, and
the distance between nodes and the thickness of edges indicate the frequency of cooccurring keywords.

The overall findings reveal that a total of 97 keywords were used, forming 240 links, and these keywords were
categorized into 16 clusters, distinguished by different colours. This observation highlights the diverse range of topics within
the field of digital learning materials. The accompanying image displays specific nodes that serve distinct functions, such as
collaborative learning and mathematics. Notably, the keyword "collaborative learning" acts as a bridge between two prominent
research networks, namely, "digital learning materials" and "digital teaching materials." This underscores the importance of
collaborative learning in the advancement and implementation of digital teaching materials and methodologies. Additionally,
"mathematics" plays a crucial role in connecting digital learning materials with domains such as learning analytics and digital
education.
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Figure 3 Network of keywords in the topic of digital teaching and learning materials. Source: Scopus Database.
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Figure 4 Evolution of keywords over time. Source: Scopus Database.

Figure 4 provides deep temporal insight into the evolving trends of digital teaching and learning materials from 2017--
2024. The dominance of terms such as “learning,” “teaching,” “material,” and “digital” across all years suggests a sustained
focus on digital education and pedagogical strategies. However, the increasing presence of context-specific terms, such as
“cartography,” “multimodal,” and “environmental” in later years, indicates a shift toward interdisciplinary approaches and
specialized applications in education. The term “digital” remains prevalent, reflecting the ongoing digital transformation in
pedagogy.

The presence of action-oriented verbs, such as “learn,” “teach,” and “regulate,” highlights a methodological shift,
potentially towards student-centered and adaptive learning frameworks. Additionally, adjectives such as “collaborative,”
“analytic,” and “adaptive” suggest a growing interest in personalized and technology-enhanced learning environments. A key
observation is the increased complexity and diversity of topics from 2020 onwards, coinciding with the global shift toward
online education due to COVID-19. This highlights the pandemic’s role in accelerating digital learning innovations. The figure,
therefore, not only captures linguistic trends but also reflects broader technological and pedagogical shifts in education
research.
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RQ4: What are the typical difficulties and challenges encountered in research on digital learning materials?

Research on digital learning materials has encountered significant limitations and challenges (see Table 2). One crucial
issue is the limitation of generalizability, which hinders the application of research findings in broader contexts. Generalizing
from specific target samples can be challenging, impeding the transferability of results. Another common problem is the small
sample size. When the sample size is insufficient, drawing accurate and reliable conclusions becomes difficult due to inadequate
data. A notable challenge lies in the lack of analytics. Insufficient detailed and insightful analysis limits our understanding of the
impact and outcomes of digital learning materials. The long-term effectiveness of digital learning materials is also a concern. It
is crucial not only to assess the short-term effectiveness but also to monitor and evaluate their long-term impact and
sustainability.
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Furthermore, there are additional important challenges in digital learning materials research, including a lack of
knowledge, inadequate consideration of variables, insufficient comparative research, potential response bias or data accuracy
issues, inadequate methods, and limited motivation.

Table 2 Limitations of prior research.
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Limitations Occurrences

Limited generalizability 15
Small sample size 14
Lack of analysis 13
Lack of long-term effect 11
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Source: Scopus Database.
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RQ5: What research directions are proposed for the future?

The data in Table 3 indicate several potential future research directions in the field of digital learning materials. First, in
the realm of research methods and design, future research could focus on conducting long-term follow-up studies, employing
a mixed methods approach, replicating studies under controlled conditions, exploring different teaching methods, and
identifying subjective biases.

Second, regarding generalizability and contextual consideration, potential research directions include conducting
comparative studies across diverse educational contexts, replicating studies across various cultures and genders, balancing
samples across different levels of instruction and subjects, investigating the impact of external factors on students' self-
awareness development, and conducting research in diverse communities.

Third, in the field of digital learning and technology, future research could involve investigating the effective utilization
of digital learning materials, enhancing the design and usability of such materials, exploring the integration of new technologies
in different contexts, fostering collaboration skills in digital environments, and investigating the integration of smart glasses in
educational and professional settings.

Fourth, in the areas of teacher training and professional development, potential research directions include developing
guidelines for instructors, refining methods to activate student engagement, enhancing the content of teacher training
programs, providing long-term and sustainable professional development opportunities, promoting the customization of
learning materials, and establishing best practices for reviewing open educational resources (OERs).

Finally, in terms of learning outcomes and assessment, future research could focus on analysing the impact and
achievement of the learning process, evaluating the effectiveness of teaching modules, investigating the influence of
collaborative efforts among teachers on the quality of teaching materials, and assessing the adaptability and creativity of digital
teaching materials by integrating self-management measures and interventions within the learning materials themselves.

This review indicates that the effectiveness of digital learning materials (DLMs) depends less on the novelty of
technology and more on how learning activities are structured to promote active, constructive, and interactive engagement. A
recent second-order meta-analysis of technology-enhanced learning (TEL), synthesising multiple meta-analyses, found that
substantial learning gains occur when digital tools are integrated into activity designs that incorporate scaffolds— such as
prompts, feedback, and sequencing— whereas purely substitutional uses tend to yield smaller effects (Sailer et al., 2024).

Beyond design, teachers’ pedagogical beliefs and orientations critically determine whether DLMs are implemented in
student-centred ways. Empirical evidence suggests that student-centred beliefs are strongly correlated with constructivist
technology practices, even under resource constraints, underscoring the importance of addressing teacher beliefs in
professional development programmes (Bice et al., 2022; Ertmer et al., 2012). Large-scale surveys indicate that teachers
generally value digital resources but report significant variation in self-efficacy and institutional support, implying that capacity
building must accompany access (Alberola-Mulet et al., 2021).
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Table 3 Future research directions on the topic of digital teaching and learning materials.

No Category Future directions
1 Research Methodology and Conducting longitudinal studies (Alisaari et al., 2024; Mohr et al., 2021; Bratec Mrvar &
Design Gasperic, 2023)

Implementing mixed methods approaches (Kaimara et al., 2021; Lomos et al., 2023)
Replicating studies under controlled conditions (Zwart et al., 2017)
Exploring different modes of instruction (Bland et al., 2024)
Addressing subjectivity bias (Vilppola et al., 2022)
2 Generalizability and Contextual Conducting comparative research across different educational contexts (Sliwerski, 2023;
Considerations Kaimara et al., 2021; Pyorala et al., 2019)
Replication in different cultures and balanced gender samples (WeiBenfels et al., 2022)
Exploring different teaching levels and subjects (Senden et al., 2023)
Investigating the impact of external factors on metacognitive development in students
(Nieto-Marquez et al., 2020)
Conducting research in diverse populations (Markey et al., 2023)
3 Technology and Digital Learning Investigating the use and design of digital learning materials (Berthelsen & Tannert, 2020;
Sarsar et al., 2020; Simsek & Yazici, 2021; Zhidkikh et al., 2023)
Exploring emerging technologies and contexts (Pyorala et al., 2019)
Enhancing collaboration skills in digital environments (Pyorala et al., 2019)
Integrating smart glasses in educational and professional domains (Spitzer et al., 2018)
4 Teacher Training and Professional Developing guidelines for tutors (Rahayu & Sapriati, 2018)
Development Refining methods for activating students (Rahayu & Sapriati, 2018)
Enhancing teacher education content (Alisaari et al., 2024)
Providing sustained, longer-term professional development (Arispe et al., 2023)
Encouraging customization and best practices in revising Open Educational Resources (OER)
(Arispe et al., 2023)
5 Learning Outcomes and Analysing learning impacts and gains (Mohseni et al., 2020; Nieto-Marquez et al., 2020)
Assessment Assessing the effectiveness of teaching modules (Tsai et al., 2021)
Investigating the impact of collaboration among teachers on instructional material quality (de
Jong et al., 2021)
Assessing adaptability and innovativeness of digital teaching materials (Bratec Mrvar &
Gasperic, 2023; Tsai et al., 2021)
Integrating self-regulated learning measures and interventions into digital learning materials
(Nieto-Marquez et al., 2020; Zhidkikh et al., 2023)

Source: Scopus Database.

Learner self-regulation constitutes a second pillar linking DLMs to learning outcomes. Open-access syntheses and
empirical research in online and blended environments consistently find that scaffolds for goal setting, monitoring, and
feedback—especially — particularly when mediated by learning analytics or Al-based tools— enhance engagement and
performance, provided they are pedagogically rather than technically oriented (An et al., 2021; Jin et al., 2023).

At the systemic level, the post-2020 acceleration of digitalisation revealed persistent gaps in pedagogical design capacity
and quality standards. Studies of emergency remote teaching highlight that sustainable digital transformation in higher
education requires institutional strategies that align technology with competence frameworks and quality assurance
mechanisms, rather than ad hoc tool adoption (Mondragdn-Estrada et al., 2023). Furthermore, evidence-synthesis efforts in
health professions education show that curricular decisions should be based on cumulative systematic reviews rather than
isolated interventions— an approach equally applicable to DLM selection in other fields (Tudor Car et al., 2019).

Integrating these strands, five design and implementation principles emerge for high-quality DLMs: (1) begin with
targeted learning activities and cognitive processes rather than technological novelty; (2) embed scaffolding mechanisms such
as prompting, timely feedback, and task sequencing; (3) include explicit self-regulation supports and, where appropriate,
learning analytics or Al-driven features; (4) align tasks with authentic performance contexts and competence standards; and
(5) foster teacher capability and shared reflective practice through professional learning that addresses beliefs and self-efficacy.

Together, these principles synthesise the most robust and verifiable evidence currently available and clarify why some
DLM implementations produce consistent learning gains, while others do not.

4. Conclusion
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Using 45 peer-reviewed articles that are indexed in Scopus, this study provides a comprehensive PRISMA-based
synthesis of research on digital learning resources. After 2020, there was a notable increase in academic interest, according to
the data, which was caused mostly by the global trend toward online and distant learning. Fifteen sets of restrictions
emphasized the methodological and contextual intricacies that still pose challenges in this discipline, whereas sixteen theme
clusters were discovered, with mathematics and collaborative learning emerging as crucial connectors. These results offer a
thorough summary of the state of the art and validate the pivotal role that digital learning resources play in transforming
modern pedagogy.

The study highlights significant implications for theory and practice in addition to combining the available data. The
findings emphasize the necessity for educators and policymakers to make investments in the creation of technologically
integrated, context-sensitive, and captivating digital learning materials. Researchers can enhance the conceptual and practical
aspects of digital learning by using thematic maps as a useful framework to expand their investigation into new fields, including
multimodality, adaptive technologies, and transdisciplinary applications.

However, there are certain restrictions on the review. It is possible that the emphasis on English-language journal articles
and the use of Scopus as the only database prevented pertinent information from other sources, including books, conference
proceedings, and non-English publications. These limitations imply that, despite their strength, the current findings should be
regarded cautiously in terms of their generalizability.

Therefore, to capture a more comprehensive evidence base, future research should expand its scope by embracing
various databases, publishing kinds, and languages. To evaluate the immediate and long-term effects of digital learning
resources in various cultural and educational contexts, longitudinal and mixed-method techniques are also needed.
Furthermore, the incorporation of cutting-edge technologies—such as augmented reality, artificial intelligence, and adaptive
learning environments—offers encouraging opportunities for innovation. To guarantee the long-term and successful use of
digital learning tools in practice, strengthening teacher preparation and professional development is equally important.
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