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Abstract

The integration of Information and Communication Technologies (ICT) into face-to-face
compulsory education has accelerated globally, but the conceptual definition and pedagog-
ical application of Digital Education (DE) remain unclear. This systematic review explores
how DE is defined, implemented, and assessed in in-person primary and secondary school
settings. Guided by PRISMA methodology, 33 peer-reviewed empirical studies published
between January 2012 and June 2025 were selected from Scopus and Web of Science, and
through reference checking. Methodological quality and potential sources of bias were
appraised using the Mixed Methods Appraisal Tool (MMAT), and that appraisal informed
the interpretation of the evidence. The results indicate significant ambiguity surrounding
the term DE, which is often conflated with ICT use or digital competence. While many
studies report positive outcomes in student engagement and basic skill acquisition, few
articulate clear operational frameworks or pedagogical strategies for effective implemen-
tation. DE is predominantly applied to low-cognitive-demand tasks and is underused in
promoting deeper learning. Key barriers include insufficient teacher training, fragmented
educational policies, and infrastructural limitations. Nonetheless, when digital tools are
intentionally combined with pedagogical goals—such as personalized instruction, learner
autonomy, and content creation—DE demonstrates potential to improve motivation and
support achievement. The findings suggest that well-designed DE can contribute to ed-
ucational sustainability by strengthening learning opportunities, supporting equity and
inclusion, and advancing Sustainable Development Goal 4 (Quality Education), but they
also highlight the need for coherent policies, teacher training, and equitable access to
digital resources.

Keywords: digital education; compulsory education; sustainable education; educational
sustainability; Sustainable Development Goals; SDG 4; digital equity; academic achievement

1. Introduction
The rapid development of Information and Communication Technologies (ICT) has

had a significant impact on multiple domains, including education. Over recent decades,
digital tools have been progressively incorporated into classrooms, presented as a transfor-
mative force that could improve education quality and accessibility [1]. This development
is now commonly framed under the umbrella of Digital Education (DE), a term that is
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being used increasingly in both policy and academic discourse, but which still often lacks
conceptual clarity.

According to [2], integrating ICT into education can potentially promote equity, im-
prove quality, and transform teaching and learning practices. The Organisation for Eco-
nomic Co-operation and Development [3] also emphasizes DE’s potential to expand access,
improve cost-efficiency, and increase learner engagement. These perceived benefits have
led to the global proliferation of DE-related policies and the formation of a consensus
around its strategic importance.

Despite this promise, there are complex, persistent challenges to implementing DE.
One critical issue is the conceptual ambiguity surrounding the term itself. DE is often
conflated with digital literacy or digital competence—terms that address the “what” and
“how” of digital skills—but DE goes further by contextualizing these competencies within
formal teaching and learning processes. To address this ambiguity, this systematic review
aims not only to map the use and impact of DE in face-to-face school contexts, but also to
develop an operational, evidence-based definition of the term, grounded in the empirical
studies summarized in this review. Models such as TPACK [4] illustrate how pedagogy,
content, and technology can be combined to support educational goals. However, these
frameworks are not consistently applied, and empirical research reveals wide variability in
how DE is defined and operationalized [5,6]. In pursuit of a deeper conceptual framework,
this review also considers complementary models such as SAMR (Substitution, Augmen-
tation, Modification, Redefinition), DigCompEdu (Digital Competence Framework for
Educators), and the PICRAT framework. PICRAT is a two-dimensional framework that
guides educators in evaluating technology integration by combining two axes: the student’s
relationship to the activity (Passive, Interactive, Creative) and the degree to which technol-
ogy alters the learning task (Replace, Amplify, Transform). This approach highlights both
pedagogical intent and student engagement, offering a more nuanced lens through which
to analyze technology-enhanced learning experiences. Together, these models provide
additional perspectives for analyzing DE practices, helping to capture the complexity of
technology integration beyond knowledge domains and highlighting different dimensions
of pedagogical transformation and educator competence.

These frameworks were used as interpretive lenses rather than as hypotheses. TPACK
informed the analysis of the relationship between technology, pedagogy, and content;
SAMR and PICRAT helped distinguish low-complexity replacement uses from more in-
teractive, creative, and transformative uses of technology; while DigCompEdu informed
interpretation of teacher competence and professional development needs. Together, these
frameworks provided a conceptual basis for the research questions and for interpreting the
conditions under which DE may become educationally meaningful and sustainable.

In addition to highlighting the need for conceptual clarity, empirical research has also
emphasized the broader pedagogical and systemic implications of DE. Research on DE has
consistently highlighted its potential to foster 21st-century skills, including communication,
collaboration, critical thinking, and self-regulated learning [7,8]. The COVID-19 pandemic
further accelerated digital adoption, reinforcing the need to incorporate digital modalities
into compulsory education [9]. Nonetheless, many education systems have struggled to
keep pace with technological change [10], and reforms have often been driven more by
political or commercial agendas than by empirical evidence [11,12].

Empirical studies have often reported increased student motivation in classrooms that
incorporate digital tools [13–15]. However, the source of this motivation and how long it
lasts is still a matter of debate. While digital devices may initially stimulate engagement,
teachers frequently describe this effect as short-lived or superficial, potentially diverting
attention from academic content [16,17]. Furthermore, teachers are generally less motivated
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or ready for digital integration than students, due to limited training, time constraints, and
infrastructure challenges [18,19]. Recent post-search literature reinforces the importance of
these issues. Current work highlights that effective digital integration increasingly depends
on school-level coordination, distributed responsibilities, and institutional support rather
than isolated teacher initiatives [20]. Recent evidence from primary and secondary educa-
tion also shows that teachers’ digital competence remains a key condition for supporting
students’ digital transitions across educational stages [21]. Similarly, practice-oriented ICT
integration models in teacher education suggest that digital tools become more education-
ally meaningful when combined with mentoring, pedagogical alignment, and school-based
implementation [22]. These recent contributions confirm that DE should be understood as
a pedagogical and organizational process, not merely as the adoption of new technologies.

In terms of cognitive development, DE has significant potential. Studies suggest that
digital environments support personalized learning, enhance metacognition, and allow for
more interactive and student-centered methodologies [23,24]. However, the evidence is
fragmented due to variations in subject areas, research methodologies, and digital tools
used. Most implementations have tended to prioritize lower-order skills, such as informa-
tion retrieval and word processing [25], rather than fostering deeper cognitive engagement.
This may reflect a lack of pedagogical planning or inadequate teacher training [23]. While
emerging technologies like adaptive learning systems and Artificial Intelligence (AI) of-
fer promising paths toward deeper learning [26,27], their incorporation into compulsory
education is still limited and exploratory [28].

When it comes to academic performance, the literature offers mixed findings. Some
studies have shown positive correlations between the use of digital tools and student
achievement, especially when usage is guided by pedagogical intent and supported by
structured planning [23,29]. However, the mere presence of technology does not guarantee
improved outcomes; effectiveness depends on contextual variables such as device type,
subject matter, and frequency and quality of use [30].

Global statistics illustrate uneven progress. In 2022, approximately 50% of lower
secondary schools worldwide had internet access for teaching purposes [31], and around
30% of countries had policies to provide every student with a personal device [2]. Such
initiatives are often referred to as one-to-one device programs (1:1), in which each learner is
assigned an individual digital device—typically a laptop or tablet—intended for continuous
use in the classroom and at home. From a technical standpoint, 1:1 models aim to ensure
ubiquitous access to digital resources, facilitate personalized learning pathways, and foster
equity by removing the need for device sharing. However, research indicates that their
pedagogical effectiveness depends not only on hardware provision, but also on sustained
teacher training, curricular alignment, and infrastructure maintenance [8].

Despite these advances, regional disparities persist. Progress in areas such as Latin
America is fragile. Although some countries adopted 1:1 device initiatives, many of these
programs encountered serious limitations in continuity and equity, particularly in rural or
low-income areas, suggesting that device provision alone is insufficient without sustained
infrastructure and policy support [32].

Although digital devices have become more prevalent in classrooms, their educational
impact is still shaped by a wide range of contextual, pedagogical, and systemic factors. The
literature indicates that while DE is rich in potential, current implementation is fragmented
and uneven. As a result, it is difficult to draw comprehensive, transferable conclusions or
provide evidence-based recommendations for practitioners.

Accordingly, the main gap this review addresses is not the absence of research on
ICT or digital tools in schools, but the lack of an integrated synthesis that clarifies how
Digital Education is conceptualized, operationalized, implemented, and connected to
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educational sustainability in face-to-face compulsory schooling. The review contributes
to the literature by bringing together empirical evidence from primary and secondary
education, proposing an operational understanding of DE, identifying the pedagogical
and institutional conditions associated with positive outcomes, and distinguishing access-
oriented digitalization from pedagogically meaningful DE.

From a sustainability perspective, the value of DE should not be understood as an
automatic consequence of introducing digital devices into classrooms. Its contribution
to sustainable educational development depends on whether these technologies are used
to expand equitable access to learning opportunities, reduce socio-digital inequalities,
support inclusive participation, and strengthen the pedagogical capacity and resilience of
schools over time. In this regard, poorly planned digitalization may reproduce inequalities,
increase fragmentation, or confine technology to low-cognitive-demand tasks. In contrast,
pedagogically intentional DE can support more sustainable schooling when it combines
access, teacher preparation, curricular alignment, and evidence-based instructional design.
These conditions are closely aligned with the United Nations Sustainable Development
Goals (SDGs), particularly SDG 4 (Quality Education), SDG 9 (Industry, Innovation and
Infrastructure), and SDG 10 (Reduced Inequalities) [33]. Therefore, the present review
treats sustainability not as an external justification for DE, but as an analytical dimension
for examining whether, how, and under what conditions DE contributes to equitable and
resilient face-to-face compulsory education.

Given that context, this systematic review seeks to explore and clarify the concept of
DE, along with its characteristics, impact, effectiveness, implementation challenges, and
contribution to sustainable educational development in in-person compulsory education.
More specifically, the study poses the following Research Questions (RQ):

RQ1. How is DE conceptualized and defined within the context of face-to-face compulsory education,
and what parameters guide its use?

RQ2. What are the reported effects of DE on student motivation, skill acquisition, and academic
performance, based on current empirical evidence?

RQ3. What are the primary barriers and challenges that hinder successful integration of DE in
classroom settings?

RQ4. How can DE contribute to sustainable and equitable face-to-face schooling, particularly
in relation to access, inclusion, digital equity, teacher capacity, and the long-term development of
educational systems?

To address these questions, a systematic review was conducted of the literature pub-
lished between January 2012 and June 2025.

2. Materials and Methods
The published scientific literature regarding DE in compulsory education was sys-

tematically reviewed, following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist [34]. The review was not registered, and no separate
review protocol was prepared or published.

Web of Science (WoS) and Scopus databases were selected as the primary sources
for this systematic review. The bibliographic references of the selected articles were also
reviewed to identify any relevant studies not included in these databases, resulting in five
additional studies in this case.

The systematic search covered the period from 2012 to June 2025, focusing on the
presence of the term “digital education” in the title, abstract, or keywords. This period was
selected to capture developments following key milestones in DE, including the publication
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of influential policies around 2012 and the accelerated digital transformation of education
due to recent global events such as the COVID-19 pandemic. Only articles published in
English or Spanish were considered. The specific search formula used was:

- Web of Science: (“digital education” (All Fields) and 2012-01-01/2025-06-30 (Publica-
tion Date) and Articles (Document Types) and English or Spanish (Languages)

- Scopus: TITLE-ABS-KEY (“digital education”) AND PUBYEAR > 2011 AND (LIMIT-
TO(DOCTYPE, “ar”)) AND(LIMIT-TO(LANGUAGE, “English”) OR LIMIT-TO (LAN-
GUAGE, “Spanish”).

Before the articles were analyzed, various inclusion (IC) and exclusion criteria (EC)
were defined (Table 1).

Table 1. Inclusion and exclusion criteria.

Inclusion criteria (IC)
- IC1: The article must be published in a peer-reviewed journal indexed in the

Journal Citation Reports (Web of Science) and/or Scopus
- IC2: Published and written in English or Spanish between January 2012 and June

2025 (inclusive)
- IC3: Related to the field of face-to-face educational contexts, including during

pandemic-affected periods
- IC4: Quantitative, qualitative or mixed-methods research designs
- IC5: Focused on DE in compulsory education (primary and secondary education),

specifically from a student perspective

Exclusion criteria (EC)
- EC1: Book chapters, books, or other types of non-peer-reviewed publications
- EC2: Studies outside the context of compulsory education or that do not consider a

digital methodology
- EC3: Articles not available as a full text
- EC4: Studies on distance education models (e-learning, online learning) or

exclusive distance learning (e.g., during pandemics, natural disasters)
- EC5: Studies focused on digital skills acquisition, digital literacy, or socioeconomic

or cultural factors affecting students’ opportunities
- EC6: Studies not within an educational context (e.g., clinical studies, addiction,

neuroscience, pathologies)
- EC7: Theoretical articles

A total of 2903 records were identified from Scopus (n = 1471), WoS (n = 1427), and
reference checking (n = 5), with 871 duplicates removed. Of the remaining 2032 records,
1618 were excluded based on the predefined exclusion criteria after title and abstract
screening. A full-text analysis led to the rejection of a further 381 articles. Ultimately,
33 studies met the inclusion criteria and were selected for thorough analysis (Figure 1). To
make the screening process more transparent, Figure 1 specifies the number of records
identified, duplicates removed, reports assessed for eligibility, exclusion criteria applied
during screening and full-text assessment, and the final number of studies included in
the review.

Following PRISMA recommendations, the information extracted during the review
was organized using the Participants, Intervention, Comparisons, Outcomes or Results, and
Study design (PICOS) framework [34]. Additionally, details such as author, year, language,
country, purpose, type of research, length, intervention program, and challenges identified
in each study were recorded (see Supplementary Table S1).
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Figure 1. Flowchart of Study Selection Procedure According to PRISMA.

Data Extraction, Methodological Quality Appraisal, and Interrater Reliability

The articles identified from the databases were reviewed by two independent re-
searchers, both high school teachers and experts in education, following the predefined
inclusion and exclusion criteria (Table 1). The initial screening consisted of reading the
titles and abstracts, followed by reading the full text if necessary. Any discrepancies
were resolved by consensus. In the second phase, the reviewers independently read the
full text of the selected articles to finalize the list for the review. Data extraction from
each article was then done independently by the two researchers, with any discrepancies
resolved by consensus.

The methodological quality of the included studies and potential sources of bias were
appraised using the Mixed Methods Appraisal Tool (MMAT), version 2018 [35]. This tool
was selected because the review included qualitative, quantitative, and mixed-methods
studies. Each study was first classified according to its methodological design and then
assessed using the corresponding MMAT criteria. Depending on study type, the appraisal
considered aspects such as the suitability of the research question, sampling strategy,
representativeness, measurement quality, completeness of outcome data, coherence be-
tween data sources and interpretation, and the integration of qualitative and quantitative
components in mixed-methods studies. Two reviewers independently conducted the
appraisal, and discrepancies were resolved by consensus. Following MMAT recommenda-
tions, studies were not excluded on the basis of methodological quality alone; instead, the
appraisal was used to qualify the interpretation of the evidence and to identify recurrent
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limitations across the included literature. The results of the appraisal are summarized in
Supplementary Table S1.

Interrater reliability was measured using Cohen’s kappa coefficient [36], which gave a
value of 0.81, indicating a very good level of agreement.

IBM SPSS Statistics (v. 27.0) [37] was used to compute descriptive summaries of the
included studies, including frequencies by publication period, country, educational stage,
methodological design, device type, and outcome category, as well as Cohen’s kappa for
interrater agreement. No inferential statistical models or meta-analysis were conducted
because the included studies varied greatly in terms of design, educational stage, digital
tools, intervention duration, outcome measures, and statistical reporting.

3. Results
3.1. General Description of the Studies

A detailed analysis of the selected studies, including authors, year, language and
country, study settings, sample, methodological design, objectives, and main findings, is
provided in Supplementary Table S1.

This analysis showed that over one-third of the articles were published between 2023
and June 2025, reflecting a growing interest in recent years. English was the predominant
language (31 articles), with Spain (6 articles) and Australia (5 articles) being where the
most studies were published. A substantial portion of the research targeted exclusively
secondary education settings (19 studies).

Sample sizes varied considerably, ranging from studies with 17 participants [38] to over
300,000 in large-scale cross-national research [39]. There was a total of 502,701 participants
across all included studies. Most studies used a quantitative methodology (17 articles), fol-
lowed by mixed-methods approaches (9 articles) and qualitative designs (7 articles). While
some studies focused on specific subjects (e.g., mathematics [40], music [29], English [41],
and science [25]), the majority (15 articles) explored DE across multiple subjects or the
entire curriculum [10].

Nine articles compared DE with traditional models in terms of performance, moti-
vation, or skill acquisition. Laptops were the most commonly used devices (20 articles),
followed by tablets (12 articles) and smartphones (1 article). Most studies focused on
skills acquisition (12 articles) (e.g., [42]), while others explored usage patterns (11 articles)
(e.g., [27]), attitude and motivation (9 articles) (e.g., [43]), or academic performance
(8 articles) (e.g., [44]).

The methodological quality appraisal indicated that the included studies provided a
suitable empirical basis for a descriptive and interpretative synthesis, although several re-
current limitations were identified. Overall, most studies presented clear research aims and
methodological designs aligned with their objectives. However, the strength of the evidence
was limited by the heterogeneity of designs, samples, educational stages, digital tools, and
outcome measures. Common sources of potential bias included small or context-specific
samples, reliance on self-reported measures, limited longitudinal follow-up, insufficient
detail regarding implementation fidelity, and in some cases, absence of comparison groups.
Quantitative studies provided useful evidence on performance, motivation, and skills
acquisition, whereas qualitative and mixed-methods studies contributed more contextual
information about implementation processes, perceptions, and classroom conditions. These
limitations did not justify excluding studies from the review, but they were considered
when interpreting the consistency, transferability, and strength of the evidence. A summary
of the methodological quality appraisal and potential sources of bias for each study is
provided in Supplementary Table S1.
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3.2. Definition of Digital Education

Although many studies referred to DE as part of significant pedagogical transforma-
tions, only a few provided explicit and operational definitions. A subset of the reviewed lit-
erature conceptualized DE as an education system supported by digital tools, methods, and
platforms that facilitate interaction between teachers and students, either synchronously
or asynchronously (e.g., [45]). These definitions generally converged on three interrelated
components: technological (digital infrastructure and tools), pedagogical (curriculum de-
sign, learning content, assessment strategies), and administrative (policy frameworks and
organizational support); and DE was further categorized into synchronous, asynchronous,
blended, and fully remote modalities, each with distinct instructional implications.

Other contributions framed DE as the deliberate incorporation of digital technologies
to enhance learning experiences, promote student engagement, and foster 21st-century com-
petencies such as creativity, critical thinking, and digital citizenship (as cited in [46]). Case
studies such as [46] illustrate how tools like GeoGebra and 3D printing can be integrated
into subject-specific instruction (e.g., geometry), demonstrating measurable improvements
in conceptual understanding and motivation. Additionally, the concept of digital capi-
tal, as proposed by [39], offers a systemic perspective encompassing hardware, software,
digital skills, and the institutional capacity to integrate these resources effectively. From
this perspective, DE is not only about access but also about strategic implementation and
competence development at multiple levels.

Despite these valuable insights, most of the studies stopped short of providing concrete
operational parameters that distinguish DE from traditional instruction. Few articulated
methodological guidelines for effective use of DE in face-to-face contexts, and even fewer
included quantitative indicators, such as the number of hours allocated to digital instruc-
tion or the frequency of tool usage. This lack of definitional and methodological clarity
highlights the importance of exploring not only how DE is conceptualized, but also how it
influences key educational outcomes.

The following section addresses this by examining the reported effects of DE on
student motivation, skill acquisition, and academic performance (RQ2).

3.3. Effects on Student Motivation, Learning and Performance
3.3.1. Motivation

Nine studies examined the relationship between DE and student motivation, with
most reporting increased engagement and interest [26,47,48]. However, these effects appear
to be moderated by contextual and developmental factors. For instance, one study reported
variations depending on subject area and implementation quality [38], while another
observed a decline in interest with age [43], suggesting the need for tailored motivational
strategies in older students.

Gamified approaches and combining DE with traditional teaching methods were
highlighted as more effective than digital-only instruction [49]. Tools such as GeoGebra,
3D printers, and Flipgrid—particularly when incorporated into coherent pedagogical
frameworks—were associated with enhanced motivation and reduced anxiety. Emerging
evidence also points to the motivational potential of generative artificial intelligence when
used to personalize learning experiences [46,50].

Several studies noted that DE was particularly effective for low-cognitive-demand
tasks such as note-taking, digital textbook use, and simple online searches [25,51,52]. These
findings suggest that the motivational benefits of DE are closely tied to task complexity
and instructional design.
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3.3.2. Skills Acquisition

The impact of DE on skills acquisition was explored in fourteen studies, which gener-
ally reported favorable outcomes. Improvements were most evident in low- to medium-
complexity tasks, including information search, content presentation, and the application
or transfer of knowledge [25,42,53]. In contrast, there was limited evidence for gains in
higher-order cognitive skills such as analysis, synthesis, and evaluation.

Some studies reported benefits in transversal competencies, including learner auton-
omy and collaboration [51], spatial reasoning [54], visual thinking, and mathematical per-
formance [45]. Smaller-scale improvements were also noted in self-regulated learning [27]
and creativity [26]. Additionally, DE contributed to domain-specific outcomes such as
environmental awareness [43] and collaborative learning strategies [55].

Digital competence emerged as a recurrent area of development, especially when
students actively produced digital content rather than passively consumed it [49]. How-
ever, this type of engagement was infrequent and often limited, again, to low-complexity
contexts [56]. Teacher guidance and structured pedagogical support were identified as
essential facilitators [57].

Notably, instructional strategies traditionally used in face-to-face settings, such as
peer assessment, also demonstrated positive effects when adapted to digital formats. In
particular, digital peer evaluation was associated with increased confidence and perceived
learning [58].

3.3.3. Academic Performance

Eight studies assessed the relationship between DE and academic performance. Posi-
tive effects were reported in targeted areas, such as listening comprehension in language
learning [41], and in science subjects—especially physics—when digital tools such as sim-
ulators, applications, and spreadsheets were used [59,60]. Active learning approaches
supported by digital environments also showed promise in improving outcomes [49].

However, other studies reported no significant improvements [29,60], indicating that
the effect of DE on academic performance is variable and contingent upon subject area,
implementation quality, and instructional design.

Recent evidence points to two key mediating factors: the availability of digital in-
frastructure at the school level (e.g., educational software), and the students’ own digital
competence. Both were positively associated with academic performance, underscoring
the importance of digital readiness for successful learning outcomes [39].

3.4. Challenges in the Use of DE in Compulsory Education Contexts

The literature review indicated a number of challenges facing DE. The first is teacher
training. For eleven of the reviewed studies, the need for practical, realistic teacher training
seemed evident (e.g., [59]). Training in this regard should aim to empower teachers,
encouraging them to incorporate DE into higher-order tasks and leverage the opportunities
offered by 1:1 laptops [25], or optimize their role as guides and moderators in digital
contexts [51].

A second challenge is the need for further research. Fifteen of the reviewed studies
suggested that further research was needed to examine specific aspects, such as how
students use their devices and how this affects their academic performance [60], or in
relation to teamwork and teacher coordination in areas such as unifying software and work
dynamics [11].

Coherent educational policies were discussed in nine articles. While digital initiatives
are often encouraged at international, national, school-based, or inter-agency levels, the
studies highlighted a lack of continuity and alignment between them [61]. There is a
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pressing need for policies to be informed by research evidence rather than short-term
political or economic interests [17], ensuring a sustainable and pedagogically grounded
direction for DE.

Teacher and student motivation and commitment were also highlighted as challenges
in seven studies. Teacher workload is not always compatible with the need for training,
preparation time, or potential disruptions that DE sometimes causes (e.g., [62]).

Finally, additional challenges the literature identified included the need to establish
professional learning communities and cross-disciplinary working groups to support im-
plementation [11]; persistent infrastructure deficits and socio-digital inequalities [28,63,64];
the limited evaluation of educational software by subject area or pedagogical purpose [48];
and the absence of distributed leadership within the teaching profession. Furthermore,
teacher engagement with DE is often constrained by insufficient financial resources and
limited time for training and planning [62]. In this regard, Jeong et al. [39] emphasized
that investment strategies should be tailored to the level of national ICT development: in
contexts with limited digital infrastructure, efforts should prioritize access and connectivity,
while in more advanced systems, the focus should shift toward strengthening educators’
digital competencies.

3.5. Contribution of DE to Sustainable and Equitable Schooling

The evidence reviewed suggests that DE can contribute to sustainable and equitable
face-to-face schooling only when it is implemented as a systemic and pedagogically guided
process rather than as the mere provision of digital devices. Across the included studies,
four conditions emerged as particularly important for this contribution: equitable access
to digital resources, the development of students’ and teachers’ digital competencies,
pedagogical alignment between technology and learning goals, and sustained institutional
and policy support.

First, several studies indicated that access to infrastructure remains a necessary but
insufficient condition for sustainable DE. Large-scale evidence showed that school-level
digital infrastructure and students’ digital competence were positively associated with
academic performance [39]. However, other studies also highlighted persistent socio-digital
inequalities, suggesting that digitalization may reinforce existing disparities when access,
connectivity, and support are unevenly distributed [28,63,64]. From this perspective, DE
contributes to sustainability only when access is accompanied by meaningful opportunities
to use technology for learning.

Second, the reviewed studies showed that DE can support inclusion and learner par-
ticipation when digital tools are embedded in guided, collaborative, and active learning
experiences. For example, studies involving educational apps, peer assessment, digital
storytelling, and content creation reported benefits for autonomy, collaboration, confidence,
and engagement [47,49,51,58]. Nevertheless, these benefits were not automatic; they de-
pended strongly on teacher mediation, task design, and the extent to which students moved
beyond passive or low-complexity uses of technology.

Third, the findings suggest that the sustainable value of DE is limited when digital
tools are mainly used for low-cognitive-demand activities, such as information searches,
note-taking, or basic presentation tasks [25,52]. In contrast, DE appeared more education-
ally meaningful when it supported content creation, feedback, problem solving, visual-
ization, or subject-specific learning activities [49,53,54,58]. This distinction is important
because sustainable educational development requires not only access to digital tools, but
also that they be used in ways that strengthen learning quality and reduce superficial or
fragmented implementation.
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Finally, the contribution of DE to sustainable schooling depends on teacher training
and coherent policy support. Several studies identified insufficient teacher training, lim-
ited time, fragmented policies, and lack of distributed leadership as barriers to effective
implementation [11,61,62]. Therefore, the reviewed evidence indicates that DE can support
sustainable and equitable schooling when digital innovation is connected to long-term
institutional capacity, teacher professional development, and pedagogically grounded
decision-making.

4. Discussion
This systematic review provides a comprehensive synthesis of DE in compulsory

schooling, examining its influence on student motivation, skills development, and academic
performance, while identifying persistent structural and pedagogical challenges [17,28,62].
The evidence shows both the transformative potential of DE and the considerable gap
between this potential and its current implementation.

A central and recurring finding is the conceptual ambiguity surrounding DE. Across
the reviewed literature, definitions range from narrow descriptions—digital tools as mere
instruments to support interaction and information exchange [45]—to broader conceptu-
alizations that frame DE as a driver for cultivating 21st-century skills [46]. However, few
studies provided operational definitions or explicit implementation criteria for face-to-face
contexts, limiting comparability and hampering coherent policy formulation. This review
addresses this gap by proposing a definition of DE as a systemic, pedagogically driven
integration of digital technologies, instructional strategies, and digital competencies into
face-to-face education. This integration is aimed at enriching teaching, personalizing learn-
ing, and fostering both disciplinary knowledge and transversal skills. Crucially, achieving
these outcomes demands more than infrastructure—it requires sustained investment in
teacher training, leadership, instructional design, and an equity-focused vision.

Device-level practices offer a microcosm of broader trends. One-to-one device pro-
grams are increasingly common, yet in most cases they are used for low-cognitive-demand
tasks, reflecting an instrumental rather than transformative approach [56]. The distinction
made by Hromada [65] between “education-with-digital” and “education-about-digital”
is particularly useful here: the former centers on simple access to devices, while the latter
involves deep pedagogical integration designed to enhance higher-order thinking. The
literature suggests that this distinction is still largely unacknowledged in everyday prac-
tice, which may explain why large-scale device initiatives often fail to deliver substantive
learning gains.

Motivation emerged as the most consistently reported benefit of DE. Several studies
noted increased engagement when digital tools were integrated into blended learning envi-
ronments or gamified tasks—for example, through Flipgrid, GeoGebra, or 3D printing [49].
These tools appeared to reduce anxiety and increase curiosity, particularly when embed-
ded within coherent pedagogical frameworks. However, motivational gains were not
uniform: they tended to diminish with age [43] and were less evident in digital-only set-
tings. Taken together, these findings suggest that motivation is less a direct consequence of
technology than of the interplay between task design, developmental appropriateness, and
teacher facilitation.

The development of student skills showed a similarly nuanced pattern. Gains were
most frequently reported for low- to medium-complexity tasks such as information retrieval,
multimedia production, and the application of prior knowledge [42,53]. Evidence for the
acquisition of transversal skills—collaboration, autonomy, visual thinking—was moderate,
while robust improvement in higher-order cognitive skills remained rare. One notable
exception was when students engaged in active creation of digital content, which correlated

https://doi.org/10.3390/su18157979

https://doi.org/10.3390/su18157979


Sustainability 2026, 18, 7979 12 of 18

with increased digital competence [56]. Yet such opportunities were infrequent and often
lacked pedagogical depth, reinforcing prior research indicating that teacher scaffolding and
intentional instructional design are critical to achieving meaningful learning outcomes [57].

The relationship between DE and academic performance proved complex and
context-dependent. Some studies reported measurable gains in subjects such as sci-
ence and language learning when digital tools were aligned with active, task-oriented
pedagogies [41,59], while others found no significant differences compared to traditional in-
struction [60]. These discrepancies point to the mediating role of two factors: robust school-
level digital infrastructure and students’ digital competence [39]. Without these conditions,
the presence of technology alone appears insufficient to improve academic achievement.

Implementation challenges cut across all these findings. Professional development for
teachers emerged as both the most critical and the most underprovided element. Sustained,
practice-oriented training in higher-order instructional design is essential for translating
digital resources into pedagogical transformation [25,51]. Nonetheless, systemic barriers—
workload, limited planning time, and inconsistent policy support—frequently impede
participation [62]. Policy fragmentation compounds these issues; initiatives often lack
vertical alignment between local, regional, and national governance, and are insufficiently
grounded in empirical evidence [17]. Persistent socio-digital inequalities further constrain
equitable DE integration, particularly in under-resourced contexts [28]. Addressing these
systemic weaknesses requires tailored investment strategies calibrated to each educational
system’s digital maturity [39].

These conclusions are consistent with recent post-search literature emphasizing that
the successful use of digital tools in schools requires coordinated roles, institutional sup-
port, and sustained professional development [20]. Recent evidence on teacher digital
competence across primary and secondary education also reinforces the need for targeted
training and highlights that students’ digital development depends partly on teachers’
capacity to guide increasingly complex digital tasks [21]. Likewise, recent work on ICT-
integrated teacher education suggests that the educational value of digital tools increases
when they are embedded in pedagogically coherent, mentored, and practice-based learning
experiences [22].

A final challenge concerns the persistent disconnect between research and practice.
Few studies examined the micro-level realities of classroom integration or assessed the
pedagogical coherence of tool use. Bridging this gap will require stronger, iterative links
between empirical findings and real-world application, supported by cross-sector collabo-
ration between researchers, educators, and policymakers.

The findings also have important implications for sustainability. The review indicates
that DE can contribute to more sustainable educational systems when digital technologies
are incorporated through evidence-based pedagogical practices rather than solely through
technology-driven initiatives. Sustainable implementation requires balancing technological
innovation with equity, teacher capacity building, and long-term institutional support.
In this regard, the challenges identified in the literature—particularly digital inequalities,
insufficient teacher training, and fragmented policies—represent not only educational
barriers but also obstacles to achieving SDG 4 (Quality Education) and SDG 10 (Reduced
Inequalities) [33]. Therefore, sustainable DE should be understood as a systemic process
that combines access, pedagogical quality, and social inclusion.

5. Limitations
This review has several limitations that should be considered when interpreting its

findings. First, the search was limited to peer-reviewed journal articles indexed in Scopus
and Web of Science, complemented by reference checking. Although these databases
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provide broad coverage of high-quality scientific literature, this decision may have excluded
relevant studies published in other databases, institutional reports, policy documents,
conference proceedings, book chapters, or other forms of grey literature. Therefore, the
findings should be interpreted as a synthesis of indexed empirical research rather than as
an exhaustive account of all educational initiatives related to DE.

Second, only studies published in English or Spanish were included. This criterion
allowed for rigorous screening and analysis by the review team, but it may have limited
the representation of research conducted in other linguistic and educational contexts. This
is particularly relevant in the field of DE, where national policies, infrastructure, and
classroom practices vary considerably across regions.

Third, the review focused on face-to-face compulsory education and excluded studies
centered exclusively on distance education, e-learning, or fully online learning. This deci-
sion was consistent with the aim of clarifying the role of DE within in-person primary and
secondary schooling. However, it also means that the findings cannot be directly general-
ized to remote, hybrid, higher education, adult education, or non-formal learning contexts.

Fourth, the included studies were highly heterogeneous in terms of educational stage,
country, sample size, research design, digital tools, intervention duration, and outcome
measures. This heterogeneity limited the possibility of conducting a meta-analysis and
required a descriptive and interpretative synthesis. Although methodological quality
was appraised using the MMAT, the diversity of study designs and reporting practices
prevented any single quantitative estimate of effect.

Finally, the conceptual ambiguity surrounding DE remains both a finding and a
limitation of the review. Because many studies used the term DE without providing
an explicit operational definition, some interpretative decisions were required during
screening, coding, and synthesis. To reduce this limitation, two reviewers independently
conducted the selection, extraction, and appraisal procedures, and discrepancies were
resolved by consensus.

Ethical reporting should also be considered when interpreting the evidence. Because
this was a systematic review of published studies, no new data were collected from human
participants. However, the included studies did not report ethical approval, informed
consent, or participant-protection procedures with the same level of detail. This uneven
reporting was considered as part of the appraisal of methodological transparency, but it
was not used as an exclusion criterion.

6. Recommendations
Based on the findings of this review, several recommendations can be proposed for

educational practice, policy, and future research.
First, schools and policymakers should avoid equating DE with the mere provision

of digital devices or infrastructure. Access to technology is a necessary condition, but it is
not sufficient to improve learning or promote educational sustainability. Digital initiatives
should be accompanied by clear pedagogical goals, curricular alignment, teacher support,
and mechanisms for assessing their educational value.

Second, teacher professional development should be strengthened as a central condi-
tion for effective DE implementation. Training should move beyond technical instruction
and focus on how digital tools can support higher-order thinking, feedback, collabora-
tion, self-regulated learning, content creation, and subject-specific understanding. Profes-
sional development should also be sustained over time and connected to teachers’ real
classroom needs.

Third, DE policies should be designed from an equity and sustainability perspective.
This requires addressing not only access to devices and connectivity, but also differences
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in students’ digital competence, family support, school infrastructure, and teachers’ ca-
pacity to integrate technology meaningfully. Without these conditions, digitalization may
reproduce or amplify existing educational inequalities.

Fourth, researchers should provide more explicit operational definitions of DE and
report implementation conditions in greater detail. Future studies should specify the type
of digital tools used, duration and frequency of use, pedagogical approach, teacher role,
assessment procedures, and contextual factors. This would improve comparability across
studies and support more robust evidence-based recommendations.

Fifth, future research should include more longitudinal, mixed-methods, and com-
parative designs to examine not only whether DE is associated with improved outcomes,
but also under what conditions, for whom, and through which pedagogical mechanisms
it becomes effective. Particular attention should be paid to higher-order cognitive skills,
academic achievement, teacher practices, digital equity, and the long-term sustainability of
digital initiatives.

7. Conclusions
This systematic review clarifies the concept, implementation, and educational impli-

cations of DE in face-to-face compulsory education. The findings show that DE remains
a conceptually ambiguous term, frequently used as a synonym for ICT use, digital tools,
or digital competence. In response to this ambiguity, the review proposes an operational
understanding of DE as the pedagogically intentional integration of digital technologies,
instructional strategies, and digital competencies into in-person schooling to enhance
learning, participation, and educational equity.

The evidence reviewed suggests that DE can support student motivation, skills acqui-
sition, and, in some contexts, academic performance. However, these effects are neither
automatic nor uniform. Positive outcomes were more likely when digital tools were aligned
with clear pedagogical purposes, supported by teacher mediation, and used for active
learning, feedback, content creation, visualization, or subject-specific understanding. In
contrast, when technology was used mainly for information searches, note-taking, or basic
presentation tasks, its educational value appeared more limited.

The review also highlights several persistent barriers to effective DE implementation,
including insufficient teacher training, fragmented policies, infrastructural inequalities, lim-
ited implementation fidelity, and the absence of shared operational criteria. These barriers
help explain why the promise of DE often exceeds its actual classroom impact. Therefore,
the contribution of this review lies not only in synthesizing the empirical literature, but
also in identifying the conditions under which DE can move from superficial digitalization
toward meaningful pedagogical transformation.

From a sustainability perspective, the findings indicate that DE can contribute to more
equitable and resilient educational systems when it expands access to meaningful learning
opportunities, supports inclusion, strengthens teacher capacity, and reduces socio-digital
inequalities. Its sustainable value does not lie in the availability of technology itself, but in
the extent to which digital innovation is embedded in coherent pedagogical, institutional,
and policy frameworks. In this sense, DE can support the achievement of the Sustainable
Development Goals, particularly SDG 4, when it is guided by equity, educational quality,
and long-term systemic capacity.

Overall, this review provides an evidence-based framework for understanding DE
in compulsory face-to-face schooling and offers guidance for researchers, practitioners,
and policymakers seeking to design more effective, inclusive, and sustainable digital
education practices.
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