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ABSTRACT

Educational technology has developed rapidly over the past decade,
encompassing e-learning, mobile learning, artificial intelligence, augmented
reality, and gamification. This study conducts a systematic literature review of
research on technology-based learning, its effectiveness on student outcomes,
and its implementation challenges. Following the PRISMA 2020 protocol, 78
empirical articles published between 2015 and 2024 in Scopus, Web of Science,
and ERIC were analyzed. Results show that educational technology significantly
increases learning motivation and engagement, with an overall medium-to-high
effect on learning outcomes (Cohen’s d = 0.61). Artificial-intelligence-based
intelligent tutoring systems produced the largest effect (d = 0.73), followed by
blended learning (d = 0.67). However, effectiveness depends heavily on
instructional design quality, teacher digital competence, and institutional
support, while infrastructure gaps, limited teacher digital literacy, and data-
privacy concerns remain the main barriers, particularly in developing countries.
This review offers a roadmap for researchers, educators, and policymakers
seeking to optimize technology-based learning.

Keywords: artificial intelligence, blended learning, e-learning, educational
technology, systematic literature review

Introduction

Education is the primary foundation of a nation’s progress, and the integration of
digital technology into teaching and learning has intensified since the early 2000s.
Interactive whiteboards, learning management systems, and online platforms have
reshaped how teachers deliver content and how students construct knowledge.

The COVID-19 pandemic became an unprecedented catalyst for this shift: more than
1.5 billion learners worldwide moved to distance learning within a short period, forcing
institutions to adopt digital platforms at unprecedented scale (UNESCO, 2020). This



Proceeding of the 2nd Educalingua International Conference 2026

produced a surge of empirical studies examining the effectiveness, accessibility, and long-
term impact of technology-based learning modalities.

In parallel, advances in artificial intelligence and natural language processing have
opened new possibilities for personalized learning through intelligent tutoring systems,
chatbots, and adaptive platforms (Zawacki-Richter et al., 2019; Bates et al., 2020). At the
same time, adoption remains uneven: digital divides between regions, limited teacher
digital competence, and unresolved data-privacy concerns continue to constrain
implementation (Selwyn, 2016).

Although numerous primary studies and narrower reviews exist, a synthesis that
jointly maps research trends, quantifies technology effectiveness across categories, and
consolidates implementation barriers for the 2015-2024 period remains limited,
particularly one that translates these findings into actionable recommendations for
policymakers, educators, and researchers. This gap justifies a Systematic Literature
Review (SLR), which, unlike narrative reviews, applies a transparent and replicable
protocol to minimize bias in study selection and interpretation (Page et al., 2021).

This study therefore aims to (1) map research trends in educational technology from
2015 to 2024; (2) analyze the effectiveness of major technology types on learning
outcomes; (3) identify the main barriers to implementation; and (4) outline directions for
future research, guided by research questions concerning trends, effectiveness,
challenges, and future directions in the field.

Methods

This study used a Systematic Literature Review (SLR) design following the PRISMA
2020 protocol (Page et al., 2021), chosen for its capacity to synthesize evidence from
primary studies in a comprehensive, transparent, and structured manner. Research
questions were structured using the PICO framework: Population — learners from
elementary school to higher education; Intervention — educational technology types;
Comparison — conventional instruction or alternative technologies; Outcome — learning
outcomes, motivation, engagement, and competence achievement.

Literature searching was conducted across Scopus, Web of Science, and ERIC,
supplemented by Google Scholar and cross-referencing (snowballing). Search strings
combined intervention terms (e.g., “educational technology,” “e-learning,” “blended
learning,” “mobile learning,” “artificial intelligence in education,” “gamification”) with
outcome terms (“learning outcomes,” “academic achievement,” “engagement”) and
study-type terms (“systematic review,” “meta-analysis,” “experimental”), adapted to each
database’s syntax. Eligible studies were empirical works published in 2015-2024, in
English or Indonesian, reporting technology and learning-outcome variables, with full-
text access, and indexed in Scopus, WoS, or ERIC; editorials, opinion pieces, and non-
indexed or inaccessible works were excluded.

Following the PRISMA flow, an initial search yielded 1,847 records. After removing
312 duplicates, 1,535 titles and abstracts were screened, and 1,143 were excluded for not
meeting the criteria. Of 392 full-text articles assessed for eligibility, 314 were excluded for
methodological reasons, leaving 78 studies for final synthesis.

Methodological quality was assessed independently by two reviewers using the
Mixed Methods Appraisal Tool (MMAT 2018) (Hong et al., 2018), with substantial
interrater agreement (Cohen’s k = 0.82). Data were extracted on bibliographic

231



Proceeding of the 2nd Educalingua International Conference 2026

information, sample characteristics, technology type, research design, instruments, and
main findings, then synthesized thematically through content analysis; for studies with
sufficient quantitative data, effect sizes (Cohen’s d) were computed to estimate the
magnitude of technology’s effect on learning outcomes.

Findings and Discussion

Of the 78 included studies, most used quasi-experimental designs (67.9%), followed
by mixed-methods (20.5%) and qualitative case studies (11.6%). Most studies originated
from Asia (41%), followed by Europe (28%) and North America (19%). Higher education
was the most studied level (47%), followed by secondary (35%) and primary education
(18%). Table 1 summarizes the distribution of studies and average effect sizes across six
technology categories.

Table 1. Distribution of Studies by Technology Type
Number of

Avg. Effect Size

Technology Type Studies Percentage (%) (@)
E-learning / LMS 22 28.2 0.51
Blended Learning 18 23.1 0.67
Mobile Learning 12 15.4 0.58
AT / Intelligent Tutoring 10 12.8 0.73
Gamification / GBL 9 11.5 0.61
AR / VR 7 9.0 0.55
Total =78 100.0 0.61

Across the 78 studies, the overall mean effect size (Cohen’s d = 0.61) indicates a
medium-to-high positive impact of educational technology on learning outcomes. Al-
based intelligent tutoring systems showed the largest effect (d = 0.73), consistent with
VanLehn’s (2011) finding that such systems can approach the effectiveness of human one-
on-one tutoring. Blended learning ranked second (d = 0.67), aligning with Means et al.
(2013) and reflecting benefits from flexible scheduling and more purposeful use of face-
to-face time. Gamification (d = 0.61) was particularly effective for increasing intrinsic
motivation in STEM subjects, though its impact depended on the quality of game-element
design rather than superficial point systems (Hamari et al., 2014).

Thematic analysis identified personalization and adaptivity (34% of studies) as the
fastest-growing focus since 2019, followed by collaboration and social learning (25%),
engagement and motivation (21%), accessibility and inclusion (12%), and automated
assessment (8%). Machine-learning-based performance prediction achieved an average
accuracy of 82%, and automated essay scoring reached reliability approaching human
assessment (r = .87—-.94).

Four contextual factors most strongly determined implementation effectiveness:
instructional design quality (effect sizes 1.8 times higher when technology was
pedagogically well-integrated), teacher digital competence (the strongest single predictor
of success), student self-regulation and digital literacy, and institutional support in the
form of policy, budget, and infrastructure.

Nevertheless, 73% of studies reported significant barriers, spanning infrastructure
gaps such as limited internet access in underserved regions, pedagogical challenges
arising from technology-first rather than pedagogy-first implementation, privacy and
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data-security concerns under regulations such as GDPR and FERPA, and social-
emotional risks such as screen-time overuse, identified in 18% of studies.

These findings are broadly consistent with, yet exceed, earlier meta-analyses: the
mean effect size found here (d = 0.61) is higher than that reported by Tamim et al. (2011, d
= 0.35) and Cheung and Slavin (2013, d = 0.33), suggesting that educational technology
and its pedagogical integration have matured over the past decade. At the same time, most
Al-related studies were conducted under well-resourced, controlled conditions, so real-
world effectiveness — especially in developing countries — may vary considerably.
Consistent with Selwyn (2016), the results reaffirm that educational technology is not a
technical fix in itself; its impact depends on the human, pedagogical, and institutional
context in which it is implemented.

Conclusion

This review of 78 empirical studies published between 2015 and 2024 shows that
educational technology delivers a significant, medium-to-high positive effect on learning
outcomes (mean d = 0.61), with Al-based intelligent tutoring and blended learning the
most effective approaches. This effectiveness is not automatic: it depends on instructional
design quality, teacher digital competence, and institutional support, while infrastructure
gaps, limited digital literacy, and data-privacy concerns remain the most significant
barriers, especially in developing countries. Longitudinal research, studies from
underrepresented Global South contexts, and frameworks addressing generative Al are
notably scarce and warrant urgent attention.

Policymakers should balance technology procurement with proportional investment
in teacher professional development and prioritize connectivity for underserved regions.
Educators and institutions are encouraged to adopt a pedagogy-first approach, selecting
technology to serve clearly defined learning objectives rather than the reverse.
Researchers should pursue more rigorous, longer-duration designs and expand study
contexts beyond well-resourced settings. Limitations of this review include the possibility
of publication bias, methodological heterogeneity across the included studies, and the
exclusion of literature published in languages other than English and Indonesian, which
may have omitted relevant evidence.
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