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ABSTRACT
This study aims to analyze the effectiveness of implementing digital technology-based learning models
in improving students' mathematical abilities in higher Education through systematic literature review.
Mathematical skills are an essential competency needed by students in facing the era of the industrial
revolution 4.0. However, data shows that students' mathematical achievement in various countries is
still low. This study uses the systematic literature review method with the PRISMA protocol to identify,
evaluate, and synthesize 47 research articles from Scopus and Sinta-indexed journals during 2018-2024.
The analysis results showed that implementing digital technology-based learning, such as mobile
application-assisted learning, adaptive learning systems, augmented reality, and game-based learning,
could improve students' mathematical skills with an average effect size of 0.78 (strong influence).
Significant findings indicate that personalized learning through adaptive technology substantially
improves mathematical problem-solving capabilities.
In contrast, immersive technologies such as AR/VR effectively improve conceptual understanding of
multivariable geometry and calculus materials. This research contributes in the form of a
comprehensive mapping of various digital learning models and their optimal implementation contexts,
as well as identifying opportunities for integrating big data and artificial intelligence in creating an
adaptive mathematical learning ecosystem. Further research is needed to explore the long-term impact
of implementing digital technologies and develop a pedagogical framework that optimizes the synergy
between technology and constructivist approaches in mathematical learning in higher Education.
Keywords: Learning Model, Digital Technology, Mathematical Ability, Higher Education.

This is an open access article under the CC—BY-SA license.

O

How to cite

Susanti, A., Khamid., Syaiful., & Huda,Nizlel (2026). The effectiveness of digital technology-based learning
models on students' mathematical abilities. Jurnal Pengembangan Pembelajaran Matematika, 8(1) 13-
26. https://doi.org/10.14421/jppm.2026.81.13-26

INTRODUCTION

The rapid development of digital technology has fundamentally changed the landscape
of higher Education, creating a new paradigm in the learning and teaching process (Zawacki-
Richter et al., 2019) These changes are becoming increasingly significant in mathematics learning
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in college, where the complexity of concepts and abstractions requires innovative pedagogical
approaches to facilitate deep understanding (Aldon et al.,, 2021) Mathematical skills, which

include conceptual understanding, procedural skills, strategic competence, adaptive reasoning,
and productive disposition (Kilpatrick et al., 2001) do students need essential competencies in
facing the challenges of the digital era and the industrial revolution 4.0 (World, 2020). However,
data from the Programme for International Student Assessment (PISA) and the Trends in
International Mathematics and Science Study (TIMSS) show that the mathematical ability of
students in various countries, including Indonesia, is still below the international average (OECD,
2023).

The results of PISA 2022 reflect the complex reality of mathematics learning practices in
Indonesia, which are still dominated by conventional approaches and teacher-centered learning.

Further analysis shows that the gap from the international average is not merely an issue of
conceptual mastery, but also a systemic indication of curriculum misalignment with the demands
of global mathematical literacy, which emphasizes reasoning, problem-solving, and the
application of mathematics in real-world contexts. Learning practices in most Indonesian schools
remain focused on memorization and repetitive exercises (Fahrurrozi et al., 2022). This has

resulted in instructional time being largely absorbed by routine tasks (memorizing formulas,
speed calculations, and practicing standardized question patterns) rather than activities that
foster critical, analytical, and problem-solving skills, which are at the core of 21st-century
mathematical literacy.

The context of mathematics learning in Indonesia also faces structural challenges,
including limited digital resources and teachers’ lack of readiness to integrate technology into
instruction (Manjani et al., 2024; Subroto et al., 2023). Yet, the digital era requires university

students and prospective students to master computational thinking and data literacy as the
foundation of modern mathematical literacy. The disparity in educational quality across regions
further exacerbates this condition, as schools in urban areas with better access to technology
demonstrate relatively stronger performance compared to rural schools that still rely heavily on
traditional teaching methods. The long-term implication of this situation is a significant
competency gap at the higher education level, where students from different regions enter with
heterogeneous mathematical foundations. As a result, comprehensive remedial strategies and
bridging programs are necessary to ensure their preparedness in facing academic and
professional challenges in the digital era.

Several previous studies have examined the implementation of digital technology in
mathematics learning. For example, a meta-analysis conducted by Sung et al. (2016) on 110

studies found that mobile device-assisted learning can improve math learning achievement with
an effect size of 0.51 (moderate effect). Similarly, in their systematic study, Bray & Tangney (2017)

identified that digital technology can increase students' motivation and positive attitudes toward
mathematics. Meanwhile, Arztmann et al. (2023) found that game-based learning had a

moderate (0.67) positive effect on students' cognitive skills. However, most of these studies focus
on specific technology or mathematical abilities, so they do not provide a comprehensive picture
of the relative effectiveness of various digital technology-based learning models.

Despite a significant increase in publications on digital technology-based mathematics
learning over the past decade (Lai & Bower, 2020), there are still gaps in the synthesis that
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integrate these findings to provide practical guidance for developing mathematics learning
curricula and design in colleges. Existing literature reviews tend to focus on primary and
secondary education levels, while implementation in higher Education has different
characteristics and challenges. Crompton & Burke (2020) underscore the existence of

inconsistencies in the terminology and conceptual frameworks used in related studies, thus
complicating the process of synthesis and generalization of findings.

The research gap is also seen from the methodological side, where most empirical
studies are still dominated by experimental designs with a relatively short duration of
intervention, which is less than one semester. This condition results in the limited ability of these
studies to comprehensively uncover the long-term impact of implementing digital technology in
learning. The focus of existing studies is often more emphasis on the technological aspect than
the underlying pedagogical aspect, thus obscuring the understanding of the mechanisms
underlying the effectiveness of interventions (Howard et al., 2021) Another significant gap is the

lack of studies that analyze the effectiveness of digital technology in developing high-level
mathematical skills such as adaptive reasoning and mathematical modeling (Drijvers, 2020),
which are crucial competencies in the era of the Industrial Revolution 4.0.

Recent developments in educational technologies, such as learning analytics, artificial
intelligence, virtual reality, and augmented reality, open up new opportunities in mathematics
learning (Williamson et al., 2020) However, research that comprehensively examines the

effectiveness of these cutting-edge technologies in the context of mathematics learning in higher
Education is still limited (Zhai et al., 2021) In addition, contextual considerations such as

institutional technology readiness, lecturers' digital competence, and sociocultural factors that
affect the implementation of digital technology have also not been explored in depth (Scherer
et al., 2019) This shows the urgent need to conduct a comprehensive study that can identify,

evaluate, and synthesize the latest empirical evidence on the effectiveness of various digital
technology-based learning models in improving students' mathematical skills.

This research seeks to fill this gap by conducting a comprehensive systematic literature
review of the latest empirical studies (2018-2024) regarding implementing digital technology-
based learning in the context of developing students' mathematical abilities. The novelty of this
research lies in three main aspects. First, this study integrates various theoretical and
methodological perspectives in analyzing the effectiveness of digital technology-based learning
models, not only from cognitive learning outcomes but also from developing high-level thinking
skills and mathematical disposition. Second, this study develops an analytical framework that
considers the complex interactions between the types of technology, pedagogical approaches,
characteristics of learning materials, and implementation contexts to provide a more nuanced
understanding of "what works, for whom, and under what conditions" in digital technology-
based mathematics learning. Third, this study identifies best practices based on empirical
evidence and develops a roadmap for future development and research in digital technology-
based mathematics learning in higher Education.

This study aims to analyze the effectiveness of implementing a digital technology-based
learning model in improving university students’ mathematical abilities. This research takes a
position among existing literature reviews by providing a more holistic and contextual
perspective on implementing digital technology in mathematics learning in higher Education. In
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contrast to the Crompton & Burke (2020) study that focused on mobile-aided mathematics

learning, or Harikrishnan et al.'s (2019) meta-analysis, which was limited to game-based

learning, this study covers a broader spectrum of digital technology-based learning models. In
addition, unlike the study by Howard et al. (2021), which focused on technological aspects, this

study pays balanced attention to the technological and pedagogical dimensions in analyzing the
effectiveness of implementation. This study is also different from the study of Bray & Tangney
(2017), which emphasizes the affective aspect more by providing an in-depth analysis of the
development of various components of mathematical ability.

METHOD

This study uses the systematic literature review (SLR) method by adopting the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol to ensure the
transparency and reproducibility of the review process (Page et al., 2021) The literature search

and selection process is carried out in four stages: identification, screening, eligibility, and
inclusion. Literature searches were conducted on five major electronic databases: Scopus, Web
of Science, IEEE Xplore, Science Direct, and SINTA (Science and Technology Index) for 2018-2024.

mon

Keyword combinations used include: "digital technology," "educational technology," OR "e-
learning" OR "mobile learning" OR "game-based learning"” OR "augmented reality” OR "virtual
reality” OR "learning analytics" OR "artificial intelligence” AND "mathematical ability” OR
"mathematical competence” OR "mathematical literacy" OR "mathematical thinking" OR
"mathematical problem solving" AND "higher education” OR "university" OR "undergraduate"
OR "college student". Inclusion criteria include: (1) empirical studies, as they measure the impact
of digital technology interventions on aspects of mathematical ability; (2) participants limited to
higher education students, since the study is directed at understanding the implementation of
digital technology in the context of tertiary education; (3) publications written in English or
Indonesian to ensure that the analyzed data can be fully understood without language barriers;
(4) peer-reviewed journal articles indexed in Scopus (for international journals) or SINTA 1-2 (for
national journals) to guarantee publication quality and credibility; and (5) publications between
2018 and 2024, considering that in the past six years there has been a rapid development in the
utilization of digital technology, particularly following the disruption of the Fourth Industrial
Revolution and the COVID-19 pandemic that accelerated digital transformation in education.
Articles or studies that are not relevant to these criteria were excluded from this study. Thus, this
time span is considered representative for capturing the latest trends, recent interventions, and
current practices in leveraging digital technology to enhance students’ mathematical abilities.
From a total of 782 articles initially identified, after screening and eligibility assessment, 47
articles (38 from Scopus-indexed journals and 9 from SINTA-indexed journals) were included in
the final review.

The data extracted from each article included study characteristics (study design, sample
size, duration of intervention), type of digital technology implemented, pedagogical approach
used, mathematical ability components measured, implementation outcomes (effect size or
other impact measures), and contextual factors that affect the effectiveness of implementation.
Data analysis in this study employed a mixed-method approach that integrated quantitative
meta-analysis and qualitative thematic synthesis. In the quantitative phase, effect sizes (e.g.,
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Hedges’ g) were calculated to determine the magnitude of the impact of digital technology
interventions on students’ mathematical abilities, accompanied by heterogeneity tests (Q and
12) and subgroup analysis to explore differences across intervention categories. In the qualitative
phase, thematic synthesis was conducted through coding, categorization, and cross-study theme
abstraction to identify patterns and contextual factors influencing implementation effectiveness.
The trustworthiness of the findings was ensured through triangulation of quantitative and
qualitative data, the use of an audit trail during data extraction and analysis, the application of
inter-rater reliability in qualitative coding, and sensitivity analysis to test the consistency of the
meta-analysis results, thereby ensuring that the findings were not only statistically valid but also
contextually meaningful. This will be able to address the analysis of the effectiveness of
technology-based learning in improving university students’ mathematical abilities.

RESULTS AND DISCUSSION

This literature review analyzed 47 articles that met the inclusion criteria, with temporal
distributions showing a significant increase in the number of publications related to digital
technology-based mathematics learning in the last six years. The distribution of publications by
year is as follows: 2018 (5 articles), 2019 (7 articles), 2020 (9 articles), 2021 (10 articles), 2022 (8
articles), 2023 (6 articles), and 2024 (2 articles to April 2024). The increase in publications in
2020-2021 reflects the academic response to the sudden transition to online learning due to the
COVID-19 pandemic. In terms of methodology, 28 studies (59.6%) used experimental or quasi-
experimental design, 12 studies (25.5%) used mixed-method design, and seven studies (14.9%)
used a qualitative approach. Sample sizes varied from 15 to 457 students, averaging 87
participants per study. The duration of the intervention also varied from 3 weeks to 2 academic
semesters, with the majority of studies (68%) reporting interventions lasting one semester.

An analysis of 47 studies identified five main categories of digital technology-based
learning models implemented in the context of mathematics learning in college, as presented in
Table 1.

Table 1. Categorization of Digital Technology-Based Learning Models in Mathematics

Learning
Category: Model Number of Types of Technology Implementation Examples
Studies

Mobile Learning 14 (29,8%) Mobile apps, tablets, GeoGebra mobile, Desmos,

and Apps smartphones Maple Calculator, Photomath

Adaptive Learning 11(23,4%) Intelligent tutoring ALEKS, Math-Bridge, Smart
systems Sparrow, Korbit Al

Game-Based 9(19,1%) Digital educational games, Mathific, Classcraft Math, Serious

Learning gamification games for calculus

Virtual and 8 (17,0%) VR headsets, AR apps, 3D  GeoGebra AR, Calculus in VR, 3D

Augmented Reality visualization Math Visualizer

Learning Analytics 5(10,6%) Dashboard analytics, early  Learning Catalytics, Math

and Al warning systems Emporium Model, MathBot

Mobile and app-based learning are the most common categories, reflecting the
accessibility and flexibility of this technology. A study by Crompton & Burke (2020) shows that
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78% of college students prefer to use mobile apps to learn math because of their ease of access
and ability to learn anywhere and anytime. Meanwhile, adaptive learning that implements
personalization based on student's skills and needs has shown significant growth in recent years,
driven by developments in the field of learning analytics and artificial intelligence (Williamson
et al., 2020)

A meta-analysis of 28 studies that reported quantitative data showed that the overall
implementation of digital technology-based learning had a significant positive impact on
students' mathematical abilities with an average effect size of 0.78, indicating a strong influence
based on the Cohen convention. However, effectiveness varies based on the category of the
learning model and the targeted mathematical ability component, as presented in Table 2.

Table 2. Effect Size Based on Learning Model Category and Mathematical Ability Component

Variable N Effect Size (Hedges' g) 95% ClI Heterogeneity
(%)

Learning Model Categories

Mobile Learning and Apps 9 0.68 [0.52, 0.84] 48.2%
Adaptive Learning 7 0.92 [0.76, 1.08] 42.5%
Game-Based Learning 6 0.74 [0.58, 0.90] 51.7%
Virtual and Augmented Reality 4 0.86 [0.67, 1.05] 38.3%
Learning Analytics and Al 2 0.65 [0.43, 0.87] 45.8%
Mathematical Ability Components
Conceptual Understanding 11 0.84 [0.70, 0.98] 47.2%
Procedural Skills 8 0.62 [0.48,0.76] 39.5%
Troubleshooting 13 0.89 [0.75, 1.03] 52.4%
Mathematical Reasoning 9 0.83 [0.68, 0.98] 46.7%
Mathematical Disposition 7 0.65 [0.50, 0.80] 36.8%

The analysis showed that adaptive learning had the highest effect size, indicating the
superior effectiveness of an approach that tailored the content, pace, and learning strategies to
students' needs. These findings align with studies that highlight that learning personalization is
a key mechanism that drives the effectiveness of digital technology in mathematics learning
(Escueta et al., 2020) However, implementing adaptive learning requires a relatively complex and

expensive technological infrastructure, which can be a constraint in institutions with limited
resources (Lai & Bower, 2020)
Virtual and augmented reality occupies the second position, especially effective in

improving conceptual understanding of materials that require spatial visualization, such as three-
dimensional geometry and multivariable calculus. A study by Tene et al. (2024) identified that

VR/AR's ability to provide immersive experiences and visualize concepts helps students develop
strong material intuition. Interestingly, this technology is also effective in overcoming
mathematical anxiety (math anxiety) that students often experience (Anggara et al., 2024)

Game-based, mobile, and app-based learning, learning analytics, and Al occupy
positions 3, 4, and 5, respectively. Game-based learning revealed that gamification elements
such as points, badges, and leaderboards are positively correlated with increased time students
spend learning mathematics, which contributes to improving mathematical skills (Fabian et al.,
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2018) In mobile and application-based learning, a study by Rambe et al. (2024) identified that
the effectiveness of mobile applications is strongly influenced by UI/UX (user interface/user
experience) design, with applications that integrate the principle of cognitive load theory showing
effect size higher than those that are not. In addition, implementations that encourage student
collaboration through social features in the app show better results than individual use

(Crompton & Burke, 2020) Meanwhile, implementing learning analytics and Al in mathematics

learning allows for early identification of students at risk of failure and targeted interventions
based on individual learning patterns (Williamson et al., 2020) A study by (Lee & Chan, 2023)
shows that an Al-based early warning system can improve the graduation rate of math courses

through personalized and timely interventions.

Analysis of the mathematical ability component shows that digital technology-based
learning significantly impacts problem-solving skills and conceptual understanding. This
indicates that digital technology is especially effective in developing high-level mathematical
skills, which aligns with the needs of the Industrial Revolution 4.0 era. Technologies such as
interactive simulations and dynamic visualizations help students understand abstract concepts
more concretely. At the same time, technology-based problem-solving environments provide
scaffolding that helps students develop effective problem-solving strategies (Drijvers, 2020).
Interestingly, the influence on procedural skills is relatively lower than that of other components.
This raises questions about the right balance between developing procedural and conceptual
skills in technology-based mathematics learning. Some researchers argue that some digital
technology implementations facilitate procedural shortcuts without a deep understanding,
which can hinder the development of meaningful procedural fluency (Tang et al., 2023) This
concern is especially relevant in mathematical problem-solving applications such as Photomath

and Symbolab, which provide step-by-step solutions. If not used appropriately, these can reduce
students' chances of developing their procedural skills.

The thematic analysis identified five main contextual factors that affect the effectiveness
of digital technology-based learning, namely pedagogical integration, the digital competencies
of lecturers and students, technological infrastructure, the characteristics of learning materials,
and the design of collaborative activities. Among these five factors, pedagogical integration
emerged as the most crucial. Studies show that the use of technology in a clear pedagogical
framework such as constructivist, project-based, or flipped classroom learning results in a much
higher effect size than without such an approach. These findings support the view that
technology should be used as a supporting tool to strengthen pedagogical strategies, not as the
main goal in the learning process (Howard et al., 2021) This is in line with the TPACK

(Technological Pedagogical Content Knowledge) framework which emphasizes synergy between
technology, content, and pedagogy (Tondeur et al., 2020)

The digital competence of lecturers and students also plays a significant role. Studies
show a positive correlation between the self-efficacy of lecturer technology and the
effectiveness of digital learning (Scherer et al., 2019) Students' digital literacy has also been

proven to contribute to improving mathematical skills. On the other hand, technological
infrastructure such as device availability and internet connection play an important role,
especially in developing countries. Koswara et al., (2024) noted that students in Indonesia
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experience connection constraints that interfere with the learning process, emphasizing the
importance of awareness of the digital divide in digital learning planning.

The characteristics of the material also affect the effectiveness of the use of technology.
For example, VR/AR technology is particularly effective for three-dimensional geometry
materials, while adaptive learning is suitable for procedural materials such as basic calculus. In
addition, collaborative activities have been shown to improve learning outcomes, with a higher
effect size in collaborative learning than in individuals, in line with the view of social
constructivism (Crompton & Burke, 2020)

An analysis of the latest studies (2022—-2024) reveals five emerging trends that are
expected to shape the digital technology-based mathematics learning landscape in the future.
The first trend is the integration of artificial intelligence (Al) and learning analytics in creating an
adaptive learning ecosystem. A study by Isdayani et al (2024) shows that Al can analyze students'

error patterns in problem-solving and provide personalized feedback, which improves the
accuracy of student problem-solving. Al-based chatbots have also been proven to provide real-
time learning support, reduce the cognitive burden on lecturers, and improve students'
mathematical abilities (Opesemowo, 2024) The second trend concerns the development of

immersive technologies such as VR/AR/MR. The use of inexpensive VR headsets to teach
multivariable calculus interactively, results in increased conceptual understanding of students.
Student support for this technology has also increased, preference for the use of VR/AR for
spatial visualization materials (Hung et al., 2021)

The third trend is the convergence of technologies in integrated learning platforms. The
study notes that modern math platforms now combine adaptive features, gamification, mobile
learning, and social learning in a single ecosystem (Williamson et al., 2020) One example is Al

which is able to increase learning motivation by up to 70% (Widodo et al., 2024) The fourth trend

relates to the support of technology for collaborative learning. Studies show that the use of
technology for collaborative learning has been proven to be able to increase student
engagement and understanding in the digital era (Rahayu et al., 2024) Collaborative learning

methods supported by digitalization can also improve critical thinking skills and attitudes
towards certain subjects, such as mathematics (Wawan & Setiawan, 2021)

The fifth trend is the use of big data and blockchain to support the personalization and
validation of mathematical learning. Big data helps teachers understand students' learning
characteristics and needs more deeply, so that curriculum and teaching strategies can be
designed more effectively. Big data-based personalization has also been shown to increase
motivation, engagement, and make it easier to identify students who need additional support
(Rahmawati et al., 2024) On the other hand, blockchain technology is beginning to be leveraged

to document microcredentials, providing more detailed recognition of the specific mathematical
competencies that students have achieved (Williamson et al., 2020) These five trends collectively

illustrate the immense potential of technology in transforming the way math learning is designed
and delivered in college.

Although the effectiveness of digital technology-based learning in improving students'
mathematical abilities has been well documented, its implementation faces several significant
challenges. The thematic analysis identified five main categories of challenges, as presented in
Table 3.
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Table 3. Challenges in the Implementation of Digital Technology-Based Learning

Challenge Categories Description Representative Studies

Unequal access to devices and internet Koswara et al., (2024); Mulenga &

The Digital Divi
e Digital Divide connectivity Marban (2020)

Limitations of digital literacy of lecturers Scherer et al. (2019); Howard et al.
and students (2021)

Incompatibility between technology and
pedagogical approaches

Digital Competence

Pedagogical Design Tang et al. (2023); Drijvers (2020)

Technical Issues and  System compatibility, maintenance, and Lai & Bower (2020); Tondeur et al.
Integration technical support (2020)
Data privacy, responsible artificial (Williamson et al., 2020); (KPMG,

P lan Eti
ersoalan Etis intelligence, and algorithmic fairness 2019; Nasman, 2024)

The digital divide is still a major challenge in the implementation of digital technology-
based mathematics learning, especially in developing countries and remote areas. Based on a
survey of 1,258 college students in five developing countries, it was shown that 38% of
respondents did not have adequate access to the necessary devices and internet connections
(Mulenga & Marbdn, 2020) In Indonesia, Koswara et al., (2024) reported that educational
institutions in rural areas face limited technological infrastructure, indicating a significant gap
between urban and rural areas that can hinder the equitable distribution of digital learning

quality.

In addition, the low digital competence of lecturers and students is a crucial inhibiting
factor. The study noted that only 28% of mathematics lecturers felt confident in integrating
technology in learning (Scherer et al., 2019) Meanwhile, another study highlights the presence
of techno-anxiety among college students that negatively impacts technology adoption (Howard
et al., 2021) For this reason, a professional development program for lecturers and an increase
in students' digital literacy are needed to support the effectiveness of implementation. Another
challenge is the pedagogical design that is not robust. Tang et al (2023) criticize the phenomenon
of technocentrism, where the use of technology is not based on pedagogical needs. Drijvers
(2020) emphasizes the need for didactical engineering to design meaningful technology
integration in mathematics learning.

Other obstacles include technical and ethical issues. Institutionally, 63% of institutions
have difficulty integrating various technology systems into one integrated learning ecosystem
(Lai & Bower, 2020) This system fragmentation has a negative impact on the learning experience
of students and hinders the optimal use of data. On the other hand, from an ethical perspective,
crucial issues such as data privacy, algorithm transparency, and potential bias in artificial
intelligence (Al)-based systems emerge which are the main concerns in the development of
educational technology (Williamson et al., 2020) Therefore, the development of responsible
artificial intelligence (responsible Al) is very necessary, with an emphasis on the principles of
fairness, accountability, transparency, and ethics (FATE) so that its application in Education can
support the achievement of learning goals in a fair and ethical manner (KPMG, 2019; Nasman,
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2024) Therefore, it is important to develop "responsible Al" that upholds the principles of
fairness, accountability, transparency, and ethics (FATE) in mathematics education.

Based on a comprehensive literature analysis, there are a number of important practical
implications for optimizing the implementation of digital technology-based learning in the
development of students' mathematical skills. First, an integrated approach is needed that
simultaneously combines technological, pedagogical, and mathematical content. The TPACK
(Technological Pedagogical Content Knowledge) framework as developed by Mishra and Koehler,
can be used as a conceptual basis in designing effective and technology-based mathematics
learning (Tondeur et al., 2020) Learning design should adopt a student-centered approach, which

encourages active student involvement in building knowledge through exploratory learning and
collaborative problem solving.

Furthermore, it is necessary to develop an adaptive learning ecosystem based on
artificial intelligence and learning analytics to enable learning personalization. Escueta et al
(2020) affirm that personalization is a key factor in the effectiveness of digital learning. However,
it is important to apply the principle of "human-in-the-loop", so that technology does not replace
the role of lecturers, but rather supports and expands their capacity (Williamson et al., 2020) In

addition to the cognitive aspect, a holistic approach is also needed, paying attention to the
affective and metacognitive dimensions. Digital technology can be used to increase motivation,
self-efficacy, and reduce anxiety about mathematics (Hung et al., 2021), all of which have a

positive impact on student learning outcomes.

Finally, the implementation of digital technology in mathematics learning must be
designed in an inclusive and equitable manner by taking into account the diversity of
backgrounds, abilities, and needs of students. This is important so that every student, without
exception, has equal opportunities to access technology-based learning materials and services.
The application of the Universal Design for Learning (UDL) principle is the main strategy for
achieving this goal because UDL encourages flexible and responsive learning design for various
student conditions, including students with disabilities, limited access to technology, or
geographical barriers. Thus, digital technology not only acts as a tool but also as a bridge to
overcome access and participation gaps.

CONCLUSION

This systematic literature review analyzes the effectiveness of various digital technology-
based learning models in improving students' mathematical abilities based on the latest
empirical evidence. The results of the meta-analysis showed that the implementation of digital
technology-based learning, in general had a significant positive impact on students'
mathematical abilities, with an average effect size value of 0.78, indicating a strong influence.
However, this effectiveness is not uniform, but rather varies depending on the type of learning
model and the mathematical ability component being targeted. The adaptive learning model
was recorded to provide the highest effect size (g = 0.92), while mathematical problem-solving
skills were the most positively affected component (g = 0.89). This variation emphasizes the
importance of selecting the right model and adjusting learning strategies based on learning
objectives and student characteristics.

Jurnal Pengembangan Pembelajaran Matematika (JPPM), 8(1), February 2026 22



The effectiveness of digital technology-based ...

Furthermore, the results of the analysis also identified various contextual factors that
affect the effectiveness of the implementation of digital technology in mathematics learning.
These factors include appropriate pedagogical integration, digital competence of lecturers and
students, adequate technological infrastructure, characteristics of learning materials, and the
design of collaborative activities that support meaningful learning. These findings confirm that
digital technology should not be seen as an instant solution, but rather as a pedagogical lever in
an integrated and coherent approach to learning. The TPACK (Technological Pedagogical
Content Knowledge) framework is an important reference in ensuring alignment between
technology, mathematical content, and pedagogical approaches. In addition, recent trends such
as the integration of artificial intelligence, learning analytics, immersive technology, and the use
of big data show great potential to transform mathematics education at the university level,
although it is still faced with challenges such as digital divides, competency limitations, immature
designs, and ethical and regulatory issues.

The main contribution of this study is the comprehensive mapping of various digital
learning models and optimal implementation conditions, as well as the identification of
mechanisms underlying the effectiveness of these models in developing students' mathematical
skills. The practical implications include the importance of designing integrated and student-
centered digital learning, building an adaptive learning ecosystem, and adopting a holistic and
inclusive approach that considers the fairness of access and the quality of learning. For further
development, it is recommended to conduct longitudinal studies to capture the long-term
impact of digital technology implementation on the development of students' mathematical
abilities. In addition, it is necessary to develop a comprehensive evaluation framework that
includes affective and metacognitive aspects. Further research also needs to explore the use of
emerging technologies such as artificial intelligence, virtual reality, and blockchain, as well as
develop design principles that ensure ethical, inclusive, and effective implementation. Finally,
cross-cultural comparative studies are needed to understand the influence of contextual and
sociocultural factors on the effectiveness of digital technology-based learning in various
educational environments.
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