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Abstract

Adaptive learning based on digital technology is becoming an increasingly relevant approach in
mathematics education, especially since most teachers still rely on conventional learning methods
that tend to be less responsive to differences in student abilities. This study aims to explore the
concept and implementation of Adaptive Learning in Digital Technology-Based Mathematics
Education through a Systematic Literature Review (SLR) approach. Data were collected from books
and scientific articles obtained through the Google Scholar and Scopus databases. The data analysis
process used a thematic approach to identify main ideas, recurring patterns, and important issues
that emerged from the selected literature. The research findings indicate that the application of
adaptive learning enabled by digital technology has great potential to improve understanding of
mathematical concepts through personalized learning, automated feedback, and material
adjustments tailored to individual needs. The adaptive approach is recommended to be combined
with conventional methods to make the learning process more flexible, creative, and relevant to
students' needs in the digital era.
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Introduction

The rapid development of digital technology in recent years has brought significant changes
to education, including mathematics education (Fadli, 2024). While previously mathematics
learning relied heavily on lectures, textbooks, and conventional exercises, the learning process now
increasingly involves digital platforms, interactive applications, and data-driven systems. These
changes not only affect how students learn but also how teachers design learning strategies that are
more engaging, relevant, and tailored to students' needs in the digital age (Crowley, 2018).

Many teachers still tend to use traditional, uninnovative, and repetitive methods in
mathematics teaching. This makes learning feel distant from students' experiences and less able to
help them understand concepts deeply (Wang et al., 2023). As a result, mathematical thinking
processes are not developed optimally, and the material taught struggles to stick with students'
understanding. Without a relevant, contextual learning approach, mathematics is often perceived as
abstract, rigid, and disconnected from everyday life (Oladele et al., 2022). This perception
contributes to the emergence of math anxiety, where students feel afraid, worried, or lack confidence
when faced with mathematics. Learning approaches exist to address these challenges, as a more
personalized, flexible, and modern approach is urgently needed. One appropriate approach is
adaptive learning enabled by digital technology (Simon & Zeng, 2024). This approach allows the
material, difficulty level, and exercise format to be tailored to each student's abilities and needs.
With increasingly advanced technology integration, adaptive learning not only increases student
motivation and confidence but also positions mathematics as a more human, interactive, and
meaningful learning experience.

Previous studies (Nurhaswinda et al., 2025; Su, 2017) have shown that the application of
adaptive learning in mathematics instruction remains relatively low, especially at the elementary
school level. Many teachers still rely on traditional teaching methods that apply uniformly to all
students, without considering differences in student abilities, learning rhythms, or learning styles.
This condition causes some students to struggle to understand mathematical concepts deeply because
the material presented does not always align with their learning readiness. At elementary school
age—when cognitive abilities, abstract understanding, and learning experiences are still
developing—the lack of adaptive learning can widen the gap in learning outcomes and decrease
student interest in mathematics.

This research explores Adaptive Learning in Digital Technology-Based Mathematics
Education as an alternative approach with the potential to enhance the effectiveness of mathematics
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instruction. This approach is still rarely utilized by teachers, even though several studies show that
adaptive learning can help students learn in a more structured, personalized, and individualized way.
By leveraging digital technology, adaptive systems can modify difficulty levels, provide immediate
feedback, and offer differentiated learning paths tailored to each student's abilities. Therefore, the
purpose of this study is to analyze how a digital technology-based adaptive learning approach is
applied in mathematics education and to assess its opportunities, challenges, and implications for
learning practices in elementary and secondary schools.

Research Methods

This research employed a Systematic Literature Review (SLR) approach as the primary
method (Cabrera & Cabrera, 2023). This approach was chosen because it allows researchers to
systematically examine various sources to obtain a comprehensive overview of Adaptive Learning
in Digital Technology-Based Mathematics Education. The research focused on reviewing scientific
works, including reference books, journal articles, and other relevant academic publications (Fadli,
2021). These sources were obtained through credible databases, primarily Google Scholar and
Scopus, ensuring the information analyzed maintains academic validity and quality. Through a
multi-layered selection and filtering process, only literature that met the criteria of relevance,
novelty, and contextual appropriateness was retained for analysis.

Thematic analysis was used to analyze the research data. This technique involves
identifying core ideas, recurring patterns, and key issues emerging from the literature data set
(Palomino et al., 2019). This process involves not only recording findings but also in-depth
interpretation to understand the relationships between themes and how each theme illustrates the
development of adaptive learning implementation in digital technology-based mathematics
education. This analysis produces a more focused synthesis of knowledge, enabling it to be used to
map research trends, implementation challenges, and opportunities for developing adaptive learning
in the context of mathematics education in the digital era.

Results and Discussion

Adaptive learning has emerged as an approach with significant potential to improve the
quality of digital technology-based mathematics learning. This approach not only offers a more
personalised learning experience but also adapts the material, difficulty level, and learning pace to
suit each student's individual needs. Thus, adaptive learning helps students gradually grasp complex
concepts while also providing further challenges for students with higher abilities. The results of
this study were then further analysed to examine the implementation strategy, system design, student
responses, and its effectiveness in improving mathematical understanding. The discussion presented
provides a comprehensive overview of the opportunities, challenges, and recommendations for
implementing adaptive learning in future digital mathematics education.

The Role of Digital Technology in Supporting Personalised Learning

New digital technologies have changed how learning happens, moving from a one-way,
same-for-everyone approach to a more flexible, interactive, and responsive experience that fits each
person's needs (Fadli et al., 2025). Using digital technology in math learning allows lessons to be
created that do not depend on the speed of the whole class or the average ability of students. Instead,
each student can follow a learning path that matches their own style, pace, and understanding of the
ideas. This is what personalised learning is all about—making sure each student learns as well as
they can.

Personalised learning is implemented through an adaptive learning system, an algorithm-
or artificial intelligence-based platform that analyses student learning activities in real time. This
system then adjusts the material, provides exercise recommendations, and provides automatic
feedback based on student performance (Cho & Kim 2025). Unlike conventional learning, which
provides the same material and assessments for all students, adaptive learning selects different
learning paths for students who grasp the material quickly versus those who need to repeat concepts.
This way, no student feels left behind, and no student finds it too easy.

Digital technology also enables additional features, such as turning lessons into games,
presenting ideas with pictures or animations, and tracking how students learn. These features help
make math lessons more interesting and useful, especially for students who often find math hard and
confusing (Naidoo, 2022). When math concepts are presented through animations, games, or
interactive models, students feel more motivated and engaged in learning. Also, teachers can use the
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data to see how students are learning, determine what support they need, and provide better
guidance.

While digital technology has many benefits for personalised learning, using it well requires
teachers to be ready, schools to have the right equipment, and lessons to align with learning goals.
Technology does not replace teachers, but it helps them deliver better, more flexible lessons to all
students. With training, good education policies, and help in using digital tools, personalised
learning can become a fairer and more effective way for all students to learn in the future.

Adaptive Learning Based on Digital Technology to Improve Mathematical Understanding

The growth of digital technology has led to big changes in education, especially in how
math is taught. One new approach is adaptive learning, a system that adjusts the material, how it is
taught, and the difficulty of the problems based on each student's skills and learning speed. Unlike
traditional learning, which is the same for everyone, adaptive learning offers each child a more
personalized, flexible, and focused way to learn that fits their needs.
This innovation can be particularly relevant in elementary schools (Gallagher et al., 2022).

This new way of learning can be especially helpful in elementary schools. Many students
struggle to understand concepts such as fractions, place value, and basic operations. With tools like
smart math apps, interactive websites, and computer programs that adjust to each student, kids can
learn math through pictures, hands-on activities, simple examples, and practice that moves at their
own speed (Shoaib et al., 2023). This makes learning more interesting and less scary for children.
The following table shows how math learning changes when adaptive learning is used in elementary
and secondary schools.

Table 1. Adaptive Learning Pattern Using Digital Technology in Mathematics for Primary School

Level Adaptive Technology  Example Math ~ Example of Adaptation
Learning Support Topic
Stage
Primary Initial Digital pre- Addition— System identifies student
School Diagnostic test, subtraction, ability and assigns an
(Elementary) automatic number sense, appropriate starting level
quiz, fractions
placement
test
Personalized  Interactive Fractions using Students who struggle
Content videos, images (pizza, receive more  visual
Delivery animations, blocks), place explanations, advanced
visual value with base- learners  continue to
simulations ten visuals abstract concepts
Adaptive Auto- Multiplication Wrong answers — easier
Practice adjusting and division scaffolded questions;
question basics, simple correct answers — gradual
difficulty patterns increase in difficulty
Instant Auto- Basic geometry System gives clues (e.g.,
Feedback correction, shapes, “Count the sides first”) or
hints, audio perimeter and step-by-step guided
feedback simple area examples
Remediation Math games, Fraction games, Higher-ability learners
& reward multiplication unlock challenge levels;
Enrichment  system, challenges others repeat content with
digital a different learning mode
enrichment (visual/auditory/game-
modules based)
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Table 2. Adaptive Learning Pattern Using Digital Technology in Mathematics for Secondary

Schools
Adapt_lve Technology Example Math Example of
Level Learning Support Topic Adaptation
Stage
Initial Adaptive  test, Algebra, linear System maps student
Diagnostic learning analytics equations, skills and
functions recommends
prerequisite or
advanced modules
Personalized Interactive System of linear Struggling students
Content modules, equations, receive visual or
Delivery graphing quadratic step-by-step
simulations, functions, guidance; advanced
virtual math lab trigonometry students explore
generalized forms
Secondary Al-Based Auto-generated Exponents, System adjusts: basic
School Adaptive questions, Al logarithms, —  moderate —
(Middle— Practice error analysis probability, 3D advanced depending
High School) geometry on learner
performance
Feedback and Analytics Square roots, System identifies
Progress dashboard, basic limits, weak areas and
Tracking automated derivatives recommends targeted
progress report review activities
Extension and STEAM Applying High-performing
Concept simulations, functions in real- students  complete
Application digital  project- life contexts, projects (e.q.,
based learning, mathematical function graph
logic challenges  modeling simulation based on

real-world data)

Tables 1 and 2 show that an adaptive learning approach in math can be much more effective
and engaging when well-planned and using the right technology. By following clear steps—Iike
finding out what students already know, giving them material that fits their needs, offering exercises
that adjust to their level, and giving instant feedback—Ilearning is no longer the same for everyone;
it is tailored to each student's needs. This lets students learn at a pace that suits them, take on
challenges that match their skills, and have a more interactive and meaningful learning experience
(Ahmed & lbrahim, 2023). With good planning, teachers can use learning data to provide more
targeted support, so adaptive learning not only helps students understand math better but also boosts
their motivation, interest, and confidence in solving problems.

Adaptive learning lets teachers get up-to-date information, such as which questions
students often get wrong, how long they spend on tasks, and which topics they already understand.
This information helps teachers make better choices, such as providing the right extra help rather
than repeating everything (Isaeva et al., 2025). Learning is no longer just about teaching the material,
but also about helping each child reach their goals in the way and at the speed that works best for
them.

Digital technology in adaptive learning also helps students feel more motivated to learn
math. Many platforms use game-like features, online rewards, different levels, and instant feedback
(Wullschleger et al., 2023). These features have been shown to help students feel less worried about
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math and slowly build their confidence (Pinatil & Ramos, 2023). Children who usually feel left out
can enjoy learning more, while students who are already good at math can keep improving with
harder problems. Overall, adaptive learning is not just about using technology in the classroom. It is
a teaching approach that supports diverse student abilities, helps students understand more deeply,
and makes math learning more personal and meaningful (Tretow-Fish & Khalid, 2023). Adaptive
learning gives elementary schools the chance to move away from one-size-fits-all teaching and focus
on what works best for each child.

Challenges and Implications in Adaptive Learning

Using adaptive learning in digital math education creates big opportunities to make learning
more personal and flexible for each student. However, there are some challenges that need to be
addressed for it to work well. One big challenge is the difference in technology available. Not all
schools have digital devices, reliable internet, or enough support to use adaptive learning tools
(Masruroh et al., 2025). This causes differences in how students learn between schools that are ready
for digital learning and those that are not.

Another challenge is whether teachers are ready. Many teachers do not fully understand
how adaptive technology works or how to use the learning data it provides to improve their teaching.
Some teachers are accustomed to traditional methods and find adaptive technology too complicated
or time-consuming to incorporate into in-class instruction. Because of this, training and support are
important to help teachers move from just presenting material to using data to guide student learning
(Mukhamadiyeva & Hernandez-Torrano, 2024). Another challenge is ensuring that adaptive
learning aligns with the national curriculum and tests. Adaptive learning focuses on personalising
lessons, but national curricula are usually the same for everyone and expect students to reach certain
goals at the same time (Wong, 2021). This timing difference can make it hard to decide on learning
goals, tests, and how to manage class time. Because of this, curricula need to be more flexible, and
teachers need space to try new ideas so that learning can be adapted without breaking any rules.

Despite these challenges, there are significant positive implications for the future of
education, particularly in mathematics. With a system capable of reading student learning patterns,
providing automatic feedback, and identifying weaknesses or misconceptions in real time, adaptive
learning helps students learn at their own pace (Qurrotu’ain & Fadli, 2024). This not only improves
academic outcomes but also fosters confidence, curiosity, and intrinsic motivation in mathematics.
The adaptive approach also enables inclusive learning: slow learners are not left behind, and fast
learners are not held back.

The long-term implication of implementing adaptive learning is the emergence of a data-
driven learning ecosystem that can help schools, teachers, and leaders. In the long run, using adaptive
learning can create a system where schools, teachers, and leaders use data to better understand how
students are doing (Lin et al., 2025). This helps them make better decisions, like changing the
curriculum, training teachers, or planning national learning strategies based on what students really
need. If the challenges can be solved over time, adaptive learning could become the basis for a more
personal, effective, and caring way of learning in the future.

Conclusion

Adaptive learning in digital technology-based mathematics education has strong potential
to improve learning by offering personalized experiences, reinforcing concepts, and providing
feedback based on data. Schools should start thinking about policies and how to integrate adaptive
learning systems, so teachers can use them effectively in their classrooms. This method helps
students understand math concepts better and makes learning more flexible, relevant, and tailored
to each student. The results of this review offer a solid foundation and clearer direction for future
research, especially on how to implement adaptive learning, prepare infrastructure, and support
teachers, so it can be used successfully at different education levels. From a scientific perspective,
this review contributes to the literature by providing a structured synthesis of adaptive learning in
digital technology—based mathematics education, highlighting its pedagogical value beyond
technical implementation. However, this study is limited by the scope of the systematic literature
review, including reliance on selected databases, publication time frames, and variations in research
designs across the reviewed studies. Therefore, future research is recommended to conduct
empirical, longitudinal studies examining adaptive learning implementation across different
educational levels, with particular attention to infrastructure readiness, teacher professional
development, and policy support to ensure sustainable and effective integration.
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