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Abstract: The integration of Digital Adaptive Learning (DAL) models in mathematics education
represents a significant shift from traditional lecture-based instruction to a more interactive,
student-centered learning experience. This study examines the effectiveness of DAL models in
enhancing pedagogical practices in the teaching of mathematics. Specifically, it evaluates the
impact of using GeoGebra and Desmos platforms on student academic performance, teacher
engagement, and student satisfaction in comparison to conventional teaching methods. A quasi-
experimental design with pre-test and post-test assessments was conducted involving 60
undergraduate students, divided into experimental and control groups. The experimental group
used digital adaptive platforms while the control group followed traditional lecture-based
instruction. The results demonstrated that the experimental group showed significant
improvements in academic performance, with a large effect size, compared to the control group.
Additionally, teachers in the experimental group reported increased engagement, and students
expressed higher satisfaction with their learning experience. This study suggests that digital
adaptive learning platforms can significantly improve students’ understanding of mathematical
concepts, enhance teacher involvement, and increase student motivation. The findings highlight
the potential of DAL models to modernize mathematics education and provide a more effective
and engaging learning environment for students.

Keywords: Digital Adaptive Learning, mathematics education, student engagement, teacher
engagement, GeoGebra, Desmos, interactive learning, academic performance, student satisfaction,
personalized learning

1. Introduction

In recent years, educational systems worldwide have experienced rapid changes due
to the integration of digital technologies in teaching and learning processes. In
particular, mathematics education has seen significant developments with the
introduction of Digital Adaptive Learning (DAL) models, which aim to provide
personalized and interactive learning experiences. Traditional teaching methods, which
often focus on lecture-based delivery and rote memorization, are increasingly seen as
insufficient for developing deep conceptual understanding in students. As mathematical
concepts are abstract and challenging for many students, finding innovative ways to
teach these concepts is critical for improving educational outcomes.The use of Digital
Adaptive Learning platforms, such as GeoGebra and Desmos, has shown promise in
enhancing students' engagement, problem-solving skills, and ability to apply
mathematical knowledge in real-world contexts. These platforms offer interactive
visualizations, immediate feedback, and adaptive problem sets tailored to individual
learning needs, which have the potential to foster a deeper understanding of
mathematical principles. This study aims to explore the impact of DAL models on the

effectiveness of mathematical education by evaluating changes in academic
https:/funiverpubl.com/index.php/semantic



9

performance, teacher engagement, and student satisfaction. The research examines
whether the integration of digital platforms can lead to better learning outcomes
compared to traditional teaching methods, with a particular focus on fostering
conceptual understanding, improving student collaboration, and enhancing the teaching
experience.

2. Methodology
Research Design

This study wutilized a quasi-experimental design with pre-test and post-test
assessments to evaluate the effectiveness of Digital Adaptive Learning (DAL) models in
enhancing the pedagogical practices in mathematical education. Two groups were
formed: the experimental group that used digital adaptive learning platforms (GeoGebra
and Desmos), and the control group that followed traditional lecture-based instruction.
The study aimed to compare the academic performance, teacher engagement, and
student satisfaction between these two groups.

Participants

A total of 60 undergraduate students from five different universities participated in
the study. The students were divided into two groups: 30 students in the experimental
group and 30 students in the control group. Participants were selected based on their
enrollment in introductory mathematics courses. The experimental group engaged with
digital platforms designed for interactive learning, while the control group received
traditional mathematics instruction.

Intervention

The intervention for the experimental group consisted of a 6-week program using
GeoGebra and Desmos for interactive learning. These platforms allowed students to
visualize mathematical concepts, engage in collaborative problem-solving, and receive
immediate feedback on their progress. The control group, on the other hand, followed
conventional methods, consisting of lectures, textbooks, and practice exercises. The
Digital Adaptive Learning (DAL) model provided personalized learning experiences by
adjusting the level of difficulty based on each student’s performance. Students in the
experimental group could access additional resources, perform interactive exercises, and
collaborate with peers on problem-solving tasks.

Data Collection
Data was collected using three primary instruments:

1. Pre-test and Post-test: These tests measured students' understanding of key
mathematical concepts before and after the intervention.

2. Student Satisfaction Survey: A survey assessed students' engagement with the
learning process, their satisfaction with the interactive features, and their perception
of the effectiveness of digital learning.

3. Teacher Engagement Survey: Teachers were asked to evaluate their levels of
involvement in the learning process, their satisfaction with teaching using digital
tools, and their perceptions of student progress.

Statistical Analysis
The collected data were analyzed using SPSS (Statistical Package for the Social

Sciences). The following statistical tests were performed:

1. Paired t-test: Used to compare pre-test and post-test scores within each group to
assess the improvement in academic performance.

2. Independent t-test: Used to compare the post-test scores between the experimental
and control groups to evaluate the effectiveness of the digital intervention.

3. Cohen’s d: Calculated to determine the effect size and practical significance of the
intervention. A Cohen’s d of 0.8 or above was considered to indicate a large effect.
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3. Result and Discussion
Result

1. Impact of Digital Adaptive Learning on Student Performance

To evaluate the effectiveness of Digital Adaptive Learning (DAL) models in
enhancing mathematical education, a pre-test and post-test were conducted across two
groups: the experimental group using GeoGebra and Desmos platforms for interactive

learning, and the control group using traditional methods (lectures and textbooks).
Student Academic Performance

G Pre-test Post-test Mean t- p-
roup Mean Mean Difference value |value
| Experimental | 574 || 792 | 218 | 1048| <o.001|
| Control | 582 | e4 | 52 | 316 | 0003 |

The paired t-test results show that the experimental group demonstrated a
significant improvement in academic performance, with a p-value of less than 0.001,
indicating the DAL approach’s effectiveness in improving students' understanding and
application of mathematical concepts. In contrast, the control group, although showing
improvement, did not achieve the same level of enhancement (p = 0.003).

Teacher Engagement

Pre- Post-
Grou intervention ||intervention Mean t P
P Difference value |[value
Mean Mean
. 8.9 <
Experimental 3.1 4.5 1.4
2 0.001
15 0.1
Control 3.2 3.4 0.2
6 21

Teachers in the experimental group reported increased motivation and participation
in the learning process, as indicated by the significant increase in engagement (p <
0.001). On the other hand, the control group exhibited a negligible improvement in
teacher engagement, which was not statistically significant (p = 0.121).

2. Student Satisfaction with Digital Adaptive Learning

A survey was administered to assess student satisfaction in both groups, focusing on
factors such as interactive learning opportunities, feedback responsiveness, and
engagement with mathematical content.

Experimental Control p-
Factor
Group (%) Group (%) value
<
Interactive Learning 84 57
0.001
<
R i f Feedback 80 50
esponsiveness of Feedbac 0,001
Engagement with <
: 82 62
Mathematical Content 0.001

The results indicate that the experimental group demonstrated significantly higher
satisfaction levels across all factors (p < 0.001). Students in the experimental group
reported a greater sense of ownership and engagement in the learning process, with
interactive features of the digital platforms playing a key role in their satisfaction.

3. Long-Term Retention and Application
A follow-up test was conducted six weeks after the intervention to assess long-term
retention and application of mathematical concepts. Students from the experimental
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group were able to retain more information and apply concepts in new contexts
compared to the control group.

G Follow-up  Test| Mean t- p-

rou

oup Mean Difference value |[|value
Experime <

75.3 17.9 8.67
ntal 0.001
0.40

Control 64.1 0.7 0.84 0

The experimental group exhibited significantly better long-term retention and
application of knowledge, with a p-value of less than 0.001. The control group’s
performance remained largely unchanged over time (p = 0.400), highlighting the
sustained benefits of digital adaptive learning.

Discussion
1. Digital Adaptive Learning and Student Performance

The results of this study demonstrate that Digital Adaptive Learning (DAL) models
significantly improve students” academic performance in mathematical education. These
findings are consistent with previous research by Mayer (2014), who emphasized the
importance of adaptive learning environments in fostering deeper understanding and
long-term retention of knowledge. The interactive nature of platforms like GeoGebra
and Desmos, which provide immediate feedback and visualization of mathematical
concepts, plays a crucial role in enhancing students' problem-solving abilities and
conceptual understanding.

The paired t-test results confirm that students in the experimental group benefited
from the adaptive features of the platforms, which tailored learning experiences to
individual needs and abilities. This personalization of learning, supported by real-time
adjustments based on student performance, is in line with Siemens' (2019) theory of
connectivism, which posits that learning is most effective when students are actively
engaged in constructing their knowledge.

2. Teacher Engagement and Professional Development

An important aspect of this study was the increase in teacher engagement observed
in the experimental group. Teachers reported higher levels of satisfaction and
motivation due to the opportunity to work in a dynamic, technology-driven learning
environment. This aligns with the findings of Hattie (2009), who argued that teacher
engagement is critical for student success. The integration of DAL models not only
enhances student learning but also empowers educators, providing them with tools to
better monitor student progress and offer targeted support.

Furthermore, the adoption of digital learning technologies offers teachers the chance
to engage in professional development, as they learn to navigate new tools and
integrate them into their teaching practices. As noted by Petrov (2016), ongoing training
and support are essential for educators to fully utilize the potential of digital learning
environments.

3. Student Satisfaction and Engagement

The significant increase in student satisfaction and engagement in the experimental
group reflects the benefits of interactive, student-centered learning environments. The
use of digital platforms provided students with more autonomy over their learning,
fostering greater motivation and active participation. As suggested by Siemens (2019),
digital tools create opportunities for students to engage in self-directed learning,
allowing them to take control of their educational journey.

Moreover, the real-time feedback and visualization of mathematical concepts
offered by the platforms were critical factors in enhancing student satisfaction. These
features help bridge the gap between abstract mathematical ideas and practical
application, making the subject more accessible and engaging for students.

4. Long-Term Impact and Retention

The long-term retention and application of mathematical concepts in the

experimental roy further underscore the effectlveness of DAL models. Unlike
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