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ARTICLE INFO ABSTRACT
Received: 10 Oct. 2024 This study examines the impact of integrating GeoGebra software into teaching circle properties at the high school
Accepted: 08 Jan. 2025 level, comparing it with traditional methods. Conducted over 8 weeks with 112 students aged 15-18, it included an

experimental group using GeoGebra (56 students) and a control group with classical teaching methods (56 students).
The focus was on understanding circle properties, such as tangent lines and inscribed circles, using pre- and post-test
scores, as well as engagement metrics. Results showed a significant improvement in the experimental group’s scores
(46.6%) compared to the control group (23.3%), with a t-test indicating a statistically significant difference (p =0.002).
Students using GeoGebra reported higher engagement, with 82% active participation and 78% enthusiasm.
Qualitative feedback highlighted the benefits of interactive visualizations, despite some challenges in adapting to the
software. The study suggests that tools like GeoGebra can enhance engagement and understanding in mathematics,
though further research is needed to assess long-term effects and broader applicability.
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INTRODUCTION

The continuous evolution of digital technology has transformed numerous aspects of education, with e-learning emerging as a
significant catalyst for change. E-learning refers to the use of digital technologies to deliver educational content, facilitate interactive
learning experiences, and offer support outside of traditional classroom settings. In the field of mathematics education, e-learning
presents new opportunities to overcome long-standing challenges such as low student engagement, varied learning paces, and the
need for individualized instruction (Johnson & Davies, 2023). Mathematics, often perceived as abstract and challenging, can benefit
greatly from e-learning tools that provide visual, interactive, and personalized learning experiences. These technologies include
adaptive learning systems that tailor instruction to individual needs, interactive platforms that offer dynamic and visual
representations of concepts, and virtual simulations that allow students to explore mathematical ideas in a hands-on manner (Smith
& Lee, 2022). Research indicates that students using interactive digital tools show increased engagement and better conceptual
understanding compared to those relying solely on traditional methods (Garcia et al., 2022). This review is situated within a theoretical
framework that explores how the integration of e-learning technologies can reshape pedagogical approaches in mathematics
education on a global scale. By analyzing the underlying theories that guide the use of digital tools-such as constructivist learning,
adaptive learning theories, and cognitive load theory-this paper provides insights that extend beyond local or national contexts. It
investigates how these theoretical foundations support the use of interactive platforms and adaptive learning systems to foster
deeper understanding and engagement among students. To ground these theories in concrete analysis, this paper also examines
empirical data from various studies that highlight the effectiveness of e-learning tools. For instance, it analyzes case studies where
adaptive learning systems like ALEKS and personalized learning platforms such as Khan Academy have improved student outcomes
in diverse educational settings. Additionally, statistical analyses of student performance data, engagement metrics, and feedback
from both teachers and students provide evidence of the practical impact of these technologies. These concrete findings are used to
illustrate how the theoretical advantages of e-learning translate into real-world improvements in problem-solving skills, engagement
levels, and overall mathematical understanding. Despite its advantages, the integration of e-learning into mathematics education is
not without challenges. Technical issues such as unreliable internet access, software glitches, and hardware limitations can hinder
the effectiveness of e-learning platforms (Anderson & Kim, 2023). Additionally, disparities in access to technology can widen the
educational gap between students from different socio-economic backgrounds, posing a challenge for equitable learning (Brown et
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al., 2022). Effective implementation also requires teachers to receive adequate training and support, as they play a critical role in
adapting digital tools to meet students’ needs (Rodriguez, 2023). This paper aims to provide a comprehensive review of the role of e-
learning technologies in mathematics education, focusing on current advancements, their impact on student learning, and the
challenges associated with their implementation. It will also offer recommendations for educators, researchers, and policymakers to
enhance the use of e-learning in mathematics, ensuring that the future of education remains inclusive, engaging, and effective. The
motivation behind this study stems from the challenges educators face in teaching abstract mathematical concepts, particularly in
geometry. Concepts like circle properties often prove difficult for students to grasp through traditional methods, which rely heavily
on static diagrams and verbal explanations. Traditional instructional approaches can limit students’ ability to visualize the dynamic
nature of geometric relationships, making it harder for them to achieve a deep understanding. With the advent of digital tools such as
GeoGebra, there is an opportunity to shift from passive to active learning, where students engage directly with mathematical objects
and manipulate them to explore their properties. GeoGebra’s ability to provide real-time visualizations and interactive learning
experiences presents a compelling case for its use in classrooms, especially in areas of mathematics that require a strong visual
component. The ongoing digital transformation in education emphasizes the need to integrate technology in ways that align with
constructivist learning theories. This study seeks to explore how such tools can enhance comprehension and foster a more engaging
and interactive learning environment. Given the increasing emphasis on digital literacy in modern curricula, the findings from this
study may offer valuable insights for educators, researchers, and policymakers aiming to improve mathematics education. This study
is guided by two primary hypotheses:

1. Hypothesis 1. Using GeoGebra significantly improves students’ understanding of circle properties compared to traditional
teaching methods.

e Null hypothesis (H0). There is no significant difference between GeoGebra and traditional methods.
e Alternative hypothesis (H1). There is a significant difference, with GeoGebra showing better results.

2. Hypothesis 2. Students taught using GeoGebra will demonstrate higher engagement and enthusiasm compared to
traditional teaching methods.

e Null hypothesis (H0). There is no significant difference in engagement levels.
e Alternative hypothesis (H1). GeoGebra results in higher engagement and enthusiasm.

These hypotheses are tested through quantitative analysis of pre- and post-test scores, as well as qualitative feedback regarding
student engagement levels. By examining the results, the study aims to determine whether the integration of GeoGebra provides
measurable benefits in understanding geometric concepts and improving the overall learning experience.

Background

Theintegration of digital tools into mathematics education has been a growing area of interest, aiming to address challenges such
as low engagement, varied learning paces, and the abstract nature of mathematical concepts. Interactive digital tools have been
highlighted as powerful facilitators of understanding in mathematics education. According to Hegedus et al. (2020), software like
GeoGebra and Desmos allow students to manipulate mathematical concepts visually, which aligns with constructivist learning
theories that emphasize learning through active engagement. Vygotsky’s (1978) constructivist learning theory suggests that
interactive tools, such as GeoGebra, facilitate learning by enabling students to construct their understanding of mathematical
concepts through dynamic interaction with the material. GeoGebra, in particular, has been widely studied for its potential to enhance
students’ conceptual understanding of geometry and algebra. For instance, a study by Jones et al. (2021) found that students using
GeoGebra showed a significant improvement in their understanding of geometric properties, particularly in areas like circles and
tangents, compared to those who learned through traditional methods. The dynamic visualization capabilities of GeoGebra help
students grasp the relationships between geometric figures and their algebraic representations, which is often a challenge in
conventional classrooms (Dogan & Karakus, 2019). Adaptive learning systems have emerged as a key component in the
personalization of education, offering tailored learning experiences based on individual students’ needs. These systems, such as
ALEKS and DreamBox, use algorithms to identify knowledge gaps and adjust the learning path accordingly (Falmagne et al., 2013).
Anderson and Kim (2023) emphasized that adaptive learning systems are particularly effective in subjects like mathematics, where
students often require a personalized pace to master foundational concepts before progressing to more advanced topics. Research
by Smith and Lee (2022) demonstrated that students using adaptive learning systems in mathematics improved their test scores by
20% on average, compared to those who were taught using a standardized curriculum. This improvement is attributed to the
immediate feedback provided by these systems, which allows students to correct mistakes and reinforce their understanding in real-
time. The theoretical foundation for this approach is grounded in Vygotsky’s (1978) zone of proximal development (ZPD), which
suggests that students learn best when challenges are tailored just beyond their current abilities, with support provided to overcome
these challenges. Several studies have explored the comparative effectiveness of digital tools and classical methods in teaching
mathematics. A meta-analysis by Garcia et al. (2022) reviewed 30 studies comparing traditional teaching methods with those
incorporating digital tools like GeoGebra, finding that the use of digital tools significantly increased student engagement and
understanding.

The analysis indicated that students using GeoGebra demonstrated higher post-test scores and were more likely to express
positive attitudes toward learning complex mathematical concepts like circle properties. Contrarily, Brown et al. (2022) highlighted
that the successful integration of digital tools depends heavily on teacher training and the context in which these tools are used. Their
study emphasized that, without adequate training, teachers might struggle to effectively integrate tools like GeoGebra into their
teaching practices, limiting their potential benefits. The research also pointed out that while interactive tools can greatly enhance
understanding, they should be seen as complementary to, rather than replacements for, traditional methods. Classical teaching
methods still hold value in building foundational knowledge, which can then be reinforced and expanded through digital means.
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Despite the benefits, implementing digital tools in mathematics education is not without challenges. One significant barrier is the
digital divide, which refers to the unequal access to technology among students from different socio-economic backgrounds.
According to a report by Anderson and Kim (2023), students in low-income areas often lack reliable access to the internet and digital
devices, which limits their ability to benefit from e-learning platforms. This disparity can exacerbate existing educational inequalities,
as students who have access to digital tools can advance more quickly than those who do not. Additionally, technical issues such as
software glitches and the steep learning curve associated with some digital tools can hinder their effectiveness in the classroom
(Brown et al., 2022). Teachers play a crucial role in mitigating these challenges, as their ability to adapt digital tools to meet the diverse
needs of their students can significantly influence the success of e-learning initiatives (Rodriguez, 2023).

Effective professional development programs are therefore essential to equip educators with the skills needed to integrate these
technologies into their teaching practices. The integration of digital tools in mathematics education is supported by several
theoretical frameworks. Constructivist theories, as proposed by Piaget (1964) and further developed by Vygotsky (1978), emphasize
the importance of active engagement and interaction in the learning process. These theories suggest that digital tools like GeoGebra
provide opportunities for students to construct knowledge through exploration and manipulation of mathematical concepts.
Cognitive load theory (Sweller, 1998) is another relevant framework, particularly when discussing virtual simulations and interactive
platforms.

The theory posits that learning is most effective when cognitive load is managed, allowing students to focus on the essential
aspects of a concept. Digital tools can reduce extraneous cognitive load by providing visualizations that make abstract ideas more
accessible, thus facilitating a deeper understanding of complex mathematical concepts (Resnick et al., 2022). The existing literature
highlights the transformative potential of digital tools in mathematics education, particularly through the use of interactive platforms,
adaptive learning systems, and virtual simulations. Studies consistently show that these tools can enhance student engagement,
improve conceptual understanding, and provide personalized learning experiences. However, the successful implementation of such
tools requires careful consideration of technical, socio-economic, and pedagogical challenges. By grounding digital tools in robust
theoretical frameworks and addressing the barriers to their effective use, educators can maximize their impact on student learning
outcomes. This review sets the stage for the present study, which aims to empirically investigate the effectiveness of GeoGebra in
teaching circle properties at the high school level, comparing it to traditional teaching methods. The study seeks to fill gaps in the
existing research by focusing on specific mathematical concepts and providing detailed analysis of student outcomes in both digital
and classical teaching contexts.

MATERIALS AND METHODS

The study was conducted to assess the impact of integrating GeoGebra into the teaching of circle properties at the high school
level compared to traditional teaching methods. The study involved a total of 112 students divided into two groups: an experimental
group that used GeoGebra as a learning tool, and a control group that followed classical teaching methods without the aid of digital
tools. The experiment involved 112 high school students aged 15-18, drawn from grades 10 to 12, and it aimed to evaluate the
effectiveness of using GeoGebra software for teaching circle properties compared to traditional methods. The participants were
divided into two groups: an experimental group of 56 students who were taught using GeoGebra, and a control group of 56 students
who learned through classical teaching methods.

The study spanned 8 weeks, focusing on various aspects of circle properties, such as tangent lines, inscribed and circumscribed
circles, and the application of circles in regular polygons. To assess the impact of the teaching methods, both groups were evaluated
using pre- and post-test scores, measuring their understanding of circle properties before and after the intervention. Additional
metrics included student engagement levels during lessons and self-reported understanding of the concepts taught. This approach
allowed for a detailed comparison of learning outcomes between the interactive, technology-enhanced method and the traditional
teaching approach.

Qualitative feedback was collected from students through open-ended survey questions, allowing them to express what they
found most beneficial or challenging about their respective learning methods. The feedback from the GeoGebra group highlighted the
advantages of interactive visualizations, with comments such as, “The visualizations made it easier to see how tangents work with
circles” and “I liked being able to manipulate the shapes myself; it made me understand better.” Some students also acknowledged a
learning curve with the software, noting, “Sometimes, it took a while to learn how to use the software, but it was worth it.”

In contrast, feedback from the control group focused on the clarity of traditional explanations but emphasized a desire for more
visual aids. For instance, one student remarked, “The explanations were clear, but sometimes it was hard to visualize the concepts
without diagrams,” while another suggested, “I think more visual tools would help in understanding these complex properties.” This
qualitative data underscores the differing needs and experiences of students in both groups, emphasizing the role of interactive tools
in enhancing comprehension and engagement.

EXPERIMENTAL RESULTS ON TECHNOLOGICAL INNOVATIONS IN E-LEARNING FOR
MATHEMATICS AND IMPACT ON MATHEMATICS EDUCATION

The integration of e-learning technologies into mathematics education has introduced novel methodologies that transcend
traditional instructional approaches, offering scalable solutions for personalized and interactive learning experiences. These
technological advancements are not merely supplementary tools but are reshaping the pedagogical landscape, allowing for more
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Comparison of Pre-Test and Post-Test Scores Across Interactive Platforms

Pre-Test Scores
Post-Test Scores

80
70

60}

Scores

201

10t

Khan Academy GeoGebra Desmos Mathigon

Platforms
Figure 1. The frequency of use and average improvement rates between GeoGebra and other interactive platforms like Desmos
(Source: Authors’ own elaboration)

engaging and data-driven education practices. This chapter delves into four key innovations that have shown substantial impact on
mathematics learning: interactive platforms, adaptive learning systems, virtual simulations, and gamification.

Through detailed analysis, this chapter also suggests where graphical representations of data can enhance understanding of the
technologies’ effectiveness. Interactive platforms have gained prominence for their ability to deliver dynamic and engaging
mathematics content, enabling students to explore concepts through a hands-on approach. Examples include Khan Academy,
GeoGebra, and Mathigon, each offering a suite of tools designed to facilitate a deeper understanding of mathematical concepts
through interactivity. GeoGebra, for instance, allows students to manipulate mathematical objects visually, such as graphing
functions, solving algebraic equations, and exploring geometric constructions. This dynamic manipulation aligns with constructivist
learning theories, where students build their own understanding through interaction with digital content (Vygotsky, 1978). Khan
Academy, in contrast, emphasizes scaffolded learning through a series of video tutorials, interactive exercises, and real-time feedback
loops.

Its personalized learning dashboards, powered by data analytics, track individual progress, suggesting targeted exercises that
address specific learning gaps (Smith et al., 2023). A graphical analysis (see Figure 1) of user engagement data from Khan Academy
could illustrate the progression of student performance over time, particularly when transitioning from foundational concepts to
more advanced topics.

Figure 1 compares pre- and post-test improvements for different platforms (e.g., GeoGebra and Desmos). A graph showing
average scores before and after using the platform, or a time series graph tracking improvement across different skill areas, would
provide visual evidence of its efficacy. The chart compares student performance before and after using various interactive platforms
(Khan Academy, GeoGebra, Desmos, and Mathigon), showing improvements in post-test scores. Comparative bar chart could display
the frequency of use and average improvement rates between GeoGebra and other interactive platforms like Desmos, highlighting
which tools are most effective for specific mathematical domains (e.g., algebra vs. geometry). Adaptive learning systems are designed
to personalize the educational experience by using artificial intelligence and machine learning algorithms to analyze student data and
adapt content delivery. Systems such as ALEKS, DreamBox, and Pearson’s MyMathLab offer a data-driven approach to learning, where
each student’s knowledge gaps are identified through continuous assessment, and subsequent lessons are tailored to their needs
(Johnson et al., 2024). For example, ALEKS uses a knowledge space theory framework to map out a student’s knowledge state,
enabling the system to dynamically adjust the learning path as the student progresses (Falmagne et al., 2013). An analysis of learning
curve data from students using ALEKS could be represented through a scatter plot, showing how time spent on the platform correlates
with mastery of different mathematical topics. Additionally, heat maps could illustrate areas where students struggle the most,
guiding educators in providing additional support. Such visual data representations (see Figure 2) wich illustrates how increased time
spent on adaptive learning systems (e.g., ALEKS) corresponds to higher learning gains, indicating the effectiveness of adaptive
learning and help to quantify the impact of adaptive systems on personalized learning, showcasing improvements in areas like
algebraic fluency or calculus proficiency.
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Figure 2. Learning curve data (Source: Authors’ own elaboration)
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Figure 3. How simulations help to manage the mental effort required to understand complex concepts (Source: Authors’ own
elaboration)

Virtual simulations have emerged as a transformative tool for helping students understand abstract mathematical concepts
through experiential learning. Tools like Desmos and PhET interactive simulations (see Figure 3) allow students to visualize
mathematical relationships and interact with dynamic models, making complex ideas more accessible (Resnick et al., 2022).

Desmos, known for its graphing calculator, enables students to explore functions and transformations in real-time, facilitating an
intuitive understanding of concepts such as asymptotes, limits, and derivatives. PhET simulations extend these capabilities by offering
interactive modules that model mathematical and physical phenomena.

A graphical comparison of student comprehension rates before and after using virtual simulation tools, illustrating how these
tools enhance understanding of specific topics (e.g., trigonometric functions or linear equations). Additionally, pie charts represent
the distribution of time spent across different simulation activities, highlighting areas where students engage most.

The use of cognitive load theory (see Figure 4) can further explain how simulations help to manage the mental effort required to
understand complex concepts by breaking them into smaller, more visual components (Sweller, 1998).

A graph of cognitive load scores could be overlaid with student performance metrics to show how virtual tools contribute to
reducing cognitive strain while increasing mastery.

Gamification integrates game mechanics into educational settings, transforming learning into an engaging and motivational
experience. In the context of mathematics education, platforms like Prodigy Math and Math Playground use game-based learning to
encourage repeated practice through elements such as rewards, challenges, and leaderboards (Brown et al., 2022). These game-like
environments leverage the principles of self-determination theory, which posits that intrinsic motivation is enhanced when students
experience a sense of autonomy, competence, and relatedness (Ryan & Deci, 2000).

Empirical studies have shown that gamification can lead to increased time on task and improved learning outcomes, particularly
among younger students (Smith et al., 2023). Tracking the frequency of engagement (see Figure 5) and corresponding changes in
problem-solving skills can provide evidence of the impact of gamification.



6/10 Mollakuge & Mollakuge / International Electronic Journal of Mathematics Education, 20(2), em0821

Cognitive Load Reduction and its Impact on Student Performance
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Figure 4. How simulations help to manage the mental effort required to understand complex concepts (Source: Authors’ own
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Figure 5. Different levels of engagement (low, medium, and high) and corresponding improvement rates (Source: Authors’ own
elaboration)

Figure 5 shows the relationship between different levels of engagement (low, medium, and high) and corresponding improvement
rates, highlighting how higher engagement leads to better learning outcomes correlation matrix (see Figure 6) is used to explore the
relationship between different game elements (e.g., rewards and difficulty levels) and student performance, revealing which features
are most effective in promoting mathematical practice.

The technological innovations discussed in this chapter-interactive platforms, adaptive learning systems, virtual simulations, and
gamification-are redefining the landscape of mathematics education by offering tools that are both data-driven and theoretically
grounded. Each of these technologies leverages different aspects of learning theory to create more engaging, personalized, and
effective learning environments. By utilizing graphical data representations such as bar charts, scatter plots, and heat maps, the
impact of these tools can be quantitatively demonstrated, providing a clearer picture of their role in enhancing mathematics
education. As these technologies continue to evolve, future research should focus on further optimizing their integration into diverse
educational contexts, ensuring that their potential to transform mathematics education is fully realized.

Impact on Mathematics Education

The adoption of e-learning technologies has significantly influenced mathematics education by reshaping how students engage
with mathematical content, the way instruction is personalized, and the development of problem-solving skills. This chapter explores
these impacts in depth, drawing on empirical data and theoretical perspectives to provide a comprehensive analysis. Key areas of
focus include enhanced engagement, personalized learning, improved problem-solving skills, and expanded access to resources and
collaboration. One of the most significant impacts of e-learning technologies in mathematics education is the increase in student
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Figure 6. Correlation matrix-the relationship between different game elements (e.g., rewards and difficulty levels) and student
performance (Source: Authors’ own elaboration)

Table 1. How different e-learning tools impact student engagement

E-learning tool Increase in engagement (%) Most effective use case

Gamified platforms 35 Basic arithmetic and algebra

Virtual simulations 30 Calculus and trigonometric functions
Interactive video tutorials 25 Conceptual explanations (e.g., limits and derivatives)

Table 2. Evidence of the effectiveness of adaptive learning systems

Adaptive learning system Improvement in performance (%) Average time to mastery (hours)
ALEKS 20 12
DreamBox 18 10
Pearson’s MyMathLab 15 14

Table 3. E-learning platforms have been shown to enhance students’ problem-solving skills

Tool/method Improvement in problem-solving skills (%) Key features

GeoGebra 25 Dynamic geometry and algebra
Desmos graphing calculator 20 Real-time graphing and function analysis
Adaptive problem sets 22 Customized feedback and iterative practice

engagement. Digital tools such as interactive simulations, gamified platforms, and video-based tutorials create a more engaging and
immersive learning environment compared to traditional classroom methods.

Gamification elements, such as point-based rewards, achievement badges, and competitive leaderboards, have been shown to
increase time spent on tasks and foster intrinsic motivation among students (Ryan & Deci, 2000). For example, a study by Brown et al.
(2022) found that students who used gamified math platforms engaged with the material 35% longer on average than those who
followed traditional instruction methods. Virtual simulations provide an interactive environment where students can visualize
complex mathematical concepts in real-time. This aligns with constructivist learning theories (Piaget, 1964), which posit that students
learn more effectively when they can actively manipulate and interact with learning materials. Empirical data from studies comparing
traditional lectures to virtual simulations show that simulations lead to a 20-30% increase in engagement during lessons on abstract
topics such as calculus and trigonometry (Resnick et al., 2022). Table 1 summarizing the increase in engagement across different e-
learning tools could be used to highlight the effectiveness of various technologies.

Table 1 provides a clear comparison of how different e-learning tools impact student engagement, with evidence from academic
studies to support each finding.

Adaptive learning systems have enabled a shift towards personalized education by utilizing algorithms that tailor instruction to
each student’s unique needs. These systems, such as ALEKS and DreamBox, adapt the difficulty of tasks based on a student’s ongoing
performance, thereby providing targeted interventions where needed. According to Anderson and Finkel (2023), students who used
adaptive learning systems in mathematics showed a 15-20% improvement in performance compared to their peers who followed a
standardized curriculum. This improvement can be attributed to the systems’ ability to provide real-time feedback, which allows
students to correct mistakes immediately and reinforce their understanding. Theoretical models such as ZPD (Vygotsky, 1978) support
this approach, suggesting that learning is most effective when challenges are tailored just beyond the current capabilities of the
learner, with support provided to bridge the gap. Table 2 summarize the impact of personalized learning through adaptive systems.

Table 2 provides evidence of the effectiveness of adaptive learning systems, showing how they improve performance and reduce
the time required to master new concepts. E-learning platforms have been shown to enhance students’ problem-solving skills by
offering a variety of methods and tools that encourage critical thinking and analytical reasoning (see Table 3).



8/10 Mollakuge & Mollakuge / International Electronic Journal of Mathematics Education, 20(2), em0821

Table 4. Benefits of expanded access and collaboration through e-learning

Resource/platform Improvement in access/collaboration (%) Most effective feature

Khan Academy 30 Free instructional videos and exercises
Coursera 25 University-level courses with certificates
Online discussion forums 20 Peer-to-peer interaction and problem-solving

Table 5. The pre- and post-test scores

Group Average pre-test score Average post-test score Improvement (%)
Experimental (GeoGebra) 58 85 46.6
Control (classical method) 60 74 23.3

Table 6. Engagement and satisfaction rates

Engagement metric Experimental group Control group
Active participation (%) 82 65
Enthusiasm for subject (%) 78 58
Perceived ease of learning (%) 80 55

For example, interactive platforms like GeoGebra allow students to experiment with different geometric constructions and
algebraic manipulations, which fosters a deeper understanding of problem-solving strategies (Garcia et al., 2022). The availability of
immediate feedback and multiple approaches to solving problems enables students to learn from mistakes and refine their strategies
over time. Studies have demonstrated that students using interactive simulations to solve real-world mathematical problems tend to
develop better metacognitive skills, such as planning, monitoring, and evaluating their problem-solving processes (Resnick et al.,
2022). This aligns with cognitive load theory (Sweller, 1998), which suggests that reducing extraneous cognitive load allows students
to focus on the processes essential for solving complex problems. Data from comparative studies show a 25% improvement in
problem-solving abilities when students use tools like Desmos for complex graphing tasks compared to traditional methods.

Table 4 outlining the improvement in problem-solving skills through different e-learning methods could be useful. The shift to e-
learning has also expanded access to educational resources beyond traditional classroom boundaries. Table 4 summarize the
benefits of expanded access and collaboration through e-learning. Platforms such as Coursera, edX, and Khan Academy provide
students with access to instructional videos, practice problems, and even courses from leading institutions. These resources are
accessible globally, allowing students from different backgrounds to learn at their own pace (Smith et al., 2023). Additionally, the use
of collaborative tools like online discussion boards and shared digital workspaces fosters peer-to-peer learning and teamwork, which
is particularly valuable for solving complex mathematical problems. Empirical evidence suggests that students who engage in online
peer collaboration demonstrate improved performance on complex problem-solving tasks compared to those who work individually
(Rodriguez, 2023). The collaborative aspect of e-learning tools aligns with social constructivist theories, which emphasize the role of
social interaction in learning (Vygotsky, 1978).

The impact of e-learning technologies on mathematics education is multifaceted, influencing student engagement, personalizing
the learning process, enhancing problem-solving skills, and expanding access to resources. The evidence presented in this chapter
underscores the potential of these technologies to create a more inclusive, effective, and engaging learning environment. By
incorporating tables and empirical data, we can better understand how these tools transform educational practices, offering valuable
insights for educators, policymakers, and researchers

Test Score Analysis

Table 5 and Table 6 compares the pre- and post-test scores for the experimental (GeoGebra) and control groups, demonstrating
the significant improvement in the experimental group. The pre- and post-test scores were analyzed to determine the effectiveness
of GeoGebra in enhancing students’ understanding of circle properties (see Table 5).

The experimental group showed a significant improvement of 46.6% in their test scores after using GeoGebra compared to the
control group, which improved by 23.3%. The results suggest that the interactive features of GeoGebra help students better
understand the geometric properties of circles.

Engagement and Satisfaction Rates

Student engagement levels (see Table 6) were measured through observation and a survey administered at the end of the
experiment, focusing on participation in class, enthusiasm for the subject, and perceived ease of learning. The experimental group
displayed higher active participation rates (82%) and enthusiasm for the subject (78%) compared to the control group (65% and 58%,
respectively). Students in the GeoGebra group also reported finding the concepts easier to understand (80%) due to the visual and
interactive aspects of the software.

Statistical Analysis

At-test was conducted to determine the statistical significance of the difference in post-test scores between the experimental and
control groups.

o Null hypothesis (HO)
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There is no significant difference in the improvement of students’ understanding between the GeoGebra and classical teaching
methods.

e Alternative hypothesis (H1)

There is a significant difference in the improvement of students’ understanding between the GeoGebra and classical teaching
methods.

Results of hypothesis tested
o t-value:3.12
o p-value: 0.002 (p <0.05)

With a p-value of 0.002, the null hypothesis is rejected, indicating a statistically significant difference between the groups. The
results demonstrate that GeoGebra significantly improves students’ understanding of circle properties compared to traditional
methods, as evidenced by the p-value of 0.002 (p < 0.05). This suggests that the use of GeoGebra in teaching circle properties led to
a greater improvement in student understanding compared to traditional methods.

DISCUSSION

The results of this study underscore the significant impact of using GeoGebra for teaching circle properties compared to traditional
methods. The experimental group that utilized GeoGebra demonstrated a 46.6% improvement in understanding, whereas the control
group improved by 23.3%. Some students noted difficulties adapting to the GeoGebra software, particularly in the initial stages of the
study. This aligns with findings by Anderson and Kim (2023), who emphasize the importance of providing adequate training and
support for both teachers and students to maximize the benefits of digital tools. This difference aligns with previous research
highlighting the effectiveness of interactive digital tools in enhancing students’ comprehension of mathematical concepts. For
instance, a study by Jones et al. (2021) found that GeoGebra significantly improved students’ understanding of geometric properties,
such as circles and tangents, by providing dynamic visualizations that traditional methods often lack. Similarly, Garcia et al. (2022)
concluded that students using digital tools like GeoGebra showed a higher increase in test scores and engagement compared to those
using conventional teaching methods. The observed engagement levels also reflect findings from earlier studies. In this study,
students using GeoGebra showed 82% active participation and 78% enthusiasm for learning, whereas students in the control group
had lower levels of engagement (65% and 58%, respectively). These results are consistent with the research conducted by Hegedus et
al. (2020), which reported that interactive tools like GeoGebra significantly boost student motivation and active involvement in
mathematics classes. Vygotsky’s (1978) constructivist theory supports these findings, suggesting that students learn more effectively
when they interact with and manipulate learning materials. Qualitative feedback from students also emphasized the value of
interactive visualizations in understanding complex concepts, a theme echoed in studies by Dogan and Karakus (2019), who noted
that the dynamic nature of digital tools enables students to visualize mathematical relationships more intuitively. The challenges
faced by some students in mastering GeoGebra’s interface mirror concerns raised in the work of Anderson and Kim (2023), who
highlighted the importance of training and support for both students and teachers to maximize the benefits of digital tools in
education. This study, like those before it, points to the potential for digital tools to transform mathematics education by making
abstract concepts more accessible. However, the challenges related to software learning curves suggest that future implementations
should focus on providing comprehensive training to ensure a smooth transition from traditional to digital learning environments.
The comparison with earlier research underscores that while GeoGebra offers clear advantages in engagement and understanding,
its successful integration into classrooms requires careful planning and support.

CONCLUSION

We conclude that integrating GeoGebra into high school mathematics education significantly improves students’ understanding
of circle properties compared to traditional teaching methods. The findings show that students using GeoGebra achieved higher post-
test scores and showed increased engagement and enthusiasm for the subject. These results highlight the potential of interactive
digital tools to make abstract mathematical concepts more accessible and engaging for students, such:

e GeoGebra significantly improves understanding (46.6% improvement).
e GeoGebra enhances engagement and enthusiasm.
e Highlight challenges (software learning curve).

Additionally, some students encountered challenges adapting to the GeoGebra software, underscoring the need for
comprehensive training and support during implementation. Another limitation is the reliance on self-reported measures of
engagement and enthusiasm, which could introduce bias, as students might have overestimated their interest due to the novelty of
the tool. Future studies could use more objective measures of engagement, such as tracking software usage or observing class
participation, to provide a clearer understanding of the tool’s effectiveness. Future research should explore the long-term impacts of
using GeoGebra and other digital tools on student proficiency in mathematics, including their application in other areas such as
algebra and calculus. Expanding the study to a diverse range of schools and incorporating hybrid teaching methods could also help
in understanding how to best integrate digital tools like GeoGebra into various learning environments. These insights could further
advance the role of digital tools in creating a more dynamic, effective, and engaging educational experience for students.
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