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February 22, 2025 becoming increasingly important to improve the effectiveness of
Revised : learning. One significant innovation in mathematics education is
March 20, 2025 the use of dynamic geometry through software such as GeoGebra
Approved : and Cabri Geometry. _This technolqu allo_vvs students to visualize
March 24. 2025 and explore geometric concepts interactively, so that they can
Published,' better understand spatial relationships. This approach is in line
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with constructivism theory which emphasizes exploration-based
learning and direct experience. Various studies have shown that
the use of dynamic geometry not only improves conceptual

Keywords: understanding but also develops critical and analytical thinking
Dynamic Geometry;  skills. However, the implementation of this technology faces
Educational Technology; several challenges, such as the readiness of educators to integrate

Learning Visualization;

the software into learning strategies and the limited infrastructure
in some educational institutions. Therefore, continuous training
is needed for educators and educational policies that support the

wider adoption of this technology. With the right implementation
strategy, dynamic geometry can be a revolutionary learning tool
in mathematics education, increasing student engagement, and
strengthening their spatial literacy and problem-solving skills in
the digital era.

INTRODUCTION

In the digital era, technology integration in education is a must to improve
learning effectiveness. One area that has undergone significant changes is mathematics
education, especially in geometry teaching. According to research conducted by Hamzah
& Hidayat (2022), the use of dynamic geometry software, such as GeoGebra and Cabri
Geometry, has been shown to improve students' understanding of geometric concepts
through interactive visualization. This approach allows students to directly explore
relationships between geometric objects, test hypotheses, and observe changes in visual
representations in real time. Compared to conventional methods that are static and text-
based, dynamic geometry technology creates a more contextual and exploration-based
learning experience, which is in accordance with the principles of constructivism in
education.

However, although dynamic geometry technology offers various pedagogical
benefits, its implementation is not without challenges. One of the main obstacles is the
readiness of educators to utilize this technology effectively. Research by Susanti et al
(2024) shows that although dynamic geometry software can improve student
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understanding, its effectiveness is highly dependent on teacher competence in integrating
it into meaningful learning strategies. In addition, not all educational institutions have
adequate infrastructure to support the optimal use of this technology. Thus, continuous
training is needed for educators as well as educational policies that support wider
adoption of technology, so that dynamic geometry can truly become a revolutionary
visualization tool in mathematics learning in the digital era.

Geometry is often considered a difficult branch of mathematics to understand
because of its abstract nature, especially in the concept of space, transformation, and
relationships between geometric objects. According to Zalfa et al (2023) many students
have difficulty in thinking spatially due to limitations in understanding two-dimensional
representations of three-dimensional objects. The cognitive process in learning geometry
requires gradual understanding, starting from recognizing shapes to more complex
deductive levels. However, traditional learning methods that only rely on static text and
images in textbooks often fail to bridge this gap in understanding. As a result, students
tend to memorize formulas without really understanding the concepts behind them, which
ultimately hinders their ability to solve geometric problems analytically and
applicatively.

To overcome these challenges, the use of interactive visualization tools is
becoming an increasingly relevant solution in geometry learning. As conveyed by Aswan
et al (2024) dynamic geometry technology allows students to observe, explore, and
manipulate geometric shapes directly, thereby helping them understand spatial
relationships better. With high interactivity, students can see how changes in one
geometric element affect the entire structure, thereby strengthening their conceptual
understanding. In addition, this technology-based approach can also increase student
engagement in learning, because they do not only receive information passively but also
actively participate in building their own understanding. Therefore, the integration of
dynamic geometry in learning is not just a tool, but becomes part of a broader pedagogical
strategy to improve students' spatial literacy and critical thinking skills in mathematics.

Problem-solving skills in geometry depend not only on understanding basic
concepts, but also on students' ability to connect various elements in a problem and find
the right solution. According to Tambunan et al (2024), dynamic geometry software
provides an exploration-based learning experience that allows students to test various
possibilities in solving problems. For example, through GeoGebra, students can
manipulate points, lines, and shapes to see how changing one element affects the entire
geometric structure. This approach not only improves conceptual understanding but also
encourages students to think critically and develop more flexible problem-solving
strategies. In other words, dynamic geometry acts as a virtual laboratory that allows
students to learn through experimentation and reflection, which is in accordance with the
inquiry-based learning approach.

In addition, the positive impact of dynamic geometry on conceptual
understanding can also be associated with cognitive learning theory. According to
Schoenherr et al (2024), learning based on visualization and interaction can strengthen
the connection between working memory and long-term memory, allowing students to
understand concepts more deeply and last longer. In the context of geometry learning,
the use of interactive software helps students build stronger mental representations of the
properties and relationships between geometric objects. This is very important in the
development of higher-order thinking skills, such as deductive and analytical reasoning.
Therefore, dynamic geometry not only improves conceptual understanding instantly, but
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also provides a more solid foundation for students in applying geometric concepts in
more complex contexts, both inside and outside the academic environment.

Although the benefits of dynamic geometry in learning are very clear, its
implementation still faces various obstacles that need to be considered critically. One of
the main challenges is the readiness and competence of teachers in integrating this
technology into effective learning strategies. According to research by Prasetyo &
Meiliasari (2025), many teachers still feel less confident in using dynamic geometry
software due to lack of adequate training. In addition, there is a tendency that teachers
who are accustomed to conventional teaching methods have difficulty adapting to a more
interactive technology-based approach. This shows that the success of implementing
dynamic geometry depends not only on the availability of software, but also on the
readiness of teachers to utilize the technology as a truly effective pedagogical tool.
Therefore, a comprehensive and ongoing training program is crucial to ensure that
teachers can optimize the potential of dynamic geometry in learning.

In addition to the aspect of teacher readiness, limited infrastructure is also a factor
that hinders the adoption of dynamic geometry in the education system, especially in
areas with limited access to technology. According to a report by Subroto et al (2023),
the digital divide is still a global challenge in the implementation of educational
technology, where not all schools have adequate devices or stable internet access. This
situation creates a gap in the quality of learning between schools that have sufficient
technological resources and those that do not. Without supporting infrastructure, the use
of dynamic geometry will be difficult to implement evenly and sustainably. Therefore, a
more progressive education policy is needed, including investment in technology
procurement and the development of more equitable digital infrastructure. With this step,
the opportunity to use dynamic geometry as a visualization tool in learning can be truly
optimized, thus providing a broader and more inclusive impact for all students in the
digital era.

METHODOLOGY

This study uses a qualitative approach with a literature review study method to
analyze the role of dynamic geometry as a visualization tool in learning in the digital era.
This method was chosen to explore various theories and previous studies related to the
effectiveness and challenges of implementing this technology in education. Data sources
were obtained from scientific journals, academic books, and relevant international
education reports, considering the last 10 years to ensure compliance with current
technological developments.

Data collection was conducted through documentation by reviewing and
classifying literature based on the effectiveness, challenges, and strategies of
implementing dynamic geometry. Data were analyzed using content analysis, which
includes reduction, categorization, and interpretation of findings to identify thematic
patterns. The results of this study are expected to provide insight into how dynamic
geometry can improve students' understanding and how appropriate strategies can be
applied to overcome obstacles in its use in the digital era.

RESULTS AND DISCUSSION
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The Effectiveness of Dynamic Geometry in Enhancing Conceptual Understanding

1. The Role of Dynamic Geometry in Strengthening Conceptual
Understanding

The use of dynamic geometry in learning has been shown to improve students’
conceptual understanding of geometric concepts. With the help of technology such as
GeoGebra, students can not only visualize geometric objects more clearly, but can also
interact directly with the shapes and structures they are learning. The ability to manipulate
these geometric elements allows them to explore various possibilities, understand spatial
relationships, and discover mathematical patterns or rules independently. A study
conducted by Kurniawan et al (2024) showed that the use of GeoGebra in geometry
learning helps students build connections between visual representations and abstract
mathematical concepts, which contributes to improving their conceptual understanding.

One of the main advantages of dynamic geometry is its ability to help students
understand abstract concepts more concretely. For example, when studying the properties
of triangles, students can directly change the length of their sides or the size of their angles
in a dynamic geometry application and observe how these changes affect the overall
structure of the triangle. This allows them to understand the concepts of invariants and
variables in geometry without having to rely solely on memorization or static theories. In
addition, students can also develop an understanding of geometric transformations, such
as translation, rotation, reflection, and dilation, in a more intuitive way. According to
research conducted by Susilo & Suharto (2023), the use of dynamic geometry software
can improve students' spatial visualization abilities, which are one of the key factors in
understanding higher geometry concepts.

In addition to improving visual and spatial understanding, dynamic geometry also
plays a role in encouraging independent exploration and the development of problem-
solving skills. Through various interactive features, students can test their own
hypotheses and evaluate the results directly. For example, they can observe that the sum
of the angles in a triangle is always 180° by conducting their own experiments in the
software, without having to accept the concept as just a fact to be memorized. This
experiment-based approach is supported by research by Nisa & Fauzi (2024), who found
that students who used dynamic geometry software in learning showed a deeper
understanding and flexibility in solving problems compared to students who only used
traditional methods.

In addition, the integration of dynamic geometry in learning also supports
collaborative learning, where students can work in groups to discuss the results of their
exploration and build shared understanding. In this activity, they not only gain new
insights from their peers, but also learn to communicate mathematical ideas more clearly
and systematically. Research conducted by Al Ayyubi et al (2024) shows that the use of
interactive technology in geometry learning increases student engagement in class
discussions and facilitates collaboration in finding mathematical solutions.

Overall, the use of dynamic geometry in education provides extensive benefits for
students' conceptual understanding. By increasing interactivity, enabling experiment-
based exploration, and supporting collaborative learning, this approach makes geometry
learning more engaging, effective, and meaningful. Therefore, the integration of dynamic
geometry technology in the learning process is highly recommended as one strategy to
improve the quality of mathematics education, especially in the field of geometry.
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Research conducted by Cahyana et al (2024) confirmed that a technology-based approach
to mathematics learning, including dynamic geometry, not only improves conceptual
understanding but also helps students build better critical thinking skills.

2. The Relation of Dynamic Geometry to Constructivism Theory

The dynamic geometry approach is closely related to constructivism theory, where
learning occurs through exploration and direct experience. In the constructivism theory
proposed by Luthfiyani et al (2025), knowledge is not acquired passively, but is actively
constructed by students through interaction with their environment. In the context of
geometry learning, the dynamic geometry approach allows students to be directly
involved in exploring geometric concepts using interactive software such as GeoGebra,
Cabri, or Sketchpad. By using these tools, students can manipulate geometric objects in
real-time, observe the changes that occur, and draw conclusions based on their own
experiments.

Previous studies have shown that dynamic geometry-based learning can improve
students' conceptual understanding. Numan & Azka (2023) found that the use of
GeoGebra in geometry learning not only improves spatial thinking skills but also helps
students understand the relationship between abstract geometric concepts. In addition,
Kaharuddin et al (2023) in his book stated that dynamic geometry software allows
students to explore various geometric properties without having to redraw manually, so
they can focus on analyzing and reflecting on the concepts being learned. For example,
when studying the properties of triangles, students can dynamically change the length of
the sides and the size of the angles to see how these changes affect the shape of the
triangle. In this way, they not only memorize theorems but also understand the reasons
behind a concept, which is in line with the principles of constructivism.

In addition to improving conceptual understanding, the dynamic geometry
approach also contributes to the development of spatial and analytical thinking skills.
According to research by Febrianti et al (2024), students who learn using dynamic
geometry software show a significant increase in spatial thinking skills compared to those
who learn using conventional methods. This is due to visual interactions that allow
students to understand how changes in one geometric element affect other elements. In
learning geometric transformations such as translation, rotation, and reflection, students
can directly observe changes in the shape of an object without losing its basic properties.
Thus, they can more easily understand the concept of transformation compared to static
methods such as drawing on paper.

Another advantage of the dynamic geometry approach is the increased involvement
and motivation of students in learning. Research conducted by Tesalonika (2024) shows
that students who learn using dynamic geometry software are more motivated and have a
positive attitude towards mathematics compared to those who learn using traditional
methods. This is because the interactive nature of the software makes learning more
interesting and enjoyable. In addition, research by Aprilian (2024) shows that students
who use GeoGebra are more active in exploring geometric concepts and have a deeper
understanding compared to those who only use textbooks or other static tools.

Overall, the dynamic geometry approach is in line with constructivism theory
because it allows students to experience active learning, explore concepts directly, and
build their own understanding based on real experiences. Various studies have shown that
the use of dynamic geometry software can improve conceptual understanding, spatial
thinking skills, and students' learning motivation. Therefore, the integration of dynamic
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geometry in geometry learning can be an effective strategy in improving the quality of
mathematics learning, especially in building analytical and critical thinking skills that are
very much needed in various fields of science.

Challenges and Strategies for Implementing Dynamic Geometry in Education

1. The Role of Dynamic Geometry in Strengthening Conceptual Understanding
The application of dynamic geometry in learning has been shown to have a
significant positive impact on students' conceptual understanding. One of the main
benefits of this approach is the improvement of the ability to visualize geometric
concepts. By using software such as GeoGebra, students can observe how changes in
parameters in a shape affect the properties and relationships between its elements. This
interactivity allows them to better understand concepts that are often abstract in geometry,
such as symmetry, transformation, and spatial relationships. This is in line with research
conducted by Mailani et al (2024), which shows that dynamic geometry technology helps
students develop better spatial understanding by exploring and manipulating objects
directly. In the study, it was found that students who used interactive software had a
higher ability to identify and apply geometric concepts compared to those who used
conventional learning methods.

In addition, dynamic geometry-based learning also increases student engagement
in the learning process. With interactive tools, they are not only passive recipients of
information but also actively explore and experiment with various geometric shapes and
relationships. According to research by Nasution et al (2025), students who learn with
dynamic geometry show higher engagement because they can interact directly with
objects and see the results of changes in real-time. This study also shows that the use of
technologies such as GeoGebra and Cabri Geometry encourages students to think
reflectively and critically, because they can test various hypotheses and verify the
concepts learned independently.

This approach also plays a role in helping students connect abstract concepts with
real applications in everyday life. For example, in understanding the concept of geometric
transformations such as reflection and rotation, students can directly change the
parameters in the digital model and observe the effects directly. This is very different
from conventional learning methods that often only rely on static images in textbooks or
verbal explanations from teachers. The results of a study conducted by Darta (2021)
showed that dynamic geometry technology allows students to better understand the
relationship between symbolic and visual representations in geometry. This study
revealed that students who used interactive software found it easier to understand the
relationship between basic geometric concepts and their applications in various fields,
such as architecture, graphic design, and civil engineering.

In addition, the dynamic geometry approach also improves students' problem-
solving skills. By manipulating geometric objects independently, they can test hypotheses
and find certain patterns in the structure of flat and spatial shapes. This exploration
process supports the development of critical and analytical thinking skills, because
students are invited to understand the cause-and-effect relationships in geometry and
draw conclusions based on the results of their own experiments. According to research
by Ramadannia et al. (2024), students who learned using dynamic geometry software
showed higher problem-solving skills compared to the group that learned using
conventional methods. This study also found that the use of interactive technology helps
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students develop more flexible and adaptive thinking strategies in solving geometry
problems.

Furthermore, the use of dynamic geometry encourages inquiry-based learning,
where students are not only given theory but are also invited to discover the properties of
geometry themselves based on their explorations. When they are given the freedom to try
various transformations and observe the results, they are more motivated to think
independently and conduct in-depth analysis of the concepts learned. This is supported
by research by Mursalin et al. (2024), which shows that students who use dynamic
geometry software tend to be more independent in building their own understanding,
compared to those who only receive information from teachers directly.

Overall, the role of dynamic geometry in strengthening conceptual understanding
is very important because it allows for more interactive learning, increases student
engagement, and strengthens deep understanding of geometric concepts. With this
approach, students not only understand the theory but can also apply it in various contexts,
which will ultimately strengthen their logical and analytical thinking skills in solving
geometric problems. Studies that have been conducted prove that dynamic geometry-
based learning has a real positive impact on improving student understanding, so its use
in mathematics education is highly recommended for wider application.

2. The Relation of Dynamic Geometry to Constructivism Theory

The dynamic geometry approach is closely related to constructivism theory, where
the learning process occurs through exploration, interaction, and direct experience. In this
approach, students do not only receive information passively from the teacher, but they
also actively participate in building their own understanding of geometric concepts. With
the help of dynamic geometry software such as GeoGebra or Cabri Geometry, students
can manipulate geometric objects directly, observe the changes that occur, and infer the
relationships between elements in geometry. The real-time interaction offered by this
software facilitates more intuitive learning, allowing students to see how a shape or
structure changes when certain parameters are modified.

In line with constructivism theory that emphasizes the importance of experience in
the formation of knowledge, dynamic geometry provides an opportunity for students to
discover mathematical concepts independently. Piaget (1972) in his theory of cognitive
development emphasized that effective learning occurs when students actively interact
with their environment. This is reinforced by Jenita et al (2023) who emphasize that
learning is social and occurs through interaction with tools or technology that can support
understanding. Dynamic geometry software is able to improve students' understanding of
geometric relationships compared to traditional textbook-based methods. This finding is
also reinforced by Kurniawan et al (2024), who state that the use of dynamic geometry
allows students to explore mathematical relationships more flexibly and deeply compared
to conventional methods.

Students who learn using dynamic geometry software are better able to develop
spatial and analytical thinking skills compared to students who only use static image-
based learning methods. Spatial thinking skills are essential in various fields of science,
including mathematics, engineering, and architecture. By working in a visual and
interactive environment, students can understand the concepts of transformation,
symmetry, and the relationship between angles and lengths more effectively.
Furthermore, research by Egita & Indriani (2024) revealed that the use of GeoGebra in
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geometry learning not only improves students' conceptual understanding but also
increases their learning motivation. The results of this study indicate that a dynamic
geometry-based approach can reduce students' anxiety towards mathematics and make
the learning process more enjoyable and meaningful.

From the various studies above, it can be concluded that the dynamic geometry
approach is not only in line with constructivism theory but also has a positive impact on
the quality of student learning. By providing exploratory and interactive experiences, this
approach allows students to develop deeper understanding, improve critical thinking
skills, and prepare them to apply geometric concepts in various real-life contexts.
Therefore, the integration of dynamic geometry in mathematics learning can be an
effective strategy in improving students' cognitive and analytical skills in accordance with
the principles of constructivism

CONCLUSION

The use of dynamic geometry in learning has been proven effective in
improving students' conceptual understanding of geometry. Technologies such as
GeoGebra allow students to visualize and explore geometric concepts interactively, so
that they can better understand spatial relationships. Dynamic manipulation of
geometric elements helps students transform abstract concepts into more concrete
ones, strengthen spatial thinking skills, and increase engagement in learning. This
approach is also in line with constructivism theory which emphasizes experiential
learning and independent exploration, where students are more active in finding
mathematical patterns and relationships independently. In addition, the use of dynamic
geometry supports collaborative learning and increases students' motivation to
understand the material in depth. Various studies have shown that this approach not
only improves conceptual understanding but also develops analytical and critical
thinking skills. Thus, the application of this method makes learning more interesting,
interactive, and meaningful for students. In order to be used optimally in the education
system, an appropriate implementation strategy is needed, including training for
educators in integrating this technology into the curriculum. With a good approach,
dynamic geometry can have a positive impact on improving the quality of mathematics
learning, especially in the field of geometry
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