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Avrticle history: Teaching transformation geometry in schools requires visualization
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Accepted: March 1, 2025 module based on YouTube video tutorials and simple projects to
Published: March 30, 2025 help students, particularly Generation Z, visualize transformation

geometry concepts. The development model employed was the
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Evaluation). The findings indicated that the developed interactive
e-module was valid (88.2%, excellent category), practical (75%,
good category), and effective (94.3%) in supporting students in
visualizing transformation geometry concepts. Integrating
YouTube tutorial videos and simple projects facilitates students in
learning and understanding the visualization of transformation
geometry effectively and comprehensively. This study has
implications for integrating technology-based interactive tools in
learning, which can significantly enhance student engagement and
mastery of abstract mathematical concepts.

E-modul untuk visualisasi transformasi geometri: Studi kasus pada
mahasiswa pendidikan matematika generasi Z

ABSTRAK

Kata Kunci: Pembelajaran geometri transformasi di sekolah memerlukan alat
bantu visualisasi untuk meningkatkan pemahaman konsep siswa.
Oleh karena itu, mahasiswa pendidikan matematika perlu dibekali
keterampilan visualisasi yang memadai. Penelitian ini bertujuan
untuk mengembangkan e-modul interaktif berbasis video YouTube
dan proyek sederhana yang membantu mahasiswa, khusushya
Generasi Z, dalam memvisualisasikan bentuk-bentuk transformasi
geometri. Metode yang digunakan adalah ADDIE (Analysis,
Design, Development, Implementation, Evaluation). Hasil
penelitian  menunjukkan bahwa e-modul interaktif yang
dikembangkan valid (88,2%, kategori excellent), praktis (75%,
kategori good), dan efektif (94,3%) dalam mendukung mahasiswa
memvisualisasikan konsep transformasi geometri. Penggunaan
video tutorial YouTube dan proyek sederhana memudahkan
mahasiswa dalam mempelajari dan memahami visualisasi bentuk-
bentuk transformasi geometri secara lebih efektif dan mendalam.
Penelitian ini berimplikasi pada integrasi alat interaktif berbasis
teknologi ke dalam pembelajaran dapat secara signifikan
meningkatkan keterlibatan siswa dan penguasaan mereka terhadap
konsep matematika yang abstrak.
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Contribution to the literature

This research contributes to:

e Providing interactive e-modules as learning materials to assist education students,
particularly Generation Z, in easily and simply visualizing geometric transformation
shapes.

e High validation scores and positive student responses indicate that the e-module
effectively supports students in visualizing geometric transformation shapes.

e Supporting educational practices that align with the learning needs of the digital era
to enhance student engagement and understanding.

1. INTRODUCTION

Visualization is crucial in learning geometric transformations, significantly
contributing to students' conceptual understanding and problem-solving abilities. Spatial
visualization skills are essential in solving geometric problems, as students are not only
required to calculate values but must also be able to mentally visualize geometric objects
[1]. However, one of the primary causes of students' errors in solving geometric
transformation problems is their inadequate mastery of fundamental concepts [2]. A strong
conceptual understanding greatly supports students in addressing and resolving
mathematical problems effectively [3]-[5]. Effective visualization strategies have been
shown to enhance students' understanding of transformation principles, ultimately
improving their performance in learning geometric transformations [6]. Therefore,
integrating visualization tools and strategies into teaching geometric transformations is
essential for fostering deeper understanding and better learning outcomes.

Technology has become indispensable in modern education, enhancing learning
quality and fostering academic excellence [7]-[9]. Integration of visualization software
into learning frameworks has been shown to significantly enhance students' skills and
knowledge in various mathematical topics, including geometric transformations [10].
Applications that support visualization in learning geometric transformations substantially
positively impact students' conceptual understanding of mathematics [11], [12]. Research
indicates a significant difference in students' learning outcomes before and after utilizing
visualization software [13]. Moreover, tools such as GeoGebra make learning more
engaging and effective by focusing on conceptual understanding rather than rote
memorization [14]. Thus, incorporating visualization software into geometric
transformation lessons can provide students with a more interactive and meaningful
learning experience.

The results of the 2022 PISA (Programme for International Student Assessment)
indicate that Indonesia’s mathematical literacy scores have reached their lowest point since
2006, continuing a declining trend observed since the early 2000s [15], [16]. This
concerning performance highlights the need for improved mathematics education,
including a stronger emphasis on visualization skills in learning geometric transformations.
In mathematics education programs, it is essential to equip future teachers—most of whom
are Generation Z with the skills to effectively use visualization tools such as GeoGebra.
Generation Z, characterized by their familiarity with technology, multitasking abilities,
and preference for hands-on activities, [17]-[21] are more responsive to learning
approaches that integrate digital tools and interactive activities. With their natural
inclination toward interactive and technology-driven learning, Generation Z students are
well-positioned to master visualization tools such as GeoGebra. Therefore, integrating
technology is crucial.
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Many Generation Z students struggle with conceptual understanding despite their
technological familiarity and exhibit low learning engagement, particularly in
mathematics. This issue can be attributed to the lack of teaching materials tailored to their
characteristics and preferences. Traditional teaching methods, which rely heavily on
passive instruction, fail to capture their attention and effectively convey abstract
mathematical concepts [22]. Additionally, students often struggle to identify given
information and construct logical proofs in geometric transformations [23]. Surveys and
studies indicate that the conceptual understanding of mathematics among Indonesian
students remains relatively low [23], [24]. Furthermore, many students encounter
challenges in visualizing abstract geometric objects and require assistance from
visualization tools like GeoGebra to bridge this gap [25]. Observations among
mathematics education students at Universitas Singaperbangsa Karawang have revealed
that traditional teaching methods often fail to stimulate active participation and
engagement, highlighting the urgent need for innovative teaching materials aligned with
the learning styles of Generation Z students.

An effective solution to address these challenges is the development of an interactive
e-module tailored for use on mobile devices. This interactive e-module, based on
GeoGebra and supported by simple projects and video tutorials uploaded on YouTube,
offers students flexible access to learning materials anytime and anywhere [26]-[29].
Interactive e-modules aligned with technological advancements have enhanced students'
motivation and achievement and improved their critical mathematical thinking skills [30]-
[33]. Furthermore, video tutorials provide a flexible medium for self-paced learning,
allowing students to revisit lessons as needed [34], [35]. Project-based learning embedded
in these e-modules encourages students to actively engage in problem-solving, fostering
curiosity, creativity, and critical thinking [36]-[38]. Additionally, GeoGebra applications
are proven effective in enhancing students' conceptual understanding and mathematical
skills [6], [11]. By integrating these tools into a cohesive e-module, educators can offer an
innovative, engaging, and effective approach to teaching geometric transformations to
Generation Z students.

A few researchers focused on the integration of visualization tools such as GeoGebra
to enhance students' understanding of geometric transformations [6], [10], [11], [13], [14],
[39]. Limited studies have concerned the development and evaluation of interactive e-
modules specifically designed for Generation Z students, addressing their learning
preferences and technological inclinations. Therefore, this research intends to develop and
systematically evaluate an interactive e-module featuring GeoGebra, YouTube tutorials,
and project-based learning to enhance mathematics education students' visualization skills
and conceptual understanding.

This research aims to develop an interactive e-module specifically designed to
support mathematics education students, particularly those belonging to Generation Z, in
enhancing their visualization skills related to geometric transformations. As digital natives,
Generation Z students are inherently familiar with technology and interactive digital tools,
making integrating an interactive e-module highly relevant and effective for their learning
experiences. This e-module aims to bridge the gap between abstract geometric concepts
and students' ability to visualize these transformations dynamically. The study focuses on
developing and evaluating the e-module's quality, emphasizing three critical aspects:
validity, practicality, and effectiveness. Validity ensures that the content and structure of
the e-module align with established mathematical principles and learning objectives.
Practicality assesses whether the module is user-friendly, accessible, and feasible for
implementation in classroom environments. Conversely, effectiveness is evaluated based
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on its ability to improve students' visualization skills in geometric transformations,
enabling them to better understand and interpret abstract mathematical concepts through
interactive and visual learning experiences.

2. METHOD

This research employed a developmental research approach, commonly referred to
as Research and Development (R&D). The development model utilized in this study is the
ADDIE model, which comprises five key stages: Analysis, Design, Development,
Implementation, and Evaluation. The ADDIE model is widely recognized as an
instructional design framework that outlines fundamental and systematic stages for
designing and developing educational materials, offering a structured yet flexible guideline
for researchers and educators [40]. The mnemonic ADDIE represents a series of
interconnected procedures that cannot be separated, forming an integrated process essential
in executing developmental research [41]. Each stage in the ADDIE model plays a critical
role in ensuring the developed instructional materials' effectiveness, efficiency, and
quality. After receiving athics approval, the research was conducted. The following are the
stages of the ADDIE model developed in this study, as presented in Figure 1.

Analysis Design Development Implementation Evaluation
« Students needs. « Designing e- «Developing the Group trial. «Performance
« Instructional module e-module «Project evaluation.
needs. structure. structure. discussion. « Students
« Expert response.
validation

Figure 1. ADDIE Development Model

2.1 Participants

This study was conducted at Universitas Singaperbangsa Karawang, involving 32
fifth-semester students from the Mathematics Education Study Program enrolled in the
Transformation Geometry course for the 2024/2025 academic year. After receiving
consent from students, the research was conducted. The e-module was implemented by
dividing the students into eight groups, each consisting of four members. Each group was
assigned a project task integrated into the module. Furthermore, the module was evaluated
by four expert validators, comprising two mathematics material experts and two media
specialists. The involvement of student groups and expert validators ensured a systematic
and comprehensive assessment of the module's design, content, and effectiveness in
enhancing students' ability to visualize geometric transformations.

2.2 Instruments

This study employs several instruments to collect the necessary data, including
validation sheets, student response questionnaires, and project assessment rubrics, as
follows:

1. A validation sheet is utilized to assess the quality of the e-module from both material
and media perspectives, ensuring its alignment with educational standards and learning
objectives. This instrument is a structured evaluation tool provided to four expert
validators, consisting of two material experts and two media experts. The material
experts evaluate the relevancy, accuracy, convenience, attractiveness, and
comprehensiveness of the content of the curriculum. In contrast, the media experts
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assess the module's presentation, functionality, and significance as a digital learning
resource. Through this validation process, feedback and recommendations are gathered
to refine and enhance the quality of the e-module before its implementation in the
classroom.

. A student response questionnaire is used to assess the practicality of the e-module from

the learners' perspective. This instrument collects feedback on two aspects of the
module: functionality and accessibility throughout the learning process. It also explores
whether the e-module effectively supports students in achieving the learning objectives
and whether its interactive features contribute to enhanced engagement and ability to
visualize geometric transformations.

. Project assessment rubrics evaluate the outcomes of students’ projects. This assessment

provides insights into whether the e-module effectively aids students in visualizing
geometry's various shapes and transformations.

2.3 Data Analysis

Several analyses are conducted during the development process using the ADDIE

method, focusing on various stages to ensure the effectiveness and quality of the e-module.

2.3.1 Validity Analysis

The e-module will be thoroughly evaluated by validators, with two experts assigned

to assess each component: material and media. For both the material and media
components, various evaluation aspects will be rated on a scale from 1 to 5, where 1
represents "highly invalid,” 2 indicates "invalid,” 3 signifies "somewhat valid," 4 stands
for "valid," and five denotes "highly valid.” The validity score from the two validators will
be calculated using the following formula:

v

val; + val,
vV=—T—""
2 1)

= Combined validity score

val; = Validity score of the validator 1

val, = Validity score of the validator 2

Subsequently, the combined validity score (v) will be converted into a percentage, with the
validity categorized as follows:

Table 1. Product criteria [42]

No Interval Percentage Criteria
1 81-100 Excellent
2 61 -80 Good
3 41 -60 Fairly Good
4 21-40 Poor
5 0-20 Very Poor

2.3.2 Practicality Analysis

To assess the practicality of the e-module, students will complete a response

questionnaire on a scale of 1 to 5, with each score representing categories used in the
validity analysis. The average score will then be calculated using the following formula:

_ XP
P== )
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P = Average of practicality score
Y. P, =Sum of practicality score fromi = 1ton
n = Number of participants

Subsequently, the average practicality score (P) will be converted into a percentage and
compared with Table 1 to determine the corresponding practicality criteria.

2.3.3 Effectiveness Analysis

To measure the effectiveness of the e-module, a scoring process is conducted on the
project outcomes completed by student groups using a provided rubric. The average score
of the eight groups is then calculated using the following formula:

Ei+E,+E;+E,+Es+Eg+E; +Eg

E =
8 @)
E = Average of effectiveness score
E; = Effectiveness score of the group i = 1 to 8.

Subsequently, the average effectiveness score (E) will be converted into a percentage and
referenced against Table 1 to assess the corresponding effectiveness criteria.

3. RESULTS AND DISCUSSION

The development of the interactive e-module for enhancing geometric
transformation visualization skills utilized the ADDIE (Analysis, Design, Development,
Implementation, and Evaluation) model. This systematic approach ensured each phase
contributed to the module's quality. The Analysis phase identified student needs and
instructional needs; the Design phase outlined the module structure; the Development
phase involved expert validation; the Implementation phase tested it in classrooms; and
the Evaluation phase assessed practicality and effectiveness. The following sections detail
the outcomes of each phase.

3.1 Analysis

The analysis phase aimed to systematically identify and evaluate the challenges and
instructional needs in the teaching and learning of geometric transformation among
mathematics education students. Data was collected through structured interviews and
classroom observations across four instructional sessions. The findings revealed that
geometric transformation courses remain predominantly theoretical despite the essential
role of visualization skills in effectively teaching these concepts at the school level.
Prospective teachers require hands-on visualization proficiency to bridge the theoretical
understanding and practical application gap. Moreover, as digital natives, Generation Z
students demonstrate a heightened preference for technology-integrated instructional
strategies. The traditional lecture-based approach was observed to induce disengagement.
It was perceived as pedagogically ineffective, emphasizing the urgent need for
instructional materials that align with their cognitive and behavioral characteristics. These
insights underscore the necessity of developing instructional materials tailored to
Generation Z learners' distinctive learning preferences and technological inclinations.

3.2 Design

The design phase focuses on developing an interactive e-module for geometric
transformation visualization, utilizing GeoGebra as the primary software, complemented
by simple project-based tasks and tutorial videos hosted on YouTube. The structure of the
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e-module begins with an introduction to GeoGebra as a visualization tool specifically
tailored for geometric transformation learning. Subsequent sections focus on foundational
concepts, including visualizing basic geometric objects, functions, and graphs and the
relationships between parallel and perpendicular lines. The instructional design then
progresses to more advanced topics, guiding users through the conceptual understanding
and visualization techniques of core geometric transformations, including reflection,
rotation, translation, and dilation. Each instructional segment is systematically reinforced
with interactive activities and video tutorials to ensure clarity, engagement, and the
practical application of learned concepts. The simplified design of the module structure is
presented in Figure 2.

Introduction to GeoGebra H Basic Geometry Objects Function and
Graphs

Rotation H Reflection H Parallel and Perpendicular Lines

I

Translation |- Dilation

Figure 2. The Module Structure

3.3 Development

The e-module is developed in Indonesian and consists of four sub-sections within
each chapter: Objectives, Basic Concepts, Visual Demonstration, and Project. These four
components are systematically designed to guide students in independently learning the
visualization of geometric transformations.

1. Objectives: The Objectives section clearly outlines the expected learning outcomes that
students should achieve after completing the chapter. Each chapter's objectives are
carefully crafted and structured into two primary achievements. The first achievement
emphasizes explaining and understanding the fundamental concepts and principles
related to the discussed topic. Meanwhile, the second achievement highlights the
development of visualization skills using GeoGebra as an interactive learning tool. This
dual focus ensures a balanced approach, combining theoretical knowledge with
practical application.

2. Basic Concepts: Students will encounter the Basic Concepts section after defining the
objectives. This section is presented through concise narratives; where possible,
explanations are supported by illustrations or tables. This approach aligns with the
characteristics of Generation Z, who generally prefer visually engaging content over
traditional reading activities.

3. Visual Demonstration: Students will proceed to the Visual Demonstration section after
studying basic concepts. This subsection is divided into Case, Visualization Procedure,
and Visualization Results. The case was presented descriptively, and this component
included problems requiring students to visualize specific geometric transformations.
Solutions are provided through videos demonstrating step-by-step visualization
processes and visualization Procedures. The videos included in the e-module are
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designed to enhance the learning experience while maintaining efficiency and clarity.
Each video must have a duration of under five minutes; if the content requires more
time, it should be divided into two or more parts to ensure accessibility and focus. The
videos must directly address the intended substance, ensuring the content is efficient
and effective. Every step in the demonstration must be clearly shown, with problem-
solving steps presented legibly and organized to support students' understanding.
Additionally, background music is incorporated to create an engaging and conducive
learning atmosphere, making the videos more enjoyable and motivating for students.

Polygon(A’, B, C

a' = Segment(B',C',11')

447

b’ = Segment(C',A',t1')

= 161

¢ = Segment(A’,B',11')

{) 2:59/500

Video 5 Melukis Refleksi dengan GeoGeb:

@ David Pratama Analytics | e op 2> Bagikan - P ikan

Figure 3. The Video of Visualization Processes Hosted on YouTube

4. Project: The final sub-section is the Project. This section provides group project tasks
that are simple yet meaningful, requiring students to collaborate and work together
effectively. These tasks are meticulously designed with several criteria to support
students' learning and engagement. Firstly, the project tasks are intentionally modeled
after the case problems presented in the Visual Demonstration subsection. This
alignment allows students to apply theoretical knowledge to practical scenarios,
bridging the gap between abstract concepts and their real-world applications. Secondly,
each project consists of three distinct tasks, divided into two difficulty levels: easy and
moderate. Every project includes an additional exploration task to further challenge
students, encouraging them to deepen their conceptual understanding and critical
thinking skills. Lastly, the time allocation for completing each project is planned so that
it can be accomplished within a single day.

The final outcomes are displayed in images derived from the visual demonstrations.

They illustrate the final product of the visualization, providing students with a clear

representation of the expected outcomes. Below is an example of a visualization result

using GeoGebra included in the e-module, complete with a sample project. These images
serve as a visual guide for students to understand the intended learning objectives.

Furthermore, they allow students to compare their own work to the expected standards.
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biii.  A'(4,-4),B(2,-5),C'(6,-7)

Gambar 5. 4 Refleksi Segitiga ABC terhadap Garis y = x

biv. A'(~4,4),B'(~2,5).C'(-6.7)

Gambar 5. 5 Refleksi Segitiga ABC terhadap Garis y x
Figure 4. The Final Product of Visualization

The validation process was carried out to evaluate the quality of content and
instructional materials and the design and presentation aspects of the developed module.
This process involved four experts: two subject-matter experts specializing in geometric
transformations and two experts in instructional media. The results of their assessment are
systematically presented in Tables 2 and 3. Thus, the e-module could be tested after
revisions based on the validator's feedback. The data presents the results of expert or
validator feedback in Table 4.

Table 2. Validation Results of Material

Aspects Percentage (%)
Relevancy 93.3
Accuracy 925

Convenience 95.
Attractiveness 80
Comprehensiveness 87.5
Average Score 89.7
Criteria Excellent

Table 3. Validation Results of Media

Aspects Percentage (%)
Presentation 80
Functionality 90
Significances 90

Average score 86.7

Criteria Excellent
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Table 4. Expert’s Feedback

Aspects Feedback

Content and Material Add a brief explanation on renaming or relabeling points, lines, or objects that
will be transformed.
Display and Presentation  In Chapter 1, it is necessary to add images and explanations regarding the
functions of each toolbar, at least for the toolbar related to lines, polygons, and
geometric transformations.

The revision incorporates detailed explanations of each toolbar in Chapter 1 through video
tutorials. Furthermore, additional clarification is provided regarding the naming or labeling
points, lines, or other objects involved in geometric transformations.

3.4 Implementation

The Implementation phase of this study involved a comprehensive testing process of
the developed module to evaluate its effectiveness in enhancing students’ visualization of
geometric transformations. The process was conducted with 32 mathematics education
students from Universitas Singaperbangsa Karawang. To ensure systematic collaboration
and equitable participation, the participants were divided into eight groups, each with four
members. This group structure was designed to promote cooperative learning and active
engagement among students. Each group was tasked with independently completing four
primary projects, each focusing on a specific topic in geometric transformations: reflection,
rotation, translation, and dilation. These topics were selected to provide a well-rounded
exploration of key concepts in the subject matter.

PROYEK LUKIS GEOGEBRA

Nama Kelompok  : Kelompok 5

Nama Anggota : 1. Dewi Riska (2210631050008)
2. Hana Lasfiag Olivia. § (2210631050072)
3. Mutia Indah Lestari (2210631050124)
4. Sausan Salwaa (2210631050036) .
Kelas .sn b Takiskan refleksi poligon ABCD terhadap garis y = x.

Mata Kuliah - Geometol Transformast, T v P =
| >
PROYEK 4

1. Diketahui ssbuah titik 4 (2.3) disefleksilian texhadan titik asal 0 (0.0).
a. Lukiskan mengeunakan GeoGebra.

c. Tentkan koordinat bayangan dari titik — tiwk A, B. C. D setelah direfleksikan
tethadap garis y = x
- Bavsnoae titik 2 adalah AL-1.-2)
- Bavangan tinik B adalah Bilz.-1)
- Bayangan tittk C adalah C11.2)
- Bavanuan tipik D adalah Di-1.-8)
3. Buatlah scbuah scaimiga di kvadmn I kemudian pibih scbuzh cormuin wopk
mesmpesoleh bayangan di kuadran TV. Lukiskan dengan mengzunakan GeoGebra.
b. Tenmkan kenrdinat bayangan A
Tadi kaordinat bayangan dasi A adalsh A” (-2, -3) f 0D L] A, =
2. Diketahui titik — titik sebagai berkut: A(—2, —1), Bt-1,2), £(2,1), D(3, -1) : J
a. Lukiskan mengennakan GeoGebra poligon ABCD

Figure 5. Example of the Project Outcomes

The allocated time frame for completing the projects was one week, which allowed
students to manage their time effectively while delving into the theoretical and practical
aspects of the module. During this period, students worked collaboratively within their
groups, applying the knowledge and skills presented in the module to address the assigned
tasks. This approach reinforced their conceptual understanding and encouraged the

Indonesian Journal of Science and Mathematics Education (IJSI\/IE)|75



David Pratama and Latifah Darojat E-module for geometric transformation ....

development of teamwork and problem-solving skills. At the end of the project period,
each group submitted a detailed project report outlining their methods, findings, and
reflections on the learning process.

In addition to the project submissions, all students must complete a performance
response questionnaire. This instrument was designed to capture their perceptions of the
module’s functionality and accessibility in facilitating learning. The feedback provided by
students offered valuable insights into their experiences, highlighting both the module's
strengths and potential areas for refinement. This evaluation was crucial in determining the
module's impact and guiding future improvements. The following section provides
examples of project outcomes produced by the students during this phase.

3.5 Evaluation

The Evaluation phase was systematically conducted to measure the developed
module's practicality and effectiveness. The practicality assessment was derived from
student response questionnaires, the results of which are presented in Table 5.

Table 5. Assessment of Practicality

Aspects Percentage (%)
Functionality 96,9
Accessibility 59,4
Average score 78.15

Criteria Good

Besides aspects of functionality and accessibility, the student response survey also
revealed that students assigned each group member to work on an individual project, with
the majority (43.8%) working on the project alone, 84.4% repeatedly using video tutorials,
81.3% seeking additional learning resources from YouTube, and 84.4% completing the
project within the same day.

The effectiveness of the module was evaluated through an in-depth assessment of
each group's project outcomes. These outcomes were rigorously analyzed against
predefined evaluation criteria to ensure consistency, objectivity, and reliability in
measuring students' comprehension and skill acquisition. Table 6 systematically presents
a comprehensive overview of the assessment results for each group's project outcomes.

Table 6. Performance Evaluation

Group Performance (%) Criteria
1 90 Excellent
2 100 Excellent
3 95 Excellent
4 100 Excellent
5 95 Excellent
6 100 Excellent
7 85 Excellent
8 90 Excellent
Average 94.3 Excellent

Based on Table 6, each group successfully completed their project tasks with excellent
results, as all outcomes met the 'Excellent’ criteria. With an average score of 94.3%, the
module's effectiveness falls within the 'Excellent’ category. The e-module has proven
effective in helping students visualize geometric transformation concepts.

The results of this study demonstrate the successful development and
implementation of an interactive e-module for enhancing students’ visualization skills in
geometric transformations, specifically designed to cater to the learning preferences of
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Generation Z. The evaluation of the e-module's validity, practicality, and effectiveness
yielded highly positive outcomes, indicating its potential as an effective instructional tool.

The validation phase revealed an overall validity score of 88.2%, categorizing the
module as "Excellent.” Both content and media experts praised the material's clarity,
relevance, and accuracy. Minor revisions, such as adding more detailed explanations for
toolbar functionalities and labeling geometric objects, were implemented to enhance
clarity. These findings align with Asare and Atteh [6] and Mthethwa et al. [14], who
emphasized that effective instructional tools must prioritize conceptual clarity and
alignment with learning objectives to optimize student outcomes.

Based on student responses, the practicality assessment yielded an average score of
75%, categorized as "Good." While functionality scored exceptionally high (96.9%),
accessibility scored relatively lower (59.4%). The findings suggest that while students
found the module highly functional and effective in supporting their visualization tasks,
accessibility issues—Ilikely related to device compatibility or connectivity—may need
further attention in future iterations. These results resonate with Rohmatulloh et al. [30],
who argued that while digital instructional tools significantly enhance student engagement,
accessibility, and technical barriers remain critical factors that educators must address.

The effectiveness evaluation, measured through group project performance, yielded
an impressive average score of 94.3%, categorized as "Excellent.” Each group successfully
demonstrated their understanding and application of geometric transformation concepts
through project-based tasks. This finding supports the claims of Maf’ulah et al. [13] and
Afhami [11], who noted significant improvements in student outcomes after integrating
visualization software into mathematical instruction. Additionally, the project-based
learning approach embedded within the e-module aligns with Zakiah et al. [37],
highlighting its role in fostering creativity, problem-solving, and deeper conceptual
understanding. Integrating GeoGebra as a core tool within the e-module proved highly
effective in facilitating dynamic and interactive visualization. Moreover, including short,
focused YouTube video tutorials allowed students to revisit lessons at their own pace,
further reinforcing their understanding. This approach aligns with the observations of
Parida et al. [34] and Tamu et al. [35], who highlighted the flexibility of video-based
instructional tools in supporting personalized and self-paced learning experiences.

The student response data revealed interesting insights into learning behaviors. Most
students reported working independently on their projects while frequently revisiting video
tutorials for clarity. This independent learning behavior underscores the module's
flexibility and alignment with the self-directed learning preferences commonly associated
with Generation Z, as described by Kinanti and Erza [17] and Mardianto [19]. The results
also reflect the challenges identified by Rastati [22], who noted that traditional lecture-
based methods often fail to capture the attention and engagement of tech-savvy learners.

Despite the overwhelmingly positive results, challenges related to accessibility
highlight the need to ensure that future versions of the module are optimized for various
devices and internet conditions. Additionally, while video tutorials were highly effective,
ensuring consistency in video quality and clarity remains an ongoing priority. These
findings are consistent with Hendriyani et al. [26], who emphasized the importance of
balancing instructional design with technical feasibility in digital learning environments.

4. CONCLUSION

The interactive e-module developed in this study has proven valid, practical, and
effective for enhancing students' visualization skills in geometric transformations. Its
integration of GeoGebra, project-based tasks, and YouTube video tutorials align well with
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the learning preferences of Generation Z. Furthermore, the results reinforce existing
findings from previous research, highlighting the importance of combining visualization
tools, interactive learning strategies, and digital media in mathematics education. Future
research may explore broader implementation across diverse educational settings and
investigate long-term impacts on students' conceptual understanding and engagement. This
research implies that integrating interactive and technology-driven tools into the
curriculum can significantly enhance students' engagement and mastery of abstract
mathematical concepts.
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