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Learning mathematics in the 21st century requires developing critical
thinking skills. However, traditional methods still dominate the
classroom, such as using textbooks as learning resources and
whiteboards as learning media, making it difficult for students to
understand |triangle congruence visually and dynamically. This
research aims to develop animated video media using GeoGebra and
Artificial Intelligence (Al) on triangle congruence material for grade
IX junior high school students and to describe their validity and
practicality. The research uses the Research and Development (R&D)
method with the ADDIE model, which includes the stages of analysis,
design, development, implementation, and evaluation. The test
subjects were 14 grade IX students and 1 mathematics teacher, with
validation sheet instruments and practicality questionnaires. The
results showed that the average validity of the media was 90% with
the very valid category, while the practicality reached 89.11% with
the very practical category. These findings show that GeoGebra and
Al-assisted animation videos are feasible alternatives to modern,
interactive mathematics learning media that facilitate students’ critical
thinking skills in triangle congruence materials.
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1. INTRODUCTION

21st-century learning demands mastery of high-level thinking skills, especially
critical thinking, including the ability to analyze information, evaluate arguments, solve
problems, and make informed decisions across a variety of life contexts [1], [2]. Various
studies have shown that critical thinking skills are not innate abilities but rather important
outcomes of the learning process that must be developed through consciously designed and
structured teaching practices and strategies [3], [4], [5]. Several studies have shown that by
learning mathematics effectively through contextual approaches, problem-solving, and
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mathematical reasoning, students can be trained to think rationally, make sound decisions,
and be better prepared to face problems in daily life [6], [7].
The reality in the field shows that learning in schools is still often dominated by
traditional methods that center on teachers and lack varied, interactive learning media,
leading to less student engagement and suboptimal learning outcomes. [3] , [8], [9], [10].
- @ Teachers generally rely on textbooks as the main source of learning and on whiteboards as
the primary learning medium, while the use of technology-assisted media remains limited,
leading to monotonous learning that quickly leaves students bored [8], [9], [10]. A number
- @ of studies report that the lack of the use of interesting and interactive learning media is one
- a of the factors causing student motivation and learning outcomes, one of the areas of
mathematics study that requires strong visualization is geometry, because it contains
elements of visualization and spatial reasoning that are dominant, including congruence
materials that require visualization skills [8], [10], [11], [12]. This condition affects
students’ low involvement in higher-level thinking, including critical thinking, because
learning focuses more on conveying information than on encouraging students’ analysis
and argumentation [3], [4], [13], [14]. In the congruence material of triangles, students often
mistakenly identify matching pairs of sides and angles and have difficulty imagining two
triangles whose positions change but are actually congruent, so that students are less

- @ confident in concluding; This condition shows the need for dynamic visual media support
to help understand the concept of congruence more concretely [11], [12], [15], [16], [17].

- @ This shows the need for dynamic, visual, and interactive learning media to help understand
geometry concepts.

Some previous studies have noted that one of the most recommended software
packages for geometry visualization is GeoGebra, because, as a dynamic geometry software,
it allows students to manipulate objects interactively and visualize geometric concepts more
clearly [24], [25], [26]. Research on the development of GeoGebra-assisted teaching media

- @ and materials at the secondary school level shows that the use of GeoGebra can improve
understanding of geometric concepts, mathematical representation (especially spatial
- @ ability), and students’ motivation to learn geometry [17], [27], [28], [29]. Along with the
rapid development of technology, Artificial Intelligence (Al) is increasingly used in
- @ education, including in the development of learning media [30], [31], [32]. Artificial

Intelligence (Al) can assist teachers in various aspects of media creation, such as generating
automated voice narration, compiling visual displays, and speeding up the video editing
process, so that teachers can focus more on designing learning flows and reinforcing
concepts [30], [31], [33]. Various previous studies have developed GeoGebra-assisted

- G mathematics learning media in the form of e-modules, web-based worksheets, and learning
videos, and have shown that these media can meet valid, practical, and effective criteria for
mathematics learning outcomes [7], [12], [27].

On the other hand, a need study in secondary schools shows that mathematics
learning media used in the classroom is still dominated by conventional forms and has not
made much use of technology-assisted interactive animation videos, including GeoGebra,
even though students and teachers urgently need animation video media that are more
interesting, interactive, and relevant to technological developments to reduce boredom and
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increase student motivation and learning engagement [34], [35], [36]. This condition
indicates a gap between the demands of mathematics learning that encourage critical
thinking and the availability of supportive learning media, as evidenced by students’ low
critical thinking skills and the limited use of interactive media [13], [36]. Some of these
findings raised several main problems in learning triangle congruence in grade X of junior
high school, namely: (1) Above all, the use of visual, interactive, and dynamic learning

- @ media to help students visualize the relationship of two congruent triangles; (2) The level of
student involvement in the learning process is so that high-level thinking activities, including
critical thinking, have not developed optimally; and (3) The absence of the use of GeoGebra-
assisted animation video media and artificial intelligence which are specifically designed to
stimulate students’ mathematical critical thinking skills on triangle congruence materials.
Learning videos, especially animated videos, are seen as an effective alternative to improve
learning quality, as they can clarify abstract concepts, increase motivation, and positively
impact student learning outcomes [10], [18], [19], [20]. Learning videos can combine text,
images, sounds, and gestures so that they activate more than one student’s senses, clarify
the presentation of abstract material, and improve memory of the concepts learned [21],
[22], [23].

Based on the backgrounds above, the development of GeoGebra-assisted animation
videos and Atrtificial Intelligence (Al) is needed to support critical thinking skills in triangle
congruence materials. This media leverages GeoGebra object manipulation that helps
students dynamically visualize the concept of triangle congruence, as well as Artificial
Intelligence (Al) support to create automated voice narrations, compose automatic visual
displays, and step-by-step learning flows, which encourage students to analyze, compare,
and justify the congruence of two triangles as part of the critical thinking skills exercise,
Artificial Intelligence (Al) used is perplexity.ai as a tool in creating short video clips, which
then uses Canva for the video editing platform as a refiner. This research focuses on the
media development process and tests its validity and practicality through expert assessments,
teacher and student responses to limited trials, without measuring learning outcomes. Thus,
this research is expected to provide an alternative learning medium that is more modern and

- @ better aligned with the demands of technology use in mathematics learning in junior high
school. “Based on the previous description, the problems that will be discussed in this study
are:” 1). What is the validity level of GeoGebra and Artificial Intelligence (Al)-assisted
animation videos in the triangular congruence material developed?, 2). What is the
practicality of GeoGebra and Artificial Intelligence (Al)-assisted animation videos for
triangle congruence materials, based on teacher and student responses? “In line with the
formulation of the problem, the objectives of this study are:” 1). Describe the validity level
of GeoGebra and Artificial Intelligence (Al)-assisted animation videos on triangle
congruence material based on expert assessment. 2). Describe the level of practicality of
GeoGebra and Artificial Intelligence (Al)-based animation videos on triangle congruence
materials based on teacher and student responses.
”» @ This research contributes theoretically to the field of mathematics education by
expanding the application of technology-based media aligned with constructivist learning
theory and the principles of cognitive development (Piaget, 1970; Vygotsky, 1978). In
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practice, it provides teachers with modern technological tools that align with the learning
demands of the digital age and enhance interactivity and motivation in lessons. The expected
outcome is a valid and practical learning medium that empowers students to analyze,
compare, and evaluate geometric relationships, with a core component of critical thinking.
Unlike previous studies that focused on static GeoGebra modules or generic learning videos
[7], [12], [27]. This research has novelty value in the development of GeoGebra-assisted
animation video media and Artificial Intelligence (AI) designed to facilitate students’
mathematical critical thinking skills in triangular congruence material at the junior high
school level. Unlike previous research, which generally only uses GeoGebra as an interactive
- @ media or ordinary learning video, the novelty of this research lies in the integration of two
technologies at once, namely GeoGebra and Artificial Intelligence (Al), in one learning
medium that is visual, interactive, and adaptive. Through this integration, GeoGebra
provides concrete, dynamic, and manipulable visualizations of geometric concepts, while
Artificial Intelligence (Al) automates the creation of narratives, the configuration of visual
- @ displays, and the design of engaging, interactive learning flows. This research is oriented
towards facilitating the development of mathematical critical thinking skills; namely,
students’ ability to analyze, compare, and evaluate congruence concepts through contextual
- @ and reflective video shows. The media is developed using the ADDIE development model,
which includes the stages of Analysis, Design, Development, Implementation, and
Evaluation, and Is validated by experts and tested for practicality to ensure compatibility
- @ with the characteristics of junior high school students. In addition to producing valid and
practical media, this research also provides innovative solutions to the limitations of
mathematics learning media, which are still dominated by conventional forms and have not
L o utilized artificial intelligence to support the learning process.
Thus, the new value of this research lies in the integration of GeoGebra technology
and Artificial Intelligence (Al) in producing mathematical animation video media that is
- Q oriented towards the development of students’ critical thinking skills, as designed in the
research entitled Development of GeoGebra Assisted Animation Video Media and Artificial
Intelligence (Al) for Critical Thinking Skills.

(T 10] 2. METHODS
The type of research used is Research and Development (R&D) because the main
purpose of this research Is to produce products in the form of GeoGebra-assisted animation
videos and Artificial Intelligence (Al) on triangular congruence materials that are valid and

- @ practical, as carried out in various research on the development of animated video media
with the help of GeoGebra and Artificial Intelligence (Al) in mathematics learning [37]. The
- ° development design used refers to the ADDIE model, which consists of five stages, namely

Analysis, Design, Development, Implementation, and Evaluation, as commonly used in
various research on the development of digital learning media and animated videos [10],

- ° [38]. ADDIE was chosen because it offers a systematic, simple, and widely used framework
for developing GeoGebra-assisted mathematics learning media and animated videos [39],
L @ [40]. The following stages in the development of the ADDIE model media can be seen in

Figure 1, which are as follows:
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revision -M revision

revision i Fevision

Figure 1. ADDIE Model Stages [41]

ADDIE’s development model was used in this study. There are 5 stages that will be
used, namely: 1) analysis stage, the researcher identifies problems and learning needs. The
things studied generally include: student characteristics, classroom/infrastructure conditions,

- @ and the gap between expected and actual classroom conditions. 2) The design stage Is to
- a develop a design of learning solutions based on the results of the analysis. At this stage,

learning objectives are usually formulated, scenarios/media are prepared, strategies/methods
- @ are chosen, and assessment instruments to be used are designed, 3) At the development stage,

the design that has been realized becomes a real product. Activities are generally in the form
of making/processing media or teaching materials, after which initial checks and repairs are
carried out until the product is ready for testing. 4) The implementation stage is to test the
product or media in a real learning situation. The researcher uses the product in class, collects

L) @ user responses (students/teachers), 5) The evaluation stage Is to assess the validity and
practicality of the product and the learning process systematically. Evaluations can be
formative (at each stage for repeated improvement) and summative (at the end to assess the
feasibility and achievement of learning objectives).

- @ The test subjects in this study were 14 grade 1X students out of 22, while the product
validators consisted of one mathematics education lecturer and one mathematics teacher as
material experts, and media experts, as is common in learning media development research
[42], [43]. The research is conducted at SMP Negeri 46 Seluma, with a total of 3 meetings.
Instruments used in collecting data: 1) Media validation, 2) Media practicality questionnaire
according to students and teachers. The data analysis technique used is: the media validation
value is calculated using a percentage formula on an interval scale of 1 to 5.

Validity percentage formula:
Percentage of validity (%) = [2talscore obtained o 7 (1)

maximum score
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The validity category used is shown in Table 1, which shows the value and category for the
media’s validity.

Table 1. Criteria for validity

Percentage Value Category
81 — 100% Very Practical
61 — 80% Practical
41 — 60% Quite Practical
21 — 40% Less Practical

0 — 20% Impractical

Source: [40]

The practicality value is calculated using a percentage formula on an interval scale from 1

to 4.
Practicality percentage formula:

Practicality percentage (%) = Loralscore obtained . 4 gy, (2)

maximum score

The practicality category used is shown in Table 2, which shows the value and category for
practicality.

Table 2. Criteria for Practicality

Percentage Value Category
81 — 100% Very Practical
61 — 80% Practical
41 — 60% Quite Practical
21 — 40% Less Practical

0 — 20% Impractical

Source: [40]

3. RESULTS AND DISCUSSION
The resulting product is an animated video, assisted by GeoGebra and Atrtificial

Intelligence (Al), on triangle congruence material for grade X junior high school students.
In this study, the ADDIE development model is used, consisting of five stages: Analysis,
Design, Development, Implementation, and Evaluation. The description of the results and
discussion of development research based on the ADDIE model is described as follows:

3.1. Analysis Stage
The results of the analysis of interviews and observations showed that Mathematics

learning in grade IX at SMP Negeri 46 Seluma still uses conventional methods, such as
lectures with the help of package books and whiteboards, without using technology-assisted
media such as animated videos or GeoGebra applications. The teacher stated that “many
students still have difficulty understanding the concept of confluence, especially because
they are not yet able to visualize the relationship between two triangles that appear to be
similar”. This condition is reflected in students' low activity in asking questions and in
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discussions during learning, as well as in limited opportunities for students to explore and
think critically about examples of triangles that should be observed dynamically.

- @ Based on these findings, it iIs considered necessary to develop learning media that are
more visual, interactive, and dynamic, so that students can see movements and the suitability
of sides and angles. GeoGebra and Artificial Intelligence (Al)-assisted animation video
development was chosen as an alternative because video media and GeoGebra have been
shown to help students understand concepts and visualize geometric objects more
concretely and engagingly. Thus, the development of GeoGebra-assisted animation videos
and Artificial Intelligence (Al) for triangle congruence materials is expected to overcome
difficulties in students’ understanding of triangle congruence while improving their
activities and critical thinking skills in geometry learning.

This aligns with the finding that critical thinking skills will not develop optimally if
lectures still dominate learning and do not provide space for exploration or discussion that
challenges students. Rahmawati et al.’s research emphasizes that structured exercises,

- e through tasks that encourage analysis and evaluation of arguments, are needed to foster the
development of critical thinking skills in science and mathematics learning. The need for
dynamic visual media in geometry materials is also supported by studies showing that
geometry, especially congruence and coherence, demands strong spatial visualization
capabilities and has the potential to cause misconceptions if taught only symbolically, this is
in line with Xu and Meng’s research which shows that the need for visual-interactive media
in geometry materials, including the learning of triangle congruence, demands spatial

L a visualization and reasoning strong. Thus, the results of the needs analysis in this study are
consistent with the literature, which highlights the importance of visual-assisted learning
media and technology in fostering high-level thinking.

3.2. Design Stage

The design stage in this study starts from creating a theme, designing the appearance
of each scene in the video, starting from the beginning to the end and equipped with dialogue
descriptions, narration, text, movements, and audio to be used (storyboard) of the animated
video, a demonstration of two triangles driven using GeoGebra, as well as questions that
trigger analysis and conclusion drawing by students. The design of storyboards, video flows,

- @ and the selection of visual and narrative displays in the form of animated videos is in line
with the results of Dewi et al.’s research which shows that animation-assisted learning videos
- 0 are effective in increasing student motivation and learning outcomes, The use of GeoGebra
as a basis for visualizing triangle congruence in media design is also in line with Izdahara’s
- @ systematic study which concluded that GeoGebra has been proven to be effective in

improving understanding of concepts and abilities Spatial Student in Mathematics Learning
in the Digital Era. The design of the use of Artificial Intelligence (Al) uses perplexity.ai to
create automated animated videos, and Canva for voice narration, visual processing, and
video editing to increase the attractiveness and efficiency of the production process, in line

- e with the demands of the use of technology and Artificial Intelligence (Al) in the
development of modern learning media, Artificial Intelligence (Al) in the process of creating
L @ voice narratives and processing video displays is in line with the recommendations of Reyes
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.@ et al. and Elsa Sabrina et al., which show that Artificial Intelligence (Al) can improve the
work efficiency of teachers and the quality of the digital learning media produced. Design
of research instruments: media validation sheets, student and teacher practicality
questionnaire sheets.

3.3. Development Stage

This development stage is the stage when learning media begins to be really created,
the researcher creates geometric objects and visualizes the congruence of triangles using the
GeoGebra application, and Artificial Intelligence (Al) Technology is used to help the process
of creating the initial display, and processing animations, while the display using GeoGebra
is compiled manually so that the visualization of the congruence relationship of the triangle
can be displayed dynamically. All of these components are combined into a single animated
video using Canva’s video processing software. The resulting video product is validated by
subject matter and media experts and revised based on their suggestions and comments. This
stage is carried out to obtain suggestions, improvements, and assessments of whether the
media is suitable for use before being tested directly with students. The following displays
learning media before and after the reflection, as shown in Table 3.

Table 3. Results Before and After Refining
Comments Before Refisi _ After Refisi

The initial appearance is made
according to the class culture in
Indonesia.

v
Fil

|

I
shown invisibly. i m

]Hiiih[iﬂ“iﬂiiin;-....

Examples of the Congruent
triangle in everyday life are

The existing animated videos do
not present problems that are

.Q solved with GeoGebra, as an
effort toltrigger critical thinking
skills.
®0 Media validation was carried out by one media expert and one material expert using

ascale of 1-5 across four aspects: content/material, design and visual, technical & GeoGebra,
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- Q . e and duration and flow. The validity value is calculated using the percentage formula, Based
on the results of the media validation that has been developed, the average validity score of
the two validators was obtained, namely 90% with very valid criteria in line with the findings
of Rahmandhani and Utami which show that the ADDIE model is widely used to produce

- ° - @ digital learning media that is valid and suitable for use in the classroom, can be seen in the
following table 4.

Table 4. Expert Validation Results

Remarks Value
- @ Validation results by media experts 100%
Validation results by subject matter experts 80%
Average 90%
Validity criteria Very valid

Although the validity score is very high, the validator still provides some input for
media improvement, suggesting improvements to the voice aspect, so the researcher revises
the narrative voice settings to make it clearer, and the validator suggests using the
researcher’s voice as a form of appreciation for the researcher. The revision improves the
quality of the video presentation without altering the substance of the material, which has
been considered valid.

3.4. Implementation Stage

In the implementation stage, a trial of the learning media, in the form of GeoGebra-
assisted animation videos and Artificial Intelligence (Al), Is carried out to determine the
practicality of the learning media developed. The limited trial of learning media in the form
of GeoGebra and Artificial Intelligence (Al)-assisted animation videos was carried out after
the developed learning media was declared valid by the validators of media experts and
material experts, this limited trial was carried out in 3 meetings, and utilized
LCDs/projectors and computers available in schools to show videos to 14 students who
were the subjects of the study. During implementation, students watch the video and then
work on the assigned tasks. The practicality of learning media through GeoGebra and
- @ Artificial Intelligence (Al)-assisted animation videos developed is seen from the results of

the response gquestionnaire and the assessment of student answers.
The practicality questionnaire, based on responses from 14 students and 1 mathematics
teacher, was conducted after using the media developed on a scale of 1-4 across five aspects:
ease of use, clarity of concept, exploration involvement, critical thinking stimulation, and

L]
-
L]

L o duration efficiency. Based on the results of the validation of the media that has been
developed, an average practicality score of 89.11% is obtained where the teacher’s practical
- Q value is slightly different from the average student but overall is still in the range of the very

practical category, so that the learning media developed is feasible and practical to be used
both from the perspective of students and teachers, to support the application of media in
learning activities in the classroom, in line with the research of Jubaidah and Wahyudi, who
developed an animated video of flat building material and obtained media with practical
categories to be very practical to use in learning.
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- @ The results of observations during the trial also showed a positive change in student
activities. When the video plays, all the students pay attention to the impression and follow
the flow. Students began to ask questions and engage in discussions actively, Increased
students’ attention while listening to the video, the emergence of questions, and their
involvement in the discussion support the findings of Mita Aswatun & Haifatrrahmah and
Pradana that animated videos can increase students’ motivation and learning engagement in
the classroom, so that the opportunity to practice their critical thinking becomes more open,
in line with Wardani and Fiorintina’s idea that learning that emphasizes problem-solving and

- @ reasoning can build the ability to think critically in the 21st century. The results of the
practicality assessment are shown in Table 5 below.

Table 5. Media Practicality Questionnaire Results

Remarks Value
Media practicality according to teachers 100%
Media practicality according to students 78,21%
Average score 89,11%
Eligibility criteria Very Practical

(] 47] 3.5. Evaluation Stage
The Evaluation Stage Is carried out formatively at each stage of ADDIE and
summatively after the product trial. Formative evaluation involves revising product content
and display based on expert and teacher input, as explained by Syahid et al. and
Rahmandhani & Utami, and emphasizes the importance of a continuous revision cycle to
- e ensure media quality. In contrast, summative evaluation is carried out by examining the
results of validation and the practicality of the developed media, aligned with the
recommendations of Melati & Argarini and Suprayogo & Putri, which place user feedback
L @ as an important component in the development of learning media. Thus, the evaluation stage
not only ensures that the media meet valid and practical criteria but also demonstrates the
suitability of the development process to theoretical and empirical standards in learning
media development research.

4. CONCLUSION
This research produced GeoGebra- and Artificial Intelligence-assisted animation

- @ videos on triangular congruence for grade X junior high school students that meet the

validity and practicality criteria and facilitate dynamic, interactive visualization of the
- @ concept of congruence, supporting the development of students’ mathematical critical
- @ thinking skills. These findings imply that the integration of GeoGebra and Al in animated

videos can be a strategic alternative to overcome the dominance of conventional learning
that lacks high-level thinking activities, while providing a digital media development model
that is relevant to junior high school mathematics teachers and can be adapted to other
geometry topics that demand strong spatial visualization. However, this study still has
limitations because it tests the validity and practicality using a limited sample from one
school and does not measure the effectiveness of media on learning outcomes and indicators
of critical thinking ability quantitatively. Hence, the generalizability of the findings and the
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claims of academic impact still needs to be further studied. Therefore, further research is

recommended to involve a wider sample, use experimental or quasi-experimental designs to

test the effectiveness of media on learning outcomes and critical thinking skills, as well as

develop higher interactivity features, such as adaptive quizzes and Al-based automated

feedback, so that students’ engagement, reflection, and independent learning can be further
- @ enhanced, and oriented towards the development of thinking skills high level of students.
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