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Abstract

Mathematical comprehension ability is essential for students to achieve proficiency in
mastering mathematical material. Innovation is needed, such as using animated learning
media that can display illustrations visually to increase student interest. The purpose of this
study was to develop valid and effective animated video learning media to improve the
mathematical comprehension ability of grade VIII students. The method used was the
Research and Development with the Bergman & Moore model. The instruments were
questionnaires and tests. The study results showed that the learning animation video was
valid and interesting with a percentage of validation by material experts of 81,3% (valid of a
good predicate) and media experts of 89% (valid of a good predicate). The learning
animation video effectively improved students' mathematical understanding abilities with
an average class N-Gain score of 0,58 (moderate).
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Abstrak

Kemampuan pemahaman matematis penting bagi siswa untuk mencapai kemahiran dalam
menguasai materi matematika. Diperlukan inovasi seperti penggunaan media pembelajaran
animasi yang dapat menampilkan ilustrasi secara visual untuk meningkatkan kemampuan
pemahaman siswa. Tujuan penelitian ini adalah mengembangkan media video pembelajaran
animasi yang valid dan efektif untuk meningkatkan kemampuan pemahaman matematis
siswa kelas VIII. Metode yang digunakan adalah Penelitian dan Pengembangan dengan
model Bergman & Moore. Adapun instrumen yang digunakan adalah angket dan tes. Hasil
penelitian menunjukkan bahwa video animasi pembelajaran valid dan menarik dengan
presentase validasi ahli materi sebesar 81,3% (valid dengan predikat baik) dan ahli media
sebesar 89% (valid dengan predikat baik). Video animasi pembelajaran efektif
meningkatkan kemampuan pemahaman matematis siswa dengan rata-rata skor N-Gain
kelas sebesar 0,58 (sedang).
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INTRODUCTION

The ability to demonstrate an understanding of mathematical concepts being studied,
explain relationships between concepts and apply concepts flexibly, accurately,
efficiently, and appropriately in problem-solving, is an expected mathematical skill,
which makes this mathematical understanding important for students. This ability is
expected to be translated into material through various fields, including numbers,
measurement and geometry, probability and statistics, trigonometry, algebra, and
calculus, by the competency standards for mathematics learning materials (Novikasari
& Ulpah, 2022). According to the National Council of Teachers of Mathematics, an
indicator of mathematical understanding is the ability to comprehend and apply
mathematical concepts, procedures, and reasoning in various contexts. This includes
demonstrating conceptual understanding by explaining relationships between ideas,
using multiple representations such as graphs, equations, and diagrams, and making
connections between different mathematical domains. Procedural fluency, another key
indicator, involves efficiently carrying out mathematical operations accurately and
flexibly. Additionally, mathematical understanding is evident when students can
construct logical arguments, justify their solutions, and apply problem-solving
strategies to unfamiliar situations. These indicators help assess a learner’s depth of
mathematical comprehension and their ability to think critically about mathematical
concepts (NCTM, 2000).

Students' mathematical understanding remains low, as evidenced by various
studies and assessments. For instance, the Programme for International Student
Assessment (PISA) results indicate that many students struggle with basic
mathematical concepts, problem-solving, and reasoning skills. In the 2022 PISA
assessment, only 18,35% of students in Indonesia achieved proficiency level 4 or
higher in mathematics, indicating difficulty in applying mathematical knowledge to
real-world problems (OECD, 2024). Similarly, data from teacher interviews shows that
students' mathematical understanding abilities are still low. These findings highlight
persistent challenges in students' conceptual understanding, procedural fluency, and
ability to engage in higher-order mathematical thinking. Addressing these issues
requires improved instructional strategies, more vigorous foundational learning, and
increased emphasis on reasoning and problem-solving. This also happened in MTsN 2
Brebes. From the results of preliminary observations, information was obtained that
students' mathematics understanding ability was still low. Students still had difficulty
understanding abstract mathematics material. 43,5% of students received grades
below the minimum completion criteria for mathematics lessons. The learning uses a
teacher-centered approach with minimal learning media.

Several factors influence students’ mathematical understanding, including
cognitive abilities, instructional quality, learning environment, and motivation. Mental
factors such as working memory, logical reasoning, and prior knowledge are crucial in
processing mathematical concepts and problem-solving. Additionally, the quality of
instruction, including teaching strategies, curriculum design, and using manipulatives
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or technology, significantly impacts students' comprehension (Purwanto, 2007). A
supportive learning environment, characterized by positive teacher-student
interactions and opportunities for collaborative learning, fosters deeper engagement
with mathematical ideas. Moreover, motivation and attitudes toward mathematics,
influenced by self-efficacy and parental support, affect students' willingness to engage
with complex problems. Research suggests that students with higher self-confidence
in mathematics tend to perform better and develop stronger conceptual
understanding (N. R. Wulandari & Tasriyah, 2024).

One of these factors is the use of technology-based media. Mathematics learning
that rarely utilizes learning media can negatively impact students' engagement,
conceptual understanding, and problem-solving abilities (Sya’diyah & Arifin, 2024).
Learning media, such as visual aids, interactive software, and manipulatives, help
bridge abstract mathematical concepts to real-world applications, making learning
more accessible and meaningful (Rahmawati & Jamaluddin, 2024). Without these
tools, students may struggle with visualization, especially in geometry, algebra, and
data interpretation. Research indicates that the use of multimedia and hands-on
learning materials enhances students' comprehension and retention of mathematical
concepts (Mayer, 2021). Furthermore, traditional lecture-based instruction without
media often leads to passive learning, reducing students’ motivation and interest in
mathematics (Muhaimin & Juandi, 2023). Integrating diverse learning media into
instruction can significantly improve students' mathematical reasoning and academic
achievement.

Mathematics learning incorporating animation as a learning medium can
significantly enhance students' mathematical understanding by making abstract
concepts more concrete and engaging (Yuliyanto et al., 2024). Animated visuals help
illustrate complex mathematical ideas, such as geometric transformations, algebraic
functions, and probability distributions, dynamically and interactively. Research
shows that animations improve students' cognitive processing by reducing cognitive
load and enhancing conceptual visualization (Mayer, 2021). Additionally, animated
media can cater to different learning styles, making mathematics more accessible to
visual and auditory learners. A study found that students feel happy learning with
animated videos and all students can understand well, this is seen when at the end of
the video, students can retell the material that has been listened to. The school is happy
with this activity and it motivates teachers to create engaging media for learning both
mathematics and other subjects (Warmi et al.,, 2024). Thus, integrating animation into
mathematics education can foster active learning, improve retention, and enhance
students’ mathematical proficiency. Other studies also concluded that animated video
media influences students' mathematics learning outcomes (Dita Wahyuni et al,,
2024). This is because animated video learning media is considered interesting and
innovative in the classroom learning.

Based on the explanation, it is known that animation media affects students'
mathematics learning outcomes. However, the media needs to be developed for
broader mathematics materials. The formulation of the problem is how the validity and
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effectiveness of animated media improve students' mathematical understanding
abilities.

METHODS

This is a research and development with the subjects being class VIII students of MTsN
1 Brebes. This study aims to develop learning media on probability material for junior
high school students in an effort to improve students' mathematical understanding
abilities. The animation media development procedure consists of the following stages
based on the Bergman and Moore Model:

1.

Analysis. At this stage, the class targets and tasks, the materials, the students'
initial abilities, and the learning facilities or media needed are analyzed.

Design. At this stage, the materials for the learning animation video are
determined, including character creation using the Zepeto application, creating
materials and animations of materials on the whiteboard using Microsoft
PowerPoint 2010, finding non-copyrighted backgrounds, and preparing media
such as smartphones, voice recorders, laptops, OBS Studio applications, and
Camtasia Studio 2019.

Development. At this stage, the presentation of the material is developed using
written documents such as storyboards and audio scripts. Then the data in the
form of these documents is collected for the next stage.

Production. At this stage, production is carried out in the form of media, starting
from the storyboard implemented into the interface display along with its
components, and the audio scriptis processed into audio recording, subtitles, and
selection of background. After the production process is complete, it is continued
to the merging stage using animated video creation software, namely OBS Studio
and Camtasia Studio 2019.

Integration. In this stage, the OBS Studio and Camtasia Studio 2019 animation
video creation software integrate the components of the production stage, which
in the use of the software has activities in their respective functions. These stages
are adjusted from unification and testing (preview) to setting to see the
smoothness and improvements before continuing the validation process.
Validation. This stage compares the product with the target, and the purpose of
validation is to see whether the product is feasible in terms of material and
appearance. For that, there is a revision (with conditions on the questionnaire),
which then becomes material to increase product effectiveness. Validation
consists of making validation instruments for implementation and analyzing
findings into official reports for the next stage.

The instruments were validation sheets for material experts, media experts,

questionnaires, and tests. The data analysis technique uses n-gain (Hake, 1999).
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Table 1. Validity Criteria of Media

Interval (i) Criteria

90 % <i<100% Valid of a very good predicate

80% <i<90% Valid of a good predicate

70 % <i<80% Valid of an enough predicate
0%<i<70% ~ Not valid

Table 1 shows that media is categorized as valid if the percentage of expert assessment
results is more than 70% (Wulandari, 2017).

Table 2. N-Gain Value Criteria

Interval (g) Criteria
g>07 High
03<g<0,7 Moderate
g<0,3 Low

Table 2 shows that media is categorized as effective for improving mathematical
understanding skills if n-gain is more than 0,3.

RESULTS AND DISCUSSION

The animation media development process involves six main stages i.e. analysis,
design, development, production, integration and validation. Each stage is described in
detail into sub-sections.

Analysis

Based on the observation results, it was known that students still need learning
resources other than teachers to develop understanding. There were differences in
learning styles between students and time constraints, learning media is one solution
that can be provided. This factor occured because learning in the odd semester was
still half online, so it was difficult to monitor students' learning activities at home. The
material studied was probability because the material has quite a lot of broad
subsections such as experiments, sample spaces, and sample points, compiling
members of sample spaces, definitions, probability values, expected frequencies, and
the relationship between empirical and theoretical opportunities. In this case, students
often had difficulty distinguishing how empirical and theoretical opportunities differ
in one question. Students' mathematical understanding, as reviewed from the results
of previous daily assessments, was very low. Therefore, the use of animated learning
videos presents material that students can learn in order to better understand the
concept and can also be accessed from anywhere with any learning style, either
visually or audibly.

Design

At this stage, a design was made to create an animated character using an avatar with
the help of the Zepeto application on a smartphone. The character was adjusted to the
desires, goals, and needs. After the avatar was created, a voice recording was made to
be used as an animated character video. Kida can choose the right pose to match with
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other objects. After recording the avatar and voice in Zepeto, then save and collect
them into one to be combined with other designs.

“ ZEPETO: Avatar,
: Obrolan, Main

Figure 1. Design view on Zepeto

Figure 1 shows an example of a character design in the media created using
Zepeto. The character explains the material about probability in the order. Then, the
use of Microsoft PowerPoint 2010 in this learning media was a graphic design media
to adjust the shape of the whiteboard which was a rectangle. This PowerPoint was used
to animate the material and explain the stages and contents of the media to be
delivered.
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Figure 2. Design view on PowerPoint

Figure 2 shows the images that will be displayed in the media according to the
order in the probability material. The images are created per slide containing
explanations for each material.

Development

At this stage, the sequence of the material was roughly arranged, and subtitles were
made for the video. Figure 3 shows the subtitle plan that will be included in the video.
The subtitles are arranged according to the order of the images in the video based on
their duration. Figure 4 shows a storyboard, which is a series of image sketches
arranged sequentially, functioning as a visual planning tool to describe the storyline in
avideo.
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3 takaric.srt - Notepad - 0 X
File Edt Format View Help

4

00:00:23,833 --> 00:00:28,833

yang pertama, menghayati dalam kegiatan berdoa

5
©0:00:28,833 --> 00:00:35,833
yang kedua (sesuai teks)

6
©0:00:35,833 --> 00:00:42,833
(sesuai teks)

7
00:00:42,833 --> 00:00:47,166
(sesual teks)

8
00:00:47,166 --> 00:00:53,832
yang ketiga menjelaskan peluang suatu kejadian dari suatu percobaan

Figure 3. View of subtitles design

Figure 4. View of storyboard

Production

At this stage, adjustments were made to the design, storyboard, and subtitles to ensure
that the video production process enters the final stage, namely combining the
materials that have been developed into one unit which was then processed in the
integration stage.

Integration

At this stage, the merger was carried out using two application software that were
accessed via a computer/PC, namely the OBS Studio application and TechSmith
Camtasia Studio 2019. OBS Studio was an application that allows its users to open
source or add certain objects and arrange the layout of the objects so that they are
combined into one unit according to the rough picture that has been arranged in the
storyboard (Qorib et al., 2021).

Figure 5 shows an example of the image display according to the order that has
been designed in the storyboard. This image is equipped with audio to explain the
probability material being discussed. However, this application cannot save files with
the extension .mp4, so it was necessary to have other application software to save the
file format into the extension .mp4 which was TechSmith Camtasia Studio 2019.
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Figure 6 shows an example of a display of TechSmith Camtasia Studio 2019 that
changes the format from OBS Studio to .mp4. This is done so that compatibility was
wider and the file size was smaller.

Figure 6. View of TechSmith Camtasia Studio 2019

Validation

At this stage, validation was carried out by material expert and media expert. Here are
the results:
Table 3. Assessment Result of Material Expert

No. Aspect Assessment
1 Appropriateness of content 80% (Valid of a good predicate)
2 Suitability of presentation 80% (Valid of a good predicate)
3 Language compatibility 83% (Valid of a good predicate)
Average 81,3% (Valid of a good predicate)

Table 3 shows the results of the validation of material experts, the percentage for the
aspect of appropriateness of content is 80% (valid of a good predicate), the percentage
for the aspect of suitability of presentation is 80% (valid of a good predicate), and the
aspect of language compatibility is 83% (valid of a good predicate). The average is
81.3% (valid of a good predicate). Therefore, this animated video mathematics can be
tested.
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Table 4 shows the results of the validation of media experts, the percentage for
the aspect of suitability of presentation is 83,3% (valid of a good predicate), the
percentage for the aspect of language compatibility is 90% (valid of a very good
predicate), and the aspect of attractiveness of appearance is 90% (valid of a very good
predicate). The average is 88,3% (valid of a good predicate). Therefore, this animated
video mathematics can be tested.

Table 4. Assessment Result of Media Expert

No. Aspect Assessment
1 Suitability of presentation 83,3% (Valid of a good predicate)
2 Language compatibility 90% (Valid of a very good predicate)
3 Attractiveness of appearance 90% (Valid of a very good predicate)
Average 88,3% (Valid of a good predicate)

The next step was to try out the animation media with students in learning.
Before the learning process begins, the researcher gave a pretest to measure students'
initial understanding abilities. In the first meeting, the researcher used Islamic context-
based mathematics teaching materials to explain the material on relations and
functions. In the second meeting, the researcher used animated media to explain the
material on probability. In the last meeting, the researcher gave a posttest to measure
students' final understanding abilities. The pretest and posttest were given to students
to find out the picture before and after the application of the product. The N-gain test
was used to determine the increase in students' mathematical understanding abilities
after the application of the product. The following are the results of measuring the
increase in students' mathematical understanding abilities.

Table 5. Results of Measurement on Students’ Mathematical Understanding

Treatment Value
Average of Pretest 64,24
Average of Posttest 85,45
Maximum Score 100
N-Gain 0,58

Table 5 shows that the average mathematical understanding ability of students
before learning was 64,24 and after using the product changed to 85.45. Based on the
N-gain results, the increase in students' mathematical understanding ability was 0.58.
This shows that the increase in students' mathematical understanding of learning after
using the developed product is moderate.

Students showed higher enthusiasm and engagement when learning
mathematics with animation media, as it made abstract concepts more visually
appealing and interactive. This is in accordance with other studies that have developed
animated video learning media that the media indicates a significant increase in
student engagement and comprehension (Diah et al, 2024). Animated content
captured students’ attention more effectively than static images or traditional lectures
(Walsh & Henderson, 2022), fostering curiosity and motivation to explore
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mathematical ideas. Research suggested that multimedia-based instruction, including
animations, enhanced student interest and enjoyment, leading to a more positive
attitude toward learning. This is in line with research that developed PowToon
animation media for mathematics learning (Awalia et al., 2019). The study concluded
that PowToon animation media can provide students with an understanding of
mathematics subjects. This study is also in line with other research that developed
animated video-based mathematics learning media (Firdaus et al, 2023) which
concluded that the media was good and suitable for use as a mathematics learning
media to improve mathematical literacy. The results of this study are also in line with
other studies (Nasir & Ansar, 2021) which conclude that there was an increase in
students' mathematics learning outcomes through animated media.

CONCLUSION

The results of the study showed that the learning animation video was valid and
interesting with a percentage of validation by material experts of 81,3% (valid of a
good predicate) and media experts of 89% (valid of a good predicate). The learning
animation video effectively improved students' mathematical understanding abilities
with an average class N-Gain score of 0,58 (moderate).
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