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ABSTRACT

The purpose of this study is to develop learning media in the form of an e-comic based on the
ethnomathematics of the Malangan Masked Wayang to improve algebraic literacy, especially in the
material of set theory. The main problem underlying this study is the low ability of students to
abstract mathematical concepts from real contexts into algebraic symbols. Ethnomathematics in
this study is through the classification of Malangan Masked Wayang characters based on mask
colors, character traits, and clothing attributes. Explicitly, these cultural elements are constructed
into set theory concepts, including universal sets, subsets, and set operations (intersections and
unions). The research method used is R&D with the ADDIE model to describe the validity,
effectiveness, and practicality of the development product. The effectiveness test procedure uses a
Paired Sample t-test with a significance level of 5%. The results obtained on average on the e-
comic validation score are 94% which means the data is very valid. In terms of practicality, the e-
comic product based on the ethnomathematics of the Malangan Masked Wayang has an average of
93.3%, including the very practical category. Then the effectiveness value of e-comics was found
to have a fairly large score on the N-gain value, namely 0.64. These results can be concluded that
e-comics based on ethnomathematics of Malangan mask puppets have good validity, are very
practical, and are quite effective in improving the algebraic literacy of MTs grade VIII students.
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PRELIMINARY

The development of mathematics and technology was marked when human
civilization entered the 21st century. This development has an impact on various aspects of
society. According to Miller (2018), the development of knowledge in education should
create human resources (HR) with the ability to face various challenges in life.
Nursyamsudin and Jaelani (2021) explain that in the 21st century, education refers to a
process that enables students to create solutions for various problems related to the

environment, the era of globalization, technological advancements, and the impact of
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mathematical technology. Polat and Turhan (2022) add that with the ability to read and
learn mathematics, students can create knowledge to face challenges in the 21st century.
Someone with reading or literacy skills in mathematics will become accustomed to
thinking critically and can utilize their knowledge to solve problems in their surroundings.

OECD (Organisation for Economic and Development) (2022) explains
mathematical literacy as the ability to apply mathematical knowledge in the real world.
Habibi and Suparman (2020) emphasize that mathematical literacy is essential for students,
as mathematical literacy is needed in the 2Ist century. 2l1st-century skills make
mathematical literacy, particularly algebra literacy, an indicator that students must master
problem-solving (Guinocor et al., 2020). Algebra literacy indicators include three aspects
(Rusmining et al., 2019). First, formulate the existing issue mathematically. Second, using
concepts, facts, procedures, and reasoning. Third, interpret and apply it, and then evaluate
the results of the mathematical process. Utomo (2022) states that one way to face various
challenges of the 21st century is through algebraic literacy.

Algebra literacy is an important part of mathematical literacy that includes
understanding, interpreting, and using algebraic concepts and symbols in problem-solving,
which students need to grasp (Putri, 2021). Algebra literacy is the ability to calculate or
solve problems and includes critical thinking skills in connecting algebra concepts with
real-life situations (Ojo et al., 2020). Algebraic literacy is important because algebra is the
foundation of various more complex branches of mathematics, such as geometry, calculus,
and statistics. In addition, understanding algebra is necessary in various aspects of life, for
example, to understand data, make predictions, or solve practical problems involving
variables (Hwang & Ham, 2021).

Previous research on algebra literacy has been conducted by (Angriani, 2020;
Kholifasari, 2020; Rusmining, 2019; Toh, 2009). The research conducted by Angriani
(2020) explains algebra literacy as part of understanding mathematics that focuses on the
content of change and relationships with algebraic elements as its specification. Rusmining
(2019) research found that students have difficulty understanding the concept of (change
and relationships) related to simplifying algebraic forms. Then, research conducted by Toh
(2009) shows the mistakes students often make when performing arithmetic operations, the
difficulties in understanding algebraic concepts, and interpreting unknown symbols.
Furthermore, Kholifasari's (2020) research states that students experience difficulties in
algebra literacy in using formulas and rules in algebraic operations and cannot provide the

correct steps when solving problems.
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Students' low algebra literacy skills are due to several factors, namely the abstract
approach to learning. Students often feel that algebra learning is too theoretical and
difficult to relate to everyday life contexts (Adawiyah, 2023). Every lesson lacks literacy
presentation, such as learning resources with the PISA framework (Stacey & Turner,
2015). The limited media used for learning, which tends to be monotonous, makes students
less motivated to learn mathematics (Susanta, 2023). Not only is it low, but the
mathematical literacy skills of Indonesian students have also declined, as shown by the
assessment results conducted by the Programme for International Student Assessment
(PISA). Indonesian students in the 2022 PISA study recorded a score drop of 366,
compared to the OECD country average score of 489 (OECD, 2022).

The proof of students' low algebra literacy is reinforced by the research results of
Yazon (2020), which explain that the cause is students being too lazy to read and
comprehend the questions. Students also have difficulty solving problems because most of
the questions are far from real life, and they are still not accustomed to solving problems
using mathematical learning standards. The standard process of mathematics learning is
fundamentally capable of helping students improve their ability to solve the given
problems.

This research focuses on using social contexts related to daily life to support
algebra literacy through an ethnomathematics approach. The ethnomathematics approach
connects mathematics learning with culture to make the learning more relevant (Shannon,
2021). The ethnomathematics concept mentioned is the culture of Malangan mask
puppetry. Widiyanto (2018) explains that there are 76 wayang characters, which are then
classified into good characters (protagonists), bad characters (antagonists), supporting
characters, and animal characters. Wayang topeng Malangan is presented through dance
movements, and the puppeteer delivers the dialogue. Through the ethnomathematics of
Malangan mask puppetry, students can integrate algebraic elements into set theory material
obtained from classifying its characters.

In line with Wardono (2016), the ethnomathematics of Malangan mask puppets and
algebraic literacy are related as facilitators for implementing realistic innovative learning.
Utomo (2022) stated that students' algebraic literacy skills can be improved, namely
through the presentation of mathematical teaching media. Adawiyah (2023) argues that one
of the obstacles to learning algebra material is the inaccuracy in selecting learning media.
Learning media must be made interesting and related to real life so that it is in accordance

with the objectives so that students do not feel lazy due to a lack of motivation in teaching
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and learning activities (Choirudin, 2021; Chusniah & Setianingsih, 2021; Luthfi &
Rakhmawati, 2022). This study focuses on the characteristics of Malangan Mask Wayang
characters based on color, nature, and role in abstraction of set theory to build students'
algebraic literacy skills through digital learning media. The development of digital media
in the form of e-comics that combine visual narratives, folk tales (Panji plays), and digital
interactions is more relevant to learning styles in the 21st century.

Although ethnomathematics research on Wayang Topeng has been widely
conducted, most are still limited to aspects of geometry and shape classification. Therefore,
the novelty of this research is through the use of wayang Topeng Malangan as a medium
for developing algebraic literacy, especially in the material of set theory. This research is
present to integrate the visual narrative of e-comics with the logical structure of sets in
Malangan culture. In addition, this approach can help students understand algebra in the
material of sets for contexts close to the surrounding environment, while simultaneously
improving students' abilities in reading, writing, and using mathematical symbols with

more confidence and meaning.

METHODS

This research methodology uses (R&D) or research and development using the
ADDIE model. ADDIE development consists of five stages: analysis, design,
development, implementation, and evaluation. The research was conducted at MTs Nurul
Huda Babadan, Ngajum District, Malang Regency to conduct an e-comic trial based on
Malangan mask puppet ethnomathematics. The trial was carried out in March of the even
semester of the 2023/2024 academic year in class VIII A and class VIII B with a total of 40
research subjects. The selection of the trial location was based on information provided by
the mathematics teacher at MTs Nurul Huda who stated that the algebra literacy of class
VIII students needed to be improved.

Data collection techniques in this study used observation, interviews, and tests. The
research instruments include e-comic validation sheets and test sheets. The validity of e-
comic products involves five expert examiners: material experts, learning experts, media
experts, technology experts, and language experts. The assessment results are then
categorized based on the validity, practicality and effectiveness category tables. The

formula used to analyze the product validity test is

¥
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Description : P = percentage
2 x  =number of scores obtained by each validator
N = number of question items

The range of media validity intervals is based on a certain interval distance and is arranged
in a table to determine the level of data analysis criteria (Sugiyono, 2017). The validity
criteria for the media resulting from the development are listed in Table 1.

Table 1. Media Validity Criteria

Presentation Product Quality Decision
85% < NA < 100% Very appropriate/very The product is ready-
valid used
70 % < NA < 85% Appropriate/Valid The product is ready-
used
550 < NA < 70% Quite appropriate/Quite  The product can be used
valid with the revision.
40 % < NA < 55% Less appropriate/less The product still needs
valid to be revised.
0% < NA <40% Inappropriate/invalid The product does not
match/failed.

Source: (Sugiyono, 2017)

Furthermore, after obtaining expert validation, the product is given to practitioners,
namely mathematics subject teachers. Practitioner experts have an important role in
providing input to ensure that the media developed is by curriculum standards,
academically accurate and relevant to students' learning needs. The range of media

practicality values is shown in Table 2.

Table 2. Media Practicality Value Range

Average (x) Classification
85 = %< 100 Very Practical
70 = & = 85 Practical

50=x=<70 Less Practical
0,0 < & <50 Not Practical

Source: (Sugiyono, 2017)

The effectiveness test of e-comic media is based on data analysis on algebraic
literacy skills. Students before and after treatment. A test was conducted based on
algebraic literacy indicators to measure students' algebraic literacy skills. The following are

indicators of students' algebraic literacy skills (Angriani et al., 2020) shown in Table 3.
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Table 3. Algebra Literacy Indicators

Algebraic Literacy Indicators Criteria

—

1. Identify and formulate algebraic Expressing everyday problems in the
situations (formulate) form of sets and listing their members.
2. Mentioning elements that are included
in the members of a set and those that
are not members of a set.

2. Employing algebraic concepts, 1. Presenting sets with set-forming
facts, procedures, and reasoning notation.
(apply) 2. Draw a Venn diagram that illustrates

the relationships between sets.
3. Understand the basic concepts of sets,
including subsets, intersections, and

unions.
3.  Interpret, apply, and evaluate 1. Reinterpret the results of problem-
algebraic results (evaluate) solving in a real context related to
sets.

2. Apply the correct use of sets to state
the membership of an element in a set
with the correct notation.

3. Evaluate the results of solving the
concept of sets for problems relevant
to everyday situations.

Source (Angriani et al., 2020)

Effectiveness test before and after treatment using paired Sample t-test and to find
out how much the increase in student literacy is using the N-gain test. The effectiveness
test of e-comics on students' algebraic literacy skills is based on class VIII. Data processing
using N-gain with a significance level of 5%. The N-gain category is shown in Table 4.

Table 4. N-Gain Value Category

N-gain Value Category
N =07 Tall
0,3 >N<0,7 Currently
N<0,3 Low

Source (Riduwan, 2016)

RESULT AND DISCUSSION

This research produces a learning media product in the form of an interactive e-
comic. Based on ethnomathematics of Malangan mask puppets to improve students'
algebraic literacy skills on set material. The development of this e-comic uses the ADDIE
development model, which consists of five stages: analysis, design, development,
implementation, and evaluation. The following is a description of the research results

obtained from each stage.
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1. Analysis

The analysis stage consists of observations and interviews to obtain information
data in the field. The observation was conducted in class VIII MTs Nurul Huda Babadan,
Ngajum District, Malang Regency. The analysis results consisted of three steps:
preliminary study, field study analysis, and needs analysis. In the preliminary study
analysis stage, the researcher conducted a question-and-answer session with the
mathematics subject teacher of MTs Nurul Huda. The results showed that the process of
delivering mathematics material used by the teacher was conventional, relying on lecture
methods and student textbooks. In addition, there was information that class VIII students
had difficulty understanding the material on sets. They had difficulty accepting the
material on sets because the concept of sets was quite abstract for students, and they had
difficulty understanding the notation or symbols of sets. No learning media was used to
support the process of delivering the material, so teachers did not yet know that the
material on sets could be related to everyday life.

After carrying out the preliminary study analysis, the next step is to analyze the
field study through initial observation by asking questions related to algebraic literacy on
the set material. From the work process results, it is known that students have difficulty
working on questions because their literacy skills are still lacking, and they are confused
about correctly naming sets. The next stage is the needs analysis stage. Then, the needs
regarding media that are suitable for MTs level students will be identified, and the
problems that have been observed will be adjusted. The information collection was carried
out by asking MTs Nurul Huda mathematics teachers about the facilities students needed
during the learning process. It was found that MTs Nurul Huda uses an independent
curriculum, which means the scope of material on algebraic elements mathematics learning
outcomes in grade VIII, namely sets. In addition, the teaching materials used by students
are only printed books. Students are not allowed to use cell phones while at school but are
allowed to bring laptops to support learning materials. The school also provides a
multimedia lab and smart TV, but the mathematics teacher there has never used these
facilities.

From the analysis, the researcher evaluated that there needs to be a breakthrough
to support the student learning process by creating a learning media by utilizing existing
school facilities. The learning media is in the form of interactive learning media that can be
accessed digitally. One example is developing digital comics or mathematical e-comics.

Ecomics are developed by highlighting the typical arts of Malang Regency, namely
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Malangan mask puppets, as an approach to the set material. Thus, the e-comic learning
media based on Malangan mask puppet ethnomathematics is expected to increase students'
interest in reading and be able to improve the algebraic literacy skills of grade VIII
students in the set material.
2. Design

This stage is carried out by compiling or creating e-comic products from valid
collection materials that are practical, effective, and easy to understand. It also includes
indicators of algebraic literacy. Making The comic itself is composed of four steps,
namely: determining the field of study to be used, compiling e-comic materials, designing
e-comic designs, and programming e-comics. In the first step, the researcher determines
the set material as a study that is used as the focus in developing e-comic media. The
determination of the study discusses the set because it departs from an approach related to
the culture or ethnomathematics of Malangan mask puppets, which consist of several
character figures with their own characteristics and traits. The development of e-comics is
based on the mapping of related Learning Outcomes (CP) and also based on the
characteristics of the product being developed. The design of the e-comic content begins
with the creation of the title cover. The title cover contains the agency logo accompanied
by a cartoon of the mask puppet actor. Furthermore, the design contains a menu home (
opening page) containing instructions, CP&TP, cultural introduction, e-comic material, in-
depth material, formative tests, and product developer profiles.

The second step is to compile e-comic material using a prototype because it
allows users to test concepts and get feedback before full production begins. Prototype:
The media is divided into three largest parts. The first part is the introduction of comic
characters, namely Mrs. Teacher (a beautiful, patient, firm, and disciplined character), Kiki
(a cheerful, active, smart character), and Farel (Kiki's classmate with a friendly, active,
smart character). The second part is the adventure of Mrs. Teacher, Kiki and Farel visiting
the mask puppet museum located in Kedungmonggo Village, Malang Regency. They went
around the museum and recorded important information. When visiting the museum, there
was an exhibition of puppet characters accompanied by an explanation of the character of
each character. After visiting the exhibition, they continued their journey to watch the
Malangan mask puppet performance, and then they remembered the discussion of the set
material at school. Next, they discussed the set material that could be related to the
Malangan mask puppet. Finally, after the explanation of the material with illustrations

using puppet characters, Kiki and Farel were happy because they gained insight into
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mathematical knowledge by enjoying the mask puppet museum; they learned and had fun
together.

The third step is to design the e-comic design. At this stage, the researcher makes a
chart of the overall design of the digital comic application flow. Flow charts serve to
facilitate the creation of media so that each stage is carried out efficiently by producing
quality products. The last step is programming e-comics. Researchers prepare components
or programs for developing digital comics. The components in question are software
(software) used as a tool for making e-comics. The first stage is through making a title
cover using simple equipment such as paper, pencils, and erasers. After making a simple
sketch, the next stage of colouring is done using the application Photoshop. Application
usage: Photoshop is also used to colour the comic. Then, create a layout and design of the
comic page equipped with various elements such as images, icons, shapes, and text to
make it more attractive and easy for users to use. Then, the image can be applied to an
animation that can move (interactive) with the application Adobe Animate. To use this
application, there is a menu layering that allows developers to work with various graphic
elements separately; coding facilitates the editing and revision process without damaging
other elements of the comic.

This ethnomathematics-based e-comic also uses Adobe Al, which is required to
change text to voice. Next, multilingual dubbing, which supports multiple languages and
allows e-comics to be various natural-sounding voice languages, is used. Dubbing Al-
generated content not only saves time and money but also allows creators to explore new
creative possibilities in storytelling through voice.

3. Development

The initial development process begins with the creation of a home page according
to the storyline that has been created at the design stage. The content developed in the e-
comic is in the form of interactive media that automatically loads buttons as follows:
opening page, title(cover), and home menu (instructions, cultural introduction, materials,
material deepening, formative tests, and developer profiles). The e-comic cover design
includes an illustration of a person wearing a mask, which is relevant to the e-comic
approach that uses the Malangan mask puppet culture. The cover was edited using the

Photoshop application and is shown in Figure 1.
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Figure 1. Edit images using Photoshop

Next, all the data and materials are collected and entered into Adobe Animate
software. Here is the process of arranging the material, creating buttons, and inserting
media elements such as audio, video, and animation. To combine all these elements, use
Adobe Animate. For the animation, use classic tween on each object. The creation of e-
comic materials goes through stages per frame, so every frame made one page on the
learning media. The total frame is 56, with animation creation using action script 3.0,
which is already available on Adobe Animate CC 2017. The view of Adobe AnimateCC
2017 is shown in Figure 2.
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Figure 1. Adobe Animate View CC 2017
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Coding is required to create quizzes or formative tests on Adobe Animate,
especially to add functionality and interactivity. Adobe Animate allows the use of
ActionScript( for SWF/Flash format) to control various aspects of animation and

interactivity. The following is the coding in the e-comic creation process shown in Figure
3.

javascript (9 Salin kode
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Figure 2. Navigation Coding View
The product display on the menu"home" is the main page that functions as a
navigation tool for users to access various features presented in e-comics. The "home"
menu contains six items that can be accessed, namely instructions, CP&TP, cultural
introduction, e-comics, in-depth material, formative tests, and developer profiles. The

"home" menu is shown in Figure 4.
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Figure 3. Home Menu Display
The e-comic material is related to the discussion of the ethnomathematics-based set
of Malangan mask puppets. The ethnomathematics e-comic prologue introduces the
explanation of Malangan mask puppets through a conversation played by Bu Guru, Kiki,
and Farel. Malangan mask puppets have several characters that can be grouped based on

their characteristics. The grouping of puppet characters is shown in Figure 5.
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Figure 4. Display of Masked Wayang Character Grouping
After grouping characters, the next step is entering the material on sets, namely

how to express sets in three ways, including enumeration, description, and formative
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notation collection. The story in the e-comic is arranged with an interesting plot and is
relevant to everyday life and the culture of Malangan mask puppetry. One display of the

collection material is shown in Figure 6.
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Figure 5. Display of Set Presentation Material

From the results of the development process, the product is then validated by
material experts, learning experts, language experts, technology experts, and media
experts. The following is a table of material expert validation results shown in Table 4.

Table 5. Validation Value Result

Expert Validation Score Percentage
Subject Matter Expert 3,38 84,38%
Learning Expert 3,5 87,5%
Linguist 3,12 78.,12%
Media Expert 3,8 96,8%
Technology Expert 4 100%

Average percentage 94%
Scoring criteria Very Valid

The results of the five validators obtained an average of 94%, which is included in
the very valid category. This is in line with the opinion of Hobri et al. (2021) that comics
are said to be valid if the score from the validator is between 81% and 100%. At this stage,
the e-comic based on the ethnomathematics of the Malangan mask puppet is said to be

very valid, but the e-comic still received notes from the validators that needed to be revised
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because there were still typing errors, and the editorial had to be replaced with sentences
that were easier to understand.
4. Implementation

The trial phase has the aim of measuring practicality in learning. The subjects of
the test This development is 40 students of class VIII MTs Nurul Huda Babadan, Ngajum
District. Learning is carried out in two meetings. During learning, students show high
enthusiasm in discussing. In addition, they fill out formative tests in comics and fill in the
blanks in the question and answer session, and the classroom atmosphere becomes more
enjoyable. E-comics are also very easy for students to access because the application can
still be accessed even if it is not connected to the internet.

Implementation data was obtained through two observers during the teaching and
learning activities. The results of the implementation of learning are as follows.

Table 6. Practicality Value Result

Meeting Observer 1 Observer 2 Average
1 85% 93,3% 92%
2 86% 95% 93%
Average Practicality 93,3%
Scoring Criteria Very Practical

The average practicality score from both observers was 93.3% and was included in
the category of very practical. The practicality of e-comics based on Malangan mask
puppet ethnomathematics is in line with Budi's opinion (2023), which states that the
practicality of e-comics is at least 81% so that it can be used in learning.

5. Evaluation

This evaluation stage is divided into two parts, namely, formative evaluation.
Formative evaluation is carried out at each stage of development, and at the final stage, e-
comic products based on Malangan mask puppet ethnomathematics are implemented to
determine the effectiveness of the development product. The effectiveness of this e-comic
is measured through student test results in the form of pre-test and post-test, which aims to
improve students' algebraic literacy. In the analysis of the results of students' algebra

literacy, there are differences in students' average scores, as can be seen in Table 7 below.
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Table 7. Results Pre-test and Post-test

Data Class VIII
Pre-test Post-test
Number of Students 20 20
Lowest Value 25 63
The highest score 88 100
Average value 63,6 84,3
N-gain 0,60
Criteria Currently

The data in Table 7 above shows that before using e-comics, this
ethnomathematics-based interactive shows the average value of pre-test students of 63.6.
However, after using interactive e-comics in the learning process, the average score of
post-test students became 84.3. This shows an increase in the effectiveness of algebraic
literacy, which can be known using the N-gain formula. The results of the N-gain
calculation are 0.64, which is included in the moderate criteria, and there is an increase in
learning.

The increase in students' algebra literacy scores in this study proves that
mathematical literacy is not only about calculating skills, but also contextualization skills.
This finding is in line with Fitriyani's (2019) study which emphasized that the
"Generational" phase in algebra involves the formation of expressions and equations from
real-world situations. The use of Malangan Mask puppets, students train their translation
skills from cultural phenomena into mathematical models of sets explicitly. In addition,
the connection with culture develops an interesting learning media for students. Through
the application of e-comics, students become active because e-comics are in an
interactive form that has sections that need to be filled directly by students and include
images and videos related to the material, so that students gain new activities and
understanding in learning. During the use of e-comics, students become interested and
have high enthusiasm because e-comics are new media being implemented for the first
time. In addition, the interaction between teachers and students during the learning
process in the classroom becomes active and learning is not only centered on the teacher.
The learning process that is dominated by student activities leads to the achievement of

algebraic literacy.
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CONCLUSION

Based on the results of the development and trials, it can be concluded that the
ethnomathematics-based e-comic of the Malangan Mask puppet is feasible and effective
for improving students' algebraic literacy, particularly in set theory. Explicitly, the
integration of character characteristics, such as mask color and character traits related to
the definitions of sets, subsets, and intersection and union operations has been proven to
improve students' algebraic literacy. The visual narrative in the e-comic is able to bridge
abstract algebraic concepts with real local cultural contexts, thereby improving students'
literacy reasoning abilities. Despite showing positive results, this study has limitations that
need to be considered. The focus of algebraic literacy in this media is still limited to set
theory, so it has not yet touched on other sub-chapters of algebra such as linear equations
or functions. The effectiveness of using e-comics is highly dependent on the availability of
digital devices and the stability of students' internet connections, which may vary from
school to school. For further development, it is recommended for future researchers to
develop similar media for more complex algebraic materials, such as relations and
functions or systems of linear equations, while still emphasizing local wisdom. Adding
game features to e-comics to improve student retention through independent learning.
Conducting a longitudinal study to determine whether improving algebraic literacy through
this ethnomathematics approach impacts student academic achievement at higher levels of

education.
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