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Abstract. Fractal is a geometric object that can be broken down into several parts and has a shape similar to the original.
The development of the motif uses Koch Snowflake, the Mandelbrot Association, the Hilbert Curve, and the Julia
Association to add a combination of Batik Daun Singkong Bondowoso. This study uses the Research and Development
(RnD) research method with the final product in the form of Student Worksheets (LKS) containing fractal-based batik
motifs. Data collection methods used are observation, interviews, student response questionnaires, and documentation.
Based on the results of initial observations, it was found that several Batik Daun Singkong Bondowoso motifs had
mathematical elements. Some of these batik motifs were developed using fractals assisted by GeoGebra application
technology and resulted in the final product of the Student Worksheet (LKS)

INTRODUCTION

Indonesia is a country with a variety of cultures. Culture is a complex matter which includes knowledge, law, morals,
beliefs, arts, customs, and habits of the people. One of Indonesian culture is batik. The word "Batik" comes from the
word "amba" which means to write and the word "dot". In English, batik is also called wax — resist dyeing, which is
taken from the word wax which means night that is scratched on the cloth as dye (dye).[1]. Batik has several processing
techniques, including stamping, screen printing, painting, writing, and so on.

Each region in Indonesia has batik motifs with different philosophies. One of them, Bondowoso, has Batik Daun
Singkong Bondowoso. Batik with the main motif of cassava leaves. The motif symbolizes the livelihoods of the
Bondowoso people, most of whom work as tobacco farmers and tape makers with cassava as the main ingredient[2].
Over time, the cassava leaf batik motif has developed, adding other ornaments to batik is increasingly adding to the

aesthetic value of batik itself.

)
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FIGURE 1. Batik Daun Singkong Bondowoso

One of the branches of mathematics, fractals also teach to form imitations of objects around us. Fractal is a repetition
of geometric shapes with different lengths and widths as well as different positions(Purnomo, Hadi, and Putri, 2020).
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By using fractals, it is easier to produce imitations of rock objects, clouds, planets and so on. This will produce a new
batik pattern. according to Anggraini (2019), the application of fractals in batik lies in the decorative technique in
filling motifs on "isen", large and small motifs. The combination of the resulting fractals applies mathematical
formulas and produces various pattern designs. The combination of lines, points, angles, magnifications, repetitions,
and shifts is recorded in fractal batik. There are several kinds of fractal motifs, including Koch Snowflake, Sierpinski
arrowhead curve, Julia set, Mandelbrot set, and so on.

Mathematics that is associated with culture and daily life activities is called etomathematics. It aims, there is another
point of view in looking at mathematics, not only in terms of education but also in terms of social and cultural. In
Bondowoso cassava leaf batik, there are many ethnomathematical concepts that are poured. There are the concepts of
flat shapes, similarity, points and lines. This is also related to students' learning of geometric transformations. The
application of contextual problem-based learning will lead to more logical student reasoning. With the example of this
cassava leaf batik motif, it will attract students to understand the material of geometric transformation. This study
shows how batik motifs are produced by combining fractal patterns and are used as ethnomathematics-based Student
Worksheets (LKS).

METHOD

This study uses a research and development approach (research and development). Research and Development (RnD)
is an effort to develop products or devices and have uses in learning. This research leads to the application of the
GeoGebra program in drawing fractal patterns to develop Bondowoso cassava leaf batik motifs.

The generation of a combined fractal design from Sierpinski and Koch Snowflake arrowheads consisting of several
stages. Sierpinski's arrowhead curve was generated into a fractal batik using the 3rd and 5Sth iterations, while the Koch
Snowflake pattern was generated into a 5Sth iteration fractal batik.

RESULTS AND DISCUSSION

The result of this article is a worksheet with the material object in the form of the Bondowoso Cassava Leaf batik
motif which was developed with a fractal pattern. The fractal pattern taken in this development is the Koch Snowflake
pattern and the Sierpinski arrowhead curve which was carried out with the help of the GeoGebra application. The
Sierpinski arrowhead curve pattern is carried out until the 5th iteration while Snow Kochflake is carried out until the
Sth iteration. The results of the development are as follows:

a. Rotation

FIGURE 2. Bondowoso Cassava Leaf Rotation

The picture above is, the cassava leaf object is rotated by 30" clockwise.
b. Reflection

FIGURE 3. Bondowoso Cassava Leaf Reflection
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FIGURE 4. Reflection of Sierpinski's Arrow Curve

The picture above shows the reflection or reflection of the Bondowoso cassava leaf and the fractal pattern of
the Sierpinski arrow curve. On fractal objects, arrow curves are obtained with the 5th and 3rd iterations.
c. Translation

FIGURE 5 Cassava Leaf Translation

The figure above shows the translation (shift) as far as 3 units to the right.
d. Dilated

FIGURE 6. Dilated Koch Snowflake
The last image shows the Koch Snowflake fractal pattern with the Sth iteration which is magnified at 2x.
Merging the above batik objects using Corel Draw. Get 3 models of batik motifs as below

030023-3
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Koch
Snowflake

Reflection

Sierpinski's Arrow
Curve
FIGURE 7. Development of the First Bondowoso Cassava Leaf Batik Motif
The first batik pattern produced is a combination of Bondowoso cassava leaves which are reflected on the x-
axis. The fractal pattern blends using the 5th iteration Koch Snowflake and the 3rd iteration Sierpinski arrow
curve. The Koch snowflake fractal pattern is reflected on the y-axis while the Sierpinski arrow curve is
reflected on the x-axis. With the addition of a curve in the batik design as a barrier.

Sierpinski's Arrow

Curve
Reflection
Reflection Koch
Snowflake

i

FIGURE 8. The Development of the Second Bondowoso Cassava Leaf Batik Motif
The second batik pattern produced is a combination of the object of Bondowoso cassava leaves which are
reflected. The combination of fractal patterns uses the 5th iteration of Koch Snowflake and the 4th iteration
of Sierpinski arrows curves. The Koch snowflake fractal pattern is translated about the x-axis while the

Sierpinski arrow curve is rotated by 60"

Reflection

Translation

FIGURE 9. The Development of the Second Bondowoso Cassava Leaf Batik Motif
The third batik pattern produced is a combination of the first and second models of Bondowoso cassava

leaves which are rotated by 30", The fractal pattern blends using the 5th iteration Sierpinski arrow curve.
The fractal pattern of the Sierpinski arrows was translate.
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CONCLUSIONS AND SUGGESTIONS

Fractal geometry and the application of the principle of geometric transformation, can be applied to the pattern of
making new motifs of Bondowoso Cassava Leaf Batik. The application used can be adapted to the form you want to
make. The results of this development can be stated in Student Worksheets in learning geometric transformations, so
that students are able to understand the material through the implementation of life around them.

This study only uses two fractal patterns, and one batik motif. The resulting fractal pattern is also simple. In further
research, it can be used to develop mathematical formulas for each resulting pattern, both fractal patterns and
Bondowoso Cassava Leaf batik patterns.
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