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Knitting activities not only involve elements of manual skills and art
but also contain patterns closely related to mathematical concepts,
particularly geometric transformations such as reflection, rotation,
translation, and dilation. Therefore, this study intends to explain how
the activity of knitting visual-based motifs can help understand the
concept of geometric transformation. The study used a qualitative
descriptive approach. Two knowledgeable lecturers verified the
instrument the researchers developed through interview instructions
and observations. The study's results reveal that reflection is the most
commonly utilized transformation in the knitting process. This
reflection appears in the form of symmetrical patterns, both with
respect to the vertical, horizontal, and diagonal axes. In addition to
reflection, the resulting patterns also show rotation with a specific
center point, shifts (translations) in the repeating motifs, and changes
in size (dilation) in several parts of the design. Visual strategies used
in designing motifs include dividing the plane into certain parts to
arrange the pattern in a balanced manner, determining a reference point
as the center of rotation or enlargement, and using a grid-like
arrangement to maintain the regularity of the shape. Based on these
findings, it can be concluded that knitting motifs is an activity that
emphasizes aesthetic aspects and provides an in-depth learning
experience regarding the concept of geometric transformation. We can
use this activity as a fun, alternative, and meaningful medium to
understand geometry in a real and contextual way.
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1. INTRODUCTION

The perspective on mathematics within a culture is called ethnomathematics.
According to Setiana et al. (2021), ethnomathematics is a cultural activity that
recognizes that each person develops unique ways of performing mathematical tasks
and mathematical ideas allow them to take root. Grouping, counting, measuring,
patterning, and other processes that abstract real-world experiences into mathematics

are examples of mathematical activities. Ariani et al. (2024) state that mathematics is a
manifestation of human experience in their environment through observation. Logic is
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the foundation of mathematics because mathematical ideas are developed through
thought processes (Oljayevna & Shavkatovna, 2020). "Ethnomathematics" is a term
used to describe the application of mathematics among recognized cultural groups
(D’Ambrosio & Rosa, 2017; Rosa & Gavarrete, 2017; Kabuye Batiibwe, 2024).

In this research, ethnomathematics is the study of the relationship between
mathematics and culture. Everyday life is inseparable from mathematics (Nugraheni &
Marsigit, 2021). Mathematical ideas are even present in the concept of knitting. Among
women in general, knitting is a fairly popular talent. One can create various practical
and beautiful crafts, including clothing, purses, tablecloths, socks, and more, using only
yarn and knitting needles. Knitting patterns are available in various levels, from easy to
challenging. Multiple yarn colors can also be combined to create attractive displays in
mosaic crochet patterns. Mosaic patterns can be applied to various product surfaces as
an aesthetic element that enhances the product's value, according to Angriani et al.
(2021).

Therefore, using mosaic patterns as decorative elements can increase a product's
market value in addition to producing a useful product. Mosaic patterns often involve
mathematics to create repeating or symmetrical patterns using the concept of geometric
transformations (Goldstine & Yackel, 2022). Geometric mathematics covers shapes,
two- and three-dimensional objects, and solves geometric problems related to everyday
life (Pathuddin & Raehana, 2019). In everyday life, we often encounter complex
geometric shapes instead of simple two-dimensional ones (Satriawati et al., 2023).
Geometric shapes are often found in craft motif patterns, one of which is knitting
patterns. The two are closely related because they involve the use of shape, pattern, and
structure. For example, the terrazzo pattern is a geometric knitting motif that can be
transformed based on the concept of transformation.

Transformation occurs when a shape changes size or position (Sari, 2023).
Translation (shift), dilation (enlargement/reduction), rotation (rotation), and reflection
(reflection) are all included in the definition of geometric transformation (Arsa, 2022).
Translation or shift, reflection or mirroring, and rotation are examples of changes that
do not change the size or shape of an object (Amirah & Budiarto, 2022). On the other
hand, dilation or expansion refers to shapes that appear the same but have different sizes.
Geometric transformations, such as the terrazzo pattern, are commonly used in knitting
mosaic patterns.

Various investigations into geometric transformations in knitting patterns show a
close relationship between mathematics and culture (Irvan, 2023; Taneo et al., 2025). A
pattern is a model or form used to make or produce something (Miftah et al., 2016). A
motif can be defined as a pattern resulting from a combination of shapes, lines, and other
visual elements. In a design context, a motif is the smallest element that can be repeated
to form a larger pattern (Kaczor et al., 2010). Motifs often reflect certain characteristics
that are repeated in a work (Vindyona & Rosandini, 2020). This research topic combines
different but interrelated fields, namely ethnomathematics, geometry, transformation,
art, and knitting crafts. In this case, the researcher will discuss "Ethnomathematics of
Geometry and Transformation in Terrazzo Motif Patterns in Knitting Crafts." Based on
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this, this study aims to describe the results of the ethnomathematic exploration of
terrazzo motif patterns in knitting crafts, especially the concept of geometric shapes and
geometric transformations.

METHOD

This study employed a qualitative descriptive approach to explore the geometric
concepts within terrazzo mosaic patterns in knitting based on ethnomathematics. This
descriptive research approach was chosen because it allows researchers to describe the
phenomenon as it is, without manipulation or special treatment of the subjects. The
subjects were knitters with experience knitting mosaics and symmetrical designs. Figure
1 presents an ethnomathematics model that utilizes a descriptive approach.

Character Integrated

Critical Thinking

o,

ETHNOMATHEMATICS TEACHING

Innovation Learning

Figure 1. Ethnomathematics Model
The research steps began with identifying problems related to the presence and form
of geometric patterns in knitting. To ensure the validity and reliability of the collected
data, the researchers then developed an instrument in the form of interview instructions
and observations, which were verified by two knowledgeable lecturers. In-depth

interviews with knitters and direct observation of the knitting process were used to
collect data. Field notes were created by gathering research material through interviews
and observations. Geometric shapes and the changes that emerge in knitting patterns
were the primary focus of observation, and participants' perceptions and understanding
of the motifs they use were explored through interviews. A qualitative descriptive
analysis model, which refers to the stages of data reduction, data presentation, and
conclusion drawing, was used to examine the collected data (Bahasa et al., 2024).

To identify relevant key themes, such as basic geometric shapes (triangles, squares,
and circles) and their transformation processes (rotation, reflection, translation, and
dilation), data reduction was carried out by selecting and simplifying raw data from field
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notes and interview findings. The reduced data were then presented in a descriptive
narrative accompanied by direct quotations or visual descriptions to strengthen the
interpretation. The final stage was drawing conclusions, which were carried out by

interpreting the relationship between the geometric patterns found with concepts in

mathematics, particularly transformation geometry, and the ethnomathematical values
reflected in the community's knitting cultural practices.

Figure 2. Terrazzo Motif Mosaic Pattern

RESULTS AND DISCUSSION

Results

Reflection is the most dominant transformation because it naturally occurs in the

process of creating symmetrical patterns in knitting activities. The strategies used by

each subject demonstrate diverse approaches to knitting activities. Based on interviews
with the three knitters, there are differences in technique during the process of creating
terrazzo motifs.

Subject 1

P Good afternoon. Have you ever made this terrazzo mosaic pattern
before?

S1 Good afternoon, Miss. I've made this pattern before, but the colors are
different from the one you showed me.

P I wanted to ask, how do you make a terrazzo pattern?

S1 For example, Miss, I divide it into four sections.

P Can you explain which section is knitted first?

S1 1 work on one section first, and when I'm done with the other section, |
just flip the pattern. For example, the yellow triangle is Canada on the
bottom, then the other section is on top, and the opposite side is also
flipped.

P So, is it enough to just make one pattern at the beginning?

S1 Yes, that's right, because the pattern is mirrorved to make it easier to make.
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Subject 1 explains that the knitting pattern in the picture can be made by dividing the
pattern into four equal parts, such as dividing a field into four quadrants, namely the
upper right quadrant (I), upper left (I1), lower left (III), and lower right (IV).

1
Figure 3. Terrazzo Motif Divided Into 4 Quadrants

To simplify the process, simply focus on creating one section first, for example, the
upper right quadrant (I). In this quadrant, the basic pattern that appears is red lines
resembling a ladder or triangle that point outward from the center of the image. Once
the first quadrant is complete, the remaining three quadrants can be completed using
reflection techniques. The reflections referred to are mirror images: the upper right
quadrant (I) is created by reflecting the lower right quadrant (IV) (reflecting against the
vertical axis), the lower left quadrant is created by reflecting the lower right quadrant
(IV) (reflecting against the horizontal axis), and all quadrants can reflect twice, as in the
example of the upper right quadrant (I), namely to the left and down. With this method,
pattern creation becomes much simpler because there is no need to draw each section
manually. By understanding the principles of division and reflection, even complex
patterns can be arranged more quickly and neatly.

Table 1. Concept of Geometric Transformation in Subject 1
The Concept of

Geometric Gé’gﬁztl;y Figure
Transformation P
Reflection on knitting
motifs Triangle
(XaY) - (Xn _Y)

= (4,4) — (4,-4)
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Subject 1 uses the method of dividing into four quadrants and reflection as a method
of simplifying the pattern, so that the process of making the motif becomes more
systematic.

Subject 2
P : Ma'am, how come this pattern is so neat in all directions? Where are
you start?
S2  :  [Tusually start from the middle, Ma'am. I consider the center point the

center. From there, I work my way outward, right, left, top, and
bottom, to balance everything.

P . So, don't you start from the corners first?

S2  :  No. Starting from the corners, it's sometimes difficult to match the
other sides. But starting from the center, all sides can be divided
evenly. So, the right and left can be similar, and the top and bottom

too.

P . 1t's like a mirror pattern, isn't it, Ma'am?

S2 Yes, like a mirror. But sometimes it rotates, so it looks like a
symmetrical circle. I don't use calculations, just look at it to see if it's
even.

In subject 2, the knitting technique used begins by determining the center point,
which serves as the main axis, and then begins knitting by forming a small red square
in the center. The knitting motif in the image is a symmetrical pattern created by starting
from the center point and expanding outward in layers. The center point consists of a
5x5 red square surrounded by layers of yellow and red lines, resembling a rhombus. The
process of creating this motif is carried out in stages, following a specific pattern, then
expanding in various directions to form the entire motif. The expansion referred to in
this process is a dilation transformation, which is a change in size that becomes larger
without changing the original shape and the center point.

Additionally, this motif exhibits a reflection transformation due to its mirror
symmetry along the vertical and horizontal axes that intersect at the center point. The
motif in the image demonstrates a rotational transformation if the work begins in a
circular manner from the center point. This transformation is evident in the pattern that
repeats symmetrically in all four quadrants, where each part is the result of a rotation of
the other parts about the center point (0,0). Each pattern in the quadrant appears identical
but is rotated 90°, 180°, and 270° about the coordinate center. Therefore, this pattern
has fourth-order rotational symmetry, meaning its shape remains the same after being
rotated four times in one complete rotation (360°). Therefore, understanding geometric
transformations is very advantageous in creating symmetrical and aesthetically pleasing
knitting patterns.
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Table 2. Transformation Concept in Subject 2

The Concept of Geometric
Transformation

Geometry Concept Figure

Dilation in knitting motifs

[o.k]
P(x,y) — P'(kx, ky) :
2
= p(a,4) 28 P24, 2.4)

02] Triangle
o,
= P(8,8) — P'(8,8)

90° rotation on knitting
pattern
P(x,y) - P'(—y,x)
=P(1,4) » P'(—4,1)

Rectangle
Q% y) > Q' (=)
Reflection on knitting motifs
P(x'y)_)P,(x'_y) :
= P(44) — P'(4,—4) Triangle
Subject 3

P : Ma'am, I noticed your knitting method is different from others. Where are you
starting, ma'am?

S3  : [Tusually start from the bottom left corner, then work my way to the
right, ma'am. When I get to the end, I move up to the top row, then
work my way to the left. And so on until I reach the top...

P : Oh, so you move up each row, ma'am?

S3  : Yes, it's like sweeping the floor, back and forth. It's easier for me to
work from the corner, neater, and I don't miss anything.

P : But the result looks like the right and left, doesn't it, ma'am? Like a

mirror?
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S3 1 Yes, Ididn't mean to think of it like a mirror. But when it's finished, it
does look the same, left and right, top and bottom.

Subject 3 emphasizes the importance of the center point as the main reference in the
processes of rotation, dilation, and reflection, which shows a profound understanding of
the interrelationships between transformations.

In subject 3, the knitted motif shown in the image is a geometric grid-based
arrangement composed of two primary colors: red and yellow. The process of creating
this motifis carried out systematically, starting from the bottom right corner of the work
area, then moving vertically upwards until reaching the end of the row. After completing
one row, the process continues by moving up to the next row above it and knitting in
the opposite direction, from top to bottom. This pattern is repeated until the entire area
is completed, forming a consistent zigzag pattern.

Mathematically and visually, the process of creating the terrazzo motif in subject 3
demonstrates a geometric transformation, namely a reflection transformation. This
transformation reflects a diagonal line extending from the bottom right corner to the top
right corner.

Table 3. Concept of Transformation in Subject 3

The Concept of Geometric Geometry
Transformation Concept

Figure

xxxxx

Reflection on knitting motifs
P(x,—y) = P'(—x,—y)
= P(14,—14) - P'(—14,—-14)
Q(x, —)’) - Q,(_x' —J’)
= Q(14,-6) -» Q'(—14,-6)

Rectangle

IEEEREEEEEEEE i EEEEEEEEEEERE

Subject 3 uses a grid-based approach, where patterns are constructed through
diagonal reflection analysis, demonstrating a strong spatial understanding in forming
symmetry. The following is a summary of all subjects' results in Table 4.

Table 4. Summary of Results of All Subjects

N Refleksi Dilatasi Rotasi Translasi
Subject 1 v _ B _
Subject 2 i v V -
Subject 3 v B _ B

Discussion

The research findings indicate that Subject 1 elucidates that the knitting pattern
depicted in the image can be constructed by partitioning the design into four equal
segments, analogous to splitting a field into four quadrants: the top right quadrant (I),
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upper left (II), lower left (III), and lower right (IV). To streamline the procedure,
concentrate on developing one portion initially, such as the upper right quadrant (I).
This quadrant exhibits a fundamental pattern of red lines like a ladder or triangle,
radiating outward from the center of the image. Upon completion of the first quadrant,
the subsequent three quadrants can be finalized via reflection techniques. The reflections
mentioned are mirror images: the upper right quadrant (I) is formed by reflecting the
lower right quadrant (IV) across the vertical axis, the lower left quadrant is generated
by reflecting the lower right quadrant (IV) across the horizontal axis, and each quadrant
can undergo two reflections, as illustrated by the upper right quadrant (I), specifically
to the left and downward. This method simplifies pattern generation by eliminating the
necessity to hand sketch each area. Comprehending the principles of division and
reflection enables the efficient and orderly arrangement of intricate patterns.

In subject 2, the knitting technique commences by identifying the central point,
which acts as the primary axis, followed by the creation of a slight red square at the
center. The knitting motif depicted in the illustration is a symmetrical design originating
from a central point and radiating outward in successive layers. The focal point
comprises a 5x5 red square encircled by layers of yellow and red lines, like a rhombus.
The creation of this theme occurs in stages, according to a precise pattern, and
subsequently expands in multiple directions to complete the motif. The expansion
mentioned in this technique is a dilation transformation, which increases size while
preserving the original shape and center point.

This motif demonstrates a reflection transformation owing to its mirror symmetry
along the vertical and horizontal axes that converge at the central point. The pattern in
the illustration illustrates a rotating change, commencing in a circular fashion from the
central point. This transformation is apparent in the symmetrically repeating pattern
throughout all four quadrants, where each segment results from a rotation of the
previous segments around the central point (0,0). Each pattern in the quadrant is
identical but rotates 90°, 180°, and 270° around the coordinate center. This pattern
exhibits fourth-order rotational symmetry, indicating that its structure is invariant after
four rotations inside a full 360° turn. Consequently, comprehending geometric
transformations is quite beneficial for designing symmetrical and visually appealing
knitting designs.

Subject 3 emphasizes the value of the center point as the primary reference in the
processes of rotation, dilatation, and reflection, demonstrating a deep comprehension of
the interconnections among transformations. Furthermore, In topic 3, the depicted
knitted motifis a geometric grid arrangement consisting of two predominant colors: red
and yellow. The creation of this theme is executed methodically, commencing from the
bottom right corner of the workspace and progressing vertically upward until the
completion of the row. Upon finishing one row, the procedure advances by ascending
to the subsequent row above and knitting in the reverse direction, from top to bottom.
This pattern is reiterated until the entire area is finished, creating a uniform zigzag
design. The creation of the terrazzo motif in subject 3 exemplifies a geometric transition,
namely a reflection transformation, both mathematically and visually. This
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transformation represents a diagonal line going from the bottom right corner to the top
right corner.

Research results indicate that knitting activities can strengthen understanding of the
concept of geometric transformation. In the process of creating knitted motifs, the
concept of symmetry applies, indicated by the shifting position of the shape/motif, as
does the concept of enlargement (dilation), both of which are included in geometric
transformations. Therefore, knitting can also be considered a form of ethnomathematics.
In the context of mathematics, ethnomathematics is an alternative approach that
considers the application of mathematical ideas that have developed in society while
still considering various objectives (Albanese et al., 2017; Albanese & Perales, 2020;
Prahmana, 2022). Cultural differences will result in variations in mathematical practices
(Brown et al., 2019; Sulisawati et al., 2021). Culture-based learning is an innovation in
mathematics education that challenges the notion of mathematics as inflexible and
connects it to something interesting, such as culture (Pulungan & Adinda, 2023; Nguyen
et al., 2025). Thus, mathematics can take different forms and change along with the
evolution of society due to cultural history (Permana, 2019). Additionally, different
approaches to mathematics in community activities are recognized by
ethnomathematics (Sunzuma & Maharaj, 2021; Cesaria et al., 2025). This conclusion is
reflected in the three subjects' consistent use of the concept of reflection in geometric
transformations along the vertical, horizontal, and diagonal axes in planning the steps
for creating knitting motifs.

Practical Implications

1. Application of Ethnomathematics Concepts: This research can serve as a
reference for applying ethnomathematics concepts in mathematics learning to
improve students' understanding of geometric transformations.

2. Development of Learning Materials: The results of this research can be used to
develop mathematics learning materials based on culture and ethnomathematics.

3. Increasing Student Interest: This research can increase students' interest in
learning mathematics by linking mathematical concepts to local culture.

Theoretical Implications

1. Development of Ethnomathematics Theory: This research can contribute to the
development of ethnomathematics theory and its application in mathematics
learning.

2. Application of Geometric Transformations: The results of this research can
provide examples of the application of geometric transformations in the context
of culture and ethnomathematics.

3. Development of Ethnomathematics-Based Learning Models: This research can
serve as a reference for developing more effective ethnomathematics-based
learning models to improve students' understanding of mathematics.
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Implications for Society

1. Cultural Preservation: This research can help preserve local culture by linking
mathematical concepts to that culture.

2. Increasing Public Understanding: The results of this research can improve public
understanding of the importance of culture in mathematics learning.

3. Curriculum Development: This research can be a reference for developing a
mathematics curriculum based on culture and ethnomathematics.

4. CONCLUSION

Building upon the data analysis obtained from the three research subjects, it can be
concluded that the activity of knitting visual-based motifs significantly contributed to the
understanding of the concept of geometric transformation. All three subjects consistently
demonstrated the application of reflection transformations, both along the vertical,
horizontal, and diagonal axes. This reflection serves as the primary foundation for creating
symmetrical and structured patterns. In addition to reflection, the subjects also utilized other
transformations such as rotation, dilation, and translation to create coherent and aesthetically
pleasing motifs. Each subject demonstrated a distinct approach to their thinking and motif
creation: Subject 1 relied on a strategy of quadrant division and reflection as a method of
pattern simplification, thus making the motif creation process more systematic. Subject 2
emphasized the importance of the center point as the primary reference in the rotation,
dilation, and reflection processes, demonstrating a profound understanding of the
interrelationships between transformations. Subject 3 used a grid-based approach, where the
pattern was constructed through diagonal reflection analysis, demonstrating a strong spatial
understanding of symmetry.

As a suggestion, teachers can apply the concept of ethnomathematics in mathematics
learning to improve students' understanding of geometric transformations and relate it to
local culture. This research can be a reference for developing mathematics learning materials
based on culture and ethnomathematics. This research can encourage the integration of
culture in mathematics learning to increase students' interest and understanding. Further
research can be conducted to develop a more effective ethnomathematics-based learning
model to improve students' understanding of mathematics. In addition, further research can
be conducted to develop culture-based learning media that use ethnomathematics concepts
to improve students' understanding of mathematics.
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