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Abstract

Recent discourse in mathematics education emphasizes the need for culturally relevant pedagogy and the
integration of higher-order thinking skills, yet limited research explores the intersection of ethnomathematics and
computational thinking within school curricula. This study addresses this gap by proposing a novel instructional
framework that incorporates computational thinking into the ethnomathematical exploration of Rumoh Aceh—a
traditional Acehnese house—within the context of junior high school geometry education in Indonesia. The
research aims to enhance students’ understanding of geometric concepts such as lines, angles, shapes, and
spatial structures through culturally grounded learning experiences. Using the four core components of
computational thinking—decomposition, abstraction, pattern recognition, and algorithmic thinking—the geometric
design of Rumoh Aceh is analyzed to reveal its mathematical significance. Data collection was conducted through
ethnographic methods, including observation, interviews with local experts, and documentation analysis. The
findings demonstrate that applying computational thinking to cultural artifacts fosters students’ ability to recognize
geometric patterns, simplify complex problems, and develop structured problem-solving strategies. Furthermore,
the integration of cultural context enriches students’ appreciation of their heritage while cultivating critical thinking
and mathematical reasoning. This study provides empirical evidence supporting the pedagogical value of merging
ethnomathematics with computational thinking, offering a meaningful and culturally responsive approach to
mathematics education.
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The junior high school stage represents a pivotal phase in the development of students' cognitive and
academic competencies. During this period, learners begin to consolidate foundational knowledge across
multiple subject areas and cultivate higher-order thinking skills, such as critical analysis and logical
reasoning, which are vital for advanced education and lifelong learning. Among these disciplines,
mathematics holds a central role, not only as a formal subject but also as a fundamental component of
daily decision-making and social interactions (Bjorklund, 2008; Ernest, 2016; Freudenthal, 2002; Sfard,
2006). Nevertheless, mathematics is frequently viewed by students as abstract and disconnected from
real-life contexts and cultural practices (Prahmana & D’Ambrosio, 2020), which can negatively affect
engagement and motivation.
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In the context of globalization and rapid technological advancement, education systems are
increasingly expected to respond to the dual imperatives of fostering innovation and preserving cultural
identity. One promising pedagogical approach is the integration of cultural heritage into formal education,
particularly within the mathematics curriculum. Embedding ethnomathematical perspectives can enhance
students’ learning experiences by linking mathematical concepts to local knowledge systems, traditional
practices, and socio-cultural realities (Disnawati & Nahak, 2019). This integration has been shown to
promote deeper conceptual understanding and improve leamning outcomes (Brenner, 1998; Gutstein,
2003). However, while the incorporation of ethnomathematics has received growing attention, there
remains limited empirical investigation into how its application can be effectively combined with
computational thinking—a structured approach to problem-solving rooted in logic and algorithmic
processes. Understanding this intersection may offer valuable insights for designing culturally responsive
and cognitively rich mathematics instruction.

The concept of ethnomathematics was first introduced in 1977 by Brazilian mathematician Ubiratan
D’Ambrosio, who defined it as the study of mathematical practices embedded within the cultural traditions
of diverse groups, including laborers, artisans, farmers, and indigenous communities (D’Ambrosio, 2016).
Ethnomathematics investigates the ways in which mathematical thinking and problem-solving are
manifested in specific cultural settings (Greer, 2009), thereby offering a framework for delivering
mathematics education that is both contextually meaningful and culturally relevant. Beyond pedagogical
utility, it also promotes the development of cultural literacy and character education (Barton, 1996). From
a scholarly standpoint, ethnomathematics is often regarded as a branch of the cultural anthropology of
mathematics and mathematics education, emphasizing the intersection between culture and
mathematical reasoning.

Indonesia, known for its vast ethnic and cultural diversity, has emerged as a global leader in
ethnomathematics research, particularly in the domain of geometry instruction. Between 2011 and 2021,
the country produced the highest volume of scholarly publications on ethnomathematics worldwide
(Kyeremeh et al., 2023), underscoring the immense potential for developing mathematics curricula rooted
in traditional cultural practices. Numerous studies have documented the presence of mathematical
concepts in various Indonesian cultural contexts, including wedding rituals (Utami et al., 2019), life-cycle
ceremonies such as birth and death (Prahmana et al., 2021), agricultural systems (Pathuddin et al., 2023),
culinary traditions (Pathuddin & Nawawi, 2021), batik patterning (Hendriyanto et al., 2021; Faiziyah et al.,
2020; Prahmana & D’Ambrosio, 2020), mosque architecture (Purniati et al., 2020), and traditional
performing arts namely Wayang (Prahmana & Istiandaru, 2021). These culturally embedded
mathematical practices provide a rich foundation for designing learning experiences that are both locally
grounded and mathematically rigorous.

At the junior high school level, the integration of ethnomathematics into the mathematics curriculum
serves as a pedagogical strategy to bridge the disconnect between abstract mathematical content and
students lived experiences. By contextualizing learning through cultural practices, this approach
enhances students’ engagement, understanding, and motivation. Empirical studies have demonstrated
that incorporating ethnomathematical elements into geometry instruction can significantly improve
students’ spatial reasoning abilities (Sukestiyarno, 2023). Moreover, the development of culturally
responsive instructional tools based on ethnomathematics has been shown to support students in
discovering geometric principles through exploration and contextual analysis (Setiawan et al., 2021).

This integration provides a meaningful opportunity to align mathematical instruction with real-world
and culturally grounded experiences, thereby fostering deeper conceptual understanding (Kyeremeh et
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al., 2024). Ethnocultural artifacts—such as traditional crafts, architectural motifs, and ceremonial
designs—can be strategically selected as instructional models based on their inherent mathematical
features, including symmetry, repetition, spatial composition, philosophical symbolism, and algorithmic
structures. These characteristics naturally intersect with key elements of computational thinking, such as
decomposition, abstraction, pattern recognition, and algorithmic reasoning. Consequently, the fusion of
ethnomathematics and computational thinking not only preserves and revitalizes cultural heritage but also
cultivates students’ critical thinking and problem-solving skills in mathematics. Pedagogical approaches
like ethno-modeling and ethno-computing offer practical frameworks for implementing such integrative
strategies in the classroom (Cheng, 2024; Anwar et al., 2024).

Computational thinking (CT) has emerged as a foundational 21st-century skill, essential for all
learners regardless of discipline (Wing, 2006; Brackmann et al., 2016; Nouri et al., 2020; Helsa et al.,
2023). Recognized for its interdisciplinary relevance, CT plays a central role in the development of
problem-solving, logical reasoning, and decision-making abilities (Figueiredo & Garcia-Pefalvo, 2017). It
is now systematically incorporated across educational curricula in mathematics, science, and the
humanities worldwide (Dagiené & Sentance, 2016; Eguiluz et al., 2020). Conceptually, CT integrates
algorithmic, engineering, and mathematical modes of reasoning, encompassing skills such as abstraction,
pattern recognition, decomposition, and algorithmic thinking (Lye & Koh, 2014).

In the context of mathematics education, the incorporation of CT facilitates deeper understanding
and clearer communication of mathematical ideas. It enables students to internalize fundamental
concepts while enhancing both cognitive and non-cognitive learning outcomes (Chen et al., 2017; Rojas
Lopez & Garcia-Pefialvo, 2018). Several studies suggest that embedding CT into mathematics curricula
fosters an appreciation of the interconnections among disciplines and their relevance to everyday life
(Figueiredo & Garcia-Pefalvo, 2017). Notably, a strong relationship has been observed between CT and
problem-solving abilities in geometry (Hanid et al., 2022), highlighting the potential for CT to be enriched
through culturally grounded mathematical practices found in ethnomathematics.

One exemplary cultural artifact that illustrates this intersection is Rumoh Aceh, the traditional house
of the Acehnese people. Architecturally distinct, Rumoh Aceh reflects the adaptation of geometric and
environmental principles to regional climatic conditions and cultural philosophies (Sahputra et al., 2020).
Educational applications of Rumoh Aceh as a cultural model have preserved its traditional construction
systems, materials, and symbolic meanings, while adapting them to contemporary pedagogical contexts.
Its architectural structure prominently features triangular geometry, which is not only aesthetically striking
but also structurally functional (Putra & Ekomadyo, 2023). These geometrical elements provide a valuable
resource for introducing students to geometric reasoning within culturally meaningful contexts, thereby
supporting both ethnomathematical inquiry and the development of CT.

Given these considerations, this study seeks to examine how CT can enhance students' problem-
solving abilities by deepening their understanding of geometry through the cultural lens of Rumoh Aceh,
a traditional Acehnese house. CT, as outlined in the literature (Lee et al., 2014; Brackmann et al., 2017;
Yilmaz Ince & Koc, 2021), encompasses key components such as decomposition, pattern recognition,
abstraction, and algorithm design. In this context, CT is employed as an analytical framework to
investigate cultural elements embedded in Rumoh Aceh and translate them into geometric constructs.
Decomposition involves breaking complex architectural elements into simpler geometric components,
while pattern recognition identifies recurring structural or ornamental features. Abstraction helps isolate
the most relevant mathematical features from cultural details, and algorithm design allows for systematic
approaches to modeling and analyzing these features. The integration of CT with cultural architecture not
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only facilitates a structured approach to understanding traditional forms but also promotes innovation
through digital modeling and simulation, thereby enabling the development of aesthetically pleasing and
modern adaptive designs grounded in cultural heritage.

Introducing CT into junior high school mathematics education offers significant pedagogical
benefits, particularly in fostering students' problem-solving and analytical thinking skills. The incorporation
of ethnomathematics provides a culturally rich context through which CT concepts can be taught more
meaningfully. By engaging with culturally rooted examples, such as those found in Rumoh Aceh, students
learn to deconstruct complex problems, focus on essential components, and develop step-by-step
procedures for solving them. This approach cultivates critical thinking competencies that are transferable
across disciplines and applicable to real-world challenges. Furthermore, the integration of CT with
ethnomathematics bridges the gap between abstract mathematical concepts and practical applications,
enhancing the relevance and depth of geometry instruction. As a result, mathematics education becomes
more interactive, contextually grounded, and aligned with students’ cultural identities and lived
experiences.

METHODS

Data Collection

Data for this research were collected through observation, interviews, and documentation involving local
experts and educators. Observations and interviews related to Rumoh Aceh were conducted from July to
December 2022 across several well-known traditional houses in different regencies of Aceh Province,
namely: Rumoh Aceh Tjut Nyak Dien (an Indonesian heroine) in Aceh Besar Regency, Rumoh Aceh Tjut
Nyak Meutia (an Indonesian heroine) in Aceh Utara Regency, Rumoh Aceh at the City Museum of
Lhokseumawe, and Rumoh Aceh at the official Aceh Museum in Banda Aceh City. In addition to direct
interviews with staff members at these sites, data were also obtained through in-depth interviews with
academics from the Aceh Cultural Council (Majelis Adat Aceh or MAA) and other Acehnese cultural
experts. These interviews provided information on philosophical values, functions, geometric shapes and
terminologies, structural elements, and the overall architecture of the buildings. Therefore, all data used
for the ethnomathematics component, particularly in the application of CT aspects, are considered primary
data. Conversely, the data related to decorative ornaments were derived from secondary sources.
However, these ornaments are only briefly introduced and not included in the main procedural analysis.

Research Procedure

Ethnography, as a qualitative research method, seeks to uncover the cultural meanings, values, and
behavioral patterns of a community through immersive engagement (Spradley & McCurdy, 2012). In
alignment with this approach, the present study explores the sociocultural dynamics of the Rumoh Aceh
community, emphasizing lived experiences, traditional knowledge systems, and architectural practices.
Data collection involved prolonged engagement, including in-depth observations, semi-structured
interviews, and participatory interactions with key informants in their natural settings (Abid, 2017).

The primary aim of this ethnographic inquiry is to investigate the cultural context underlying the
construction and symbolism of Rumoh Aceh. The cultural data obtained were then examined through the
lens of CT, utilizing key elements such as contextualization, cultural validation, holistic interpretation,
descriptive mapping, and culturally embedded mathematical orientation. This interdisciplinary approach
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allows for a nuanced understanding of how traditional architectural elements reflect mathematical
structures and problem-solving processes.

The study employed a modified ethnographic design, drawing on validated frameworks from prior
research. The methodological structure was guided by four principal ethnographic questions: (1) "Where
is it to look?"—to determine the appropriate cultural setting; (2) "How is it to look?"—to define the
strategies and techniques for cultural observation; (3) "What is it?"—to identify and classify cultural
artifacts and practices; and (4) "What does it mean culturally?"—to interpret cultural meanings from a
mathematical and computational standpoint (Utami et al., 2019; Pathuddin & Nawawi, 2021; Prahmana
et al., 2021; Pathuddin et al., 2023). The ethnographic design used in this study is presented in Table 1.

Table 1. Ethnographic research design

General question Initial answer Starting point Specific activities
Where is it to look? Geometric elements Geometry In-depth interviews with Aceh Cultural
in Rumoh Aceh from Council and Aceh cultural experts to
a CT perspective gather information about Rumoh Aceh's

geometric shapes and philosophies.

How is it to look? Using CT aspects to Alternative Identifying geometric elements in Rumoh
review geometric thinking Aceh using the four components of CT.
elements in Rumoh and CT
Aceh

What is it? Parts of Rumoh Aceh Philosophical Analyzing components such as
have geometric shapes  mathematics decomposition, abstraction, pattern
and patterns recognition, and algorithms in Rumoh

Aceh's construction relevant to junior high
school level geometry. This highlights the
mathematical nature of Rumoh Aceh's
construction from a CT perspective.

What does it mean Enhancing CT and Anthropology Explaining how Rumoh Aceh’s

culturally? mathematical skills construction integrates and reflects
mathematical and cultural knowledge
within the framework of CT.

The ethnographic analysis in this study concentrated on contextualizing the cultural elements of
Rumoh Aceh and exploring their mathematical relevance through the lens of CT. This analysis aimed to
identify culturally embedded geometric structures and interpret them using CT's conceptual framework.
Five key aspects guided this investigation:

1. Cultural contextualization: studying the cultural significance of the geometric designs of Rumoh

Aceh and how these elements reflect the traditions and values of the Acehnese community.

2. Cultural validation: ensuring the authenticity and relevance of geometric interpretations within the

Acehnese cultural context, maintaining the authenticity of the analysis.

3. Holistic perspective: reviewing the geometric and cultural elements of Rumoh Aceh as an
integrated whole, rather than as separate or standalone components.

4. Mathematical description: describing the shapes and geometric patterns found in the construction
of Rumoh Aceh using mathematical terms. This aims to provide a deeper understanding of the
application of geometric concepts in real life.
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5. Cultural orientation in mathematics: emphasizing the importance of integrating cultural elements
into mathematics education to provide contextual and meaningful learning experiences for
students, making it more relevant to real life.

This ethnographic and CT-based analysis aimed to explore the intersection between geometry and
ethnomathematics, demonstrating how local cultural contexts can serve as powerful platforms for mathematics
learning. The methodological steps undertaken in this identification process are outlined in Table 2. The
integration of the ethnographic framework with the principles of computational thinking provided a structured
approach to examining the synergy between cultural heritage and geometric concepts in Rumoh Aceh. This
approach supports the development of students’ computational thinking abilities while simultaneously fostering
cultural appreciation and contextual understanding in mathematics education.

Table 2. Identification of geometric elements in Rumoh Aceh using CT

CT Aspect Step Process Objective
Decomposition: Breaking down Identifying basic Facilitating a deeper
Developing the skill of breaking down the complex elements like understanding of
large amounts of information/data into  structure of rectangles, trapezoids, building elements and
smaller parts so that these parts can Rumoh Acehinto  and triangles, analyzing supporting the learning
be understood, solved, and evaluated ~ simple geometric  each separately to process in middle
separately, making it easier to components. understand the building school geometry topics.
understand the complexity of a
problem.

Abstraction: Focusing on Calculating the area  Simplifying the
Involves transforming concrete general geometric  and perimeter of problem-solving
problems into a more general principles by geometric elements on approach for
(mathematical) form, including ignoring less the house walls and  quadrilaterals, triangles,
eliminating irrelevant information and important details.  other features while and gradients through a
extracting important data ignoring irrelevant general and efficient
generalizations. decorative details. method

Pattern Recognition: Identifying and Analyzing repetitive Understanding and
Identifying recurring trends from a set analyzing shapes like rectangles applying geometric

of information. This involves consistent in windows and doors, concepts in a culturally
recognizing consistencies and patterns  geometric and geometric patterns relevant context

in the collected data, which can help patterns in Rumoh in ornaments.

determining whether the design is Aceh’s structure.

producing appropriate data

Algorithm: Developing Formulating algorithms  Assisting in

Applying systematic thought systematic steps to  to calculate the area of mathematical problem-
processes to formulate and solve solve geometric walls, roof, and floors of solving while

problems in a computationally feasible  problems related to  Rumoh Aceh using integrating a deep
manner. It involves using logic, data Rumoh Aceh’s established geometric  understanding of plane
structures, and abstractions to simplify ~ design. principles. area determination
and organize problems to make cultural context.

solutions more efficient and effective.
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RESULTS AND DISCUSSION

Data Processing

All primary data collected in this study utilized original Acehnese terminology, including tameh (pillars),
reuweung (spaces between pillars), binteh (walls), binteh cato (chessboard-patterned walls), bubong
(roof), tulak angen (wind barrier), rang (additional wind barriers), and aleue (floor). These data were
subsequently classified into four categories based on their alignment with the key aspects of CT:
decomposition, abstraction, pattern recognition, and algorithmic thinking.

The decomposition aspect of CT was applied to analyze both geometric structures and ornamental
features. Elements such as binteh, bubong, tulak angen, and aleue were categorized as primary
geometric structures, while the following motifs were classified as decorative ornaments: tapak cato
(chessboard patterns), bungong seuluepok (lotus flowers), bungong seulanga (cananga flowers),
bungong ie mawoe (roses), bungong pucok reubong (bamboo shoots), bungong mata uroe (sunflowers),
bungong meulu (jasmines), on cirieh (betel leaves), reuneuk leuek (dove feathers), gigo buya (crocodile
teeth), taloe meuputa (spinning threads), and gigo daruet (grasshopper teeth).

For the abstraction aspect of CT, only essential geometric elements were considered by eliminating
ornamental details. The analysis focused specifically on binteh cato and rang, allowing the identification
of fundamental geometric principles embedded in their design. Finally, the pattern recognition aspect was
applied to the structural components bubong, binteh, tameh, and tulak angen, where repetitive geometric
and spatial patterns could be identified. Finally, the algorithmic thinking aspect was illustrated through the
spatial arrangement of reuweung and the placement of binteh along the north-south and east-west
orientations of the structure.

Geometric Plane Structures of Rumoh Aceh from a CT Perspective

The findings of this study indicate that the architectural structure of Rumoh Aceh offers a culturally rich
context for promoting computational thinking skills through geometric problem-solving. By embedding
elements of Acehnese traditional architecture into mathematical analysis, this study bridges cultural
heritage with mathematical pedagogy.

The architectural components of Rumoh Aceh—namely tameh, reuweung, binteh, binteh cato,
bubong, tulak angen, rang, and aleue—were examined through the lens of CT and aligned with
foundational geometric principles suitable for junior high school mathematics.

1. Tameh, functioning as cylindrical pillars arranged in vertical alignment, serves as a concrete
representation of cylindrical geometry.

2. Reuweung, defined as the space confined by four pillars, represents the edges and faces of three-
dimensional geometric solids such as cubes and rectangular prisms.

3. Binteh, or the structural walls of the house, are adorned with binteh cato, a combination of
rectangular, triangular, and trapezoidal elements. These can be mathematically analyzed using
area formulas for the respective shapes.

4. Bubong, the pitched roof of the house, typically assumes a rectangular or trapezoidal surface,
allowing for contextual applications of surface area calculations in classroom settings.

5. Tulak angen and rang serve as auxiliary structures that also embody geometric elements,
reinforcing spatial awareness and structure-based learning.

These architectural components collectively demonstrate how Rumoh Aceh can be utilized as a cultural
artifact to contextualize mathematical instruction. The integration of cultural and geometric understanding
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not only fosters students’ appreciation of their heritage but also enhances their conceptual grasp of
geometry in real-life applications. Figure 1 illustrates the geometric elements (a) embedded in the
traditional construction (b) of Rumoh Aceh.

Figure 1. Rumoh Aceh

This study’s discussion centers on the application of four fundamental aspects of CT—
decomposition, pattern recognition, abstraction, and algorithmic thinking—in analyzing the geometric
features of Rumoh Aceh architecture. The decomposition process involved breaking down the complex
structural design of Rumoh Aceh into fundamental geometric shapes, including rectangles, triangles, and
trapezoids, thereby facilitating a clearer and more manageable understanding of its architecture. Through
pattern recognition, the study identified recurring geometric motifs and symmetries, revealing a consistent
spatial logic embedded within the traditional design. The abstraction phase further refined this analysis
by isolating essential geometric principles, while intentionally omitting non-essential decorative details to
focus on the core mathematical concepts. Finally, algorithmic thinking was employed to develop
systematic procedures for solving geometric problems related to the structure, effectively integrating
mathematical rigor with the cultural and contextual knowledge of Rumoh Aceh. This comprehensive
application of CT not only illuminates the mathematical sophistication inherent in the traditional
architecture but also offers a culturally grounded framework for enhancing geometry learning.

Decomposition of Plane Structures and Ornaments in Rumoh Aceh

In the junior high school mathematics curriculum, the study of geometry encompasses fundamental
knowledge of shapes, dimensions, spatial relationships, and properties of both two-dimensional and three-
dimensional figures within real-life contexts (Sidek et al., 2020). The decomposition aspect of CT can be
effectively employed to help students analyze the geometric structures found in traditional architecture,
such as Rumoh Aceh. By deconstructing architectural elements—such as walls, roofs, and decorative
features—into basic geometric forms (e.g., rectangles, triangles, and trapezoids), students not only learn
how to compute area and shape properties but also develop analytical thinking by breaking down complex
visual and spatial problems into simpler, manageable components.

This pedagogical approach, when integrated with culturally relevant contexts, enriches students'
understanding of geometry while simultaneously cultivating essential 21st-century skills, including critical
thinking and computational reasoning. An analysis of Rumoh Aceh using the decomposition approach
involved identifying specific plane geometric shapes embedded in its structure, as illustrated in Figures
2(a)-2(d), as follows:

1. Triangle: An isosceles triangle is prominently featured in the tulak angen, as shown in Figure 2(a).

This triangular wall, located on the east and west sides beneath the roof, serves both a functional

and symbolic purpose—acting as a directional guide toward the gibla in Islamic practice and
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offering protection against strong winds. The area of this element was calculated using the standard
formula for the area of a triangle.

2. Rectangle: Rectangular forms are evident in multiple components, including the bubong (roof)
[Figure 2(b)], the north and south vertical walls [Figure 2(d)], and the aleue (floor) [Figure 2(e)].
These elements allowed students to apply the area formula for rectangles to determine their
respective sizes.

3. Trapezoid: Trapezoidal shapes were found in four wall segments—two on the east side and two on
the west—situated between the central walls of Rumoh Aceh [Figure 2(c)]. The area of each
trapezoid was calculated using the formula for trapezoid area, and the total surface area was
obtained by summing the individual areas of these four components.

Figure 2. Decomposition of plane structures in the construction of Rumoh Aceh

By engaging students in these culturally rooted mathematical explorations, the decomposition of plane
structures in Rumoh Aceh provides a meaningful context for understanding and applying geometric
principles in mathematics education.

Geometric Elements in Rumoh Aceh Ornaments through Decomposition

Rumoh Aceh is renowned for its intricate and aesthetically rich ornaments, which encapsulate local
cultural wisdom through the artistic integration of geometric elements. These ornamental designs reflect
the Acehnese community’s capacity to creatively transform fundamental geometric forms into meaningful
visual expressions. A prime example can be found in the tulak angen ornament, which incorporates
various shapes such as circles, triangles, rectangles, and curved lines. These elements are often
subjected to geometric transformations—rotation, reflection, and translation—demonstrating the ability to
merge mathematical concepts with traditional artistic practices.

The ornamental patterns that adorn the walls of Rumoh Aceh frequently feature advanced
geometric structures, including arrangements of parallel and perpendicular lines, multiple polygonal forms,
and symmetrical compositions. These patterns exemplify the use of decomposition in CT, whereby
complex motifs are analyzed by breaking them down into simpler geometric components. Through this
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process, each decorative element is revealed not only as an artistic artifact but also as a manifestation of
precise and structured mathematical reasoning (Figure 3).

Figure 3. Ornaments on (a) Binteh and (b) Tulak Angen of Rumoh Aceh

A deeper exploration of the ornamentation, as depicted in Figures 4(a)—(1), highlights a broad range
of designs rooted in geometric principles. These traditional Acehnese motifs can be decomposed into
elemental geometric features such as angles, intersecting and parallel lines, triangles, circles, rectangles,
rhombuses, and various transformation techniques. From a mathematical perspective, these ornaments
serve not only as visual enhancements but also as pedagogical tools to bridge the gap between cultural
art and geometric understanding.
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Figure 4. Patterns of ornaments

Each ornament bears a specific name and embodies distinct geometric properties, which can be
analyzed through the lens of decomposition in CT, as summarized in Figure 5:
(a) Tapak cato: Composed of square or diamond configurations, this motif offers opportunities to
explore internal angles and congruent side lengths.
(b) Bungong seuluepok: involves reflection or rotational symmetry, as well as the concept of
perpendicular and intersecting lines.
(c) Bungong seulanga: displays central point symmetry, often found in floral patterns, and could be
used to calculate the circumference or area of circles and arcs.
(d) Bungong imawoe: involves geometric transformations in the form of rotation on regular circles.
(e) Bungong pucok reubong: this ornament was identical to isosceles or equilateral triangles
(f) Bungong mata uroe: could be associated with circles and geometric transformations
(9) Bungong meulu: shows the use of four perpendicular lines or regular polygons.
(h) On cirieh: involves the rotation of triangles in geometric transformations.
(i) Reuneuk leuek: displays linear translation symmetry and dilation in the form of a diamond shape
Gigo buya: shows linear translation symmetry in diamond shapes, as well as concepts of
parallelism and similarity.

(
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(k) Taloe meuputa: contains the concept of curves and parallelism in lines.
(I) Gigo daruet : illustrates the concept of parallelism in lines and equilateral triangles.
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Figure 5. Decomposition of Aceh ornaments
Source: Novianti et al. (2022), Dhuhri (2018), and Aceh Cultural Council (MAA)

Abstraction of Plane Structures in Rumoh Aceh

The process of abstraction in mathematics involves simplifying complex objects by focusing on their
essential geometric properties while omitting extraneous details. This method enables learners to model,
analyze, and compute geometric quantities—such as area and perimeter—through the application of
geometric formulas rather than direct measurement (Sidek et al., 2020). Within the architectural context
of Rumoh Aceh, structural elements such as binteh cato and rang serve as authentic examples for
implementing abstraction. In particular, binteh cato (checkerboard-patterned walls) can be mathematically
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modeled by decomposing the form into a composite of rectangles and triangles, while rang (wind barriers)
can be examined using linear functions and equations of lines. These real-world applications of
abstraction foster a meaningful connection between cultural heritage and mathematical learning through
visual and contextual representations.

Abstraction in Binteh Cato (Checkerboard Walls)

Figure 6(a) shows the placement of the binteh cato within the wall structure of Rumoh Aceh, while Figure
6(b) represents its idealized geometric form. This structure consists of a central rectangular panel flanked
by triangular end sections. Each binteh cato typically measures between 90-100 cm in length (/) and 20—
30 cm in width (w). The triangular components at the top and bottom are isosceles right triangles with a

height equal to half the width (i.e., h = %). By using standard dimensions of [ = 100cm and w =

30cm, the total area of a single binteh cato (B) can be computed by summing the area of the rectangle
and the two triangles:

1 1 30
B=Ilw+2 (E) wh =100(30) + 2 (—) 30 (—) = 3450 cm?.

2

o \/H/”\I/
(b)

Figure 6. Binteh Cato

The total wall area of a Rumoh Aceh house is commonly based on the number of reuwueng, where each
reuwueng typically contains 7 to 9 binteh catos. Consequently, students can compute the full wall surface
area by applying the abstraction process to each structural unit, as further elaborated in the computational
thinking algorithm section.

2

Abstraction in Rang (Wind Barriers)

Figure 7(a) illustrates the position of the rang within the Rumoh Aceh structure, presented as a linear

arrangement of wooden beams, each measuring 8 cm width and spaced 6 cm apart. This arrangement

creates a linear structure with a specific inclination. Through abstraction (CT) the height reduction along

this structure can be simplified into an easily comprehensible mathematical model, as shown in Figure

7(b). The beam height (y) decreases from y; = 180 cmtoy, = 0 cm over a length (x) of 300 cm, which

can be calculated using the gradient (slope) concept as the ratio between the change in height and the
V2—Y1 0-180

total length of the arrangement: m = = —— = —0,6. This results in the linear equation y =
Xp2—X1 300-0

—0,6 x + 180 which describes the decrease in beam height. Similarly, linear equations can be
determined for the other rang positions. This abstraction approach enables middle school students to
visually and mathematically comprehend linear patterns, allowing them to calculate the number of beams

(i) that can be arranged within the 300 cm length as: i = % = 21,43 which is rounded to be 21 since

i is an integer number. By applying the concept of CT abstraction, students can more easily connect
contextual geometry with linear equations, thereby strengthening their understanding of basic
mathematical modeling applicable in middle school geometry education.
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Figure 7. The illustration of Rang

Pattern Recognition in Geometric Elements of Rumoh Aceh

Pattern recognition, a key component of CT, involves the identification of recurring elements or structures
within a problem to enable the application of previously successful solutions to novel but analogous
contexts (Lee et al., 2020). In this study, the focus is placed on identifying and analyzing recurring
geometric patterns inherent in the architectural elements of the traditional Rumoh Aceh, including its walls,
roof, and pillars. These elements exhibit consistent geometric configurations that can be systematically
described using formal geometric terminology. For example, the front and back walls of the Rumoh Aceh
typically consist of two congruent rectangles, while the side walls incorporate a combination of trapezoidal
and rectangular shapes. The roof structure generally conforms to a rectangular form with symmetrical
properties. The identification of these geometric patterns not only facilitates a deeper understanding of
the spatial and structural design principles embedded in traditional architecture but also supports the
development of instructional models that integrate ethnomathematical contexts into geometry learning.
Furthermore, recognizing these patterns contributes to more effective planning and implementation of
design modifications based on the geometric structures identified.

Figure 8. Patterns in (a) Bubong, (b) Binteh, (c) Tameh, (d) Tulak Angen in Rumoh Aceh’s structure
Figure 8 presents the geometric patterns of Rumoh Aceh, examined using pattern recognition
within the framework of CT:
1. Roof pattern: the roof comprises of two rectangular sections joined an angle of 2?" constructed
from woven leaves and rattan, with a thickness of 5-10 ¢m, allowing for ventilation suitable for
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tropical climates. These sections are secured with fibers from the sugar palm tree (taloe pawai),
which also serves as an emergency exit. Typically, roof dimensions range from 12 to 40 min length
and 5 to 8 min width, maintaining a length-to-width ratio of 2:1.

2. Wall pattern: the patterns of the west and east walls are characterized by a combination of triangles
at the top (Figure 9(a)) and rectangles at the bottom (Figure 9(b)), forming trapezoids. In the middle
section both rectangles at the bottom (Figure 9(c)) and the top (Figure 9(d)) also form a rectangle.
The length-to-width ratio of the central rectangle measures 3 mto 2.8 m, or approximately 15:14.
The height ratio of the trapezoid’s parallel sides measure 2 mto 3.8 m, or 10:19.

[ 1
0,02

3.00m

[~— 1.80m —e

le— 1.80m —=!

(c)
3.00 m i i s i 3.00 m
(a) (a)
E E 1 £ =
N i 3.00 m i N (d) N f—— 300 M ——————— N
(b) (b)

Figure 9. Geometry of the west and east walls

The north and south walls are rectangular and covered with binteh cato. In the decomposition
analysis using CT, this pattern was broken down into components, such as the length and width of
the rectangle, as well as the triangles at the top and bottom ends, as previously explained in the
abstraction section. This pattern forms geometric elements, as shown in Figure 10. The dimension
of each piece of this wall has height to width ratio of 3:1.

Figure 10. Geometry of the north and south wall

3. Pillar pattern: The pillars in Rumoh Aceh, known as tameh, are cylindrical and made from selected
wood. The tameh are arranged in parallel, as shown in Figure 11, with high precision, making
Rumoh Aceh renowned for being earthquake-resistant structure, evident from its resilience during
the 2004 tsunami in Aceh. There are two main pillars serving as the foundation: tameh raja (king
pillar), symbolizing strength and grandeur, and tameh putroe (queen pillar), which is typically
placed behind tameh raja. Tameh putroe contains gold wrapped in red and white cloth,
symbolizing the national flag and the philosophy that the Acehnese people cannot be subjugated
by other nations.
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Figure 11. (a) Tameh and (b) Tameh Putroe

In the structural design of Rumoh Aceh, the configuration of pillars—referred to locally as tameh—
exhibits consistent geometric and cultural patterns. Along the width (north-south) side of the house,
the number of tameh is uniformly fixed at four. However, the number of tameh along the length
(west-east) side varies in accordance with the social status of the homeowner. Residences
belonging to nobility or royalty typically feature between 8 and 12 tameh, whereas those of
commoners generally include 5 to 6. This variation reflects sociocultural hierarchies embedded
within architectural form.

The vertical dimension of the tameh is divided into two principal segments: the front/back porch
and the central porch (rumoh inong), with the height ratio of these sections consistently maintained
at 3:4, respectively. Specific pillars, namely the tameh raja (king pillar) and tameh putroe (queen
pillar), are strategically positioned within the rumoh inong area, following a culturally prescribed
spatial arrangement illustrated in Figure 12. A typical Rumoh Aceh comprises 24 pillars, with the
central ones designated for the raja and putroe.

@ : tameh raja (king pillar)

: tameh putroe (queen pillar)

(a)

Figure 12. Placement pattern of Tameh Raja and Tameh Putroe

The determination of the placement for these royal pillars is governed by a rule-based calculation
involving the total number of central columns. Specifically, the number of possible positions for the
tameh raja and tameh putroe is derived from multiplying two central columns by the number of pillar
rows. For example, a 4x4 pillar configuration allows four distinct placement possibilities for the raja
and putroe pillars, whereas a 4x5 configuration yields six. In general, if n denotes the number of
pillar rows along the house’s length (west-east direction), and the total number of pillars is given by
the product 4 x n, then the number of feasible placements for the royal pillars can be expressed
mathematically as 2(n — 2). This pattern reflects a harmonious integration of mathematical
regularity and cultural symbolism in traditional Acehnese architecture.
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4. Based on an analysis of the triangular shape of the tulak angen element in Rumoh Aceh from the

perspective of pattern recognition in CT, the concepts of geometric similarity and congruence have
been identified. Figure 13 demonstrates that triangles AABC and ADEF have congruent right

angles (£ABC=4DEF= 25) and corresponding sides of equal length (AB = FE), leading to
£ACB=£FDE dan «BAC=£EFD. This reflects the consistent recognition of geometric patterns in

traditional architecture, reinforcing the relationship between structural elements and geometric
aesthetics in the design of Rumoh Aceh.

A B E F
Figure 13. Geometry of the Tulak Angen

Furthermore, the geometric patterns found on the tulak angen, as illustrated in Figure 14, reveal
key mathematical properties, including the similarity of triangles AABC ~ ADEF and the
congruence of triangles ADEL = AFEL. These configurations form a consistent and repeating
motif, reflecting a deliberate use of geometric principles in traditional design. Such patterns
exemplify aspects of CT, wherein the spatial relationships and properties of shapes are
systematically analysed and manipulated through geometric transformations, such as reflection,
similarity, and congruence. This analytical framework not only emphasizes the aesthetic
dimensions embedded within the traditional architecture of Rumoh Aceh but also facilitates a
systematic exploration of its structural logic. By modelling these geometric relationships, learners
and researchers can develop computational representations that extend beyond visual symmetry
to uncover deeper mathematical regularities. Consequently, these patterns serve as both a
pedagogical resource and a foundation for computational modelling, enabling the study of more
complex configurations within traditional architectural contexts through a formal mathematical lens.

Figure 14. Geometric Patterns in Tulak Angen Ornaments

Algorithmic Thinking in Rumoh Aceh Geometry

Algorithmic thinking, a core component of CT, extends beyond mere programming or the use of software
tools; it involves the formulation of step-by-step procedures—algorithms—that systematically solve
problems. This process requires the recognition of patterns, application of logical reasoning, and
decomposition of complex problems into simpler, more manageable components that can be solved or
optimized through computational methods (Sidek et al., 2020).
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The present study applies algorithmic thinking within the context of geometric problem-solving
derived from the architectural features of Rumoh Aceh. By constructing algorithms that represent the
geometric and cultural structures inherent in traditional Acehnese design, this approach bridges
ethnomathematics and formal mathematics. Itis particularly significant for junior high school mathematics
education, as it allows students to derive solutions based on culturally embedded patterns and geometric
principles.

The algorithms developed in this study serve a dual purpose: addressing mathematical challenges
while simultaneously promoting cultural understanding. Moreover, they enhance students’ analytical
reasoning and support the integration of CT into multicultural and real-world learning contexts. Through
this fusion of cultural heritage and algorithmic methodology, students gain both mathematical competence
and an appreciation for the sociocultural dimensions of knowledge.

1. Algorithm for calculating the area of Rumoh Aceh: in Acehnese society, the size of traditional
Rumoh Aceh houses is typically measured by the number of rooms or reuweung, which are
columnar spaces bounded by four tameh. Each reuweung forms a block structure with dimensions
of 2.75 m by 3 m. This concept of ruweung serves as the basis for determining the overall
dimensions and area of the house (Figure 15).

Figure 15. Reuweung

Generally, each reuweung has the dimension of length (p) and width (q) is 2,75 m x 3 m. To
calculate the area of Rumoh Aceh (A) by considering the number of reuweung (r), a computational
thinking algorithm can be applied with the following steps:

a. Determine r based on the number of fameh (4n) resultinginr = 3(n — 1),

b. Calculate the area of one reuweung (R), R = pq = 8,25 m?,

c. Therefore, the general area of Rumoh Aceh with n tamehis: A = rR = 3(n — 1)8,25 m2.

2. Algorithm for calculating the area of the north and south walls of Rumoh Aceh: In discussing the
algorithm (CT) for calculating the wall area, it can be determined based on binteh cato by applying
the abstraction aspect discussed previously. The area of one binteh cato section is 3,45 m*
Therefore, the wall area also be determined by knowing the number of reuweung in the north or
south section. Each reuweung occupies one section of the north or south wall, with the reuweung
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size being 2.75 m. Thus, the total wall area be calculated based on the number of reuweung.
Consequently, the number of binteh cato (c) in one reuweung can be determined by:
p 2,75

c=—=—=2917,
w 0,3

which is rounded to be 9 pieces. By expressing the wall area (D) and the area of binteh cato (B),
it can simplify as D = 9B.

The students can also determine the area of the north and south walls based on the tameh pattern
information: if the tameh pattern is 4 x 4, then the number of reuweung in the north-south is r = 3;
if the tameh patternis 4 x 5, then r=4; and if the tameh patternis 4 X 6, then r=5. So by recalling
that n is the number of tameh of the house length in west-east directions, the number of reuweung
in the north-south is: r = n — 1. Then the area of the north and south walls (L) can be calculated
using the following formula:

L=m—-1)D =9(0,345)(n—1) = 2,76(n — 1) m?.

Thus, using this algorithm, we can efficiently and systematically determine the wall area of Rumoh
Aceh.

. Algorithm for calculating the area of the west and east walls of Rumoh Aceh: in discussing the

computational thinking algorithm for calculating the west and east wall areas of Rumoh Aceh, we
can apply a geometric approach that divides the wall into several sections, as outlined in the
decomposition section. The west and east walls consist of two trapezoidal sections and one
rectangular section, as shown in Figure 16. The total area of the wall is calculated using the
following formula when the shorter side of the trapezoid is denoted as a, the longer side of the
trapezoid is b, the height of the trapezoid is t, the length of the rectangle is u, and the width of the
rectangle is v.

Total area = area of trapezoid 1 + area of rectangle + area of trapezoid 2
3.00 m

3.80m
3.30m
3.30m

3.80m

2,00 m

>
[e]
2.00 m

3.00m
3.00m 3.00m

Figure 16. The geometry of the west and east walls

The area of the west and east walls of Rumoh Aceh (E), each can be calculated using the following
formula:

E =2(%(a+b)t)+uv=(a+b)t+uv.
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Thus, the total area of the west and east walls of Rumoh Aceh can be systematically calculated
using this algorithm, which breaks the walls into simpler geometric components and computes the
area of each section before summing them.

The integration of the geometric design of Rumoh Aceh with the principles of Computational
Thinking (CT) offers a meaningful and contextually rich approach to mathematics education, particularly
for middle school students. Culture-based mathematics learning has been shown to enhance students'
comprehension of abstract geometric concepts by grounding them in familiar and culturally significant
contexts (Shahbari & Daher, 2020). Incorporating cultural elements into instruction not only increases
students’ engagement but also fosters a sense of relevance by connecting mathematical content to their
everyday experiences (Sunzuma & Maharaj, 2021a).

Accordingly, the teaching of geometry should actively incorporate local cultural examples to make
abstract concepts more accessible and relatable. In contexts where culturally relevant textbooks or
geometric teaching aids are lacking, the local environment itself can serve as a vital educational resource
(Sunzuma & Maharaj, 2021b). This culturally responsive pedagogical strategy not only enhances the
development of CT skills—such as abstraction, decomposition, and algorithmic thinking—but also
promotes a deeper understanding and appreciation of local cultural heritage. As such, integrating
ethnomathematical contexts into the mathematics curriculum plays a dual role in both cognitive
development and cultural preservation.

CONCLUSION

The findings of this study demonstrate that the geometric design of Rumoh Aceh can be effectively
integrated with the principles of CT to enrich the contextual quality of mathematics education for junior
high school students. The architectural elements of Rumoh Aceh correspond well with the four key
components of CT—decomposition, pattern recognition, abstraction, and algorithmic thinking—each of
which contributes to a deeper understanding of geometric concepts within a culturally meaningful
framework.

Firstly, decomposition involves disaggregating the structural elements of Rumoh Aceh into basic
geometric forms such as rectangles, triangles, and trapezoids. For example, the roof exhibits a
rectangular configuration, the tulak angen represents a triangular shape, and the walls incorporate
trapezoidal elements. Decomposing not only the main structure but also the ornamental components
enable students to engage with geometry in a concrete and culturally relevant context, facilitating more
meaningful learning experiences. Secondly, pattern recognition is evident in the recurring geometric
motifs used in the house’s construction. Examples include the repetition of rectangular units in the roofing,
the combination of planar figures in the walls, and the systematic alignment of the tameh (pillars). These
consistent patterns reinforce students’ ability to recognize and apply geometric concepts, promoting both
spatial reasoning and cultural contextualization. Thirdly, abstraction is applied by simplifying complex
architectural features to focus on underlying mathematical principles. In the context of Rumoh Aceh,
abstraction allows for the generalization of calculations—such as determining the area of the binteh cato—
by omitting ornamental detail and concentrating on essential geometric properties. This process supports
students in identifying core mathematical ideas embedded within cultural artifacts, such as formulating
linear equations from the geometric structure of tulak angen. Lastly, algorithmic thinking is employed to
construct systematic procedures for solving geometry-related problems found in the architectural design.
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Algorithms developed to calculate the surface areas of walls, roofs, and reuweung exemplify how
procedural thinking can be rooted in real-world, culturally embedded scenarios. These algorithmic
processes not only address mathematical problems but also underscore the value of cultural context in
problem-solving.

This study also offers valuable insights for educators and researchers aiming to develop culturally
responsive mathematics instruction that nurtures both computational fluency and cultural identity. It
highlights how the integration of ethnomathematics and CT, particularly through the geometric
characteristics of Rumoh Aceh, can serve as a model for contextualized learning in junior high school
settings. Using an ethnographic research approach, the study reveals how CT processes—
decomposition, abstraction, pattern recognition, and algorithmic reasoning—are inherently embedded in
traditional architectural practices. Finally, the design of Rumoh Aceh can serve as a pedagogical tool that
bridges mathematical content with cultural heritage, thereby fostering an educational environment where
students cultivate CT skills while developing a sense of cultural appreciation and respect. This research
contributes significantly to the discourse on culturally relevant mathematics education, promoting the dual
development of computational competencies and cultural identity in the classroom.
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