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The natural mathematical abilities of humans have advanced civilizations. These abilities have been demonstrated in cultural
heritage, especially traditional houses, which display evidence of an intuitive mathematics ability. Tribes around the world have
built traditional houses with unique styles. The present study involved the collection of data from documentation, observation,
and interview. The observations of several traditional buildings in Indonesia were based on camera images, aerial camera
images, and documentation techniques. We first analyzed the images of some sample of the traditional houses in Indonesia
using projective geometry and simple house theory and then formulated the definitions of building numbers and projective
coordinates. The sample of the traditional houses is divided into two categories which are stilt houses and nonstilt house. The
present article presents 7 types of simple houses, 21 building numbers, and 9 projective coordinates.

1. Introduction

Mathematics has played an essential role in human life for
thousands of years. Notable figures in many civilizations used
mathematics to solve daily life problems. Some river civiliza-
tions, such as those in ancient Egypt and India, made excep-
tional achievements in mathematics. These achievements in
mathematics were expressed in their buildings and recorded
in writing [1].

Although some of these civilizations, such as those in
ancient Maya [2, 3] and ancient Egypt, have disappeared,
their buildings remain and can be studied by scientists
(Figure 1). These buildings suggest that ancient people con-
structed their buildings using their mathematical abilities.
An ancient Egyptian papyrus (dated 1850 BC), called the
Rhind Mathematical Papyrus (Figure 1(a)), revealed the geo-
metrical knowledge of the Egyptians [4].

The shapes of the buildings resemble geometrical
shapes, such as triangles, rectangles, and pyramids. For

example, the ancient Egyptian pyramids of Giza
(Figure 1(c)) have mathematical proportions either by
accident or by design [6].

Scientists and mathematicians mainly focus on the
mathematics of famous buildings of great ancient civiliza-
tions because buildings provide a massive information
base to identify mathematical ideas. Mathematics concepts
can also be traced from beautiful and monumental build-
ings. The types of mathematical ability required to con-
struct buildings can generally be determined, especially
regarding the required geometrical knowledge. However,
local buildings, especially traditional houses, in small civi-
lizations around the world can provide unique information
regarding “natural mathematical ability.” The villages built
by the people of certain tribes are still standing. These tra-
ditional houses have unique shapes and reflect the intelli-
gence of the people.

The achievements would not be possible without intui-
tive mathematics ideas because, for example, an ability to
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measure the area and volume of buildings is required to make
houses horizontally balanced. The ability to predict the rela-
tive position of a house with its foundation using knowledge
regarding the perpendicular distance between two planes is
required.

Furthermore, the model of some traditional houses is
similar to that of other tribes in different areas, countries,
and even continents. For example, Figures 2 and 3 illustrate
the similarity between traditional houses around the world.
Some tribes built traditional houses in which the roof forms
a triangular prism [7–13]. These forms suggest that different
local people had similar ideas when designing buildings and
had similar geometrical concepts.

An examination of traditional house shapes allows an
interpretation of intuitive mathematics ability in house
expression. The concept of projective geometry could thus
help us formulate and codify traditional houses. Chen and
Ja’faruddin [10] defined traditional houses in some coun-
tries as simple houses that are build based on the theories
of affine geometry and projective geometry. Affine geome-
try and projective geometry are mathematical interpreta-
tions of reality from the human eye perspective [14].

Form affine and projective geometry perspectives, build-
ings, and tools in human life are objects for learning and
analyzing. Affine and projective geometry are the founda-
tion of the new concept of building numbers and projective
coordinates [10].

The concepts of building numbers and projective
coordinates are established in this paper to classify tradi-
tional houses from Indonesia and other countries and
explore their similarities. Furthermore, traditional houses
worldwide were categorized as different types of simple
houses.

This article contributes to mathematics education world-
wide by introducing projective geometry and its relationship
with cultures to high school students. Projective geometry
differs from Euclidean geometry because it explains how
the human eye perceives the real world. Numerous examples
of projective geometry can be identified in a student’s sur-
roundings, and they can thus make simple interpretations
of their view of traditional buildings from a projective geom-
etry perspective.

This research encourages students to learn mathemati-
cal concepts from traditional houses. House theory can

(a) (b) (c)

Figure 1: (a) The Rhind Mathematical Papyrus [5], (b) Aztec Maya [1], and (c) Pyramid in Egypt [6].

(a) (b)

(c) (d)

Figure 2: (a) Gassho Zukuri style, Japan [7]; (b) the Burdei, North America [8]; (c) the Siheyuan, China [9]; (d) Bola Soba, Indonesia [10].
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provide information regarding the mathematics surround-
ing them. Understanding the shape of one building can
stimulate students’ mathematics application in their daily
lives. Students can classify traditional buildings and learn
to use mathematics projection. They will thus realize that
what they see is projective; this idea is an excellent intro-
duction to the branch of mathematics that addresses
human eye perspectives.

2. Ethnomathematics

Ethnomathematics was born as a counter to western mathe-
matics. Western mathematics has eliminated local mathe-
matics. Proponents of ethnomathematics attempt to reduce
the domination of western mathematics, which is closely
related to politics, stratified domination, ideology, and reli-
gion [15]. Since 1976, ethnomathematical studies have been
conducted for almost every basic concept of mathematics,
from algebra to geometry [15–19].

Ethnomathematics is the study of how people around the
world use mathematics in everyday life. It involves investigat-
ing how various cultures in tribes mathematize their prob-
lems to identify the best solution for daily activities.
Traditional mathematical concepts may differ from western
mathematical concepts because they are highly related to
the environment, methods of reasoning and inference, cul-
tural traditions, myths, codes, symbols, and religions. Ethno-
mathematics is broader than the traditional concepts of
mathematics, ethnicity, and multiculturalism. Ethnomathe-
matics is a research area that incorporates philosophy, lin-
guistics, pedagogy, anthropology, and history and has
pedagogical implications in understanding different socio-
cultural environments [16].

Ethnomathematics emphasizes awareness of the vari-
ous methods of performing and understanding mathemat-
ics depending on cultural values, traditional ideas and

notions, and ethnic environmental contexts [16]. D’Am-
brosio [20] defined ethnomathematics as referring to ethno
and mathema where ethno is related to sociocultural con-
texts (e.g., language, jargon, code of behavior, myths, and
symbols); mathema is defined as knowing, understanding,
explaining, and performing activities to cipher, measure,
classify, order, infer, and model; finally, the suffix tics has
the same root as art and technique.

Some studies have investigated ethnomathematics in
geometry concepts. Zang and Zang [19] reported that most
African people in the Sahara and Mozambican peasantry
built their traditional houses with circular structures or rect-
angular bases. The Mozambican peasantry constructed their
house base as a rectangle without constructing the right
angles one by one.

Sagdic [21] regarded architecture as having a symmetri-
cal operation. The operation is highly related to isometric
transformation, such as translation, rotation, reflection, and
composition. Traditional Balinese houses and Borobudur
Temple in Central Java, Indonesia, reflect these concepts.
Balinese people built their houses using concepts of similar-
ity, shift, and reflection [22]. Borobudur Temples have a frac-
tal dimension, with 2- and 3-dimensional symmetrical conic
or bell-shaped constructions [18].

3. Projective Geometry

In projective geometry, projective transformations explain
how an eye perceives the real world and explain how artists
can achieve realism in their works. A projective transforma-
tion preserves collinearity and incidence [14]. A projective
transformation is a function t : ℝP2 ⟶ℝP2 of the form t
: ½x�⟶ ½Ax�, where ℝP2 is the real projective space and A
is an invertible 3 × 3 matrix. A is defined as a matrix associ-
ated with t.

(a) (b)

(c) (d)

Figure 3: (a) The Dartmoor longhouse: Europe [11]; (b) stilt houses: Asia; (c) Central Taiwan; (d) Australia [12].
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The fundamental theorem of projective geometry is as
follows:

Let ABCD and A′B′C′D′ be two quadrilaterals in ℝP2.
There is then a unique projective transformation t, which
maps A to A′, B to B′, C to C′, and D to D′.

This fundamental theorem explains why all quadrilat-
erals are congruent (projective congruent) and all conical
sections are projective congruent (Figure 4).

An illustration of the projective congruence of a com-
bination of triangle and rectangle through projective trans-
formation is provided in the projective matrix and
Figure 5.

t : x½ �⟶ Ax½ �, ð1Þ
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4. House Theory

House theory was established by Chen and Ja’faruddin [10]
based on traditional buildings and projective geometry.
Traditional buildings are those with a unique architecture
that reflects a nation’s culture, identity, and history [23].
We used traditional house terms to define traditional
buildings more specifically. Traditional houses are those
built in a conventional manner. These houses are used
by local people from generation to generation and have
sociocultural functions. Every traditional house has a phi-
losophy that underlies the design of the building [24].
From a projective geometry perspective, simple houses
are divided as follows [10]:

(i) A simple house has a shape similar to that in
Figure 6(a) up to rigid motions inℝ3. Geometrically,
the roof of this simple house is a combination of a
triangle and a parallelogram, and the body is a com-
bination of a square and a rectangle

(ii) A simple house has a shape similar to that in
Figure 6(b) up to rigid motions inℝ3. Geometrically,
the roof of a simple house is a combination of trian-

gles, trapezoids, and rectangles, and the body is a
combination of two rectangles

(iii) A simple house has a shape similar to that in
Figure 6(c) up to rigid motions inℝ3. Geometrically,
the roof of a simple house is a combination of two
different trapezoids, and the body is the combination
of two rectangles

(iv) A parabola simple house has is a shape similar
to that in Figure 6(d) up to rigid motions in
ℝ3. Geometrically, the roof of a type 4 simple
house is a triangle and parabolic trapezoid com-
bination, and the body is a combination of two
trapezoids

(v) A paraboloid simple house has a shape similar to
that in Figure 6(e) up to rigid motions in ℝ3. Geo-
metrically, the roof of a paraboloid simple house is
a paraboloid, and the body is a cylinder

In this paper, we explored traditional houses in Indone-
sia. The collection of traditional houses will enrich the house
diagrammodels, facilitating the categorization and definition
of building numbers and projective coordinates as novel
mathematical concepts.

(a) (b) (c) (d) (e)

Figure 6: Simple houses.
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Figure 7: (a) One vanishing point; (b) two vanishing points; (c) three vanishing points.
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Figure 8: Three house diagrams with one vanishing point.
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Figure 9: Two vanishing points.
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5. Perspectives in Projective Geometry

The vanishing point is a single point in Figure 7 at which two
parallel lines (or line segments) in the scene appear to meet
[25]. A vanishing point is a point on the image plane of a per-
spective drawing where the two-dimensional perspective
projection of parallel lines in three-dimensional space
appears to converge.

However, because the view of houses depends on the
angle of perception, the image of a simple house should be
defined based on three different perspectives.

5.1. Perspective from One Vanishing Point. If P is the center of
a vanishing point, then the images of the house with one van-
ishing point are as illustrated in Figure 8.

5.2. Perspective from Two Vanishing Points. If two points, P1
and P2, are the centers of the vanishing points, then the image
of a house with two vanishing points is as illustrated in Figure 9.

5.3. Perspective from Three Vanishing Points. If the three
points, P1, P2, and P3, are the centers of the vanishing points,

then the image of a house with three vanishing points is as
illustrated in Figure 10.

6. Materials and Method

Data were collected from documentation, observation, and
interview. The observations of several traditional buildings
in Indonesia were based on camera images, aerial camera

P1

P2

P3

Figure 10: Three vanishing points.

(a) (b)

Figure 11: (a) Â1 and (b) cA′ 1.

projective congruent

Figure 12: Projective congruent.

Figure 13: Masjid Ka’ba Subang, Indonesia [26].
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images (drone camera), and documentation techniques. The
sample of this research is classified into two groups. The first
group is the traditional houses with terraces that built on
poles, and the second group is the traditional houses without
terraces which the houses are directly sit on the pillars above
ground. An aerial camera was used to obtain pictures from
above and from the other sides of traditional buildings. To
complete and verify data, the researcher interviewed local
people living in traditional houses and consulted local
scholars. Data on traditional buildings were also obtained
from local literature and the internet. Some interviews were
conducted online because of the COVID-19 pandemic. Data
on the traditional building were analyzed using descriptive
methods.

7. Results and Discussion

The building numbers and projective coordinates were based
on the Indonesian traditional house structure. The tradi-
tional houses are presented in the form of house diagrams
from an ethnomathematical perspective and then with differ-
ent projections and vanishing points.

Definition 1. Let Âα be the picture of a traditional house andcA′α be the simple projection, called a house diagram, of the
house onto a plane, where α is the number of vanishing
points.

A photograph of a traditional house in Indonesia Â1 is

presented in Figure 11(a), and the house diagram cA′ 1 of Â1
(one vanishing point) is presented in Figure 11(b).

Based on the definition of projective transformations, the
combination of a triangle and trapezoid is projective congru-
ent with a rectangular triangle (Figure 12).

This definition was used to develop building numbers.
The arrangement of these simple house categories was based
on the categorization rule.

7.1. Categorization Rule. The categorization of simple houses
was based on basic geometrical figures such as rectangles, tri-
angles, the combination of rectangular triangle shapes, rect-
angular shapes, rectangular–triangular trapezoid shapes,
rectangular trapezoid shapes, and shapes with curved edges.

7.1.1. Simple House I (Cubic Simple House). A simple house I
has house diagram as a cubic (Figure 13). It is the most basic
form of simple houses. The model of a simple house diagram
should represent the majority belief of Indonesian people.
The majority of Indonesian people are Muslims. Muslims
believe that the most important building in this world is
Kaaba in Mecca. Kaaba is the word for a cube in Arabic. This
holiest shrine in Islam is a square building, elegantly draped
in a silk and cotton veil. This building is located in Mecca,
Saudi Arabia, not in Indonesia. However, Muslims are spiri-
tually close to this sacred house and pray in this direction.

Communities in Indonesia have built masjids (mosques)
that are similar to the Kaaba. The sample of this model is
Masjid Ka’ba that located in Subang, Indonesia. This mosque
directly sits on the pillars above ground.

Simple house I and house diagrams are presented in
Figure 14. The figures of the building are presented from
three different perspectives, codified in the diagrams. The
house diagram in one vanishing point forms a square,
whereas the house diagrams from two and three perspectives
are viewed as cubes.

Traditional dwellings in Indonesia are not typically cubic
simple houses because the seasons of Indonesia require a roof
that drains easily during the rainy season and releases heat
during the dry season. This cubic simple house was selected
as the first type of simple house for two reasons. First, the
majority of traditional buildings in Indonesia have a cubic
main building, which is the building that is lived in. Second,
most people in Indonesia are Muslim and believe that the
most sacred building is the Kaaba in Mecca.

7.1.2. Simple House II (Triangular Simple House). The dia-
gram of simple house II from one vanishing point shows it

(a) (b) (c)

Figure 14: Cubic simple house diagram: (a) one vanishing point, (b) two vanishing points, and (c) three vanishing points.

Figure 15: Uma Lengge [28].
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as a triangle. An example of this simple house is the Uma
Lengge presented in Figure 15. Uma Lengge are traditional
houses in Bima District, West Nusa Tenggara, Sumbawa
Island. This traditional house was built on poles. These tradi-
tional house functions are used for food storage and house
members of the Mbojo tribe. These traditional houses are
made of wood with thatched walls, and they have a triangular
prism shape [27].

The pictures of Uma Lengge in Figure 16 show three van-
ishing points. Figure 16(a) displays the Uma Lengge in one
vanishing point. The house diagram shows it as a triangle.
Figure 16(b) displays the traditional house with two vanish-
ing points. From this perspective, the house diagram displays
a combination of a triangle (front house) and rectangles
(right side and left side). Figure 16(c) presents the traditional
house from three vanishing points. The house diagram shows
a combination of a triangle and two rectangles. Simple house
I is the traditional house in Indonesia with the simplest house
diagram.

7.1.3. Simple House III. Simple house III has a triangular–
trapezoidal shape from the front view. Batak Toba traditional
houses are examples of this traditional house (Figure 17). The
front part of a Batak Toba is triangles on the upper side and
rectangular on the lower side.

This traditional house was built on poles. The roof shape
of this traditional house has a slight curve. The roof has a
sharp angle that is more protruding at the front than at the
back. The back is higher than the front side. The unique
shape of the roof has a philosophical meaning for this tribe.
The higher roof casing in the back than in the front reflects
that the Batak Toba people hope that their future generations
will be more prosperous [30].

Figure 18 presents the house diagrams of simple house III
from three different vanishing points. Figure 18(a) reveals
that the house diagram from one vanishing point is a combi-
nation of triangles. Figures 18(b) and 18(c) present the dia-
grams from two and three vanishing points, respectively.

7.1.4. Simple House IV. The shape of the simple house IV
combines a triangle and a rectangle. Some tribes in Indonesia
use this model of a simple house. An example of this simple
house can be observed in the Bone District, South Sulawesi
Province. These houses are called Bola Soba, and they are
presented in Figure 19. Bola Soba are monumental buildings
for the Buginese People. This traditional house was built with
terraces. The central part of this traditional house has a
length of approximately 21m, with an 8m long back yard.
Local people preserve these buildings as historical buildings,
cultural buildings, and museums. Bola Soba translates to
“the house of friendship.” The purpose of these houses was
to entertain, receive, and welcome honorable guests from
other kingdoms or countries.

Bola Soba is an example of simple house III. Figure 19
presents three images of Bola Soba from different perspec-
tives. Through omission of the indentations or protrusions
in the image of the building, Figure 19(a) presents the front
view of the Bola Soba, the one vanishing point, and its house
diagram. The form of the house diagram combines a triangle
and a rectangle. The house diagram combining the front and
left sides of the house (two vanishing points) is presented in
Figure 19(b), and the diagram with three vanishing points
presented in Figure 19(c) combines three parts of the house.

Verification of the traditional houses was performed
using pictures of the real traditional house, presented in
Figure 20. The figures illustrate the front and right sides
and the top of the house (taken by aerial camera).

Furthermore, the results from interviews with the local
people revealed that Buginese traditional houses represented
the old faith of Buginese people, before Islam. They believed
that their houses had to represent natural balances for their
family to live in peace and harmony, which is why the body
of their house forms a rectangle, in which every angle repre-
sents one of the four elements (fire, water, wind, and earth).
Moreover, the roof represents the harmonious relationship
between God, humans, and nature. Belief in God is the

(a) (b) (c)

Figure 16: Uma Lengge from three different perspectives.

Figure 17: Batak Toba traditional houses [29].
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highest priority of Buginese people. This result was sup-
ported by Syarif’s [17] description of the philosophy of sulapa
eppa (rectangle) and by Yunus’s [31] findings regarding the
meaning behind Buginese traditional houses.

7.1.5. Simple House V. The house diagram of simple house IV
from one vanishing point is defined by a combination of a tri-
angle and two trapezoids. The Sao Mario house presented in
Figure 19 is one example of simple house V. This traditional
house, situated in Soppeng District in South Sulawesi Prov-
ince, Indonesia, is also called hundred pillars because it has
119 pillars [32]. This building is used as a museum and tour-
ist destination and hosts cultural events.

Figure 21 displays Sao Mario house from three different
perspectives. The house diagrams of this traditional house
with three different vanishing points are presented with
indentations and protrusions avoided.

The second example of this simple house type is the Batak
Toba house presented in Figure 22. Unlike simple house III
Batak houses, these traditional houses are commonly con-
structed by the Batak tribe as a dwelling for the local people.

The house diagram of this Batak house from the front, as
presented in Figure 23(a), has a geometrical form in which a
triangle and two trapezoids are combined. This house dia-
gram shape is projective congruent with the house diagram
presented in Figure 23(a). From two and three different van-
ishing points, Figures 23(b) and 23(c) reveal that the roof of
the traditional house has a slight curve.

7.1.6. Simple House VI. From one vanishing point, the geo-
metric model of simple house VI combines two trapezoids
and one rectangle. An example of this model is a Joglo house
in which categorized as traditional house that directly built
on the pillars above ground. The Joglo house presented in

(a)

(b)

(c)

Figure 18: Batak Toba house and its house diagrams.

(a) (b) (c)

Figure 19: Bola Soba’s images.

Figure 20: Buginese traditional house.
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Figure 24 is a traditional Javanese house located in Central
Java, Indonesia. This traditional house shape was inspired
by the shape of a high mountain in Java, symbolizing
God’s place among the ancient people of Java [33]. The
projective coordinates of the traditional house were
assessed.

Figure 24 represents a Joglo house from three perspec-
tives. Figure 24(a) displays the Joglo house from one vanish-
ing point, revealing a combination of two trapezoids and one
rectangle. Figures 24(b) and 24(c) present house diagrams
from two and three vanishing points, respectively.

The Tongkonan house displayed in Figure 25 is another
example of simple house VI. This traditional house was built
on the poles. This traditional house in South Sulawesi is
accredited to the Toraja people or the Sa’dan Toraja. The pic-
tures of South Sulawesi were taken using a phone camera and
drone camera.

The shape of the front of this traditional house is in
the form the combination of two trapezoids and a rectan-
gle, and the roof is catenary. The shape of the roof is
based on local people’s beliefs. The roof of the Tongkonan
house represents the sky in which they believe that their
god arched the firmament down to the world. They believe
that their god curved the sky, which is why they build the
Tongkonan roof in a catenary shape. These interview
results confirmed the findings of study by Palm [34],
who reported that the Tongkonan house represents the
macrocosmos and the roof represents the microcosmos.
Furthermore, Palm wrote that the center of the house
symbolizes an anak dara (girl), as a fertility symbol, and
the northern part of the Tongkonan is associated with
gods and the deified dead.

7.1.7. Simple House VII (Paraboloid Simple House). The sim-
ple house VII diagram displays a parabola-like or catenary-
like curve. Examples of this simple house are Hanoi houses
in Papua Province, Indonesia (Figure 26). Hanoi houses are
among the most famous house types in Indonesia that
directly built on the pillars above ground. The local people
in Papua preserve these traditional structures as homes and
places for the cultural events of the tribe. These traditional
houses are divided into two categories: traditional houses
for men are called Hanoi, and traditional houses for women
are called Ebei.

The first image of a Hanoi house (Figure 26(a)) shows the
front house of with one vanishing point. Figure 26(b) dis-
plays the house with two vanishing points. The third figure
has three vanishing points. The three house diagrams of this
traditional house are projective congruent with each other.

7.2. Construction of Building Numbers and Projective
Coordinates

Definition 2. The house diagram of traditional houses can be
divided into three parts: the front house, the side house (left
or right sides), and the roof (Figure 27).

(a) (b) (c)

Figure 21: Mario house.

Figure 22: Batak Toba house.
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Numerous traditional houses around the world have similar
front-of-house shapes, such as the rectangular triangle. How-
ever, the side and top views differ (Figure 28).

Therefore, traditional houses cannot be categorized into a
certain model without an assessment of at least two views.
These findings also suggest that the front of the house is an
identity component in house theory. Simulations with tradi-
tional house diagrams were constructed to further explore
this idea as presented in Figures 29–35.

The figures reveal that the simple houses V and VI each
have two branches, whereas the other simple house types
do not have branches. Simple house VII is only represented
in one house diagram because the house diagrams from two
and three vanishing points are projective congruent.

Definition 3. The building numbers of a house diagram cA′α β

are in the form of n̂α β, where α is the index of a building of

the same type, β is the number of vanishing points, and n is a
natural number.

In this article, n = 1, 2, 3, 4, 5, 6, and 7. The procedure
used to construct the building numbers is as follows:

(1) The most basic constructions of cA′ α β was
identified, starting from rectangular, triangle, the
combination of triangle-rectangular, rectangular-
rectangular, and so on. Every building of every
house type was numbered starting with the front
door. The front of the house was assigned the first
number for three reasons

(a) Indonesian people always focus on the door
shape. Therefore, making the front door as beau-
tiful as possible is crucial. Furthermore, it is polite
to enter the house through the front door

(a) (b) (c)

Figure 23: Batak Toba house from three different vanishing points.

(a) (b) (c)

Figure 24: Joglo house.
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(b) The construction of the front door is based on the
local people’s beliefs

(c) From a projective geometry perspective, the
front door can be viewed as Lines in ℝP2

(i.e., planes in R3 through the origin). There-
fore, some planes are parallel to the lines of
the front door

(2) If the front sides of buildings were similar but the left
and right sides were different, then n was the same
but the index numbers (βÞ were different

(3) If the figure of a building was of the same building but
from different perspectives (different house dia-
grams), then n was the same, but the number of van-
ishing points (α) was different

(4) Three was the maximum number of vanishing points
assessed in this study

Before further analysis of building numbers, we devel-
oped the basic principle of the construction of building num-
bers. The building numbers based on the equivalence
between the number of parts of buildings and the number
of vanishing points were defined as complete images.

Definition 4 (Complete image). The number of vanishing
point(s) is equivalent to the number of parts of the
building.

Examples of Definition 4 are presented in the following
section.

Figures 36(b)–38 are the complete images because this
image has one vanishing point with just one part of the house
diagram. However, the images in Figures 36(a) and 36(c) are
not complete because they are viewed from one vanishing
point but the house diagrams are in two parts.

(a) (b) (c)

Figure 25: Tongkonan house.

(a) (b) (c)

Figure 26: Hanoi house.
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Top view
From one vanishing point

Front view
From one vanishing point

Left or right view
From one vanishing point

Figure 27: House diagram’s parts.

(a) (b)

(c)

Figure 28: (a) Gassho Zukuri Style, Japan [7, 13] (b) An Old house in Tazmania, Australia, (c) Bola Soba, Indonesia [10].

Example

Masjid Ka’ba Subang

Figure 29: House diagrams of simple house I.
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Example

Uma Lengge

Figure 30: House diagrams of simple house II.

Batak Toba House

Example

Figure 31: House diagrams of simple house III.

Bola Soba

Example

Figure 32: House diagrams of simple house IV.

Bola Mario

Example

Batak Toba 

Example

Bola Mario

Figure 33: House diagrams of simple house V.

Example

Joglo House

Projective
congruent

Example

Joglo House

Tongkonan

Figure 34: House diagrams of simple house VI.
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Figures 37 and 38 are complete images because the fig-
ures display two vanishing points in two parts and three van-
ishing points in three parts in the house diagrams,
respectively.

7.3. Construction of Building Number 1̂α β. Figure 39 illus-
trates how to construct building numbers from cubic sim-
ple houses. This figure displays a front view image with
one vanishing point. By applying procedure 1, we obtained

Example

Hanoi House

Figure 35: House diagrams of simple house VII.

(a) (b) (c)

Figure 36: House diagrams.

P1

P2

Figure 37: Complete image.

P1

P2

P3

Figure 38: Complete image.
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a rectangular house diagram. This house diagram was the
first basic house diagram in one vanishing point, and the
index was 1, codified as building number 1̂1 1.

Figures 40 and 41 are similar cubic simple houses, but
with two and three vanishing points. We can obtain the
building number 1̂1 2 and 1̂1 3 by applying procedures 2
and 3, respectively.

7.4. Construction of Building Number 2̂α β. Figure 42 illus-
trates the construction of building number 2̂1 1.The figure
presents a front view with one vanishing point
(Figure 42(b)). We obtained a triangle (Figure 42(c)) by
applying procedure 1. This house diagram was the first basic
house diagram for triangle traditional houses in one vanish-
ing point, codified as building number 2̂1 1.

Other building numbers for 2̂α β are presented in
Figure 43.

7.5. Construction of Building Number 3̂α β. Simple house III
was the model of the construction of building number 3̂α β.
The figure presents the image in front view with one

(a) (b)

Figure 39: Construction building number 1̂1 1.

Figure 40: Construction building number 1̂1 2.

Figure 41: Construction building number 1̂1 3.

16 Journal of Applied Mathematics



vanishing point (Figure 44(b)). We obtained a triangle house
diagram (Figure 44(c)) by applying procedure 1. This house
diagram was the first basic house diagram for triangle tradi-
tional houses in one vanishing point, codified as building
number 31 1.

Other building numbers for 3̂α β are presented in
Figure 45.

7.6. Construction of Building Number 4̂α β. Figure 46 illus-
trates the construction of building number 4̂1 1. This figure
presents an image of a Bola Soba house in front view with
one vanishing point (Figure 46(a)). We obtained a triangle
rectangle combination (Figure 46(b)) by focusing on the
main building and applying procedure 1; the relevant house
diagram was obtained (Figure 46(c)). This house diagram
was the first basic house diagram for the simple house type
with one vanishing point, codified as building number 1̂1 1.
Figures 47 and 48 present the same traditional house but with

two and three vanishing points, respectively. We obtained the
building numbers 4̂1 2 and 4̂1 3 by applying procedures 2 and
3, respectively.

7.7. Construction of Building Number 5̂α β. The construction
of building number 5̂α β was based on simple house IV.
Figure 49 illustrates the construction of building number
5̂1 1. We obtained a triangle, trapezoid, and rectangle combi-
nation by applying the procedure point 1 (Figure 49(b)); the
related house diagram (Figure 49(c)) was obtained as a result.
This house diagram is the first basic house diagram in this
building number, codified as building number 5̂1 1.
Figures 50 and 51 present the same traditional house with
two vanishing points and three vanishing points, respec-
tively. Therefore, we obtained building numbers 5̂1 2 and
5̂1 3 by applying procedures 2 and 3, respectively.

The same procedure was also applied for the Batak Toba
traditional house in Figure 52 to obtain 5̂2 1, 5̂2 2, and 5̂2 3.

(a) (b) (c)

Figure 42: Construction building number 2̂1 1.

21_1 21_2 21_3

Figure 43: Construction building number 2̂α β.

Batak Toba house

(a) (b) (c)

Figure 44: Construction building number 3̂1 1.
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Building number 5̂α β has two branches as in Figure 53.

7.8. Construction of Building Number 6̂α β.A Joglo house was
selected for building number 6̂α β. The house diagram dis-

played in Figure 54 shows building number 6̂1 1, and the
other two figures from different perspectives present building
numbers 6̂1 2 and 6̂1 3.

The same procedure was also applied for the Tongkonan
traditional house presented in Figure 55 to obtain 6̂1 1, 6̂2 2,
and 6̂2 3.

All the building numbers for this model are summarized
in Figure 56.

7.9. Construction of Building Number 7̂α β. Building number
7̂1 1 is the most unique building because the house diagrams

31_1 31_2 31_3

Figure 45: Construction building number 3̂α β.

Figure 46: The construction of building number 4̂1 1.

P
PPP

Figure 47: The construction of building number 4̂1 2.

P

P

P

P

P

P

Figure 48: The construction of building number 4̂1 3.
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(a) (b) (c)

Figure 49: The construction of building number 5̂1 1.

PP

Figure 50: The construction of building number 5̂1 2.

P

P

P

Figure 51: The construction of building numberb51 3.

51_1 52_2 52_3

Figure 52: Batak Toba house.
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of these traditional houses are similar from three different
perspectives Figure 57. Building number 7̂1 1 ≈ 7̂1 2 ≈ 7̂1 3.
Therefore, this building was assigned one building number
(7̂1 1).

7.9.1. Projective Coordinate. The concept of projective coor-
dinates must be introduced to identify the model of a tradi-
tional house. This concept was applied to categorize other
traditional houses from Indonesia and other countries.

Definition 5. (a, b, c) denotes the projective coordinate of a
house diagram, where a, b, and c are building numbers from
one vanishing point, two vanishing points, and three vanish-
ing points, respectively.

Note: if A and B are simple houses, A and B have the same
projective coordinates if they are projective congruent.

Table 1 shows the codification based on building num-
bers and projective coordinates to categorizes traditional
houses. We further categorized traditional houses from Indo-
nesia and other countries, obtained from online sources and
photos using these codification systems.

7.10. Some Examples from Other Countries. Building num-
bers and projective coordinates are concepts that can be used
to categorize traditional buildings. Pictures of traditional
houses from other countries were used to demonstrate the
application of this concept.

Figure 58 presents two traditional buildings from Malay-
sia and New Zealand that were analyzed using building num-
bers and projective coordinates. The building numbers of
these traditional buildings were 4̂1 1 and 4̂1 2, respectively.
Pictures of these buildings with three vanishing points were
not available. However, we deduced that the building number

51_1

51_2

51_3

52_3

52_2

Figure 53: The construction of building numberb5α β.

61_1 61_2 61_3

Figure 54: Building number 6̂α β.
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61_1 62_2
62_3

Figure 55: Building number 6̂α β.

61_1

61_2 61_3

62_3

62_2

Figure 56: The construction of building number b6α β.

(a) (b) (c)

Figure 57: Hanoi House, example of Building Number 7̂α β.
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was 4̂1 3 with three vanishing points based on pictures that
showed parts of the buildings. Therefore, the projective coor-
dinates of the stilt house and Maori Reed House were (4̂1 1
4̂1 2, 4̂1 3Þ, and the vernacular architecture was categorized
as simple house IV.

Figure 59 displays vernacular architecture from the
Kysuce region in Slovakia. This log cabin was revealed to

have projective coordinatescð51 1, 5̂1 2, 5̂1 3Þ. This traditional
house was thus categorized as simple house V.

Another notable traditional dwelling is the Apache
house. This traditional house was recorded by Curtis
(1868–1952) in 1903. The Apache dwelling pictured was in
the southwest of North America (Figure 60).

The projective coordinates of the traditional building are
7̂1 1, 7̂1 1, and 7̂1 1, indicating that the Apache wickiup is an
example of simple house VII.

7.11. Proposed Simple House Theory for Teaching
Mathematics. The theory of building numbers and projec-
tive buildings will benefit students for five reasons. First,
students can easily recognize the building types because
the house diagrams are presented in simple geometric
forms. Second, the categorization of every building can
encourage students to identify the similarities between
buildings around the world. Third, the house diagrams
will encourage students to identify philosophies or similar
principles embedded in their traditional buildings. Fourth,
the introduction of building numbers and projective coor-
dinates will teach students about simple models and the
application of projective geometry and affine geometry in
a straightforward manner. Fifth, learning building num-
bers and projective coordinates help students develop
abstract thinking and allow them to perceive houses as
mathematical symbols.

Table 1: Summary of simple houses’ projective coordinates.

The type of simple house. One vanishing point Two vanishing points Three vanishing points Projective coordinates

Simple house I (cubic simple house) 1̂11 , 1̂12 , 1̂13
� �

Simple house II (triangular simple house) 2̂11 , 2̂12 , 2̂13
� �

Simple house III 3̂11 , 3̂12 , 3̂13
� �

Simple house IV 4̂11 , 4̂12 , 4̂13
� �

Simple house V 5̂11 , 5̂12 , 5̂13
� �

Simple house V 5̂11 , 5̂22 , 5̂23
� �

Simple house VI

6̂11 , 6̂12 , 6̂13
� �

6̂11 , 6̂22 , 6̂23
� �

Simple house VII (paraboloid simple house) 7̂11 , 7̂11 , 7̂11
� �
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Wemust consider including this simple house theory as a
contextual problem for teaching and learning mathematics
for several reasons. First, not all students have basic knowl-
edge regarding geometric projection. Therefore, introducing
projective geometry concepts and simple house theory is
essential. Second, because this house theory is general and
simple and the purpose is to categorize traditional houses,
mathematics teachers should allow students to learn by
observing traditional houses and making connections
between their observations and related theory.

From an ethnomathematical perspective, the context of
the teaching and learning process should be designed by
embedding the culture, history, and philosophy underlying

the traditional house design. This form of teaching would
stimulate student awareness of the mathematical ability of
tribes in solving their problems and the similarity between
traditional houses in various countries. The learning envi-
ronment would create a positive learning experience and
meaningful learning [38].

Teachers or lecturers can provide explanations to stu-
dents regarding projective geometry and simple house the-
ory. To understand related problems, students could
identify the projective coordinate of various traditional
houses and use figures to determine the projective coordi-
nates to identify traditional house types.

Students could also use their house as an example. Learn-
ing about traditional customs will make the teaching and
learning process more engaging and benefit the students. Stu-
dents’ abilities, especially in geometry, will improve, which
will increase their awareness regarding their culture and her-
itage. A detailed application of simple houses in the teaching
and learning processes will be established in future research,
and the application of this theory from an ethnomathematics
perspective will be investigated.

8. Conclusion

In this study, 7 simple house types, 25 building numbers, and
9 projective coordinate categories were developed. The sim-
ple house categories were based on the basic form of each
simple house presented with one vanishing point. The simple
houses were categorized as simple house I (cubic), simple
house II (triangular), simple house III, simple house IV, sim-
ple house V, simple house VI, and simple house VII (parab-
oloid). Examples of simple houses I and VI are categorized as
stilt traditional houses. On the other hand, the examples of
simple houses II, III, and IV are nonstilt traditional houses.
Only simple house V has examples in both stilt house and
nonstilt house. Building numbers were formulated as follows:
1̂1 1, 1̂1 2, 1̂1 3, 2̂1 1, 2̂1 2, 2̂1 3, 3̂1 1, 3̂1 2, 3̂1 3, 4̂1 1, 4̂1 2,
4̂1 3, 5̂1 1, 5̂1 2, 5̂1 3, 5̂2 2, 5̂2 3, 6̂1 1, 6̂1 2, 6̂1 3, 6̂2 2, 6̂2 3,
and 7̂1 1. The building numbers are components of the pro-
jective coordinates, which consist of the projective transfor-
mation in one vanishing point, two vanishing points, and
three vanishing points. Projective coordinates were formu-
lated for every simple house type. Simple houses I, II, III,

(a) (b)

Figure 58: (a) Stilt houses: Asia; (b) Maori Reed House, New Zealand 1891 [35].

Figure 59: A log cabin in Slovakia [36].

Figure 60: Apache wickiup [37].
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IV, and V have projective coordinates ð1̂11 , 1̂12 , 1̂13Þ, ð2̂11 ,
2̂12 , 2̂13Þ, ð3̂11 , 3̂12 , 3̂13Þ, ð4̂11 , 4̂12 , 4̂13Þ, ð5̂11 , 5̂12 , 5̂13Þ, and ð5̂11 ,
5̂22 , 5̂23Þ, respectively. Similar to simple house V, which has
two projective coordinates, simple house VI also has the
coordinates ð6̂11 , 6̂12 , 6̂13Þ and ð6̂11 , 6̂22 , 6̂23Þ. Finally, simple

house VII has a unique set of coordinates ð7̂11 , 7̂11 , 7̂11Þ.
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