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Abstract

Ethnomathematical techniques and modelling tools allow us to examine sys-
tems taken from the real world and offer us insight into forms of mathematics
performed in holistic contexts [3]. A pedagogical approach that connects a di-
versity of cultural forms of mathematics can be implemented by the use of eth-
nomodelling, a process of translation and elaboration of problems and questions
taken from non-academic systems. Here, we offer examples of studies conducted
in Brazil and in the United States that explore this pedagogical approach. Our
goal is to broaden the discussion of possibilities for ethnomathematics and as-
sociated ethnomodelling perspectives that respect the social diversity of distinct
cultural group members with guarantees for the development of understanding
of the different ways of doing mathematics through dialogue and respect.
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4 Humanizing Mathematics through Ethnomodelling

1. Introduction

Over the years, there has been an increased interest in how people in-
corporate new ideas and technologies in novel and creative ways and how
these interactions are increasingly affecting all of our thinking and learn-
ing processes. In this regard, we need to make a special effort to open our
eyes to the other histories and technological sophistications of indigenous
non-western cultures.

It is necessary to emphasize how one’s own culture and society consid-
erably affect the way in which individuals understand mathematical ideas,
procedures, and practices. The core of ethnomathematics research demon-
strates how mathematics is made of many historically rich, diverse and dis-
tinct traditions. Every cultural group has developed unique and distinct
ways of including mathematical knowledge that often comes to be incorpo-
rated into the cultural systems as diverse people interact, immigrate and
create new contexts. This is most obvious in ways that diverse groups order,
quantify and use numbers, incorporate geometric forms and relationships,
and measure and classify objects [3].

Thus, mathematical thinking is influenced by a diversity of human envi-
ronments and their elements, which include language, religion, mores, eco-
nomics, social, and political activities. Along with language, it seems that all
human beings have come to develop logical processes related to quantifica-
tion, measurement, and modelling in order to understand and explain their
socio-cultural-historical contexts [16]. These processes allow each cultural
group to develop their own way to mathematize3 reality. These tools allow
for the identification and integration of specific mathematical ideas, notions,
procedures, and practices by schematizing, formulating, and visualizing a
problem in different ways, discovering the relations, patterns, and regulari-
ties, and transferring a real world-situation into mathematical ideas through
mathematization.

Inclusion of a diversity of ideas brought by people from distinct cultural
contexts can give confidence and dignity to students, while allowing them

3Mathematization is a process in which members of a distinct cultural group develop
specific mathematical tools that can help them to organize, analyze, comprehend, under-
stand, and solve concrete problems located in the context of their real-life situations.
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to perceive a variety of perspectives in order to provide a base in which
they are able to learn academic mathematics [20]. Equally important is the
search for alternative methodological approaches needed to reach this goal.
In this regard, as traditional Western science-based mathematical practices
are accepted worldwide, it is even more vital that we record historical, di-
verse, and alternate forms of mathematical ideas, notions, and procedures
before many of these local practices are lost to us. One methodological tool
for developing this approach is ethnomodelling [16], one of many practical
applications of ethnomathematics that add the cultural perspective to the
modelling process.4

According to this context, it is necessary to offer a brief discussion of
ethnomathematics and ethnomodelling in order to assist the readers in con-
textualizing aspects of mathematical creativity, which may be described as
a multifaceted construct involving both “divergent and convergent thinking,
problem finding and problem solving, self-expression, intrinsic motivation,
a questioning attitude, and self-confidence” [21, page ix]. In this way, stu-
dents need to see how mathematics is developed and came to realize how
individuals help the overall evolution of mathematical knowledge.

2. Ethnomathematics

Ethnomathematics is the application of mathematical skills, ideas, pro-
cedures, and practices applied in the past by members of a specific cultural
group in distinct contexts, which are often used currently in present day con-
texts [5]. Much of what we call modern mathematics came about as diverse
European-based groups sought to resolve unique problems related to com-
merce, art, religion, exploration, colonization and communications, the con-
struction of railroads, census data, space travel, and other problem-solving
techniques that arose from particular communities. Given that communities
quite disjoint from one another have often faced similar problems, mathe-

4Ethnomodelling is a relatively recent research field. Since change and reform are
actually a part of the nature of the scientific paradigm, ethnomodelling is not yet strictly
defined as of yet, and offers important new perspectives for problem solving. The purpose
of this paper is to provide a discussion of ethnomodelling, a discussion that aims to show
through a series of examples how mathematics can be understood and used as a way of
translating of mathematical practices originating in diverse cultural contexts.
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matical methods and constructss have often been introduced independently
of one another in different geographies and historical periods. For example,
the Mayans invented the number zero and the positional value around the 9th

century [14]. These concepts were transmitted to the European communities
via the Arabs who learned of them from the Hindus by means of exchanges
and commercial activities.

One of the most important concepts of ethnomathematics is the associa-
tion of the mathematics found in diverse cultural contexts. In this context,
ethnomathematics as a research paradigm is much wider than traditional
concepts of mathematics and ethnicity or any current sense of multicultur-
alism. The prefix ethno- relates to the members of distinct groups identified
by their cultural traditions, codes, symbols, myths, and specific ways of rea-
soning and inferring.

Ethnomathematics is the way by which various cultural groups mathe-
matize because it examines how both mathematical ideas and mathematical
practices are processed and used in daily activities. It can be also described
as the arts or techniques developed by diverse people that help to explain, un-
derstand, and cope in their own environment [3]. While making use of modern
mathematics and science, ethnomathematics also embraces the mathemati-
cal ideas, thoughts and practices as developed by all cultures across time and
space. From this perspective, a body of anthropological research has come
to focus on both intuitive mathematical thinking and the cognitive processes
largely developed in minority5 cultural groups [1]. It is also a program, which
seeks to study how diverse groups of people understand, comprehend, articu-
late, process, and use mathematical ideas, procedures, and practices in order
to solve problems related to their daily lives.

5One of the main characteristics people of minority groups have in common is that
they often face discrimination, marginalization, and exclusion from society. International
human rights laws, which focus on the principle of equality, guarantee the right to edu-
cation for all people. However, people of many minority groups are likely to be denied
this right. In this context, the majority of children who are members of non-traditional,
marginalized or out-of-school populations are also deprived of access to formal education
that is relevant and responsive to their specific context and needs [26]. For example, glob-
ally speaking, there are some educational institutions in which a particular ethnic, racial
or cultural group is a majority, thus, the experiences of students of a minority group such
as Indigenous, English Language Learners, or Special Education are not reflected in the
mainstream cultural and educational materials of the broader national sense.
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In this regard, the focus of ethnomathematics consists essentially of a crit-
ical analysis of the generation (creativity) and production of mathematical
knowledge and its intellectual processes, as well as the institutionalization
and diffusion of this knowledge [16]. This holistic context includes diverse
perspectives, patterns of thought, and histories, the study of the systems6

taken from reality in order to help students to reflect, understand, and com-
prehend extant relations among all of the components of the system.

In this regard, cultural variables have strongly influenced how students
came to understand their world and interpret both their own and others
people’s experiences [4]. In attempting to create and integrate mathematical
materials related to different cultures and that draw on students’ own ex-
periences in an instructional mathematics curriculum, it is possible to apply
ethnomathematical strategies in teaching and learning mathematics. These
strategies include, but are not limited to the historical development of mathe-
matics in different cultures that “use mathematics (e.g. an African-American
biologist, an Asian-American athlete). Mathematical applications can be
made in cultural contexts (e.g. using fractions in food recipes from different
cultures). Social issues can be addressed via mathematics applications (e.g.
use statistics to analyze demographic data)” [22, pages 3-4].

Similarly, it is important to show that ethnomathematics describes ideas
and procedures that are implicit in the mathematical practices developed lo-
cally by members of distinct cultural groups. For example, a study conducted
in the South of Brazil investigated the specificity of mathematical ideas, pro-
cedures, and practices produced by adolescent and adult construction workers
who were also students in an evening adult educational course. The results
of this study demonstrated that mathematical knowledge produced, devel-
oped, and transmitted in construction sites had curricular implications that
were inferred from this kind of knowledge production. It also showed the
connections of the local knowledge with academic knowledge legitimized by
the school in order to determine mathematical curricular modifications [27].

The challenge that many communities face today is in determining how
to shape a new open, modern, international culture, which integrates and
respects new and alternative ideas, and where diverse ideas coexist in balance

6Systems are sets composed of elements taken from reality. The analyses of the inter-
relationship among these elements seeks to develop reflection, understanding, and com-
prehension of phenomenon that are part of reality [3].
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workers, and academic or school mathematics. Such depth is accomplished
by taking into account historical evolution and the recognition of natural,
social and cultural factors that shape human development [5].

5. Some Practical Ideas and Examples

So, how to go about doing this? How does this relate to humanistic
mathematics? There is an interesting pedagogical tool named a Math Trail
that is used to show how to connect our thinking to the mathematics found
in the cultural context of a neighborhood school [23]. Activities with the trail
demonstrate ways to get students working with each other in order to have
them become active learners and to increase respect for their own community
[23]. Together with mathematical modelling, we have used this perspective
in diverse countries such as Nepal, the United States, and Brazil. Below
we have shared examples that may help to engender creativity in groups of
learners.

5.1. An Exploration of Addresses in Ouro Preto, Brazil

In 2005, Orey was invited to participate as a visiting professor with the
mathematics education group at the Universidade Federal de Ouro Preto
(UFOP). During that time, he began working with a group of elementary
school children in one of the municipal schools in Ouro Preto. That pilot
study became the basis for the Ouro Preto Math Trail. Orey visited the
school and worked with the students over a period of eight months.

Figure 3: Students doing research in front of the school in Ouro Preto in 2005
(photo by Orey).
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When a group of nine year old students were asked why the first house
number on Rua Alvarenga began with a number 7 (see Figure 4), automat-
ically, the responses were “it is 7 meters from the bridge.” However, upon
exploration and discussion, we found that it was not 7 meters from the bridge.

Figure 4: Number 7 on Rua Alvarenga (photo by Orey).

After some research, we found that measurements in the historic center
of Ouro Preto were once based on the old imperial units, such as barras.7 We
took the distance from the end of the bridge to the door divided it by seven
and found it closely resembled the barra unit and then together we realized
that all the address were showing distances along our streets. For example,
Rosa’s apartment building was at 130 Rua Alvarenga (130 barras from the
beginning of the street).

These students from a rural village (Coelhos), after visiting the Ouro
Preto Math Trail, studied their own street and presented a plan to the
mayor’s office. The result was that the houses in the village were renum-
bered by including the International System of Units, but keeping its original

7The older standard linear measure that originated from measurements of area and
volume was conceived in Egypt around 3000 BC. This measure was once called a cubit
or bar, based on the length of the arm to the tip of the middle finger. Colonial Brazil,
in the time of the Portuguese-Brazilian Empire, used a system that was often confusing
and diverse in its measures because length was often measured in barras (bars), and this
pattern could vary from person to person, and region to region in Brazil. This procedure
did not allow for a high precision in its measurements.
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numbering system. This approach allowed students the opportunity to learn
and use mathematics in order to make a transformation and a contribution
to the community [19]. The idea of learning mathematics and giving back to
one’s community at the same time is motivating, because it gives all of us
reason for hope and a feeling of belonging and connection.

5.2. Transportation, Modelling, and Distance Learning

In June of 2013, millions of Brazilians went to the streets to protest
corruption. The movement was spurred on by tremendous amounts of money
spent on stadiums for the FIFA World Cup in 2014 while social services,
health care, and education suffered. The straw that broke the camel’s back,
so to speak, was brought on by a sudden rise in transportation costs (mostly
bus fares) across the country [11].

During this same time, Orey was teaching his online course entitled Semi-
nar in Mathematical Modelling with 110 students enrolled across two states in
ten very diverse educational centers named polos, which are centers equipped
with computer labs and other educational resources. Normally, a good por-
tion of the course is devoted to forming groups and having the students find
their own themes. However, this semester everyone was encouraged to select
transportation (see Figure 5) as a theme.

Figure 5: Bus transportation in Ouro Preto (photos by Orey).

Groups of students all in their own polos produced models regarding to
the proposed theme. Both students and the professor used this opportunity
and were not afraid of using aspects of day-to-day events found in their
daily lives in order to teach, learn, and communicate mathematical findings.
Because this seminar is a long-distance offering, each group recorded a ten-
minute video, placed it on YouTube, and shared the link on the class forum.
A PowerPoint and a short paper used in the presentation describing their
findings and were shared with the class, the professor, and course tutors.
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Each presentation shared a brief introduction on the development of the
submitted work; information the students gained through interviews with
citizens and public transport users in their respective cities; questions re-
lated to the situations presented in the interviews; mathematical models
built upon the data researched; possible solutions to the problems outlined,
and conclusions and reflections.

This ethnomodelling approach has helped hundreds of students gain tools
and experiences that enable them to make useful, data-based arguments for
what can often be emotional topics. They learned how to create data, and
thoughtfully engage in debate and dialogue in their own communities in order
to solve some of the transportation issues they observed while conducting
their research. This allowed them to take an active role in the process of the
transformation of their community.

5.3. A Brief Interlude

We chose here to describe the examples in Sections 5.1-5.2 to show how
mathematical modelling can be used as a teaching methodology that focuses
on the development of a critical and reflexive effectiveness, a methodology
that engages students in a contextualized teaching and learning process that
allows them to get involved in the construction of solutions of social signifi-
cance [15].

This critical dimension of mathematical modelling is based on the com-
prehension and understanding of reality, in that students learn to reflect, an-
alyze and take action on their reality. When we explore and engage them in
mathematizing examples and problems taken from their own reality, students
begin to study the symbolic, systematic, analytical, and critically contexts
to their work.

In our distance-education context, the students do all of the above while
using technological tools provided in a virtual learning environment (VLE).
Long distance education contributes and can assist students to overcome dif-
ficulties regarding the adoption of critical and reflexive mathematical mod-
elling courses because the technological tools offered, such as Moodle8, are

8Moodle (Modular Object-Oriented Dynamic Learning Environment) is a free open-
source learning management system (LMS) or e-Learning platform that serves educators
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inexpensive, simple, and functional [20]. By using discussion forums and
videoconferences, professors and tutors can critically analyze interactions
enabled by these tools. In our courses these tools significantly contributed to
the reflexive development of the elaboration of mathematical models in the
VLE.

5.4. The Symmetrical Freedom Quilts

Quilt themes are a great way to begin the work of integrating mathemat-
ics, art, history, and reading in an interdisciplinary approach. Because of this,
we proposed lesson plans that combined an ethnomathematical-historical
perspective that elaborates a history project related to the Underground Rail-
road, which allows teachers to develop classroom activities and projects that
help students to better understand history and geometry, especially concepts
of symmetry and transformations through ethnomodelling [17].

Despite the controversy around the question of whether the quilts were
ever really used in the suggested manner [10, 18], Symmetrical Freedom
Quilts, or just quilting in general, may offer tangible links between math-
ematics, history, ethnomathematics, and the very tactile art of quilting. One
of the objectives of this project is to stimulate student creativity and interest,
because quilts may be considered as cultural and mathematical expressions
of individual students’ daily lives.

Making quilt blocks is an excellent way to explore concepts of symmetry.
As quilts are made from square blocks, usually 9, 16, or 25 pieces to a block,
with each smaller piece usually consisting of fabric triangles, the craft lends
itself readily to the application of symmetry. The Freedom Shoo Fly quilt
shows how its blocks are symmetrical (see Figure 6).

Shoo Fly is one the simplest and very common symmetrical quilt design.
Although Shoo Fly is a basic pattern, its versatility provides quilters with
some wonderful opportunities for creative use of colors, fabrics and stitching.
Shoo Fly may be adapted to a variety of sizes. Blocks often measure 9 × 9,
but variations such as 10 × 10 and 12 × 12 may also be used.

and learners across the globe. In 2002, Moodle was developed by an Australian educator
and computer scientist Martin Dougiamas (1969) to help educators create online courses
with a focus on interaction and collaborative construction of content.
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Figure 6: Shoo Fly Symmetrical Quilt Block.

A rotation turns the figure through an angle about a fixed point called
center. The center of rotation is assumed to be the origin of the xy-coordinate
system. A positive angle of rotation turns the figure counterclockwise, and a
negative angle of rotation turns the figure in a clockwise direction. Rotation is
a transformation that is present in the Shoo Fly quilt block because it moves
every point 90◦ counterclockwise around the origin of the xy-coordinate sys-
tem (see Figure 7).

Figure 7: Rotation of point A around the xy-coordinate system.

The mapping of this rotation is R90◦(x, y) = (−y, x). The coordinates of
point A in its rotation around the xy-coordinate system are:

R90◦(A) = R90◦(9, 3) = (−3, 9) = A′

R90◦(A′) = R90◦(−3, 9) = (−9,−3) = A′′

R90◦(A′′) = R90◦(−9,−3) = (3,−9) = A′′′

R90◦(A′′′) = R90◦(3,−9) = (9, 3).
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Note that a rotation creates a figure that is congruent to the original figure
and preserves distance (isometry) and orientation (direct isometry).

Final Considerations

If one borrows something from someone, then one is more than interested,
indeed invested in truly incorporating it, and then sharing it back. Borrowing
suggests that one wants to borrow it to do something to the object, as in
cooking, or collecting something exotic to place in a museum shelf. The act of
borrowing is only important for a particular moment and does not serve for
the present when diverse elements collide, live, and create new foods, music,
science and of course mathematics as is happening in numerous locations in
the Americas.

When we borrow, we are often acquiring objects or ideas with insufficient
thought or a sense of mindfulness about where they come from or how they
came to be. Borrowing is often not too interested in knowing the culture of
the other.

If culture A meets culture B, then three things may happen:

a) Culture A eliminates culture B.
b) Culture A is absorbed by culture B.
c) Culture A assimilates culture B and produces culture C.

In this context, cultural dynamism is a dynamic sequence of social interac-
tions and exchange between members of cultures A and B who modify and
transform their own actions. These interactions form the basis for cultural
structure and therefore provide a key object for basic cultural inquiry and
analysis.

This perspective emphasizes that it is necessary to confront the limits of
uniformity. Who equates borrowing with sameness? Instead of finding mod-
els that encourage diversity, many of our social and educational institutions
have grown to force sameness, often as an outgrowth of the trend towards
globalization, which has in turn promoted the phenomenon of sameness, or
what can be labeled cultural borrowing. Questions naturally arise in rela-
tion to the relevance, applicability, validity, and appropriateness of theories,
perspectives, and policies, which are transferred to, or borrowed, or adopted
by education systems whose cultures and situational conditions are quite
dissimilar from those in which they were conceived [25].
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In this context, one of the goals of any educational system should be
fostering creative students. Creativity is a dynamic property of the human
mind that can be enhanced and should be valued. Therefore, it is important
to study creativity and determine its characteristics. Studying the nature of
mathematics through an ethnomathematics lens provides a suitable platform
for developing creativity through cultural integration. It seems to us that
cultural borrowing, a process of sameness and by which the good and the
accepted have already been defined from the outside, cannot fit within the
aforementioned dynamics.

The integration of ethnomathematics and mathematical modelling offers
a powerful means for validating a student’s real life experience, and gives
them tools to become critical participants in their community. Educators
should be empowered to analyze the role of students’ ethnoknowledge in the
mathematics classroom [2].9 In this process, the discussion between teachers
and students about the efficiency and relevance of mathematics in different
contexts should permeate instructional activities. The ethnoknowledge that
students develop must be compared to and enable them to be successful
in developing their academic mathematical knowledge. Here, the role of
teachers will be to help students develop a critical view of the world by using
mathematics.

In closing, we share a number of questions that we look forward to further
exploring:

1. What happens when non-represented or non-majority cultures begin
this process of borrowing? What does this borrowing infer, especially
when technology gives them access to new mathematical ideas and vice
versa? Is there a sharing between both parties or just a taking of one
by the other?

2. Can a reverse sense of cultural borrowing also happen? Especially in
places with great cultural diversity such as Nepal, Brazil, or California?
Or is any instance of such a phenomenon necessarily a case of power
dynamics?

3. Using ethnomodelling, more traditional ideas can be studied, catego-
rized, and incorporated. How might this be reflected in and create new
forms of mathematics?

9In this regard, ethnoknowledge is acquired by students in the process of pedagogical
action in the learning of mathematics in a culturally relevant educational system.
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4. How does technology influence borrowing? Does it accelerate the pro-
cess, especially in rich environments such as long distance education,
mobile learning, smart phones, and internet? Can it be mindfully used
to develop true cultural integration?

5. How might we use new technologies to create a dialogue by which all
mathematical ideas contribute to the good of all humanity?

References

[1] Bill Barton, “Making sense of ethnomathematics: Ethnomathematics is
making sense,” Educational Studies in Mathematics, Volume 31 Issues
1-2 (1996), pages 201-33.

[2] Marcelo de Carvalho Borba, “Ethnomathematics and education,” For
the Learning of Mathematics, Volume 10 Issue 1 (1990), pages 39-43.

[3] Ubiratan D’Ambrosio. Etnomatetática [Ethnomathematics], Editora
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