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Abstract

One of the barriers in understanding the concept of integers for elementary school students is
how to create meaningful learning to them. However, the setting up of the situation also
needed to help them feeling and experience in it. Ethnomathematics curriculum considers the
condition in mathematization to help the students construct the concept of mathematics by
themselves. The process of the construction will be discussing in this paper from how the
students understand the concept using their own situation. The students quickly to express
their idea based on their experience as well as a result shows the step of seeing how their
opinion constructed to understand integer concept.
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1. Introduction

Integers start introduced in grade six elementary schools in Indonesia. This topic consists of
operating system for addition, subtraction, multiplication as well as division of positive and
negative integer. The number line is the start point of being aware of the existence of a
negative number, which has been introducing from grade three to the students. Based on the
mathematics syllabi revision curriculum 2018 (MOEC, 2018), the competency indicators for
grade six require students to be able to explain negative number in the number line and daily
life context, explain and do operate on the negative number as well as solve the problem
related with number operation on the everyday life. In fact, during the teaching-learning
process, students are emphasizing only to operate the negative number rather than to
understand the concept of negative numbers itself. A recent issue in integer, especially in the
elementary school students’ difficulty in the integer already being raised by many researchers
who try to find out how to develop the students’ comprehension towards integer. Utami et al.
(2018) state that the reason why Indonesian students face difficulties in understanding the
concept of integer it is because the requirement to develop meaningful learning, reasoning as
well as the conceptual perspective. The students face the barriers to understand the idea of the
integer, especially negative integer (Bishop et al., 2014) because of the focus on the teaching
integer only on the operation.

Several researchers purpose the approach on how to make meaningful learning: such as
associate the concept of the integer with real context (Utami et al., 2018) and using concrete
material (De Los Santos, 2013). To set up a meaningful situation to make the problem more
contextual for the students, the teacher needs some resources as support. The resources which
rarely realized is by using culture itself, whether it comes from the community or the students
as a part of their daily life. Emphasizing in the culture as well mention in the curriculum by
considering Indonesia is a big country which consists of many islands, races, religions as well
as the culture. However, the usage of this natural heritage or culture in mathematics education
is still less interest and even superficially. Recently, ethnomathematics is one of the
promising approaches which is considered by many researchers to promote culture into
mathematics education. The promotion of students’ center approaches as well as bring culture
to the curriculum context, enhance the students to explore their idea and get the concept of
mathematics as well as appreciate others culture as a multicultural country. To reduce the
superficial issue due to the difficulty in implement the ethnomathematics approach, the
researcher tries to integrate realistic mathematics education to overcome this limitation. The
purpose of this study is to investigate how do the students construct their idea on integer
concept based on ethnomathematics curriculum. The following research question is being
proposed to achieve the research objective: what kind of students’ ideas appears and how do
they construct those ideas in each activity based on classroom design from the perspective of
ethnomathematics curriculum to understand the concept of the integer.

2. How Integer Being Taught?
Students use to belief that mathematics that they learn in the school have no relation to what

they experience out of the school. It was an old story, but as a researcher, we cannot deny that
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kind of situation still spread everywhere. Students' difficulties in making sense of what they
learn inside and outside the school strongly influence their belief toward mathematics.
NCTM (1997), Sembiring et al. (2008), TESS-India (2012), Seeley (2016) mention the
reason why students have difficulties in making sense of mathematics because they face
difficulty to make a connection in and outside of school. Mathematics in the schools used to
be deal with formula only that make them weak on the contextual problem as well as
construct, comprehend and solve the problem. An integer is one of the topics that senseless
for the students, especially for negative integers. Students were taught negative numbers by
introducing some phenomena which are used to appear in the textbook, such as weather
forecast, multi-storey car park, and bank balance (Bellamy, A. 2015). However, those
phenomena are criticized by many researchers, for example, the usage of temperature scale is
real and familiar for the students, but this model only introduces adding and subtracting. The
teacher would face a similar situation if they were only using the number line as a model.
When we consider what kind of mathematical skills should be gain for the students, most of
the teachers unconsciously emphasize numeracy, which is written in the textbook.

Stephan and Akyuz (2012) investigating from the previous studies mention about context that
being arising by consideration of using model and events are positively and negatively
charged particles (Battista, 1983), the activities of patrons in a disco (Linchevski and
Williams, 1999), passenger on a bus (Streefland, 1996), lengths of positive and negative
trains (Schwarz et al., 1993/1994), LOGO turtles moving along a horizontal number line
(Thompson and Dreyfus, 1988) and a two-colored chips scenario (Lytle, 1994; Smith, 1995).
Still, those contexts as well not overcome yet the difficulty for the question "why the opposite
of e negative makes a positive." As a result, the students only suggested by the teacher to
memorize the rule of the integer formula in all mathematics number operations.

Linchevski and Williams (1999) were trying to use the design approach of Realistic
Mathematics Education (RME) to create the disco scenario as an authentic context for
students. Still, the other challenge is arising on how to help the students transfer their
knowledge from one domain to another (ex: from addition and subtraction to the
multiplication and division of integer). Another way that being proposed by Bellamy (2015)
is teaching events. She found this model as simple in terms of a negative number is a concern.
Doing something once is represented by 1. Undoing something once is represented by -1 etc.
Her idea based on (and represents) the convenient idea that to undo something, an equal and
opposite act has to be done. This model makes the multiplication of negative numbers
possible to explain; however, it also relies on an abstract concept of doing "something" and
an ability to identify "an equal and opposite act." However, the limitation of this way of
teaching of a negative number is very complicated. Even CCSI (2012) mentions that positive
and negative numbers should be introduced in the sixth grade. Still, if we consider how
complicated it is, we should think of another option to overcome the issue.

3. How Students Construct Integer Concept in the Perspective of Ethnomathematics
Curriculum

Peni and Baba (2019) investigate the strength and weaknesses of possibilities approach, such
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as problem posing-problem solving approach, open-ended approach, and realistic
mathematics education as a part of the development of ethnomathematics curriculum in the
classroom. The result shows that the principle of realistic mathematics education approach,
which emphasizes students' creation is more appropriate and in line with the focus on the
ethnomathematics curriculum, which shares the same opinion relate to mathematics as a
human activity.

The strength from the realistic mathematics education approach also shown in Peni's work on
(2019) investigating the strength and weaknesses of ethnomathematics and realistic
mathematics education. It is shown that the strength of realistic mathematics education able
to cover up the weakness of the ethnomathematics and vice versa. The forming of the
ethnomathematics curriculum from this consideration is clearly described within the revised
framework, as shown in the following figure.

The usage can be for
Ethnomathematics teacher to design the
Curriculum class activities in the
Up-Bottom . lesson plan
The usage can be for:
1. Curriculum maker =
develop the
curriculum by Model-of
consider what kind of
ethnomathematics in|| Culture
each level of RME || activities | | —| RME level ||
2. Teacher - develop Model-for
the materials
| Formal Mathematics

Bottom-Up

Figure 1. Framework of Ethnomathematics Curriculum

Based on this framework, the researcher develops the classroom design in Figure 2 to analyze
students perform in each activity to see how they construct their idea on integer concept.

3.1 Methodology

The data have been collected from 60 students from 6th-grade elementary school in Alor
Regency, Indonesia. Several data are picked intentionally to be analyzed qualitatively from
students' worksheets and video observation to explain how the students construct their idea
on the integer concept.

Three phases are cycling in this research (Gravemeijer and Cobb, 2006) before collecting the
data in order to validate the framework.
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3.1.1 Preparing for the Experiment
a. Conducting review on local culture literature.
b. Discussing mathematics education field with teachers and researchers.

c. Designing teaching-learning instrument in setting of Alor local culture,
including HLT.

d. Conducting expert and teacher review on preliminary design.
3.1.2 Design Experiment

a. Collecting data at the field.

b. Conducting an experiment at elementary schools in Alor.

c. Observation, test and interview the students.
3.1.3 Retrospective Analysis

a. Quantitative and qualitative.

b. Analyse the effectiveness of this design.

c. Synthesis for possible remedial of next cycle design.

The researcher and teachers were trying to design the class (Peni, 2019) using a rubber band
game as a local culture source for teaching the operation rule of addition and subtraction on
integer. The figure below describes how the learning activity is being organized by using a
hypothetical learning trajectory in realistic mathematics education.

Realistic Mathematics
Education

Learning Activity

Activity 1_Playing, Observing and
Explaining
Activity 2_Finding the

similarit
— Model-of
Activity 3_ Arrange your own

number
- o Model-for
Activity 4 Solving the
Problem
Formal Mathematics

Figure 2. Classroom Design

Real Situation
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By using this classroom design, researcher will discuss what happen in each activity and how
do the students gradually construct their understanding on integer concept in each level.

3.2 Discussion
3.2.1 Activity 1

During this activity, the students are divided into four groups, while the other two groups are
playing the rest two groups need to observe and write in their worksheet. As the first level of
realistic mathematics education, the students are engaged in a real-life situation. Later on,
they will use this experience to solve the imaginary problem to see whether they understand
the meaning of some of the mathematics expressions, which consists of a positive and
negative number. The negative numbers in this activity (see Figure 3) start to exist where the
students consider putting a sign “-“to represent the borrow situations during the game.

| Jumlah Karet Akhir

i |
o ki
|
11
o | -
1
e LY
I
|
e
i
Bl
e
|

IF

dhdil dhdk
===

Figure 3. Students' Worksheet

Summary of the result of this activity is the ethnomathematics curriculum that could be
labeled at this level is mathematics in a meaningful context (Bishop, 1988; Zaslavsky, 1991;
Adam, 2004). It has meant that the researcher defines ethnomathematics as a context in this
level. This cultural game draws on the students’ own experiences that are common in their
environment, which is one of the reasons why the rubber game is being chosen. It is the first
stage of how students were starting to construct their understanding of integer.

3.2.2 Activity 2

In this activity, the students are required to gather all the data that they observe during the
game by sharing their results with the whole class and find the similarity (see Figure 4). In
this activity, the teacher guides students to arrange their data by ordering and grouping all the
data in the same operation (e.g., all addition or all subtraction). This activity is the bridge
from real situation level to a model-of level where the students are required to make their
mathematics expression based on the situation in the game. In this stage, students can
construct their logic to see (from ordering) the magnitude of the integer (e.g., -2 is smaller or
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bigger than -1). An ethnomathematical curriculum in this stage is the development of
mathematical thinking that a child goes through in his/her mathematics Education.

Based on Begg (2001) and Alangui (2017), a justification for this curriculum is that
mathematics should start with where the students are then making connections with
mathematics in their culture, and then link it to world mathematics. A curriculum of this kind
may benefit student learning in terms of students being aware of the mathematics found in
their own culture and seeing mathematics as a living and growing discipline (Barton, 1996;
Zaslavsky, 1991).

Summary of the result based on activity 2 is ethnomathematics as a tool for mathematization.
This second activity helps the students to develop their idea to make the connection from the

context given with their own experience.
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Figure 4. All Students' Observation Data

3.2.3 Activity 3

This activity is a crucial activity where the students can construct their knowledge as one
model about integer from the one phenomenon in the game then using that model to apply in
other events. In this activity, the teacher gives a challenge for the students to create and
arranger their mathematics expression by continuing the order, either addition or subtraction
operation. The teacher intends to let the students explore the mathematics expression given
then arrange them by considering the ordering to realize the pattern of the mathematics
expression.
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Figure 5. Students’ Extension Mathematics Expression of Addition by 1

The left Figure 5 shows the two mathematics expressions from the data they collect during
the game. First, the students try to arrange the number in order, then add by 1, extended the
expression, and make five mathematics expressions in ordering increase by 1 become the
picture showing on the right side.

Figure 6. Students’ Extension Mathematics Expression of Subtraction by 1

For these figures, the left ones show the two mathematics expressions from the data they
collect as well then, by ordering and subtract by 1, and she extended the expression. She
made five mathematics expressions in ordering decrease by 1 become the figure showing on
the right side of Figure 6. Based on the samples above, the students are expected to move out
from the context-bound (rubber game) without considering the winner or loser — still, the
skills to see the pattern by extending the mathematics expression.

From this activity during the extension of the mathematics expression, students will construct
their skills to distinguish the different meanings of the “minus” sign. Three meanings of
“minus” sign are: “minus” as a subtraction symbol (it is showing how they can operate the
subtraction by seeing whether they are won or lost, and as showing in the picture above relate
to decreasing the mathematics expression). The second ones are “minus” as representation of
negative number (e.g., negative 3 or -3. It is showing from the first how they come to use
minus sign for showing the borrowing context), and the last one is “minus” as the opposite of
where more relate to the movement (ex. — (-4) means the opposite of negative 4 = positive 4).

When the students have an awareness of thinking mathematically, it will help them to learn
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about formal mathematics and able to help them in increasing their ability to mathematize in
any context in the future (Lipka, 1994; Adam, 2004). In this level, the ethnomathematical
curriculum focuses on mathematics as a process, rather than a collection of facts. The model
is base on the idea that mathematics is a human creation that emerges as people attempt to
understand their world. In other words, ethnomathematics can be considered as a tool for the
mathematization process. It will help students to develop various representations from
different contexts.

3.2.4 Activity 4

In the last activity, the students are required to solve the problem. Students are required to
present their result individually, and by choosing purposely, the teacher will guide the
students to find out the common expression which has the same result.

Figure 7. St_udenté’ Formal Mathematics

D 5+(2)=5—-(-2)=7 > a+(b)=a-(-b)

@ —5+(2)=-5-(-2)=-3 > —a+(b)=—-a—(-b)
® 5+(-2)=5-2=3 3> a+(-b)=a-h
@ —-5+(-2)=-5-2=-7 > —a+(-b)=—-a->b

The four-level of Realistic Mathematics Education is related to formal mathematics, which is
to see how the students will going from the context bounded to be free bounded. In this stage,
some of the expression is difficult to be express from the rubber game situation anymore. But
by using the model-for table that they made, students able to find the formula as a conclusion
of the objective of this lesson. Based on Utami et al. (2018), when the students can sort
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positive integers and negative integers, it means they understand the positive and negative
symmetry properties (call as a formal mental model).

4. Conclusion

As shown as Bishop J.P, Lamb, Whitacre, Schappelle, and Lewis (2014), works how they
identified the way of reasoning of integer, which consists of order, magnitude, logical
necessity/formal (structural similarity), computational, and limited. The experiences from this
implementation on ethnomathematics curriculum will be used neither as motivation, nor as an
introduction, but as part of understanding how mathematical ideas develop, how they build
into systems, how they are formulated, and how they are then applied in various ways within
the culture. In this stage, teachers’ role in appreciating each students’ model, as well as
students, will learn how to appreciate the diversity of the culture and opinion among them are
crucial.

By valuing the diversity of culture as well as various mathematics way of thinking,
ethnomathematics curriculum which consist in this level can be considered as a process of
value. The limitation of this paper is the students’ way to construct the meaning of the
opposite of negative 2 [-(-2)] only using the model of table, which cannot explain back by
using the rubber game. But this type of table-model by students, hopefully, can be extended
towards multiplication as well as division concept in integer.
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