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Abstract: This research tries to explain the mathematical objects contained in the cultural products of the people of East Lombok, and
how it’s implementation in educational system. The research data were obtained from the study of cultural sites, observation, and
interviews with cultural practioner and math teacher. The results of this study indicate that cultural products such as rombong gula
gending, parane, kereng sesek, and caraken have mathematical objects in the form of flat and space shapes consisting of circles, cubes,
tubes, squares, symmetrical shapes, and tiling. Learning mathematics by utilizing Sasak cultural products is a form of integration
methodology wich is related to matematics connection. This study identified students’ mathematics connections in solving mathematics
problems after participating in culture-based mathematics learning, namely understanding connection, representation connection, and
justification connection.
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1. Introduction
Culture-based mathematics learning is known as
ethnomathematics. Mathematics, as part of cultural products
developed through daily activities (Ernest, 1991), must be
able to be utilized in developing students' understanding of
mathematical
objects
into
mathematical
forms.
Ethnomathematics is mathematics applied by certain cultural
groups to balance the impression of teaching mathematics in
schools that are too formal (Hiebert & Capenter, 1992).
Therefore, learning mathematics needs to provide content or
bridge between mathematics in the everyday world based on
local culture and school mathematics.
Unodiaku (2013) showed that the use of cultural products as
a source of learning improves students' abilities in
mathematical problem-solving. Simple game, namely Husa,
can be used as a strategy in learning mathematics. Various
cultural products cannot be influenced by systems that come
from outside because they exist together with members of the
local community (Yusuf, Aisha, & Saidu, 2010). The process
of finding and identifying mathematical objects through
cultural objects will provide convenience in understanding
mathematics, chiefly if the class consists of students with a
variety of cultural backgrounds (Katsap & Fredrick, 2008).
Sharp and Stevens (2007) utilized African Drumming, the
rhythm of African songs, to explain algebraic material. Zulu
culture called Beadwork and Basketery can be used as a
medium in developing mathematical knowledge while at the
same time broadening the value of Zulu culture in students
(Chahine & Kinuthia, 2013). However, learning
mathematics based on culture is not an activity that can be
done easily because certain local cultural forms are very
complex and allow it to be used in developing various
mathematical objects and concepts.
The findings on mathematics and culture (Unodiaku, 2013;
Sharp & Stevens, 2007; Chahine & Kinuthia, 2013) showed
that learning mathematics associated with local culture yield
positive results in supporting students' understanding of
mathematical concepts even though they still focus on
cultural products as a medium for learning mathematics.

While in this research, the cultural product is not only a
media but as an object in constructing and connecting
representations of one mathematical concept in different
forms for problem-solving.
Mathematics connection is one of the standards in
mathematics learning proposed by NCTM (2000) along with
problem-solving, reasoning and proof, communication, and
representation. Mathematics connection does exist since
mathematics is not separate topics, but it is a unified whole.
Besides, mathematics cannot be separated from other
scientific disciplines and problems that occur in everyday
life. Therefore, mathematics connection is needed; thus,
students do not need to remember too many separate
concepts or procedures (NCTM, 2000). Mathematics
connection is also required to solve problems (Hodgson,
1995) and develop students' mathematical understanding
(Hiebert & Carpenter, 1992). If students can construct and
apply their knowledge in solving problems in the
surrounding environment, then mathematics learning will be
more meaningful (Johnson, 2010).
Lappan, Fey, Fitsgerald, Friel, and Philips (2002) explicated
that mathematics connection is learning activities which aim
to enable students to define the process of solving a
problem, situation, and mathematical idea related to each
other into a mathematical model. Besides, students are also
expected to apply the acquired knowledge to solve one
problem with another. Conceptually, mathematics
connection by Coxford (1995) is defined as ideas or
mathematical processes used to find relationships between
mathematical topics in different situations. The connection
process is categorized into three activities, i.e., unifying
themes, mathematical processes, and mathematical
connectors. Unifying themes is a grouping of ideas or
concepts contained in different mathematics topics.
Understanding the themes or topics is important for students
to find important ideas or information in mathematical
problems and make connections (NCTM, 2000).
Mathematical processes include the activities of
representation, application, and problem-solving along with
the reasoning and the proof. Mathematical connectors are
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mathematical ideas that will be discovered or demonstrated
in the connection process (Coxford, 1995).
Mathematics connection can be defined as a relationship
between mathematical ideas linked or grouped with other
mathematical ideas (Businskas, 2008; Singletary, 2012) and
the relationship between mathematical concepts with others
concepts (Singletary, 2012). Mathematical ideas or concepts
by Skemp (1987) are divided into primary concepts that
originate from experiences or situations in the real world
and secondary concepts which are part of other concepts.
Mathematical ideas can be presented in different forms; for
example, the concept of straight lines can be shown in the
form of equations and graphs (Hodgson, 1995). The ability
to show different forms of one particular mathematical
concept is not an easy activity to do for students. For that
reason, mathematics connection as the mathematical
processes (Coxford, 1995) requires an understanding of the
main ideas of a problem, the ability to show different forms
of concepts, and arguments in proving the truth of
mathematical processes.
Suominen (2015) grouped mathematics connection into the
connection of understanding, the connection of equivalent
representations, and connection of justification procedures.
An understanding connection is the ability to identify
information contained in a problem or situation. The ability
is needed to identify the concepts and processes to solve the
problem. The equivalent representation connection is a
connection that is built based on the concept represented in
different ways or forms but has the same value. Justification
procedures connection is developed through the ability of
students when checking or evaluating the correctness of
answers to the concepts and procedures used.
The idea of mathematics connection itself has long been
researched in developing students' understanding of
mathematical concepts as carried out by Brownell and
Chazal (1935), although they are still limited to
mathematical connections in arithmetic problems. Menanti,
Sinaga, and Hasratuddin (2018) found that Realistics
Mathematics Education can improve students’ mathematical
connection. It is because of the problems presented relate to
students' daily experiences; thus, the problem-solving
process can be more easily done by students. Rohendi and
Dulpaja (2013) implemented the Connection Mathematics
Project (CMP) to develop students' mathematics connection.
The results showed that students' mathematics connection
using CMP was better than conventional learning measured
by the ability to find and solve the problems. Haji, Abdullah,
Maizora, and Yumiati (2017) developed students'
mathematics connection through outdoor learning. It was
found that the mathematics connection of students using
outdoor learning increased significantly compared to
conventional
learning.
The
relationship
between
mathematics connection and mathematics learning outcomes
is strengthened by the findings of Ndiung and Nendi (2017).
Meanwhile, the current study was conducted to identify
students'
mathematics
connections
through
the
implementation of Sasak culture-based mathematics
learning.

The development of mathematics connection can be done
with learning that utilizes contextual problems. Jaisook,
Chitmongko, and Thongthew (2013) found that the ability to
solve problems, communication, and mathematics
connections can be improved through mathematics learning,
which relates to real life. Developing students' mathematics
connection through problems found in the real world is
certainly not easy. Arthur, Asiedu–Addo, and Assuah (2017)
found that motivation and mathematics connections with
real problems owned by the teacher as well as adequate
learning facilities (devices) will also directly influence the
development of students' mathematics connection.
Mathematics connection is needed by students to develop
understanding and problem- solving in mathematics (Hiebert
& Carpenter, 1992; Hodgson, 1995). To support the
mathematical connections, mathematics learning which
employs contextual problems can be employed (Jaisook et
al., 2013; Menanti et al., 2018). Mathematics is a part of
cultural products developed through daily activities (Ernest,
1991). Meanwhile, ethnomathematics supports students
learning mathematics (Unodiaku, 2013; Sharp & Stevens,
2007; Chahine & Kinuthia, 2013). In this case, culture-based
learning has the potential to develop students' mathematics
connection. The current study aimed to identify students'
mathematics connection through mathematics learning,
which integrates Sasak culture2. Students' mathematics
connection is identified through the results of problemsolving referring to the mathematization (Boswinkel &
Moerlands, 2003; Webb, Boswingkel, & Dekker, 2008) and
three categories of mathematics connection (Suominen,
2015). The indicators are set because problem-solving that
refers to mathematization requires understanding, the ability
to modify the form of mathematical objects, and proof on the
results of problem-solving in the form of representations that
are easily understood by students.

2. Material and Methods
This study adopted a descriptive qualitative approach to
identify students' mathematics connection after participating
in Sasak culture-based learning. Sasak culture-based
mathematics learning was carried out referring to the
developed syntax, namely: (1) apperception of learning by
creating positive perceptions of students about mathematics
and upholding the attitudes so- called tindih and solah3; (2)
presents forms of cultural products and information on
problem- solving steps by motivating and supporting
students to develop a problem-solving plan based on the
principle of briuk tinjal4; (3) describe and develop students’
work by giving them the opportunity to present their results
using base krame5; and (4) analyze and evaluate students'
understanding of solving problems.
The subjects in this study were 341 four graders. The data of
students' mathematics connection were obtained through two
numbers of essay tests on fractions. The problem used was
Determine and show the results from (1) 2 - ¼ and (2) 2 +
2/3! Identifying students' mathematics connection required a
complex picture, and analysis of information carried out
through natural processes or situations (Cresswell, 2015).
For this reason, a test was carried out to obtain information
on students' mathematical connection by answering the
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questions for 20 minutes. It was to determine mathematics
connection through the mathematization, namely:
identification of mathematical objects, concrete models (form
manipulation), formal models, and formal mathematics
(Boswinkel et al., 2003; Webb et al., 2008). The
identification of mathematical objects was examined through
the ability of students to determine the focus of the objects of
cultural product used for form manipulation. The stage of
the concrete model was measured through the suitability of
the initial representations (students’ drawings) with the
mathematical concepts in the problem. The stage of the
formal model was measured by the suitability of the
representations of different numbers in the problem. The
formal stage of mathematics was measured by the suitability
of the representations to prove the correctness of problemsolving.
Based on the results of the test, the unstructured interview
was conducted on nine students selected on the basis of their
ability to solve the problems following the steps of
mathematization. It aimed to get information about the
constraints the students have concerning mathematics
connections after participating in Sasak culture-based
mathematics learning. The interview was recorded using a
voice recorder. The examples of the questions asked in the
interview were: Can you represent the mathematical form of
cultural products in the test? What is the difficulty in
determining the focus of the cultural object as a
mathematical form? Can the form of cultural products
represent fractions? And what are the obstacles found at
each stage of the mathematization being undertaken?
Data analysis followed the steps of data reduction, data
presentation, and conclusion (Miles, Hubermen, & Saldana,
2013). At the reduction stage, we classified students’
answers based on mathematization stages, then identified
mathematics connections. Coding was made by marking each
information at the problem-solving stage based on students'
answers that show the understanding connection (UC),
representation connection (RC), and justification connection
(JC) to help make conclusions. Data was presented in a table
and screenshots of students’ works referring to the category
of mathematics connection (Suominen, 2015), namely: (1)
Understanding connection; the students identify and
represent mathematical concepts through the cultural
products at the stage of a concrete model; (2) Representation
connection; the students show the connection between
mathematical concepts and cultural products at the stage of
formal model; and (3) Justification connections; the students
show the representation of mathematical concepts through
the model of cultural products at the formal mathematical
stage. The conclusion of students’ mathematics connection
was drawn by analyzing the different forms of students’
answers, the sequence or the suitability of the representation
used to solve the problems in the test, and the students’

obstacles in solving
mathematization stages.

the

problems

based

the

3. Result
The students’ works on each problem of the test are
presented in Table 1 and Table 2. The category of students’
mathematics connection is shown in Table 3.
Table 1: Test results for the first question
Mathematization
stages
Identification of
mathematical objects
Concrete model
Formal model
Formal mathematics

Students’ correct
Students’ incorrect
answers
answers
Number of Percentage Number of Percentage
students
(%)
students
(%)
326

95,61

15

4,39

262
257
248

76,83
75,37
82,73

79
84
93

23,17
24,63
27,27

Table 2: Test results for the second question
Mathematization
stages
Identification of
mathematical objects
Concrete model
Formal model
Formal mathematics

Students’ correct
Students’ incorrect
answers
answers
Number of Percentage Number of Percentage
students
(%)
students
(%)
326

95,61

15

4,39

272
267
252

79,77
78,30
73,91

69
74
89

20,23
21,70
26,09

Table 3: Students' mathematics connection
Mathematics connection
Understanding,
Question
Understanding and
Understanding
representation, and
representation
justification
1
262 76,83% 257
75,37%
248
82,73%
2
272 79,77% 267
78,30%
252
73,91%

Understanding connection
Students’ work (Figure 1) shows that students could identify
cultural objects (parane'6 and caraken7) used to represent the
fraction concept in the problem initially. An octagonal with
a straight line connecting each corresponding angle and a
rhombus with two straight lines connecting the parallel sides
are made to follow the original shape of cultural objects at
the concrete model stage. The octahedron and rhombus with
connecting lines represent the concept of division in the unit
form. The representations made by students in the concrete
stage show that students understand the mathematical
concept contained in the problem is a fraction, even though
they do not represent the problem to be worked on. The
examples of work that show students’ correct answers only
up to the concrete model stage and understand connection
are presented in Figure 1.
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Figure 1: The students’ work in the stage of the concrete model
The students who answered correctly up to the stage of the
concrete model are categorized as having an understanding
connection since they could represent the mathematical
concepts in the problem. It is shown by the ability of students
to determine the focus of mathematical objects contained in
the Sasak cultural product and represent the concept of
fractions through octagonal and rhombus with a dividing
line.
The form of representation in a concrete model should be
the initial guide in representing the fractions in the test. The
representation at the stage of the formal model no longer has
to be the same as the original form, but rather it is adjusted to
the problem (RC). The work of students in Figure 1 shows
the incorrect answer because, at the stage of the formal
model and formal mathematics, the drawings made do not
represent the fractions in the problem.
Representation connection
The work of students in Figure 2 shows that they could
identify the focus of cultural objects (parane' and caraken) to
represent the fractions and modify the second drawing at the
stage of the formal model. The modifications made at the

formal model stage are two octagons in which one is in
intact form, and another is in a separate form divided into
four parts. The drawings at the stage of the formal model
represent 2 and 1/4 on the first problem. In problem 2, two
rhombuses represent 2 and a rhombus which is divided into
four by shading three of its part represent 3/4. The drawings
at the formal model stage show the ability of students to
represent fractions in the different forms (RC). The student’s
correct answer up to the formal model stage is shown in
Figure 2.
The students who could answer correctly up to the stage of the
formal model are categorized as having an understanding
connection and representation connection. It is proved by
octagon and rhombus drawn based on the form of the
cultural product in the problem with a dividing line. This
reveals that students can identify the mathematical concepts
(fractions) in the problem (UC) and modification of the
drawings at the formal model stage, which represent
different forms of fractions (RC). The second drawings will
help students justify the answer to the problem (JC).

Figure 2: The students' work in the stage of the formal model
Justification connection
The work of students in Figure 3 shows that they have three
mathematics
connections,
namely
understanding,
representation, and justification. It is shown by making
octagonal and rhombus while still providing a dividing line
that marks the concept of fractions (UC), drawings at the
formal stage that represent different forms of 2 and 1/4
(RC), and in the formal mathematical stage, the drawings

made are two octagons made separately into four parts to
represent 2 and ¼, one part of the drawings is shaded to
show a subtraction with 1/4. Thus, the drawings made at the
formal mathematical model stage can be used to prove the
results of 2 – 1/4 through the number of parts of two nonshaded octagons (JC). The correct students’ work in three
stages of the mathematization is shown in Figure 3.
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Figure 3: The students’ work in the stage of formal mathematics
The work of students in Figure 3 shows that the students
have three categories of mathematics connection. It is
identified through the octagon and rhombus which follow
the original form of Sasak cultural products at the concrete
model stage (UC) with a dividing line as the concept of
fractions, represent the mathematical concept in different
forms that correspond to 2 and 1/4 at the stage of the formal
model (RC), and make different forms of representations of
a similar mathematics concept in the problem or justification
to the results of problem-solving (JC). On the other words,
the students who have three connections are able to identify
the focus of cultural objects and use it to initially represent
mathematical concepts in accordance with the information in
the test (UC), modify the initial representations in concrete
model and relate it to mathematical concepts in the problem
(RC), and make a representation which prove or justify the
results of problem-solving (JC).
The learning of mathematics based on Sasak culture through
problem-solving activities following mathematization can
support the students to construct an understanding of real
objects. The construction of understanding is done through
the process of thinking following the problem-solving
procedure to connect real objects that are sourced from
cultural products with mathematical forms, which is by
representing mathematical concepts at each stage of
mathematization. The thinking process of finding new ways
or ideas that help students connect various concepts and
solve mathematical problems is mathematics connection
(Businskas, 2008; Singletary, 2012) or relate one concept
with other mathematics concepts or in the form of nonmathematical concepts (Singletary, 2012).
The differences in students' mathematics connection were
then investigated through interviews. It was conducted to
find out the constraints found in solving the test following
the mathematization stages. The problem found in students
who only completed concrete model is shown in the excerpt
of the interview below. The interview shows that when
continuing in the formal model, the students did not know
what would be done and how the representations would be
made. The students draw just like that so that each stage has
an answer.
Why can't you make a representation of problem-solving
from the initial drawing in a concrete model (UC)?

S1 : I am confused sir, because the question is a fraction,
while the drawing I made is different
S2 : I don't know how to do it, because what I drew was a
plane
S3 : I can't, sir because the fraction I remember is different
from the way it was written
R : What difficulties did you find?
S1 : Represent a fraction from the drawing I made
S2 : I am confused sir because the problem is solving
fractions
S3 : I remember that the fraction has a denominator and a
numerator, if I make it with a drawing, I am afraid of being
wrong and I don't know how

R : Why can't you make a representation of problemsolving from the initial drawing in a concrete model (UC)?
S1 : I am confused sir, because the question is a fraction,
while the drawing I made is different
S2 : I don't know how to do it, because what I drew was a
plane
S3 : I can't, sir because the fraction I remember is different
from the way it was written
R : What difficulties did you find?
S1 : Represent a fraction from the drawing I made
S2 : I am confused sir because the problem is solving
fractions
S3 : I remember that the fraction has a denominator and a
numerator, if I make it with a drawing, I am afraid of being
wrong and I don't know how
The students who can complete up to the stage of the formal
model or students who have understanding and
representation connections are fixated on the number of
cultural products and do not make additional drawings in
order to fulfill the problems. Thus, at the formal mathematics
stage, the drawings do not represent mathematical concepts
in the problem.
R
S4
S5
S6
R
S4

: Can you represent the mathematical concepts in the
problem (RC)?
: Yes sir, make a drawing that shows fractions
: I can sir, the drawing was partitioned
: Yes sir, solving the fractions
: What obstacles have you found to relate the fractions
with the drawing?
: There is only one that can be used to represent
fractions, not the same as the problem.
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S5 : I don't think I can modify the initial drawing I made
S6 : Worried about the wrong drawing sir, so I
immediately made it in the form of ordinary fractions
In general, the students still experience problems with
understanding connection while it is important in
determining the focus of mathematical concepts be
represented. It is because of one form of the cultural product
allows being used to develop various mathematical
concepts. The importance of mathematics connections
reveals that mathematics is not a rigid or static science and
considered to have no relationship with daily life (Johnson
& Litynsky, 1995). These conditions will affect the
meaningfulness of mathematics learning.
Students’ attempt to connect mathematics is certainly not an
easy task. The constraints are not only found in students
who do not have all three categories of mathematics
connection but also by students who complete the problem
in all stages. It is indicated by the excerpts of interviews
below.
R
S7
S8
S9
R
S7
S8
S9

: What are the obstacles you face in answering
questions following the stages of mathematization?
: Sometimes it is doubtful to choose the object to be
focused on to represent mathematical concepts
: Do not directly make a drawing sir, I need a trial
error
: Understand the information in the problem and
determine what will be used in drawing
: What did you do to resolve the issue and believe the
answer was correct?
: Comparing some drawings. Which one is felt most
appropriate then use it to answer the problem
: Try all drawings that can be made before they are set
as the answer
: Checking with the answer that uses manual
calculation and if it feels appropriate with the
drawing made, it will be used as an answer

The obstacles that affect students' mathematics connections
above are interesting to note for further study because
culture-based mathematics learning as part of constructivist
learning expects students to participate in the learning
actively and construct their understanding. These goals will
be obstructed if the conditions and habits of students in
learning lack relevant to the desired ideal conditions. Thus,
mathematics teachers are always expected to familiarize
students with constructing understanding in developing their
mathematics connection or make the adjustment so that
ethnomathematics is applicable.
Based on the students’ work on the test, the characteristics
of student answers at the stage of a concrete model is
making a drawing that represents the concept of fraction
relating to the cultural object. The drawing made only to
show the mathematical concepts in the problem and have
not shown its value. It is important to ensure that students
understand the mathematical concepts in the problem to be
worked on. At the formal model stage, drawings made to
represent the value of numbers (fractions) in the problem. In
the formal mathematics stage, drawings are made to
represent evidence of solving the problem. Understanding

connection shows the ability of students to understand the
mathematical concepts in the problem. Representation
connection reveals the ability of students to make different
forms of the concept of fractions in the problem. Justification
connection indicates the ability of students to prove in
different representations of problem-solving.
The three categories of mathematics connection are applied
sequentially
in
problem-solving
following
the
mathematization stage. The students must have all three
connections to solve problems correctly at each stage. The
understanding connection is needed to make representations
at the concrete model stage, representation connection is
required to make representations at the formal model stage,
and justification connection is demanded to make
representations at the formal mathematical stage. Based on
the stages of problem-solving, the three categories of
mathematical connection are needed sequentially in solving
problems in learning mathematics based on Sasak culture.
Referring to the identification of mathematics connection at
each stage of problem-solving, mathematics learning by
utilizing cultural products has the potential as an alternative
to develop students' mathematics connection. That is
because learning mathematics that utilizes contextual objects
or related to real-life can be used to develop students'
mathematical connection as shown by related studies (e.g.,
Jaisook et al., 2013). However, the current study cannot be
used as a basis for stating that culture-based learning
supports students' mathematics connection abilities; thus,
further research is required.

4. Conclusion
This study identified students’ mathematics connections in
solving mathematics problems after participating in culturebased mathematics learning, namely understanding
connection, representation connection, and justification
connection. The three categories of connections are shown
respectively at the stage of the concrete model, formal model,
and formal mathematics as the mathematization stages. The
mathematics connections are a hierarchy in problem-solving
through the mathematization. Each stage of problem-solving
is inseparable from the previous stage, representations at the
concrete model stage help students make another
representation at the formal model stage, and so is in the
formal model and formal mathematics stage. Thus, the
mathematics connection to make a representation at each
stage also supports the student's ability to solve problems at
the whole step of the mathematization sequentially.
Although there are still problems associated with students'
understanding of the different forms of a mathematical
concept, culture-based mathematics learning offers an
opportunity to understand students' mathematics connection
and alternative to develop students’ mathematics connection
which is required to be further studied.
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