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Abstract

In Indonesia, the proportion is being taught formally in Grade 5 (10-11 years old). However, the existing
learning approach does not support the development of the students’ proportional reasoning. The way to teach
proportion by giving cross multiplication is not meaningful for the students. They just memorize the procedure
without understanding how it works. Within a design research, a learning sequence was developed for Grade 4
students (9-10 years old) in order to develop their proportional reasoning as well as their ability to solve the
proportional problem before they learned more formally in Grade 5. The students of Grade 4 might have an
intuitive understanding about proportionality and they might be able to deal with the comparison problem. How
do they use this intuitive understanding to solve the comparison problem and what kind of difficulties that they
faced? These questions were addressed through the analyzing of the students’ work on the pretest and the video
of students’ interview. The result shows that the students’ intuitive understanding, in principle, can help them to
deal with the comparison problem. The students’ experience may lead them to use the concept of proportionality
instead of the absolute value in simple comparison problem.

Keywords: proportion, proportional reasoning, intuitive understanding, missing value problem, comparison
problem

1. Introduction

Proportion is one of the concepts in mathematics which can be found everywhere (van Galen, Feijs, Figueiredo,
Gravemeijer, Herpen, & Keijzer, 2008). Even when we cook, we determine the recipe by using the concept of
proportion. The recipe to make four pans of pizza is a double recipe of two pans of pizza. If we need two
kilograms of rice to make fried rice for 10 people then we need a kilogram of rice for 5 people. It means that the
concept of proportion is needed in our life.

Based on the curriculum in Indonesia (Depdiknas, 2006), the proportion was taught in Grade 5 (10-11 years old).
According to Zulkardi (2002), most of textbook that used in Indonesia contain mainly the set of rules and
algorithm which is already formal and they lack of application which is needed by the students in order to make
the concept be real for them. In line with that, in general the teachers teach the proportion by using the notion of
algebra and cross multiplication to solve the proportional problem. The students may be able to use that formal
procedure to find the answer. However, it is not a guarantee that they understand the insight of the
proportionality. As stated by van Galen and van Eerde (2013), the procedures will quickly become vulnerable
tricks if they are insufficiently anchored in understanding. Moreover, Lesh, Post and Behr as cited in CPRE,
CAMS & El Paso state the cross multiplication method may not facilitate the development of proportional
reasoning; even tend to avoid the proportional reasoning. The students are told to put the numbers on formulas
and then compute them. Meanwhile, in Parish (2010), Kilpatrick, Swafford and Findell; Lamon; Lesh, Post and
Behr consider the proportional reasoning as a “capstone” of elementary school mathematics. Therefore, we need
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a learning design which can support the students to develop the proportional reasoning as well as the ability to
solve the proportional problem. Within a design research, a learning sequence was designed and developed based
on the principle of Pendidikan Realistik Matematika Indonesia (PMRI)-the Indonesian perspective of Realistic
Mathematics Education (RME).

In their study, Boyer and Levine (2012) proposed that the students’ formal mathematics understanding about
proportion can be enhanced by instruction which builds on their early intuitive understanding of proportional
relations. Furthermore, the Math Learning Study Committee as cited in CPRE, CAMS and El Paso believe that
teaching the cross multiplication before the students understand the proportional relationship is meaningless. It
means that the students should understand the proportional relationship before they get the formal lesson of
proportion. Hence, the design was implemented in Grade 4 (9-10 years old) as the preparation before they learn
the proportion more formally in Grade 5.

We believe that the students in Grade 4 may have an intuitive understanding of proportionality because they have
learned about multiplication and division since the previous grade (Depdiknas, 2006) and they may experience
the “proportionality things” in their daily life. The aim of the present study is to know how far the students’
intuitive understanding may help them to deal with the comparison problem. Within a design research, we
formulated the research question for this study as “How do the 4th Graders using their intuitive understanding
about proportion to solve the comparison problem?”

2. Theoretical Framework
2.1 Proportion

Karplus, Pulos, and Stage (1983); Langrall and Swafford (2000); Silvestre and da Ponte (2012); and Tournaire
and Pulos (1985) defined proportion as the equality of two ratios, for example a/b=c/d. They also added that in
general the proportional problems are categorized as the missing value problem and comparison problem.
Missing value problems ask for the fourth number by presenting the three numbers, such as how many candies
do we get for Rp10 000 if we know that 5 candies cost Rp2000. Comparison problems present two or more pairs
of numbers and ask about their comparison. For instance, we are asked to determine which of two different sodas,
soda A and B, is the cheaper one. If it is known that soda A costs Rp4000 for 3 cans while soda B costs Rp3000
for 2 cans, we can say that soda A is cheaper than soda B. According to a review of the literature by Tournaire
and Pulos (1985), comparison problems are more difficult than missing value problems. They said that
“comparing ratios is an advanced method and the ability to choose the arithmetically easier comparison is
acquired long after the proportional techniques are mastered”. They also stated that there are two factors from the
proportional problem that may influence the students’ performance, namely

The structure of the problems, including:

(1) The number structure of the proportion problems influences the subjects’ performance. There are three main
difficulties: presence of an integer ratio, numerical complexity, and the order of numbers that one is looking for.
The presence of integer ratios makes a problem easier. The difficulty introduced by non-integer ratios is widely
recognized.

(2) Among problem with units, those with ratios 1:2 are the easiest.

(3) Comparison problems which have equal ratios are easier than those with unequal ratios.

The context used in the problems, including:

(1) The familiarity of the context. A familiar problem is easier than an unfamiliar one.

(2) The presence of a mixture problem. The problem with the context of mixture is more difficult than other
contexts for the proportional problems.

(3) People can more easily visualize discrete content than continuous content.

(4) The mode of delivery of the problem.

2.2 Proportional Reasoning

Karplus et al. (1983) defined proportional reasoning as a term that denotes reasoning in a system of two variables
between which a linear functional relationship exists. According to Langrall and Swafford (2000), proportional
reasoning is an important ability to build a foundation for high school mathematics and algebraic reasoning.
Furthermore, Kilpatrick, Swafford and Findell; Lamon; Lesh, Post and Behr in Parish (2010), consider the
proportional reasoning as a “capstone” of elementary school mathematics. It is necessary to learn the important
topics in mathematics such as fraction equivalence, place value, long division, percentage calculation,

70



www.ccsenet.org/ies International Education Studies Vol. 7, No. 1; 2014

measurement conversions, and derivation of rates which are troublesome for the students.

As pointed out by Boyer and Levine (2012), the development of mathematical understanding is not characterized
by “all or none” but is moving from partial to more complete and become less contextually dependent,
considering the value and the effectiveness of intuitive capacities. The intuitive understandings influence the
people’s mathematical skills even after they have internalized the formal mathematics. In line with that, giving
the instruction that builds on the students’ intuitive understanding of proportional relations may support the
development of their proportional thinking.

2.3 The Curriculum in Indonesia

Based on the curriculum in Indonesia, the topic of proportion is given in Grade 5 until Grade 8. The standard and
basic competence of the proportion which is taught integrated with the fraction during the second semester in
grade 5 is described in Table 1.

Table 1. Mathematics curriculum for grade 5 (Depdiknas, 2006)

Standard Competence Basic Competence

Numbers

5. Using the fractions to solve problems 5.1 Converting fractions into decimals and vice versa.
5.2 Adding and subtracting fractions and decimals.
5.3 Multiplying and dividing fractions and decimals.

5.4 Using fractions in solving proportional problems
and scale.

Considering the mathematics curriculum, we can see that the topic of fraction is also given in grade 4 (as shown
in Table 2). Although the problems in basic competence of “solving the problems which involves fraction”
usually only involved the operations in the fraction, we can expand it to the simple proportional problem. It
means that we can teach the topic of proportion which integrated with the fraction as in grade 5. Accordingly,
teaching proportion in grade 4 is reasonable and reliable.

Table 2. Mathematics curriculum for grade 4 (Depdiknas, 2006)

Standard Competence Basic Competence

Numbers

5. Using the fractions to solve problems 5.1 Explaining the meaning of fractions and their
order

5.2 Simplifying fractions
5.3 Adding fractions
5.4 Subtracting fractions

5.5 Solving problems which involves fractions

3. Method
3.1 The Participants

The aim of this study is to investigate how the 4th Graders use their intuitive understanding about proportion to
solve proportional problems. In line with the aim of this study, we invited the students in Grade 4 who still did
not get the lesson about proportion.

The participants were 35 fourth-grade students of a public elementary school in Palembang, Indonesia. Six
students participated during the pilot experiment to try out the problems that were used in the pretest in order to
adjust the sentence and the numbers of the problems. The other 29 students participated in the class teaching
experiment. The group of 29 students and the group of six students were from the same school but from different
classes.
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3.2 Research Design

This study is a part of a design research project on developing the students’ proportional reasoning in Grade 4 by
using a ratio table as the model. We chose PMRI as an approach to design the problems and the activities that
were used in the whole project.

As the preliminary stage, we tried out the problems on six students to find out whether the sentences of the
problems were understandable. We also used the students’ work from this trial to make some adjustment to the
numbers used in the problems.

A week before the teaching experiment began; the 29 students did the pretest and more than half of the class was
interviewed. During the interview, the students were asked to explain their answer. They were asked to give their
argument about their judgment and explain how they came to their answer.

The students’” works from the pretest, the interview with the teacher and the transcript of clinical interviews were
used as the data collection. The clinical interview was used as one of the methods to collect the data in this study
because it has two main advantages which support the aim of this study. First, it is allowed to make interventions
in order to encourage the students to elaborate on their statement. Second, the clinical interview also provides a
continual interaction between inference and observation (Opper, Cobb as cited in Singh, 2000).

3.3 The Problems

The pretest consists of three problems. The first problem aims to test the students’ ability in arithmetic operation.
The second problem is a missing value problem. The students were asked to find the number of donuts in 4
boxes if it was known that there were 24 donuts in 2 boxes. The context is familiar for the students, the numbers
used in this problem are relatively small and the bigger number is required as the answer. As cited in Tourniaire
(1986), Rupley stated that the easier problems for students are the problems with small, integer ratios and
questions about what is the biggest number that can be found.

However, according to the aims in this study which want to determine how the students of grade 4 deal with the
comparison problem we only focus on the third problem, which asked about the comparison of the price. It may
be more difficult for the students than the second problem because to solve this problem we have to compute a
new set of numbers for each situation, and we have to find out which proportions will give a good comparison
situation. On this problem, the students were asked to determine the cheaper apples between two minimarkets, A
and B. The apple in minimarket A costs Rp50 000 per 2 kg and the apple in minimarket B costs Rp60 000 for 3
kg. The context in this problem is also familiar for the students. They experience it in their daily life.

3. Manakah yang lebih murah, harga apel di minimarket A atau minimarket B? Jelaskan
alasanmu!

Minimarket A Minimarket B

i oy i
2kgRp50.000 »‘ 3 kg Rp 60.000

\; \ -

Figure 1. The third problem

Translation: Which one is cheaper, the apples in minimarket A or minimarket B? Give your reason!
4. Results

Based on the students’ works, there were 19 of 29 students who gave the correct answers and only 11 of them
who could give the sufficient reason and arguments. The majority of them compared the price of 1 kg apple in
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minimarket A and the price of 1 kg apple in minimarket B. They might come to the idea of proportionality in a
simple way that was we should compare the price of two different things in the same amount. Thus, they were
able to apply the concept of division in this situation.

Jawab: Jawab:

\\[\\F\\K\u\‘k\ﬂ \’5

Kargpemipy motlel A dkoRe 000
= A " \ -
Jadi AKS TP 3%

karga C\Pel di minmarket A yang lebth mahm;
\earena jika di minimarket A 2kg SE- eoe

| Rpso.coo.- don di Minimarket B 3 kg |

| Rp60.000,- maka yang lebh mahal Minimar.|

‘ 5 215 | ; i - ‘ '

\{QO'U\/V\\\\\\Y\/L"(\?C_ \’)) 9 %, Rp [/?’_. /J’)(J | kel A karena )\ka diminimarket harga (kq

= /\ e Vi Ry50.000-: 2 H25.000,~ dan dimin imarket
;‘,)(,\L,M G 4%‘/ XDL(_/L/ ? \Qﬂ\rga 4"‘3 = Rp60.00p,- : % = Rp20.000

Figure 2. Rizky’s answer (left) and Ghifara’s answer (right)

Translation:

(Rizky’s answer-left): minimarket B (has the cheaper price) because minimarket A 2 kg cost Rp50 000. So 1 kg
is Rp25 000. Meanwhile, in minimarket B 3 kg cost Rp60 000, so 1 kg is Rp20 000.

(Ghifara’s answer-right): The price of apple in minimarket A is more expensive because at minimarket A 2 kg
Rp50 000 and minimarket B 3 kg Rp60 000. Then the more expensive (apples) is in minimarket A because at
minimarket A, the price of 1 kg apple is Rp50 000 : 2 = Rp 25 000 and at minimarket B, the price of 1 kg apple
is Rp60 000: 3= Rp20 000.

Meanwhile, the other students considered the absolute value of the price to determine the cheaper apples. They
could not think the relation between the price and the weight. They might not realize that the price and the
weight altogether influenced the comparison situation. There were also some students who considered both the
price and the weight but did not compare it in the right way.

Later, we discuss five students’ work and their interview in more depth. We chose these five students as the
representative of different students’ answers.

4.1 Lulut

One of the students who concerned on the absolute value to solve the comparison problem was Lulut. It seems
reasonable when she did not use the proportionality in a comparison situation because she could not solve the
simple proportional problem (Lulut used addition in a wrong way to solve problem 2). It is common that a
student, who cannot solve the simple missing value problem, has difficulties to solve more complex problems
which require more complex proportional situation.

She answered that the price of apples in minimarket A was cheaper than the price of apples in minimarket B. She
did not write the clear reason (see Figure 3).

Jawab:

Figure 3. Lulut’s answer

Translation: Minimarket A is cheaper. Because in minimarket A, 2 kg costs Rp50 000 while in minimarket B 3
kg costs Rp60 000.s

During the interview in the following week after the pretest, Lulut also gave the same answer for the same
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question. She believed that the price of apples in minimarket A was cheaper than the price in minimarket B.
When the researcher asked her why she considered the price of apples in minimarket A as the cheaper one, she
answered that 60 000 was 10 000 more than 50 000. She just considered the price at first.

Later, the conversation was developed to an idea that the weight also determined the cheaper price. She
considered the weight of apples but in different way. She knew that the price of the heavier apple was more
expensive then she came to the conclusion that the heavier weight was more expensive and vice versa.
According to her answer, it seems that she did not consider the idea of proportionality in comparison situation.
She just considered the absolute value in this problem by seeing the price. She could not make a relation between
the price and the weight; both to build up the comparison situation.

To build up the idea of relation between the price and the weight, the researcher changed the numbers on the
problem. First, the question was changed as the price of apples in minimarket A is Rp50 000 for 2 kg while in
minimarket B is Rp50 000 for 3 kg. In this problem, the prices were the same but the weight was different. We
intended to see whether Lulut could reach the idea that for the same price, the apples that the heavier weight
means the cheaper one. In fact, she could determine that the price of apples in minimarket B was cheaper than in
minimarket A. There was no more explanation about how she could come to that thinking. Maybe, she could
give the correct answer not because she applied some mathematics strategy, such as the unit method (look for the
price per kg). It is possible that she only answered based on her experience in real situation; if we buy something
with the same price and get more, it means cheaper.

Second, the researcher changed the problem as the price of apples in minimarket A was Rp50 000 for 2 kg while
in minimarket B was Rp60 000 for 2 kg. The weight was the same and the prices were different. We expected
that the students might realize the relation between the price and the weight. Then she might grasp an idea about
how to create a good proportion to compare the prices. For this problem, she also gave the right answer; she said
that the price of apples in minimarket A is cheaper. Lulut also did not give any reason how she could come to
that conclusion. It may indicate that the real situation according her experience lead her to the conclusion and not
because of mathematical reason.

Actually, the final goal was to guide her into comparison of the prices for 6 kg apples in minimarket A and
minimarket B. To bring her about the idea of which proportion can give a good comparison, the interview was
continued with the discussion to determine the price of 4 kg apples in minimarket A. We hoped that, through
working on this, she might generalize the idea that we need to make the equal number of weight from both
apples before she compared the price. However, Lulut could not go further. She was struggling to find the price
of 4 kg apples in minimarket A.

Dealing with the idea that proposing a proportional question which uses 1 as the unit may lead the students to
gain the idea of repeated addition, the researcher gave the similar problem with 1 as the unit, such as “The price
of 1 ballpoint is Rp1000, how much is for 2 ballpoints?” and “The price of 1 ballpoint is Rp2000, how much the
price for 2 ballpoints?” Here, she could do the repeated addition to find the right answer. When back to the
original problem, she did a mistake. She added the 50 000 for 4 times as it was a price for a kilogram of apples.
Although in the end she could find the price for 4 kg and 6 kg apples in minimarket A, it seems that she still had
difficulties in connecting the numbers of weight and the price if it was not in unit of 1.

It seems that Lulut needed more time to develop the idea of repeated addition because, so far, she only did well
on the problem with 1 as the unit. It might because the concept of multiplication, which was also a repeated
addition, was not really developed well in her mind.

4.2 Nafisah

Nafisah had the same tought as Lulut that the heavier the weight, the more expensive the price was.
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Jawab:
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Figure 4. Nafisah’s answer

Translation: In minimarket A, (apple) is cheaper because 3 kg is heavier than 2 kg. 3 kg > 2 kg or 2 kg < 3kg.

In the interview session, Nafisah also gave the same answer. She said that the price of apples was cheaper in
minimarket A. When the researcher asked her reason, she said that 2 kg was lighter than 3 kg. Maybe, in her
mind the word cheaper just meant that we spent less money without paying attention to the amount of apple that
we got.

Then the researcher asked some questions to follow up.

Researcher: If in minimarket A, 2kg of apples is Rp50 000 and in minimarket B, 1 kg of apples is Rp60 000.
Which is the cheaper one?

Nafisah pointed out minimarket A.
Researcher: But you said that the lighter one is the cheaper.
Nafisah: It depends on the price.

From the conversation above, we can see that Nafisah understood that the lighter weight was not always cheaper.
Here, she considered the price.

Then the discussion was continued with some missing values questions before bringing the idea of comparing
the price for the same number of weight. The researcher expected that she would not have any difficulties to find
the price of a number of kg apples because she could answer the second problem on the pretest, which was a
missing value.

Researcher: Now, how much is 6 kg of apples in minimarket A?
Nafisah: Rp120 000.

Researcher: How you know that?

Nafisah: 6 times 2.

It was quite surprising that she looked for the price of 6 kg apples by multiplying the 6 kg with 2 (from 2 kg) and
get the price 120 000. To make sure, the researcher changed the number with the simpler one.

Researcher: How much is 4 kg?
Nafisah: Rp80 000.

She explained that she got 80 000 from 4 times 2. Then it was the same as her strategy to find the price of 6 kg
apples. It means that Nasifah still did not understand about the proportionality concept in missing value problems.
She might just apply the procedure that she got from her previous lesson about multiplication to solve the
missing value problem during the pretest. When she chose which number should be multiplied to other, she got
confused.

From the discussion with Lulut and Nafisah, we might say that the students should be able to solve the simple
proportion first before they start to solve the comparison problem. This finding is in line with the study by
Tourniere & Pulos (1985) which stated that the comparing ratios is an advanced method, the way to choose the
easier proportion to do comparison will be acquired after the proportional techniques are mastered.

4.3 Mutia

Besides them, there were some students who knew that there was a relation between the price and the weight.
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They might also relate it to the idea of proportion but they did not know how to relate it in the right way.

ittt A
mace kg aug lebh mucak dio 2 kg 4 3rq
Haok yauh e
{oto¢ Yang Palirg baryar byak are
adalah it Macket B

Figure 5. Mutia’s answer

Translation: Minimarket A, because the price is cheaper and there is no big difference between 2 kg and 3 kg.
But the biggest number of apples is in minimarket B.

Mutia knew that both the price and the weight influenced the comparison situation. She also tried to compare
how big the differences of 1 kg and its price. But, she did not know how to compare the difference between the
weights and the difference of the price in the right way. So, during the interview, the researcher tried to lead her
to find a certain strategy to compare those differences.

First, the researcher tried to make her notice that we could not compare the difference of the prices and the
difference of the weight just by slightly seeing and just based on the opinion. The researcher changed only the
price of the apples in minimarket A. Mutia convinced that the difference of 5000, 2000, 1000, 200 was worthier
than 1 kg apples. She chose to buy the apples in minimarket A than minimarket B. This probably happened
because she only noticed about the number that 1 was less than 5000, 2000, 1000 and 200 without any
considerations. She did not notice that the difference of 1 kg from 2 to 3 kg of apples was more than the
difference of Rp10 000 from Rp50 000 to Rp60 000.

However, after the researcher asked whether she was sure that Rp100 is worthy enough to ignore the difference
of the weight, she changed her mind. She said that if only Rp100, it was better to buy apples in minimarket B.
Until the end, she insisted that minimarket A is cheaper than minimarket B. Although the researcher gave hint to
make the equal number of apples before comparing the prices, she did not think about that until the last session
of the interview.

4.4 Salwa

The other student, Salwa, thought the similar way as Mutia did, but in the other way around. Salwa answered
that the price of apples in minimarket B was cheaper than in minimarket A. In her work, she tried to explain in
her own words that the difference in price was smaller than the difference in weight. But, it was not clear how
she could come to that conclusion.

Although her reason was not sufficient to argue in a comparison situation, it indicated that she noticed the
relation between the price and the weight proportionally. It is also possible that she did the estimation between
the price and the weight of apples in the both minimarkets.
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Figure 6. Salwa’s answer

Translation: 2 kg is smaller than 3 kg. The difference of the price between (apples) in minimarket A and
minimarket B is only Rp10 000, while 1 kg is many. So, the price of apples in minimarket B is cheaper. Because
the price difference is just Rp10 000 meanwhile 1 kg is many.

As we can see on Figure 6, she compared the weight and the price from the apples in the both market. It shows
that she had a proportional thinking and did not only consider the absolute value in comparison problem. But,
what she did after that was to compare between the difference of the price and the difference of the weight from
both apples. It seems reasonable to do that but it is also difficult to do by just a slightly seeing.

During the interview, Salwa used the same reason to explain her answer why the price of apples in minimarket B
was cheaper than in minimarket A.

Salwa: 1 kilogram is many and 10 000 is a small amount.

To see how Salwa could be sure that the difference of 10 000 was nothing compare to the 1 kg of apples, the
researcher intended to change the numbers on the problem. We wanted to know whether it was just coincidence
or she had another reason in her mind but she might have difficulties to express it. Thus, we changed the
difference of the weight and the price. The price of apples in minimarket A is Rp100 000 for 4 kg while in
minimarket B is Rp60 000 for 3 kg. For this problem, Salwa came up with the different reason. Suddenly she
thought of the unit method and then compared the price for 1 kg for each apple.

Salwa: 3 divided by 60 000 is 20 000 and 4 divided by 100 000 is 25 000. So, the price for per kg in minimarket
A is 25 000 while in minimarket B is 20 000. B is cheaper.

She did mispronounce that 3 divided by 60 000 instead of 60 000 divided by 3. However, it did not change the
fact that, here, her reason was appropriate for the comparison problem. Based on her last reason, it seems that
she already found the way to convince the other by looking the price per kg. It also indicated that the modified
problem might encourage the students to look for other ways in convincing the others.

4.5 Ghafar

Ghafar was one of the students who gave a right answer without the clear reason or argument. He said that the
price of apples in minimarket B was cheaper than the price of apples in minimarket A because the price in
minimarket B was only Rp60 000 for 3 kg of apples. We could not be sure that he really could do the comparison
or it was just a coincidence before further investigation.

]awab:. 3 :Q % ﬁl 00“"' M&\} 3 by b RO po o0

Figure 7. Ghafar’s answer
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Translation: Minimarket B because in minimarket B 3 kg just costs Rp60 000

In fact, during the interview which was conducted the following week after the pretest, Ghafar gave different
answer from the one he proposed on pretest. He said that the price of apples in minimarket A was cheaper than
minimarket B. He determined the cheaper apple by comparing the weight of apple. He believed that the smaller
weight meant the cheaper one. He also used the same argument to answer the follow-up questions.

Researcher: If the price in minimarket A is Rp20 000 for 1 kg (the price in minimarket B remains the same as the
original problem).

Ghafar: Minimarket A, because it is only 1 kg.

Researcher: If the price in minimarket B is Rp30 000 for 1 kg (the price in minimarket A remains the same as the
original).

Ghafar: Minimarket B because it is 1 kg for Rp30 000 while in minimarket A 2 kg for Rp50 000.

For the first question in the transcript, the price should be the same. But Ghafar answered that minimarket A was
the cheaper one, because he considered that the weight in minimarket A was 1 kg while in minimarket B 3 kg. It
was also the same for the second question in the transcript, he still believed that 1 kg apple which cost Rp30 000
was cheaper than 2 kg apples cost Rp50 000. Then, the researcher made the problem with the same price but
different weight, Rp50 000 for 2 kg apples in minimarket A and 3 kg apples in minimarket B. The aim of this
question was to make him realized that he could not only consider the weight to determine the cheaper apples.
For the first, he answered the price was the same, because both of them cost Rp50 000, but when the researcher
remarked that the weight was different, Ghafar changed his answer. He realized that the price of apples in
minimarket B was cheaper. Then, he did not assume that the smaller weight as the cheaper one anymore.

The next question was about the situation in which the apples had the same weight but different price. The price
of apples in minimarket B was changed into Rp40 000 and the price in minimarket A remained the same. For this
question, Ghafar was able to see that the price in minimarket B was cheaper than minimarket A.

Through the discussion, Ghafar had a conclusion as follow. If the price was the same, then we could determine
which one was the cheaper. It was by comparing the weight. The heavier weight was cheaper. If the weight was
the same then we could see the price to determine which one was cheaper.

Although in the end, he could not solve the original problem, we might say that the context here has a big role to
lead the students to think further. Because of the context familiar for the students, the students may relate the
problem to their own experience. Thus, the students may be able to construct their own idea to solve the
problem.

Based on the discussion with Ghafar, we can say that proposing the same problem with different price and
weight can help the students to consider both the price and weight at the same time to do comparison. We can
propose the problems which have price difference but have the same weight and have different weight but the
same price. However, it needs further discussion to be able to compare particular objects with different price and
different weight. The students need to do more exploration to relate the two sets of numbers and make the
comparison between them.

5. Conclusion

Based on the analysis of the data collection, we may conclude that the students have different levels of intuitive
understanding about proportion. The students who could not solve simple proportional problem (missing value)
could not work on comparison problem, which contains more than one set of numbers. Even the ones who can
solve the proportional problem may still have difficulties to deal with the comparison problem. With this
consideration, we may say that the students should be able to solve the simple proportional problem before they
start to solve the comparison problem. Therefore, in a learning sequence, the comparison situation should be
given after the missing value problem.

The students’ experiences also influence the students’ response to the proportional problem. Sometimes, in a
simple comparison, their familiarity to the context may lead them to see the proportionality aspect in comparison
problem. Of course, the students’ experience is not enough to build the mathematics concept of proportion. They
need to learn more to develop their proportional reasoning. However, we can use their experience as the starting
point to build the understanding of proportionality. Posing the similar problems with the different numbers may
encourage the students to find different idea; the number chosen will affect the students’ response. Sometimes we
need to propose the smaller number to help the students find the strategy before they can implement it into the
original problem, but at the other time we need to propose the bigger number to encourage them to develop the
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existing idea.

There is a different starting point from the different levels of students’ ability. Although this study was only
conducted with a few participants, it described how the different levels of students’ ability influenced the
treatment that should be given to the students, such as the different types of question that may support them to
develop their thinking. It is not easy for a teacher to facilitate all the students’ needs by giving an individual
coach for every student in the class. Thus, we need lessons with a lot of discussions among the students,
comparing their different ways of reasoning, discussing different approaches in order to support them in
developing their proportional reasoning.

As aforementioned, the present study was part of the larger study, in which a learning and teaching trajectory
were tested. Within the learning design we also developed a teacher guide that may help the teacher in
facilitating the students to develop their proportional reasoning. The findings from the present study contribute to
the development of the learning trajectory and the teacher guide in the larger study.
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