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1. INTRODUCTION

Fraction division is one of important subjects to learn, this concept can be utilized by
students to solve their problems. For instance, when we want to divide 1/2 piece of cake to
3 people, and many more. As we know, formally fraction division problem usually solved
by keep-change-flip algorithm. This was an easy problem to solve, but its difficult to
understand how this algorithm can solve the fraction division problems. Common Core State
Standards Initiative (CCSSI) states that fraction subject began to be taught from third grade
in elementary school (Bentley & Bossé, 2018).
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However, fraction operation subjects still quite difficult in elementary school
students, especially fraction division (Fitri & Prahmana, 2019; Purnomo et al., 2019; Widada
et al., 2020; Yeo, 2019). They still assuming that if a number divided by another, it will be
smaller than before (Ervin, 2017; Yeo, 2019). Besides that, they still using keep-change-flip
algorithm to solve the fraction problems without understanding the meaning of fraction
division and how that algorithm valid mathematically (Alenazi, 2016; Bentley & Bossé,
2018; Purnomo et al., 2019; Sahin et al., 2020; Whitehead & Walkowiak, 2017; Yeo, 2019).

Many things that can affect this problem, one of them is teacher habits that tends to
give keep-change-flip algorithm directly to be memorized, remembered and implemented
without telling them the concept of fraction division and how that algorithm valid
mathematically (Apsari et al., 2020; Bentley & Bossé, 2018; Haji, 2013; Purnomo et al.,
2019; Whitehead & Walkowiak, 2017). Fraction division also have the different meaning,
so students still not properly understand the meaning of fraction division. Fraction division
known as measurement concept usually done with repeated substraction until the number
that are divided become zero (Purnomo et al., 2019; Stohlmann et al., 2020; Widada et al.,
2020). Furthermore, fraction division also known as equal share, for instance there is a half
of cake that will be divided into a quarter of cake, how many person that will get that cake
(Purnomo et al., 2019; Stohlmann et al., 2020).

There are many ways to understand about the fraction division problems, and maybe
if we are a creative person, it can be a new method to understand the fraction division
problems. There are some ways to understand fraction division problems (Adu-Gyamfi et
al., 2019) (see Table 1).

Table 1. Fraction division problems concept

Concept Example in verbal representation Algorithm
Measurement  Needed — m? fabric to make one cloth. a c_ad bc_ ...
Division How many clothes that can make if just b d bd bd

have% m?2 fabric?

Partitive Aldo has = chocolate that will be share a.. _&+~¢

Division with ¢ friends. How many chocolates for
each friend?
c people bought% kg chocolates that will o=

be shared equal. How many chocolates for
each person?

Determination  |anaya use % part of corned beef to make
of unit rate

2 servings of fried rice. How many

servings that she can make if she uses a
whole of corned beef?

SUERYISTRSY

Inverse of From survey conducted to a students, 2

c
multiplication 4 dents like mathematics subject and the d
others like biology subject. How many
parts of students that like biology subject?

To introduce the fraction concept, especially for fraction division, a study was present
by Klemer, Rapoport, and Lev-Zamir (2019) that see how teacher tell students about fraction
concept, especially fraction division concept. There are 3 ways to teach conducted by the
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participant of Klemer et al. (2019) state that First, they illustrate fraction fivision with picture
as grouping. Checking how many divisors that are in the divider or checking how many
second fraction that are in first fraction; Second, gradually explanation. They tend to explain
a real problem about fraction, make an equation where divisor as a whole, division operation
integer with fraction, fraction with integer, fraction with fraction with same denominator,
and fraction with fraction with different denominator; Third, presenting students’
assumptions till using keep-change-flip algorithm. They will give a problem verbally about
fraction division which make it possible to students to solve the problems in a various way.

The Experiential Learning Cycle

Concrete

Experience
(doing / having an
experience)

Active Reflective
Experimentation Observation
(planning / trying out (reviewing / reflecting
what you have learned) on the experience)
Abstract
Conceptualisation

(concluding / learning
from the experience)

Figure 1. The Kob’s experiential learning cycle

To make students understand about the fraction division, some media needed to be
conducted to support their knowledge about this. A teacher should think how to make
students understand about what have been learned. Therefore, we try to make a rectangle
representation media that may can make students easier to understand fraction division. This
is based on Kob’s experiential learning cycle that we can conducted a lesson from concrete
experience until active experimentation (Konak et al., 2014) (see Figure 1).

Concrete experience that students should feel by themselves what they’ve learned
during the lesson. Concrete thing should be conducted especially in elementary school
students. They tend to understand with the concrete media rather than the abstract one. So,
students will be understood what the teacher said. Then reflective observation where students
doing some activity such as discussion with their friends, asking each other questions to
reflective their experience. Asking a question not always to be focused on the teacher, they
can ask their friends to have their friend’s opinion about their understanding. The third cycle
is abstract conceptualization where students can make a theoretical models and
generalization from what they’ve learned. This model which is called abstraction from a
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concept. Mathematics will become abstract later, they can’t deny it. The last cycle is active
experimentation, where they are planning and trying out what they’ve learned. There are two
strategies, giving students a new task or combine some topics that connected with same
activities. It is intended to see whether students are ready to have the next material or not,
and whether the students are already understanding about the material that has been taught.

We refer to the concrete experience first for making the students understand until
they can active experimentation with the fraction division. As a teacher, we should be aware
of the students answer about fraction division. So, a teacher must understand about the
fraction division concept for reducing misconception about that topic (Stohlmann et al.,
2020). A teacher should introduce representation form that can be usefull for students, ask
students to draw some fraction concept and proof that, and teacher should design how they
do an assessment for students to see their understanding about fraction division.

Before teaching some materials, teachers should have a very good understanding
about that concepts. So it is with fraction materials, especially fraction division which is
known as a very difficult concept to understand among the elementary school students
(Purnomo et al., 2019; Widada et al., 2020; Yeo, 2019). Therefore, teachers should know
many different representations about fraction division to teach well about that. However,
many prospective teachers even teachers still not understand about this fraction division
concept (Alenazi, 2016; Whitehead & Walkowiak, 2017). They still use keep-change-flip
algorithm but not understanding about the fraction division concept (Sahin et al., 2020).
Based on our preliminary studies, in one of university in Cimahi, Indonesia prospective
teachers still not understand about fraction division. So, we decide to make an algorithm that
may help prospective teachers understand about the fraction division. The aim of this study
is to see whether prospective teachers understand about fraction division after they learn
with this rectangle representation or not.

Fraction division can be represented by water filling from the big bottle to smaller

one. Suppose 1500 ml bottle considered as a whole, then 500 ml bottle considered as é part,

250 ml bottle considered as % part, etc. There is one 1500 ml bottle and one 500 ml bottle

that filled with water. All of the water will be poured to 300 ml water. How many 300 ml
bottle that needed?

300 300 300 300 300 300 300
mlL mL mL mL mlL mL mL

Figure 2. Rectangle which represents the size of each bottle

We know that 1500 ml bottle as a whole, 500 ml bottle as § part, and 300 ml bottle
as % part. So, we have 1 % water that will be poured into % part bottle. Mathematically, we can

write 1§ + % and we can use keep-change-flip algorithm to solve that problem.
1 1 4 1 4 5 20 2

3'5 3°'5 371 3 3
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As we know that there are still many students think the result of division will be smaller than
a number that will be divided.

However, in this case the result is bigger than a number that will be divided and they
may confused why the result is bigger (Ervin, 2017; Yeo, 2019). From this we try to make a
rectangle which represent the size of each bottle (see Figure 2).

The answer of that problem is 62, the six 300 ml bottle can be seen on that rectangle

representation, but how can we have %? As we know that we have 2000 ml water that will

be poured into 300 ml bottle. So, we have to prepare seven 300 ml bottles to accommodate
all of the water, because it will be 2100 ml. All of water can be poured into seven 300 ml
bottles, but the last 300 ml bottle will not full and leaving 100 ml. From this case we can

know that 100 ml from 300 ml is % part. So, we know that the last 300 ml bottle is g fulfill

with water.

Given this rectangular representation will be easier to count, it’s just the last bottle
will need more effort to count. Rectangle representation with a number will be easier to
count, however if we know only the fraction maybe it will be difficult to solve. From that
problem we try to make a rectangle representation steps. Figure 3 represents the problem
above but without number.

Figure 3. Rectangle which represents the problem

Figure 4 shows that there are seven i part will be poured with the gwater. We know

that there will be an empty space in the last % part that should we know to complete solving

that problem. We can take the difference between white and blue rectangle, we called that
the missing piece.

\U

Figure 4. The missing piece

Shortly, we can write the algorithm of this rectangle representation step by step are
as follows:
a. Known A and B as a fraction and we have a problem A <+ B.
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First, we have to know whether A < B or A > B.

Draw a rectangle that represents of each fraction.

Duplicate the smaller rectangle until the size is equal or more to the bigger rectangle.

Look for the difference between the smaller rectangle and bigger rectangle, we can call

that the missing piece.

f. Do the repeated substraction of all the smaller rectangle that have been duplicated with
the missing piece, now we know how many parts of missing piece that fulfilled all of the
smaller rectangle.

g. Now put the bigger rectangle into all of the smaller rectangle and count it as a fraction

with a whole as the smaller fraction.

©T o0 o

We try to apply that rectangle representation into a fraction division learning on
prospective teachers. The aim of this study is to see whether this representation can make
prospective teachers understand about the fraction division or not.

2. METHOD

The method used in this study is mixed method, quantitative with random sampling
then qualitative descriptive method with case study design. Eighty prospective teachers
participated in this study to see their understanding about fraction division. The answer of
that students will be categorized into 4 answer (Apsari et al., 2020), are as follows: (a) No
answer; (b) Keep-change-flip; (c) Not complete explanation; and (d) Mathematically and
example explanation.

We used test and interview as the instrument of this study. Before we conducted the
instrument, we apply the rectangle representation to a fraction division lesson. After that, we
conducted the test to all of participant that have been attend on that lesson. The test use to
know how far hey understand about fraction division, and the interview is to know deeper
about their answer and their understanding in fraction division. The instrument of the test
are as follows (see Figure 5):

1. Why the division should change to multiplication and the second
fraction should change to its invers?

The result of 2 + 2 js ...
3 4
3. How you explain this fraction division concept to students?

Figure 5. The instruments test

First question is to see how prospective teachers using their knowledge to solve
fraction division, second question is to see whether prospective teachers know why keep-
change-flip algorithm valid mathematically, and last question is to see how they will tell
students about fraction division concept so the students will not wrong again about the
meaning of fraction division operation.

The interview conducted after we analyzed their answers, and we just take one person
for each category to know why they answer like that. We interviewed them with unstructured
interview design. We are chasing their answer until we get what we want. After we
interviewed them, we try to combine the answer between test and interview results.
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3. RESULTS AND DISCUSSION
3.1. Results

After a lesson using rectangle representation was done, we conducted a test using the
instrument above to all eighty participants. After finishing the test, we analyzed the answer
of the prospective teachers and make it into 4 categorized. The following Table 2 is the
percentage of answers from 80 prospective teachers with 4 categorized:

Table 2. Percentage of answers from prospective teachers into 4 categorized

The number of

Category prospective teachers Percentage
No answer 3 3.75%
Keep-change-flip 43 53.75%
Not complete explanation 22 27.50%
Mathematically and example explanation 12 15.00%

Table 2 shows that 3.75% prospective teachers have no answer, they can’t answer
correctly, whether they don’t understand the problem or even they don’t know how to solve
it. Also, we know that 53.75% prospective teachers prefer using keep-change-flip algorithm
to solve the problem, but they still can’t understand about the fraction division. It can be
seen from their answers that they just use the algorithm without giving the proper explanation
about the fraction division. 27.50% prospective teachers answered correctly and give the
explanation, but the explanation is not complete, so we can’t understand the whole of their
answer. 15.00% prospective teachers answered correctly and can give a proper explanation
with example and mathematically explanation.

After we categorized their answer, then we take one from each category that will be
interview. We want to know more about their answers, and why they answer like that. The
interviewed is unstructured interview, we just refer to their test answer to know deeper about
their answer.
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Figure 6. The prospective teacher answer that represents “No Answer” category
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Figure 6 show that the prospective teacher answer is wrong. He used keep-change-
flip algorithm, but not have done correctly so the answer is not correct. Three of the No
Answer category almost answer same as this. Based on Figure 6, prospective teachers who
answer that said that “why the operation become multiplication because before it counts, the
denominator also switched so the fraction still have an equal number. We don’t know why
they didn’t know the concept of fraction division. Whether the lesson is not suitable with
him or indeed he can’t understand about the fraction division. Therefore, we try to interview
him to know deeper about his answer and to see whether he understand about fraction
division or not.

After we interviewed him, we know that he experienced the misconception about
fraction division. He explains that the denominator is added by the numerator so the

operation will be % + ; and because 3 is in both fractions so the first fraction is multiplied by
3 so the operation will be %+ % He knows that fraction division can be done using keep-

change-flip algorithm, so the operation will be % X % and the answer as in the picture above.

We don’t understand why he answer like this because this thing is not accordance with
fraction division concept. We conclude that he still not understands about fraction division
and how to solve it even with keep-change-flip algorithm. After that interviewed, we try to
explain his mistake and give the proper answer. So, he will not wrong again if he wants to
solve fraction division problems later.

Also, we ask about how he will teach students about fraction division. He answers
that he will give the students keep-change-flip algorithm after being told by us about the
correct solution for fraction division problems. And he won’t tell any more, just tell the
students about keep-change-flip algorithm. We conclude that one of the prospective teachers
can’t teach fraction division properly. He needs to improve their knowledge about fraction
division problems. So, he will be ready to teach this topic and make students understand
properly about fraction division.

Most of prospective teachers in this study answer using keep-change-flip algorithm
without giving their reasons why they answer using that algorithm. There are some of
prospective teachers that give their reasons about why they answer using keep-change-flip
algorithm. However, as we can see in Figure 7 that the reasons are not explain why keep-
change-flip algorithm can be used and valid mathematically, but they explain that using this
algorithm is easier than solve the problem directly. We’re interested on their reason that tell
us about easier using keep-change-flip algorithm than solve the problem directly, what solve
the problem directly mean. So, we decided to interview one of them to know deeper about
their reasons of their answer and to see whether they understand about fraction division
properly or they still don’t understand about fraction division properly.
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Figure 7. The prospective teacher answer that represents “Keep-Change-Flip” category

After we interviewed one of them to know the reason on their answer (see Figure 7),
they still give the reason like the test answer. We ask him what the meaning of using the
keep-change-flip algorithm is easier than solve the problem directly. From his answer we
know that solve the fraction division problem directly is with repeated substraction and it
can’t because the first fraction is smaller than the second fraction. Moreover, he just knows
about keep-change-flip algorithm to solve the fraction division problem. He doesn’t know
the other way to solve the fraction division problems. From this interview, we conclude that
he understands about fraction division, but he doesn’t know why keep-change-flip algorithm
can be used to solve the fraction division problems. Also, he just knows that division is a
repeated substraction and doesn’t know that fraction division can be done with other way.

He said to teach students about fraction division is just directly give the keep-change-
flip algorithm. He doesn’t understand the meaning of fraction division and the reason why
keep-change-algorithm work with fraction division. That’s why he prefer just to tell students
how to use keep-change-algorithm without telling them either the meaning of fraction
division or the reason why keep-change-flip algorithm work.

We turn to prospective teachers that categorized in Not Complete Explanation. There
are a quarter of all the prospective teachers that answered correctly and have an explanation,
but the explanation is not completed yet. The prospective teachers can answer correctly, but
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there is a missing explanation that should be completed more. He explains that it should be
reversed so the denominator can be one and can answer why using a keep-change-flip
algorithm is valid mathematically. According to our knowledge, we conclude that
prospective teacher answers still not completed yet. After analyzing it, we conducted an
interview to know deeper about his understanding of fraction division (see Figure 8).
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Figure 8. The prospective teacher answer that represents
“Not Complete Explanation” category

After been interviewed, he can explain his answer with a good understanding about
fraction division. He used keep-change-flip algorithm and he can proof why that algorithm
valid mathematically and always used on fraction division problems. Also, he explains that
division is a repeated substraction or equal sharing, but they still not understand if the
problem is fraction divided by the fraction. He also said that if the lesson of fraction division
using rectangle representation is repeated, maybe he will now better the meaning of fraction
division.

To teach students about fraction division problems, he will start with the concrete
representation that students know. But we know that his answer on the test is not representing
a concrete problem, that’s why we categorized him to the Not Complete Explanation.
Whereas he can explain the meaning of fraction division problems. After that, he explains a

way to get the result of fraction division problems by telling them tha %+§ is equal to

alalsla

and the denominator of that new fraction should be 1, so that’s why he multiplied the
numerator and denominator of the new fraction with the inverse of the denominator (see
Figure 9).
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Figure 9. The process of solving dividing the fraction by invers method

Different from the others, there are only 15% prospective teachers participated in this
study that answer as expected by us. But at least there are some prospective teachers that can
understand about fraction division with the rectangle representation lesson. They can explain
how to get the answer without using the keep-change-flip algorithm. They use some
rectangle representation but not our rectangle representation that we conducted before. They
prefer using vertical and horizontal rectangle representation, it might be easier according to
them. They just need to combine the vertical and horizontal rectangle representation and will
get how many parts they will get (see Figure 10). We conclude that this way can be used to
solve the fraction division problems and we see that they can understand about the fraction
division concept.
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Figure 10. The prospective teacher answer that represents “Mathematically and
Example Explanation” category

After the explanation using rectangle representation, they write about the symbolic
statement to solve this fraction division problem. They change the division into
multiplication. As we know that if A+~ B = C then we can use B X C = A to solve this
fraction division problems. One of prospective teacher can proof why keep-change-flip
algorithm used in fraction division problems and valid mathematically. He uses that concept
but not all, he assuming what fraction that we can have to make the result of that fraction
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division problem (see Figure 10b). First, he knows that the result is from the rectangle
representation (see Figure 10). Then he makes an equation gx = g and try to imagine

what is the second fraction if he multiplied it by g he will get g He can imagine it that the
second fraction that make the result is g IS % because 2 X 4 =8 and 3 x 3 =9, so he got

that g After analyzing this answer, we conducted an interview to one of the prospective

teachers to know deeper about their answer.

After interviewed, he explains that the meaning of fraction division is when we equal
share then count how many dividers that gets from the divided one. Beside that, to proof the
keep-change-flip algorithm he uses the concept A + B = C equivalent to B X C = A (see
Figure 10b). So, he can conclude that keep-change-flip algorithm valid mathematically and
can be used to solve fraction division problems.

We asked him to explain how he will teach this fraction division problems to the
students. He answers that he will tell the students step by step, from meaning of fraction until
the operation, especially fraction division with different denominator. He will use some
media to make easier for students to understand. For instance, he will use rectangle
representation as he learned before from this class and will developed that media in order to
make easier to understand. He tells us that the explanation of our rectangle representation a
little bit difficult to understand, he should repeat again and again until he gets the whole
meaning of fraction division through that rectangle representation media.

These are the answer that represents for each category that we’ve been determined
before. So, we can assume that some of prospective teachers can understand about fraction
division problems using rectangle representation that we used before we conducted the test.
And based on the interview, that the answer is diverse and many things that can influence
their understanding about fraction division.

3.2. Discussion

Based on the results, we can know that many prospective teachers do not understand
fraction division. Even we used rectangle representation before the test was conducted.
Prospective teachers use the keep-change-flip algorithm to solve the fraction division
problems either without knowing whether that algorithm valid mathematically or
understanding fraction division problems. They know if they are faced with fraction division
problems, they use the keep-change-flip algorithm to solve the problems. It is not essential
we understand the concept of fraction division or not. This finding is similar to many
previous studies that still many prospective teachers and students that are using a keep-
change-flip algorithm without understanding either fraction division concept or proofing
keep-change-flip algorithm (Apsari et al., 2020; Bentley & Bossé, 2018; Purnomo et al.,
2019; Sahin et al., 2020; Whitehead & Walkowiak, 2017).

Most of the prospective teachers still just talk directly about keep-change-flip
algorithm without making students understand either about the meaning of fraction division
or the reason why keep-change-flip algorithm work with fraction division. This finding is in
line with some of recent study that has been done (Apsari et al., 2020; Purnomo et al., 2019).
But there are some prospective teachers that will explain the fraction division problems step
by step. From representing the problems with a real-life condition, until the students get the
abstract concept of fraction division problems. This finding is in line with recent study that
teachers will teach students from the concrete one until the abstract (Klemer et al., 2019).

We assume that they still not understand the fraction division concept and keep-
change-flip algorithm valid mathematically is because the rectangle representation media
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still not perfect and need to be developed until the audience will understand either about
fraction division concept or keep-change-flip algorithm valid mathematically. Different with
the domino card media that can make students understand about fraction division (Retnowati
etal., 2018).

4. CONCLUSION

Based on the results and discussion, there are still many prospective teachers who
have not understood the problem of dividing fractions even though they have attended
rectangular representation lessons. However, some know either the meaning of fraction
division problems or why the keep-change algorithm works with fractional division
problems.

The problem of dividing fractions is a problem that is difficult to understand, even
for teachers who have taught for a long time. The results showed that most of the prospective
teachers still could not imagine how fractions would work. Based on the experiences of
researchers since elementary school, we used to solve the problem of dividing fractions with
the keep-change-flip algorithm, and it was introduced directly without explaining the
concept of fraction division by the teacher. So can cause most prospective teachers not to
understand the concept of dividing fractions as a whole.

Most of the prospective teachers informed that they would teach students about the
fraction division problem directly using the keep-change algorithm, as this is the easiest way
to solve the fraction division problem. However, some prospective teachers will still teach
their students in stages, starting from concrete questions to abstract questions about dividing
fractions. Therefore, the rectangular media representations still need to be developed, both
media and their delivery from the teacher. The next researcher can use this rectangular
representation as a reference to make a better media rectangular representation.
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