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Abstract

This study used design research to produce learning trajectory through Musi Tour context which can
help students in understanding the concept of direct and inverse proportion. This study used PMRI
approach. The object of this study was the seventh grade students of SMP Nurul Qomar Palembang.
Data for retrospective analysis was collected from teaching experiment in the form of students’ work
results, field notes, and students’ interview. The results obtained in this study were learning
trajectory which consisted of 3 activities: 1) Students were given contextual problems namely Musi
Tour as the starting point in learning direct and inverse proportion, 2) Through students'
understanding of the ratio table in the Musi Tour context, students can understand the direct
proportion, 3) Students can model and understand the concept of inverse proportion and solve the
problems by using Ratio table. The results showed that the use of Musi tour context can help students
in understanding the concept of direct and inverse proportion.
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INTRODUCTION

The functions of mathematics learning are as a tool, mindset, and science or
knowledge. These three functions are used as references in mathematics learning
(Suherman, 2003). One of the topics in mathematics learning for junior high school is
proportion. Proportion material in middle school is divided into direct and inverse
proportion. Lamon (2006) reveals that the direct proportion is proportion that the
change of the value of one quantity followed by a change in another quantity, with the
same change. Meanwhile inverse proportion is proportion that the change of the value
that occurs in one quantity followed by a change in another quantity, and the value of
the change is opposite.

Based on the interview with seventh grade students of SMP Nurul Qomar
Palembang and some previous studies that there were still many students who still did
not understand the material of direct and inverse proportion. According to Sumarto
(2013), the thing that causes students’ mistakes in understanding the proportion
material is one of them caused by teaching the concept of proportion, the teacher gives
the formula by using algebraic and cross multiplication notation. Moreover, according
to Norton (2005), confronting students on multiplication and division problems, it has
not been effective in helping students to develop a deeper understanding of reasoning
about proportion. Therefore, by using this method, students can do proportion
questions, yet students will not get how the concept of proportion itself.

Poor understanding of proportion material, contributes to the poor of the use of
arithmetic knowledge, such as in managing multiplication problems, making
boundaries, and changing the forms of concepts faced in secondary education, such as
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learning about functions (Ruiz & Lupianez, 2009). According to Lamon (2006), a student
can have a strong sensitivity to the size and characteristics of quantities, such as speed,
and can use the appropriate vocabulary (eg, miles per hour) correctly without realizing
the relationship between the numbers that make up the proportion. Understanding of
these relationships is the key for someone to be able to understand the concepts of
mathematics which are more complex, as well as problems in daily life related to
proportion (Raharjanti, Nusantara, & Mulyati, 2016). Therefore, it needs the learning
which can help comprehending students' concepts of direct and inverse proportion
material.

One of the ways to teach proportion material can be done by exploration activity
(Cramer & Post, 1993; Van de Walle, 2008). Exploration activity of proportion material
can include situations involving measurement, price, geometry, or other visual contexts
or various rates (Van de Walle, 2008). By conducting exploration activities using a broad
context, so that mathematical ideas emerge (Rahmawati, 2015; Andinasari, 2016).
According to Streefland (1985), proportion can be taught using the Ratio table. Ratio
table is used as a tool to introduce understanding of ratio and proportion in elementary
and secondary mathematics education in the Netherlands. Ratio Table is reported as a
commonly used tool in the early stages of proportion reasoning (Carpenter et al., 1998;
Kaput & West, 1994). This is in line with Sumarto (2013) who states that this table is a
good tool for calculating and helping students to understand the main material.
Proportion table along with context can help students to develop proportion reasoning
and as proportion problem solving strategy.

One of the approaches in mathematics learning that uses context is a realistic
mathematical approach. The use of context is the first characteristic of PMRI (de Lange,
1998; Zulkardi & Putri, 2006). Context is used as the starting pointin learning (Zulkardji,
2002). The situations that can be used as contexts include personal, educational, public
and scientific (de Lange, 1987; OECD, 2009). Several previous studies have also
obtained maximum results in proportion learning using the context with PMRI
approach, those are in Utari's study (2015) showed that through a series of activities
that have been designed can help students to gain understanding from using their
intuition informally towards formal in solving proportion problems using Palembang
cultural context. Then, this is also shown by the study conducted by Andinasari (2016)
which showed that the results of using take-off plane video can support students’
conceptual understanding of the inverse proportion material in VII grade. From the
results of previous studies using PMRI approach, it shows that PMRI approach is very
good to be applied in proportion material and other materials.

According to Hauvel-Panhuizen (1996), the situation of students’ lives is not only
what is real in the views of students but also everything that can be imagined by
students, affordable by their imagination. In mathematics learning with this approach,
students have the opportunity to rediscover mathematical concepts through activities
that they experience themselves. In learning, it needs to start from something real and
close to the students’ lives (Pitadjeng, 2015). The context used in this study is Musi Tour
context. This musi tour context is used as starting point on mathematics learning
because this context is very close to the students’ daily lives in Palembang and can
encourage students to find mathematical concepts. In this context, there are situational
problems related to proportion. Furthermore, through this context, it is expected to be
able to support students' ability to understand the concepts of direct and inverse
proportion.
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According to the explanation above, the research question of this article is "how
does learning trajectory of direct and inverse proportion use Musi Tour context in
helping students to understand the concept of direct and inverse proportion".

RESEARCH METHOD

The research method is design research which produces a learning trajectory in
the learning of the combination concept by using handshake context. Design research
aims to develop a local instructional theory which is based on the existing theory
(theory-driven) and empirical experiment (empirically based) through cooperation
between the researcher and the teacher to improve the relevancy of this research with
educational policy and practice (Gravemeijer & Van Eerde, 2009). According to
(Gravemeijer, 1994), design research has three phases, which are: preparing for the
experiment, the design experiment, and the retrospective analysis. In the phase of
preparing for the experiment, researcher reviewed all literature which would be used
in the research to produce learning trajectory or Hypothetical Learning Trajectory.
Hypothetical Learning Trajectory is designed with the containing of anticipation for
possible occurrences. Before designing, the researcher determined to learn purpose or
aimed purpose and initial point of learning. Table 1 shows the instructional activities
and students’ conjectures.

Table 1. The instructional activities of Design Research

Learning Activity Tools Conjecture of Students’ Conjecture of
Goal Strategies Students’ Difficulties
students Understanding  Students’ - Students observe and share Students may
can know and exploring  worksheets their experiences while doing  experience difficulties in
and their with Musi Musi Tour tours stating many passengers
understand  knowledge Tour - Students inform many in each boat in the form
the two using Musi context passengers of each boat and of ratio.
quantities Tour context state in the form of ratio. In this case, the
proportion - Students are asked to observe  researchers anticipate
the Musi Tour tour package the teacher so that
table and make a sentence teacher can attract
comparing the rates for each students to remember
boat that has the same the fraction form.
destination
- Students are asked to
conclude that the incident is
comparing two equal
quantities
Students Students use Students’ - Students determine how many  Students may be little
can know model which worksheets boats are needed to transport  bit confused in drawing
and they made by with Musi a number of passengers that conclusions from the
understand  themselves Tour have been determined relationships that occur
direct and with the aid of  context, - Students determine a number  between many boats
inverse Musi Tour Boats are of passengers who can be and passengers, and
proportion context in the made of transported by a number of students are confused
form of aboat  stickice, existing boats whether they use line

that will be
filled with
tourists and
students use
Ratio Table to

Students can copy data
obtained from previous
activities into the table
Students observe the table and
answer that more boats are

understand needed

direct and - Students observe the table and
inverse answer that fewer boats are
proportion also needed

graphs or bar graphs
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Conjecture of Students’ Conjecture of
Strategies Students’ Difficulties

Learning

Goal Activity Tools

- Students can write on the ratio
table, two rows of data
obtained from the previous
table

- Students can write proportion
from both rows and can form
equations from proportion of
the left and right column

- Students can graph from the

existing data in the previous

table and connect each
existing point

Students observe and

conclude that a straight line is

formed from the graph they
have made

Resolve the  Students can Tour Students are given more Students may still have
direct and find results Students’ complex problems that are difficulty in describing
inverse from direct worksheets still related to the context of their own problems and
proportion and inverse with Musi the Musi Tour explaining the strategies
problems proportion in Tour they use

more complex  context

forms

The phase of design experiment is divided into two cycles, which are the pilot
experiment and the teaching experiment. Pilot experiment or initial experiment of this
research is known as a bridge between a phase of initial design and phase of teaching
experiment. The purpose of this research is to test initial Hypothetical Learning
Trajectory. The main objective of this phase is to collect data for supporting
correspondence with the initial Hypothetical Learning Trajectory. In this phase,
Hypothetical Learning Trajectory which has been designed was tested to students in a
non-research-subject class. Next is teaching experiment, which in its cycle has data
collection activity to answer the research question.

The phase of teaching experiment is the implementation of Hypothetical Learning
Trajectory which has been improved and implemented in a real class. The purpose is to
explore student strategy and thinking in a real learning, as data which will be used to
answer the research question (Gravemeijer, 1994; Bustang et al., 2013).

The last phase is retrospective analysis. All of the obtained data analyzed
retrospectively were used to plan a learning activity or to develop a design on the next
learning activity, with a purpose of developing Local Instructional Theory. In this phase
Hypothetical Learning Trajectory is compared to student real learning process to
answer the research formulated problem. The research phases can be seen in Figure 1.
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Design Preparation B )
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Figure 1. Design Research Phases

RESULTS AND DISCUSSION

The teaching experiment was conducted in class IV A in SMP Nurul Qomar
Palembang with 32 students. Mr. Okmi Wiranda, M.Pd as the classroom teacher will be
the model teacher at this stage. In the implementation of learning, the teacher divided
students into 2 groups consisted of 7 students (groups 1-2) and 3 groups consisted of 6
students (groups 3-5). Group division was based on homogeneous abilities between
groups with heterogeneous abilities in each group, where each group consisted of high,
medium, and low ability students.

At the stage of implementing of teaching experiment, researchers acted as
observers by looking at students' strategies in solving the problems given, HLT used in
the teaching experiment was a revised result of HLT on the pilot experiment. Figure 1
shows the HLT.
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Figure 2. Hypothetical Learning Trajectory (HLT)

Activity 1

The first problem on LAS 1 was the introduction of Musi Tour context by asking
students to share their experiences in traveling to visit tourist attractions along Musi
River. Then, students were given problems related to the context of Musi tour with the
aim to understand and determine the proportion of two qusntities.

When students were asked to solve problems, most groups have been able to

answer questions correctly. This is in accordance with HLT designed. The following
transcript shows more details.
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(Problem 1)

Student : Is the above problem an event that compares two equal
quantities? Explain!

Teacher : The answer is yes or no?

Student : Yes (exclaiming)

Teacher : What is the reason?

Students : They both compare many members

(Problem 2)

Teacher : What do you want to compare first?

Student : Quantities

Teacher : Quantities? What quantities is there?

Student : Rates

Teacher : Is there same destination?

Student : Yes, there is

Teacher :So can it be compared?

Student : Yes, it can

(Problem 3)

Teacher : Okay, so is the incident comparing the same or different
quantities?

Student :Same quantities

Teacher :Same, what is compared?

Student : Km per hour

Teacher : Do km and hour have the same quantities?

Student : No, they don’t

Teacher :Yes, will it be the same or different?

Student : Different

Based on the conversation above, it can be seen that students can understand that
the problem given is an incident comparing two quantities. The students’ answers are
shown in Figure 3.

4 Apakah permasalahan di atas merupakan kejadian yang membandingkan dua
besaran yang sama? Jelaskan alasanmu!

Sarma

Ko rena beSaran yg dibanding ken sama’” Punvmbang

& Apakah permasalahan di atas merupakan kejadian yang membandingkan dua
besaran yang sama? Jelaskan alasanmu!

SJIHQ
Karena fesaran

J919 dibandingkarr  Sama - came Lari £ [ g

4 Apakah kejadian di atas juga merupakan kejadian membandingkan dua besaran
yang berbeda? Jelaskan alasanmu!

: Bzrbadq:

|
| karena pesaran yang dibandingkan km dan Jam

Figure 3. Students’ answers distinguish the proportion of two equal quantities and
with proportion of two different quantities

IJEME, Vol. 3, No. 2, September 2019, 139-151.



IJEME ISSN: 2549-4996 m 145

Based on Figure 3 and the conversation between the teacher and students showed
that students were able to understand and know that incident is included in the the
proportion of two equal quantities or proportion of two different quantities.

Activity 2

Activity 2 aimed to find out and understand the direct proportion and solve the
direct proportion problem with Ratio table’s aid.

When students worked on problems on LAS 2 activity 1, most students were
enthusiastic when conducting experiments making proportion boat in determining the
number of water buses used for some passengers to be transported and many
passengers who will be transported for a number of available water buses. After a few
minutes, the teacher looked at the students’ work and asked the students about the
answer in the following transcript.

Teacher : How many ships will it be?
Student1 : 3

Teacher : 3 ships?

Studentl : Yes

Teacher :So, what about 647
Students : (students counted)
Teacher : How many ships??
Students : 4 ships

Teacher : How many passengers?
Students : 80 passengers

Teacher :So, what is the conclusion?
Student :the more boats the more passengers
Teacher :okay

Based on the transcript of the conversation, it can be seen that the given context
and assisted with questions at each stage, students were able to understand the direct
proportion, even though they have not used the proper language. However, when the
students were asked, they were able to explain their intentions and conclusions. In this
activity, students made model of that is "Proportion Boat" to help understanding the
concept of direct proportion. As proportion boat that have been made by students in
Figure 4.

Figure 4. Boat model made by students

Then, from these experiments, students can draw the conclusion that the more
boats the more passengers can be transported, and the fewer boats fewer passengers
can be transported. The student’s answer is shown in Figure 5.

Learning Direct and Inverse Proportion Using Musi Tour
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4. Berdasarkan pengamatanmu, kesimpulan apa yang kamu dapatkan dari hubungan
banyak perahu dan penumpang ? ?

( Semakin banujak Peralv s“emam—nﬁl;}nﬁypﬂ\k Pula "“’-”j""’ﬂk{;& Penﬁ\;;li’ﬂ 9
Semakin Sedikit Perahv SRmakin 4 sdikit pyja

men 30‘”3(0{
Penumpang

Figure 5. The conlusion made by students

Based on Figure 5, students were able to draw conclusions from the relationship
between the number of passengers and the number of boats from the experiments they
had done. Then, they have understood that the activity they were doing is direct
proportion. Next, the students copied the data they have obtained after experimenting
into the tables they have made by themselves and by the Ratio table’s aid students
solved the problems given as shown in Figure 6.

Salinlah hasil yang kamu dapatkan ke dalam tabel!
(kolom pertama menyatakan banyak perahu dan kolom kedua
menyatakan banyak penumpang)

b)o_L Banyak Pasahu \ Banyak PenumPang
i 1 6
2 2: 22
2 & 48
= 4 64
5 Sk So

Figure 6. Table made by students

This is the conclusion students got from the direct proportion they have done in
Figure 7.

Berdasarkan aktivitas-aktivitas diatas, apa yang kalian dapat
kesimpulan dari perbandingan senilai ?

_ Semakin banyar Perahy cemakin Panyak fenumPong 9 cju(\.r\\jkvl,
I

Se
Makin Sedikit pPerahu  SeMmakin  Sedikit  Penumfang Yg diongkut
J JJ «

=~ PerSamaan —_ Perahvu 2 Penumfc\nj 2

S Sl S Bt
jt\r,_( Lurus Parahvu 4 I’Q-\u"\?c~nj1

Figure 7. The conclusion made by students

In Figure 7 above, it can be seen that students have been able to draw
conclusions well based on the activities and problems they have worked on together.
This is in accordance with HLT that has been designed. The next problem, students were
asked to solve the problem of direct proportion, namely reading the map of the Musi
river flow to determine the distance traveled by a ship and determine the time needed
to travel the distance from the ship's trip route. Below is the Conversation Transcript.
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(learning activities 2, question number 1)

Students : BKB to Ki Marogan 3 Mosque, Ki Marogan Mosque to
Lawang Kidul 3, Lawang Kidul to Pusri 6, Pusri to Kemaro
Island 3, Kemaro Island to Pertamina 4, Pertamina to Lais
River 1.5. So, it means 3 +3+6+3+4 + 1.5 =27km

Teacher : how much?
Student :27
(learning activities 2, question number 2)
Student :If 27 km is the distance. That means the time is x. So, 9
per 27 is equal to 1 per x, x =3
Teacher : What proportion is that?
Student : Direct proportion

From the conversation transcript 3 above, students were able to solve the direct
proportion problem with ratio table’s aid. The students' answers are shown in Figure 8.

1. Sebuah kapal menempuh rute perjalanan yakni BKB - Mesjid Ki Marogan -
Lawang Kidul — Pusri - Pulau Kemaro - Pertamina — Sungai Lais. Dapatkah
kamu menghitung jarak perjalanan kapal tersebut ?

l3 +3 +e_l};h/ +7|.SA+;5-; 227 em

2. Berapakah waktu yang dibutuhkan kapal untuk menempuh rute
perjalanan tersebut, jika dibutuhkan waktu 1 jam untuk menempuh jarak 9
km! Jelaskan strategimu!

| w7

T >
1] 9t Ly B T >3X’§77
| 21 km x X’f
| S
i — -

Figure 8. Students’ Answers on LAS 2

Activity 3

In activity 3, this still used Musi tour context. Students were given a problem that
required them to sketch Pagoda size change images with different distances and
concluded based on the observation from the sketches they have made and knew that
the relationship between shooting distance and Pagoda size is inverse proportion. The
conversation transcript can be seen in the conversation transcript below.

(activity 1 problem 1)

Student : Because of taking photos is closer

Teacher : Ifit's not closer? How is the picture?

Student : Big

Teacher : Ifitis further?

Student :Smaller

(activity 2 problems 2)

Students : 1 person 80,000, 10 people 800,000. So, for trip 1, there are 10
people

Teacher : Okay, then for trip 2, how is that?

Students : 1 person 32,000 times 10. So, it is 320,000

Learning Direct and Inverse Proportion Using Musi Tour
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Teacher : Why is it multiplied by 10
Student : Because it is easier to count if it is multiplied by 10

Based on the conversation transcrip, it can be seen that the context was given and
assisted with questions in each stage, students were able to understand the inverse
proportion, even though they have not used the proper language. However, when they
were asked, they were able to explain their intentions and conclusions. In this activity,
the students made model of, that is sketching a Pagoda image to help understanding the
concept of inverse proportion. The pagoda sketches that have been made by students

are shown in Figure 9.

3. Gambarlah sketsa perubahan ukuran Pagoda, dari jarak pengambilan 3. Gambarloh skefsa perubahon ukuran Pagoda, dari jorak pengambilar
foto terjauh, sedang hingga terdekat! foto terjauh, sedang hingga terdekat!
Jdquh Sedang | J pKg g Vosay {‘ Sdlongy “‘ Oewat
TS k 1 &./ ~)
. i = | | S—
— L~ ﬂ\:ﬂi ,
LN AN nl
e VA 7 7N b [ .
BERER ¢ ot
|+ o A
— ) { -
3 NS
- Y’ 1
557 )
o 2 -t
e @ 4=
o

Figure 9. Sketch of Pagoda made by students

Then, from their observations, students have been able to draw conclusions from
the relationship of distance and size of pagoda. The student's answer is shown in this

Figure 10.

4. Berdasarkan pengamatanmu, kesimpulan apa yang kamu dapatkan dari

hubungan jarak dan ukuran Pagoda!

0 )
Dila qaraknye 1avk h\jod:m o Keeit

[‘).L(\ jarak oye derat Pagodan yo bliar

Figure 10. The student’s answer

Based on Figure 10, students were able to draw conclusions from the relationship
of distance and size of pagoda. Then, they understood that the activity they were doing
is inverse proportion. After that, students were given the problem that is determining
the number of passengers were transported by a ship that has a certain rental price,
where each passenger paid at different costs for each trip made by the ship. In this case,
students drew illustrations of the number of passengers on each trip and used Ratio
table to solve the problem given. The students' answers are shown in Figure 11.
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Figure 11. The students’ answers on LAS 3 activity 1

Based on Figure 11, it can be seen that students have been able to make
illustrations in the illustration table of the number of passengers in each trip and wrote
it in the ratio table. The following are the conclusions that students got from inverse
proportion they have worked in Figure 12.

Berdasarkan aktivitas-aktivitas diatas, apa yang kalian dapat

keslmpulan dari perbandingan berbalik nilai ?

/ PenumPang Mo ko Semakn MUl oy
[ Sermakin boanyat &)
.l bioya untuk tinf Ptnuf-\"am,
|
| Semarin Sed ikt fenumPan Moo Semakin mahal
!
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\
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Figure 12. The student’s answer on activity 1

In Figure 12, it can be seen that students have been able to draw conclusions about
inverse proportion well based on the activities and problems they have done together.
This is in accordance with HLT that has been designed.

In learning activities 2 on LAS 3, students were asked to solve the problem of
inverse proportion, but in this activity, students were allowed to solve the problem
given using ratio table or using the form of equations. Following is the conversation
transcript about the problem of inverse proportion.

Student : So, it becomes 1 per 60 equal to x per Rp. 9,000,000
Teacher : Why is it inversed?

Student : Because this is inverse proportion

Teacher : Okay, then?

Student :x equals to150,000

Teacher : What is 150,000?

Student : Costs for 60 people?

Teacher : For 60 people?

Student : Oh no, for each passenger

Learning Direct and Inverse Proportion Using Musi Tour
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From the conversation transcript 5 above, students were able to solve the
problem of inverse proportion with ratio table’s aid. The student’s answer is shown in
Figure 13.

Dapatkah kamu menentukan biaya yang harus dikeluarkan setiap anggota komunitas,
Jika jumlah anggota yang berpartisipasi pada perjalanan ini hanya setengah dari
kapasitas maksimum kapal? Jelaskan strategimu!

No bioaye onygoton i 4 Py
« % 6o e
Y oco.oo0 ' J.000 voo

6ex > | x 9 poo . ©o¢
7 b 3 < Go

oxz 9 coo.000

— Xz 9 coo.cog

cg
X = 15¢c 000

Figure 13. The student’s answer on LAS 3

Next, after class discussion, the teacher and students concluded the lesson that
inverse proportion is not the same as direct proportion. Both proportion are opposite
so the result of equation of proportion is also different from direct proportion. The
method that can be used is with ratio table’s aid and proportion equation. At last, the
teacher closed the lesson.

CONCLUSION

This study produced a learning trajectory using Musi Tour context, it was seen
that the context of Musi tour was very important in helping students to understand
directand inverse proportion. The context given also influenced students in recognizing
and distinguishing situations related to direct and inverse proportion. The learning
trajectory produced is in the form of trajectories that helped students from the learning
process that went through starting from students explored their knowledge to
understand and determine the proportion of two quantities from the learning context,
students could model and understood direct proportion and solved problems with Ratio
table’s aid, and students could model and understood the concept of inverse proportion
and solved problems with Ratio table’s aid.
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