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Abstract. This article offers an alternative design to teach mathematics by using one of the branches of sport played 

at Asian Games 2018. The method used in this research is a research design consisting of three stages: a preliminary 

design; a design experiment composed of pilot experiment and teaching experiment; and the last stage is a retrospective 

analysis. This article only focuses on the stage of pilot experiment. The subjects of this research are 6 students at grade 

VI at Elementary School 179 Palembang, South Sumatera. By considering all of the participants with various ability 

and competence, design of this study used is Indonesian Realistic Math Education (PMRI). To collect data, this study 

employed observation, interview test, video recording, documentation, pre-test result and post-test. The design 

produced in this study can assist students in understanding of the discovery of mathematic concepts on the material of 

fraction. Students are guided by real problems by using the story of Asian Games 2018 and they use a model bar that 

can help them solve the problem on the model off. On the next level, students use the number line for the model stage 

then followed by the use of the formal stage to solve sport story problems. 

INTRODUCTION 

In 2018, Indonesia will host the 18th Asian Games that will be held in two cities, namely Palembang, South 

Sumatra and Jakarta. Researchers try to design and motivate students to be interested in learning math and strive 

to stimulate the enthusiasm for Asian Games in the school environment. This research is a new breakthrough in 

learning strategy because there are elements of mathematics in sport. One of the branches of sport played at Asian 

Games is Steeplechase that becomes starting point for students’ learning at elementary school level especially 

students at grade V because the characteristic of this sport is very appropriate to be used in fraction material. 

Understanding of fraction material is still difficult to reach [1] including the understanding of fraction 

multiplication. Students’ difficulties in learning and understanding fractions is because in doing fraction, it is done 

by highly basing on its rule but without understanding concept[2]. Students have erroneous understanding of 

fraction a multiplication in which they assume that the multiplication of exact numbers will always have higher 

value [3]. Based on Curriculum 2013 currently implemented in Indonesia, mathematics learning starts from 

contextual problem and student-centered learning activities so that it is more active and interactive [4]. 

One of fraction operations is fraction multiplication with the natural number. To determine the result of the 

fraction multiplication by the natural number is by changing the number into the form of fraction [5]. Practically, 

this is very confusing to students,. however, recurrent additions may be related to multiplication[6]. It is supported 

by [7] who propose the use of recurring sums to find fractions as part of the whole value. It is also in line with [8] 

who states that fractions can release from measuring. Fractions can be presented in three models, one of them is 

measurement models [9]. This research focuses on the multiplication of fractions with the natural number. The 

fraction multiplication by the natural number is the first indicator on the lesson plan in the fraction operation. 

Students are expected to understand well the concept at the beginning of the indicator in order to bridge them to 

understand the next level of indicators. The branches of the sport can be the starting point of learning in the 

learning process based on its characteristics [10] 
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An appropriate learning approach and creative innovation are fundamental in teaching and learning 

mathematics because traditional learning is no longer effective for use today [11]. PMRI is the right learning 

approach.  A learning approach that relates to the situation problem is the approach of Pendidikan Matematika 

Realistik Indonesia (PMRI). [12] PMRI is one of the learning approaches with easy-to-understand problems and 

contexts that will lead students to understand mathematic concepts by discovering themselves through prior 

knowledge. By using situations of contextual problems, learners are gradually mentored to master mathematic 

concepts. PMRI refers to a concept that involves two important views of Freudenthal which are mathematics must 

be connected to reality; and mathematics is seen as human activity "[13]. Human Activities in the classroom in 

the lesson learned are limitid by social norms so thet the learning atmosphere becomes conducive. According to 

[14] there are two important aspects in the process of learning according to social contractivist view namely social 

norm and social mathematical norms which are needed to encourage interactive students and more active without 

neglecting class control and management. This norm will be raised in the existing learning process made in the 

planning. Context is the beginning for mathematics advocates [15]. Previous research states that by using the 

context students are easier to understand percentage material and the use of bars on measurement[16].  [17] also 

claim that the context of the kain jumputan (tie-dye) can be designed as a starting point in the recitation of 

rhombus.  

METHODS 

Preliminary Design  

This research used a design research consisting of three stages namely preliminary design, a design experiment 

and a retrospective analysis [18]. The first stage is preliminary design in which researchers review the literature 

and design alleged learning activities that have been designed called HLT ( Hypothetical Learning Trajectory ) 

Literature Review 

The researcher reviewed the literature of fraction multiplication material by the natural number, then reviewed 

the contents standard of the curriculum 2013 on Standard Competence and Basic Competence, PMRI, and design 

research as the first step in preparing the students' initial guess and strategy in the learning process. Then, the 

researcher conducted a discussion with the classroom teacher about the condition of the class, the needs of the 

study, selecting the observer, adjusting the schedule and how the research implementation with the teacher 

concerned. The researcher traces the student's basic competence by interviewing matters relating to fraction 

multiplication by natural number and conducting the pre-test. The results will be used as a researcher in designing 

activities for students.   

Hypotetical Learning Trajectory 

At this stage, the researcher performs HLT design. Designing HLT in designing plays an important role as 

design and instrument [19], HLT is a description of learning objectives, learning activities to help the learning 

process. In the HLT will be developed a series of fractional material multiplication learning activities with the 

original numbers using PMRI approach that contains the allegations that can help the learning process. Allegations 

are used as a guide to anticipate students' thoughts and strategies that appear and can grow in learning activities. 

The allegations are dynamic so that they can be adapted to the students' reactions during the learning process for 

further improvement during a design experiment. This initial HLT contains 3 activities. Activity 1 is the student 

is able to understand the fractions as the whole, activity 2 is the Use of Line Numbers and activity 3 is the student 

understand the concept of fraction multiplication by the natural number. 

Design Experiment 

Pilot Experiment 

Pilot Experiment was conducted to pilot the HLT that has been designed for students in small groups to collect 

data in adjusting and revising the preliminary HLT to be used in the further experimental stage. Students who 

were involved in the pilot experiment were 6 students with different levels of ability consisting of high, medium 

and low-ability. The students were selected by math teacher. In this case, the researcher would play the role as the 

teacher. Next, the researcher would conduct a discussion with the model teacher so that HLT that has been 

designed can reach the target based on the learning objective that is on the fraction material with the natural 
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number. Students will also be interviewed on the learning process to know students' understanding, progress, and 

difficulties. Results from the discussions with teachers and interviews with students were used as a consideration 

in improving HLT. 

Teaching Experiment 

At this stage, the HLTs that have been piloted at the pilot experiment stage and have been repaired are re-

examined in the class -the subject of the study-. The students involved in this stage were taken from different 

classes and consisted of students (one class). Mathematics teachers act as model teachers (teachers) and 

researchers make observations of learning activities. A series of mathematics learning activities that have been 

done by the students are collected as data to answer the research problem. 

Retrospective Analysis 

The last stage of this phase of this study is researchers analyze data obtained from the experiment stage of 

teaching. At this stage, researchers also do reflection on the learning that has been done. After the trial, the data 

obtained from the learning activities in the class were analyzed and the results of this analysis were used to plan 

the activities or to develop the design on the next learning activity. The purpose of retrospective analysis in general 

is to develop local instructional theory (LIT). At this stage, HLT is compared with actual student learning, the 

result is used to answer the formulation of the problem. 

Data Collection and Data Analysis 

In this study, the instrument used is LAS on the material of fraction multiplication by the natural number. The 

data were collected by video recording to record the activity of learners in using LAS both individual and group. 

Observation and interview were also conducted to collect data needed. Interview was done by teacher model who 

taught at teaching experiment after observation class to get information about class interactions that cannot be 

directly observed. The interviews consisted of teachers 'difficulties in teaching materials in the classroom, 

students' level of understanding, teaching experience with PMRI approaches and using sports, as well as student 

experiences in learning by PMRI approach using the Asian Games. Interview with the teacher aimed at discussing 

the design of HLT that has been designed. The data were also collected by Documentation, and Pretest and Posttest 

aiming at knowing the level of students’ understanding both before and after the design designed was given. 

The data analysis techniques are analysis of observation result, analysis of documentation result, analysis of 

interview result of teacher and student. These analyses done to give input to HLT which have been designed, HLT 

which have been designed to be adjusted with situation happened in class and analysis of result of written, written 

students viewed from preliminary and final test results. 

RESULTS AND DISCUSSION 

This study includes 3 phases: preparing for the experiment, experiment design and retrospective analysis. 

These three stages will be explained as follows: 

Preliminary 

At this stage of this literature review, the study of fraction multiplication learning material with the natural 

number, PMRI, Curriculum 2013, and design research is the first step in preparing the students' initial guess and 

strategy in the learning process. Then, the researcher conducted a discussion with the classroom teacher about the 

condition of the class, the needs of the study, selecting the observer, adjusting the schedule and how the research 

implementation with the teacher concerned. Based on literature study and discussion with teacher, the fractional 

multiplication material with the original number is done in semester 1 class V. 

Design HLT 

The preliminary designed HLTs are tested at the pilot experiment stage. This preliminary HLT contains 3 

activities. Activity 1 is the student is able to understand the fractions as the whole, activity 2 is the use of line 

numbers and activity 3 is students understand the concept of fraction multiplication by the natural number. Each 

activity contains prior knowledge, learning objectives and the allegation of students’ thinking. 

1. Activity 1 
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a. Prior Knowledge 

Students know fractions 

b. Objective 

Students understand the fractions as part of the whole 

c. Description of learning and allegation 

Teachers initiate learning by dividing the students into groups of 4 or 5 students. Then the teacher tells the 

story of Steeplechase and watches the video of the competition together, then the teacher distributes the 

Student Activity Sheet to each group and gives directions to the students to solve the problem on the Student 

Activity Sheet and present it forward for discussion. The teacher asks students about the name of the sport 

they have watched, whether or not they like sports and whether or not they have seen it or put it into practice 

in school. 

First question in the Student Activity Sheet. How many jumps in total that the runner has passed on the track 

of the steeplechase? In this question, the students are expected to make a deal that the runners jump on the 

track of the steeplechase 10 times, and to know the students' ability to understand the steeplechase. The 

possible answers of students are 10, 11, 9. It depends on whether or not the student paid attention, but if any 

students want to reimport the video display then the video will be re-played. 

Second Question. Students are given the story of steeplechase played at Asian Games by naming the name 

of the runners and their country. Two days ago, Nayan from Bangladesh, Chon Su from South Korea and 

Butet from Indonesia participated in the competitions of the Asian Games, a prestigious competition at the 

Steeplechase in Sport hall in Palembang. Butet stood between Nayan and Chon Su. Nayan was on his right 

and Chon Su was on his left. They would jump over the track of 80 yards. In the 1st minute, when the race 

starts, Chon Su's positioned in the 5th hurdles, and Butet was in the 6th hurdles while Nayan was on the 4th 

hurdles. Butet lead until the finish line. From the story, make the all tracks passed by all athletes by using 

the printed paper that has been provided, paste on the box below and give the value of fractions on each track 

according to the position of the participants.  

In this question, the students are expected to be able to make the track that the runner has passed through the 

printed paper and be able to see the student's ability to give the fraction name appropriate with the runner. 

The possible student answers, students can create a track and give the name of the fraction. Students can 

make tracks but cannot write down the value of the fraction. Student cannot make track and cannot write 

down its fraction value. After students give an opinion, the teacher reiterates that the fraction is part of the 

whole. 

2. Activity 2 

a. Prior Knowledge 

Students already understand fraction as part of the whole value 

b. Objectives 

Students are able to understand the concept of fraction multiplication by the natural number using the number 

line 

c. Description of learning and allegation 

In this activity, students solve a number of questions on the Student Activity Sheet with problems on previous 

activities and develop previous problems. Students are introduced with a number line and are asked to put a 

marker with the position of each jumper using the number line. At this stage, the researcher introduces by 

pointing out a number line before the student activity sheet is given and the students give a mark on each 

number line they have created. This activity is conducted to lead students to be introduced to a number line 

so that researcher can observe students' understanding in modeling the problems in the race of steeplechase 

into the learning process of fraction multiplication operations by the natural number. Possible answers of 

students, students are able to write a number line and model it to the steeplechase that has been passed by 

the runner, this means students are able to understand the existing problems. It can be seen from the 

completion of the ability of changing the language of sports into the language of mathematics and from not 

experiencing errors in the process of placement of the value fractions. Another possible answer is students 

are able to write the number line and model it to jump runner who has passed the runner but experienced an 

error in the process of placing the value of the fraction. 

The next question, how many jumps are on the number line from 
1

10
  to 

8

10
 .   Explain! 

This question is to guide students in repetition of the values of fraction. Students are often mistaken in this 

case so teachers need to guide students to understand that every runner jump starts from the start line; 

whereas on the line the number starts from zero. 

Possible student answers: 

Students write the answers correctly and explain it appropriate with the correct concept so that students' 

understanding of the value of fractions from the starting point to the point to be achieved can be seen.  
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Students write the right answer, but they are in the process of understanding the wrong concept 

Students write wrong answers, because they do not start from zero. Therefore, the concept of understanding 

is wrong; as a result, teachers need to guide the students to make students produce the right answer. 

Next question, after you use the previous leap or jump. What is the value of 8 x 
1

10
 

Possible students’ answers 

Instantly write down the answer 8 x 
1

10
 =  

8

10
  = with no reason 

Write down the reason with the leap or jump of the previous number line 

Write down the sum of leaps or jumps as many as mentioned 

3. Activity 3 

a. Prior Knowledge 

Students already understand the concept of fraction multiplication by the natural number 

Students know the associative nature 

b. Objective 

To fix the problem of operating the fraction multiplication operation with the natural number 

c. Description of Learning and conjecture 

What is the value of 4 x 1 

And what is the value of 1x 4, is there any relationship between both of them? explain your opinion! 

Possible student answers 

Students write 4 x 1 = 4 and 1 x 4 = 4 with the reasons for writing to have the same value 

Students write 4 x 1 = 1 x 4 with the reason a x b = b x a 

Students write the first answer that is the number 1 summed 4 times and the other wrote the reason that 

mentioning 4 once.  

Students just write down the numbers and do not write down the reason 

What is the value of 8 x 
1

10
 =  

8

10
 and what is the value of  

1

8
  x 3 ? Explain your answer! 

In this question the researcher hopes that the students can find independently the concept of the sum of leaps 

that have the same value of fraction as the result of a formal multiplication 

Possible student answers; 

Students write down the answer of the usual multiplication operation directly without connecting into the 

sum operation process of repeated numbers 

This is possible because students always think instantly and just still assume that the outcome is not the 

process. Therefore, teacher needs to guide and lead students based on what has been experienced in the 

learning process that has been passed that day. 

Students write down the answer of multiplication operations as usual by connecting to the sum by summing 

the fractions over and over again. 

Next question is what is the value of 
2

15
 x 6?  

The possible students’ answer: Students perform multiplication operations directly without doing another 

repeated summation.  

Students write down the answers to multiplication operations as usual, then realize that the fraction 

multiplication operation by natural number can be done by summing the fractions over and over again. And 

the occurrence of the perception of associative attribute where a x b = b x a.  

The purpose of this learning for student is to make them realize that the fraction multiplication by the natural 

number is related to repeated summation. This is the last activity in this study, in a hope that students are 

able to understand the concept of fraction multiplication operations with the natural number to the formal 

stage. 

Pilot experiment 

Before conducting the pilot experiment, researchers performed a pre-test to identify the student's prior ability 

and to know the deepness of students’ understanding of the material of fraction. In carrying out the pre-test, the 

students work individually. After that, the researchers interviewed the students to explore more about the strategies 

used in solving the given problem. After obtaining the results, the pilot experiment stage could be conducted as 

explained below: 

1. Activity 1 Fraction as part of the all value 

In this activity, the teacher starts by recalling the material of fraction and the students are asked to pay 

attention to the video played about steeplechase that have been prepared. Next, the teacher distributes activity 

sheet 1 to each student and they are asked to answer it in a discussion. In this stage, the researcher acts as a 
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facilitator to guide students. The first question addressed on the activity sheet is, from the video played how 

many hurdles are jumped by the runners? 

Dialogue in answering the first question of activity 1 

Teacher: how many hurdles are jumped by the runners? 

Students 1: 10 hurdles. 

Teacher:  are you sure, 10? Why? 

Student 2: sure Ma’am, because the runner had jumped 10 times so there are 10 hurdles. 

Teacher: how about the others? All same? 

Student: same Ma’am, there are 10 hurdles.  

The second question is given. In this phase of completion, the teacher firstly delivers an explanation of the 

printed paper and how to use the printed paper. 

Dialogue in answering the second question on the completion phase 

Teacher: What are you doing? What is the question? 

Student: give the value of the fraction on each track! 

Teacher: This is the track (while holding the printed paper), 

For example, Chon-Su, what color do you want? It is up to you, how many hurdles have been passed by 

Chon Su? 

Students 1 and 2: Three 

Teacher: Okay, he run away one (hurdle)? 

Student 1: So, is it patched up? 

Teacher: yes. Two ,,, three ,, this is Chon Su, you patch it up? (while demonstrating it in the activity sheet) 

Student 1: ooooh .. there are three, that is why.  

Student 2: for example, this is Nayan, this is Butet (while showing the printed papert) 

Teacher: yes, that's right 

Teacher: the value of the fraction for the track that had been passed by Chon-su, how much? 

Student: 3/10, Ma’am. 

Teacher: Why? 

Student: Because, Chonsu jumped 3 of all 10 hurdles 

Teacher: what about the others? Why? 

Student: same Ma’am, Butet is also 5/10 Ma ‘am, while Nayan is 4/10 

From the dialog above, the students are already able to mention the part of the fraction and they mentioned 

3 of all 10 hurdles. Student work can be seen in the following figure 
 

 

 

  

FIGURE 1. Students work on the task using a bar model of printed paper as the modeling of fraction for each leap 

or jump of each runner that has been passed 

Based on picture drawn by students and on their argumentation during the interview as well as the result 

of retrospective analysis, it can be concluded that the learning objectives have been reached. Students are able to 

understand the meaning of fractions as a part of the whole value. They are also able to solve the problems 

appropriate with the predicted HLT that has been designed. Moreover, the social norm goes well in which the 

students listen to the arguments delivered by their friend in turn. 

2. Activity 2 The use of number line by student  

Two days ago, Nayan from Bangladesh, Chon Su from South Korea and Butet from Indonesia participated 

in the competitions of the Asian Games, a prestigious competition at the Steeplechase in Sport hall in 

Palembang. Butet stood between Nayan and Chon Su. Nayan was on his right and Chon Su was on his left. 

They would jump over the track of 80 yards. In the 1st minute, when the race starts, Chon Su's positioned 

in the 5th hurdles, and Butet was in the 6th hurdles while Nayan was on the 4th hurdles. Butet lead until the 
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finish line. Draw jump or leap done by the runners using a marker and pinpoint the position of each jumper 

on the number line below! 

Student answers can be seen in the following figure 

Figure 2.  (A) the drawing of the line. Figure (b) Student's answer and determines the value of the fraction of of the number 

line describing the jump of each runner and determining its value on each jump or leap. 

The next question is how many jumps on the number line from the value of 
1

10
 to 

8

10
, explain! 

Student answers can be seen in the following picture 

  

(a) (b) 

Figure 3. In figure (a) the students sum up the number of jumps starting from the value of 
𝟏

𝟏𝟎
 
and on the picture (b) the 

student starts the jump from the number 0 

In this question in which different answers with different reasons delivered by students, a process of the 

embracement of student’s opinion exist. One of the characteristics of PMRI has students’ is the main character 

who contributes to solve the problem. It is also characterized by and the process of designing occurring because 

of the process happening. Therefore, the retrospective analysis of the design in this question would be changed to 

unify the purpose of the answer to the question. The cycle stops until the goal is reached with the unlimited cycle 

of repetition. In the next stage, the language of the question on this activity will be further summarized and justified 

through discussions with the teacher to be better understood by the students. 

The next question, after you use the previous jump by using the number line, what do you think the value of 8 x 
1

10
 

 

FIGURE 4. Student’s answer in expressing his argument in answering the question 

  

 

 

 

(a) (b) 
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In the picture above the student uses the word multiplication, or doubled, or can be interpreted repeatedly in 

expressing his argument in answering the question. From their argument, the students have a picture of the fraction 

multiplication associated with repeated summation. 

3. Activity 3 understanding the concept of fraction multiplication by the natural number. 

What is the value of 4 x 1 and what is the value of 1x 4, is there a relationship between both of them? give 

your opinion? Students’ answers can be seen in the following figure. 

  

(a) (b) 
FIGURE  5. Picture (a) the student responded by using the assertive nature directly but not knowing the reason yet; 

while, in the picture (b) the student only responded with the same result 
From the answers above, the students realize the similarity of the results of the multiplication of an associative. 

Next, it is followed by giving the next question stating that “What is the value of 3 𝑥
1

8
  and hat is the value of. 

1

8
  x 3 Explain your answer!” Students’ answer is presents as follows.

 

FIGURE 6. Students answer using sum and link it to multiplication properties 

The above student answers are almost similar to the answers of the previous question but they relate them to 

the fraction multiplication by the natural number. The next question is, what is the value of  
2

15
 x 6. Students’ 

answers 

  

(a) (b) 

 

(c) 

Figure 7. Picture (a) Student answers by multiplication properties and relates them to repeated sum, Picture (b) Students also 

answer with the characteristic of multiplication for no reason or argument, and Picture (c) the students reconnect it with a 

jumping run 
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In the picture of students’ answer above, it shows that their answers are correct but their arguments vary 

according to their own opinion after given the problem of the series of activity sheet from the activity 1 to the 

activity 3. According to the description and retrospective analysis, it can be concluded that the learning objectives 

on this activity is reached and it can be continued to the next stage. The socio norm and socio mathematical norm 

also go well in all activities. Besides, students are also able to solve the problems given with various strategies 

allegedly in the HLT and students’ enthusiasm in learning can be seen. 

CONCLUSION 

Based on the findings of the results, there are some issues  that need to be revised. The revisions include time 

allocation, activity, language used in the activity sheet and teacher instruction and student activity sheets Learning 

time is initially allocated for 8 hours of lessons and it needs to be accelerated to12 hours of lesson because of the 

greater number of students in order to give students enough time to explore ideas and thoughts. In Activity 1, 

revisions need to be added to the addition of questions about the sum of the fractions by using the fraction of 

model bar and it needs to add to the possible answers of the students that might appear. In activity 2, revisions 

should be made to the language of the question about jumps from line 0 and to the next jump. In Activity 3, 

revisions should be added  to the student's expected answer to the last number of the question. The design using 

one of branches of sport played at the 2018 Asian Games can make students more contribute in finding the concept 

of fraction multiplication by natural number. It is proved by the different learning process and student responses 

according to their own thinking and language. Teachers in the learning process become facilitators for students 

and look about social norms in the students’ discussion. 
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