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A B S T R A K 

Banyak peneliti menemukan bahwa siswa mengalami kesulitan dalam memahami 
materi probabilitas. Siswa sebagian besar fokus pada penerapan rumus untuk 
menemukan solusi masalah tanpa mengetahui apa konsepnya dan mengapa rumus 
itu bekerja. Hal ini penting bagi siswa untuk membangun pemahaman relasional. Hal 
ini mendasari peneliti untuk merancang pembelajaran probabilitas sebagai lintasan 
belajar hipotetis. Penelitian bertujuan untuk mendeskripsikan rangkaian kegiatan 
pembelajaran yang dirancang untuk membangun keterampilan pemahaman 
relasional dalam materi probabilitas. Penelitian ini menggunakan metode penelitian 
desain yang terdiri dari tiga tahap yaitu persiapan dan perancangan, eksperimen 
pengajaran dan analisis retrospektif. Teknik pengumpulan data dilakukan dengan 
video recorder, dokumentasi dan soal tes. Data yang dikumpulkan berupa data 
kualitatif. Data yang terkumpul diinterpretasikan oleh teman sebaya, guru dan 
supervisor untuk mengurangi subjektivitas sudut pandang peneliti. Semua data yang 
telah terkumpul dianalisis secara retrospektif. Hasil penelitian yang dilakukan 
menunjukkan bahwa siswa mengalami peningkatan dan memberikan respon yang 
baik dalam menyelesaikan soal. Guru diharapkan menggunakan desain pembelajaran 
dengan pendekatan matematis realistis karena sangat membantu siswa memahami 
pembelajaran dan menerapkan pengetahuannya ke dalam kehidupan sehari-hari.  

 
A B S T R A C T 

Many researchers found that students had difficulty in understanding probability material. Students mostly focus on 
applying formulas to find solutions to problems without knowing what the concept is and why the formula works. This 
underlies the researcher to design probability learning as a hypothetical learning trajectory. The study aims to describe a 
series of learning activities designed to build relational understanding skills in probability material. This study uses a 
design research method consisting of three stages, namely preparation and design, teaching experiment, and 
retrospective analysis. Data collection techniques were carried out using a video recorder, documentation, and test 
questions. The data collected is in the form of qualitative data. The collected data is interpreted by peers, teachers, and 
supervisors to reduce the subjectivity of the researcher's point of view. All data that has been collected were analyzed 
retrospectively. The results of the research conducted showed that students experienced an increase and gave a good 
response in solving problems. Teachers are expected to use a learning design with a realistic mathematical approach 
because it helps students understand learning and apply their knowledge in everyday life.  
 

 
1. Introduction 

Many research studies have investigated how people understand with probability. Many of the 
things we do and the events that happen around us have consistent and completely predictable results 
(Bryant & Nunes, 2012). Even though everyone understands about probability, there are still many people 
who have difficulty determining the exact chance of an event even in a fairly simple context and 
calculation (Bryant & Nunes, 2012; Garfield & Ahlgren, 1988). This can be seen in studies of psychological 
and teaching which have consistently documented that there is a poor understanding or 
misunderstanding of opportunity among different people (Fischbein & Gazit, 1984; Kahneman & Tversky, 
1973; Konold, 1989; Konold et al., 1993; Nisbett et al., 1983). Many empirical studies since the 1970s have 
shown conclusively that this is far from true (Ang & Shahrill, 2014; Garfield & Ahlgren, 1988; 
Shaughnessy, 1977; Tversky & Kahneman, 1974). Throughout adolescence, the problem   of probability 
remains a serious challenge and only a small proportion of high school students are able to solve the 
problem of probability correctly and react adequately in situations of uncertainty (Heyvaert et al., 2018). 
Statistics and probability are some of the materials which include difficult subjects for students (Koparan, 
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2015). Students take on many unexpected difficult situations while solving probability problems with the 
intuitive nature of the concept of probability (Koparan & Koparan, 2019). In addition, many people use 
non-standard strategies to reason probabilistically (Kahneman & Tversky, 1972). The controversy 
surrounding the theory of probability presents a difficult question for educators: "What do we teach?" 
(Nilsson, 2003). Moreover, current practice instructions nationally have ignored this question 
simultaneously which introduces definitions of probability while ignoring differences and conflicts among 
their theoretical bases (Watkins et al., 2004). Often learning probability ignore the consequences of 
learning not understanding the meaning so that knowledge is not able to last long and students also only 
know how to memorize formulas. Students are not given the probability to express opinions and students 
are only given knowledge directly. This does not help students understand learning. 

 Understanding is one of the things that teachers must pay attention in learning. There are two 
types of mathematical understanding, namely instrumental understanding and relational understanding. 
Instrumental understanding refers to thoroughly studied knowledge and ideas that are completely 
isolated from one another (Skemp, 1976). Relational understanding, on the other hand, refers to the 
development of a meaningful network of concepts and procedures. Instrumental understanding means "to 
know how" and relational understanding means "to know not only how but also why". Relational thinking 
is centrally focused on solutions in which matter is connected to one another (Fischbein & Gazit, 1984). As 
a result, certain ways of doing things (a practice) appear continuously in finding solutions (not given 
beforehand) and that can only be found by means of experiment (Decuypere & Simons, 2016). Relational 
understanding is not information that must be 'be delivered' to students once, but gradually by reasoning 
and inference procedures that students can conquer logical interconnections between concepts 
(Karakonstantis & Patronis, 2010). When students develop relational understanding, they acquire a way 
to move easily and skillfully (Jaber & BouJaoude, 2012). In general, teachers’ pay more attention to 
developing instrumental understanding. Instead of providing formulas, example questions, and questions 
that are almost similar to the example questions being taught. This makes students unable to remember 
the material for a long time. Therefore, it is necessary for teachers to design learning designs that help 
students build relational understanding. 

 Some countries have a tendency to emulate countries that excel in education in the hope that 
their students will perform like those countries. These countries tend to be followers of such an approach 
to education, because it has become a tradition in education to find better teaching. Through this process, 
often certain educational approaches, methods, models, theories or policies that have been developed in 
certain cultural settings are transferred and applied to other cultures (Andrews et al., 2014). One of the 
effects of globalization in the field of education is that policy makers and educators in a country will pay 
attention to the theories and learning approaches of countries that are successful in their learning and 
after that will try to adopt them. Through its development, the Indonesian mathematics curriculum has 
followed global trends in mathematics education. One of the approaches adopted in learning mathematics 
and which has been practiced in Indonesia is realistic mathematics education. RME inspires mathematics 
educators in many countries, including Indonesia. The RME approach is used by teachers in designing 
learning in order to achieve learning objectives, including building students' relational understanding of 
mathematics material, one of which is opportunity. 

 A problem is called "realistic" if the problem can be imagined or real in students' thinking 
(Wijaya, 2012). In addition, students should be given the opportunity to reinvent mathematics based on 
their own strategies (Yuberta et al., 2011). The philosophy underlying realistic mathematics education is 
that students develop mathematical understanding by working from contexts that make sense for 
students (Dickinson & Houg, 2012). RME theory is basically a theory of knowledge construction, the idea 
is not to motivate students with the context of everyday life but to look for contexts that are based on real 
experiences for students and can be used as a starting point for progressive mathematics (Gravemeijer, 
1999). One of the advantages of learning with the RME approach is that if students forget mathematical 
formulas, students can easily retrace the process when they first build a formula (Makonye, 2014). Thus, 
students consciously look for structures for mathematical symbols and terminology for concepts that have 
been taught. Mathematical procedures and knowledge are thus rediscovered in a meaningful way. One of 
the principles of RME or realistic mathematics education is that students make progress when they 
articulate their thoughts and when they can explain their actions. Students make little jumps to 
understanding by thinking about what they need to do and how students will try it and explain it to others 
(Dickinson & Houg, 2012). So, the main concept in realistic mathematics education is the meaningfulness 
of the concept so that students are able to solve all problems related to their own language and remember 
them for a long time.  

 One of the things needed to reform mathematics education is a form of instructional design that 
supports instruction in helping students to develop their current way of thinking into a more 
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sophisticated way of thinking mathematics (Gravemeijer, 1999). HLB is a way of explaining the important 
aspects of pedagogical thinking involved in teaching mathematics for understanding (M. Simon, 1995). In 
particular, it illustrates how mathematics educators such as teachers, researchers and curriculum 
developers oriented by a constructivist perspective and in particular the objectives of mathematics 
learning for students, can think about the design and use of mathematics assignments to promote 
conceptual learning (M. A. Simon & Tzur, 2004). Interpretation of the learning trajectory hypothesis as a 
reform of mathematics education (Gravemeijer, 1999). Therefore, with the existence of a learning design, 
especially with reference to the hypothetical learning trajectory theory and a realistic mathematics 
approach, it is thought that it can help teachers in fostering student understanding, including relational 
understanding of learning material. 

 Given the difficulty of students understanding the meaning of opportunities based on several facts 
and theories conveyed by experts, this study will develop a learning design in the form of a learning 
trajectory hypothesis that supports students to understand the concept of opportunity. So, this research 
will describe a series of learning activities designed to bring students to build relational understanding 
skills in the opportunity material. Realistic mathematics education (RME) underlies the design of the 
activities. The research question is how to develop a learning design in the form of a learning trajectory 
hypothesis to help students build relational understanding in the material of empirical opportunities. 

  
2. Method 

Based on the questions and objectives of the study, the research method used was the design 
research method. Several steps in implementing design research namely design preparation, teaching 
experiments and retrospective analysis (Bakker, 2004; Gravemeijer & Cobb, 2006). In the early stage, a 
hypothetical learning trajectory (HLT) will be designed which consists of teaching and learning activities, 
objectives for students and predictions of students' thinking processes during learning. A design and 
research instrument that has proven useful during the research design phase is called the HLT (Bakker, 
2004). An HLT consists of objectives for learning, math tasks to be used to promote student learning, and 
hypotheses about student learning processes (M. A. Simon & Tzur, 2004). So, the tool or instrument used 
was the HLT, while the analysis used was retrospective analysis by comparing the HLT with the results of 
the study. The main objective of this research is to design a series of activities and design instruments to 
evaluate the learning process to support students in building relational understanding. The following 
learning trajectory is used as shown in Table 1. 
 
Tabel 1. Hypothetical Learning Trajectory 

Learning Context Learning Activities Learning Objectives 
Indicators: Finding the concept of 
empirical probability and 
determining empirical probability. 
Context: Spinner game. 
Empirical probability is introduced 
through spinner game trials. 
The model of used is filling in 
tables and graphs from the results 
of the spinner game experiment. 
The for model is the table and 
graph used in understanding the 
concept of probability. 

- Students work on the 
activity sheet before the 
spinner game. 

- Students do a spinner 
game experiment. 

- Students discuss with 
their friends. 

- Students present the 
results of their discussion. 

- Students and teachers 
conclude learning together. 

- Students are able to 
understand empirical 
probability properly and 
correctly. 

- Students are able to 
determine empirical 
probability correctly. 

 
The hypotheses in the HLT will be tested in a teaching experiment to improve the design. The 

teaching experiment aims to explore students' thinking during the learning process. The HLT design was 
tried out to see how it worked and to investigate students' thinking in solving problems. All data to be 
analyzed were collected during the teaching experiment process. The next stage, all the data that had been 
collected were analyzed in a retrospective analysis. Video recordings and student activity sheets will be 
used to investigate student learning processes. In addition, interviews were also conducted with students 
to get more information on their thinking processes. The data collected is in the form of qualitative data. 
The data collected were interpreted by peers, teachers and supervisors to reduce the subjectivity of the 
researcher's point of view. 
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3. Result and Discussion 
Results 

In this activity the researcher will analyze and compare the assumptions made by the teacher on 
the hypothesis learning trajectory with the answers given by the students after working on student 
activity sheet with the RME-oriented context that the teacher has given. Before giving student activity 
sheet, the teacher has made assumptions about the whole learning process and also guesses about the 
possible answers that students will give after going through the learning process. Guesses that students 
might give in the conclusion of the problems given shown in Figure 1.  

The activity that was carried out for the first time was group formation, before the teacher and 
the researcher discussed the groups to be formed in the discussion. This study has assumed that students 
already know about learning about the sample space and theoretical probability. Before starting the 
lesson the teacher repeats the material. Students discuss activity sheets with other students in the group. 
The spinner used in this study is a spinner that has two equal colors (assuming the theoretical probability 
has the same chance) as shown in Figure 2. 
 

 
 

Figure 1. Teachers' Assumptions on the HLT 

 
 

Figure 2. Spinner Used in Research 
 

Before students start the spinner game, students first answer the problems in the activity sheet 
for prediction of the initial winner of the spinner game. Various kinds of student answers regarding 
predictions are related to what happens in students' daily lives. 

 

  
(a) (b) 

 
Figure 3. Students' Initial Predictions 

 
Pay attention to the answers given in Figure (a) students are affected by their daily lives when 

giving answers as in Figure 3 (b) students also predict that the first voter will be lucky and it becomes an 
probability for the first voter to win. 

 

  
(a) (b) 

 
Figure 4. Student Predictions of Winners 

Note in Figure 4(a) the students determine that the winner is based on who will play the first 
time, while in Figure 4(b) the students determine the prediction that the chances of winning are the same. 
Based on the answers given by students, it appears that the theory of probability is very much influenced 
by conditions in everyday life. Therefore, students must first understand the basic concept of probability 
by playing a spinner game. The spinner game begins by determining the student who will choose the 
spinner color for the first time, after which the two students continue with the game. When two students 
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in their group play, the other students fill out the table and after that present it in a graphical form as 
shown in Figure 5. 

 

 
 

(a) (b) 
 
Figure 5. Results of Spinner Game  

 
Note in Figure 5(a) students still remember previous learning, namely comparison through 

activities to complete tables. Students are also able to present data in graphical form in Figure 5(b). This 
indicates that students are still able to remember the previous material that has been discussed. Figure 5 
is a model of bridging students' thoughts about empirical probability from the spinner game experiment 
process to become a for model as shown in Figure 6. 

It can be seen in Figure 6 that students have been able to make definitions of empirical probability 
using their own language. Students are also able to distinguish between empirical and theoretical 
probability. Students are assisted by knowledge about the comparison and experimentation of spinner 
games that have been carried out with their group mates to begin to understand the concept of chance 
well. The presumption that HLB is in accordance with the results of the students' conclusions after going 
through the learning process. Students are able to find the concept of empirical probability correctly. This 
can be seen in the results of the student analysis of the predictions and experimental results as shown in 
Figure 7. 

 

 
 

Figure 6. Conclusion of Student Discussion 

 
 
Figure 7. Student Analysis in Comparing 
Predictions and Experiments 

 
Students seem to be able to analyze the concept of empirical probability correctly in relation to its 

application in life so that there are no more misunderstandings in understanding the concept of 
probability. Students also appear to be able to find their own definitions and concepts through discussion 
with their respective abilities. It can also be seen from the results of the discussion between the teacher 
and students when concluding learning as seen in the following transcript of the conversation: 

 
Guru        :  
 
 
S1           : 
Guru       : 
S1           : 
 
 
Guru       : 
S1           : 
 
Guru       : 
S1           : 

Anak-anak coba berikan ibu satu contoh dalam kehidupan 
yang berhubungan dengan peluang yang kalian pahami dalam kehidupan kita? 
Saya bu. 
Oke, silahkan. 
Misalkan bu, saya dan teman saya ingin merebut juara satu di kelas ini. Kemudian 
kemungkinan kami mendapatkan juara tersebut sama besar. 
Apa maksudnya sama besar? 
Misalnya bu, saya dan teman saya sama-sama rajin, gigih, dan semuanya sama 
deh bu. Peluang kami berhasil sama. 
Berapa peluangnya? 
Berarti peluang teoretiknya ya bu? 
Nah, iya berapa? 
Setengah bu masing-masing. 
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Guru       :  
S1           : 
S1           : 
 
 
Guru       :  
 

Kemudian saya dan teman saya akan ada satu orang yang berhasil. Hal tersebut 
dipengaruhi oleh do'a sama faktor keberuntungan bu. 
Wah, benar. Berarti udah paham makna peluang sebenarnya seperti apa. Apa 
anak-anak ibu masih mengira bahwa pembelajaran ini tidak ada kaitannya 
dengan kehidupan kita? 

Students begin to be brave in expressing the ideas they have. Interactivity between teachers and 
students, students and other students can be seen in this study. This is very helpful for students in 
understanding the material given. Through this learning students build their own knowledge, this will 
help students in building relational understanding. The linkages between one material and another such 
as data presentation material, comparison and sample space are a concern when compiling learning 
designs. One of the things that becomes interesting is when students with weak abilities are able to 
answer problems given by the teacher when concluding learning, it can be seen from the discussion 
transcripts between students and teachers. 

 
Guru        :  
 
 
S3           : 
 
Guru       : 
S3           : 
Guru       : 
S3           : 
Guru       : 
S3           : 
 
Guru       :  
 
S3           : 

S3 misalkan kita mengadakan perlombaan lari antara anak laki-laki yang ada di 
dalam kelas ini. Kira-kira menurut kamu berapa peluang kamu bisa menang? 
Pasti menang bu. 
(teman-temannya ketawa). 
Maksud ibu peluang teoretiknya berapa? 
1/8 ya bu. 
Nah bener, apa rumusnya? 
(Ngelirik temennya) Gatau bu. 
Lah kamu itu bisa ngejawab. 
Iya bu, Kan gini saya cuma ada satu bu, sedangkan semua laki-laki di kelas ini ada 8. 
Jadinya, 1 dari 8 orang bu. 1/8 
Owh gitu,oke bagus sekali ya benar. Tapi kamu juga harus tahu rumusnya ya yang 
tadi sudah kita simpulkan bersama. 
Iya bu, nanti saya hafal. 

 
 Based on the results of the conversation, it appears that students are able to remember the 

concept of probability and students also understand the problem without having to remember the 
formula. This indicates that the realistic mathematic education approach is good for application in 
learning and teachers must design learning to get good results. The hypothesis learning trajectory used 
also makes it easier for teachers to pay attention to each student activity. 
 
Discussion 

Understanding is one of the things that teachers must pay attention in learning. There are two 
types of mathematical understanding, namely instrumental understanding and relational understanding. 
Instrumental understanding refers to thoroughly studied knowledge and ideas that are completely 
isolated from one another (Skemp, 1976). Relational understanding, on the other hand, refers to the 
development of a meaningful network of concepts and procedures. Instrumental understanding means "to 
know how" and relational understanding means "to know not only how but also why". Relational thinking 
is centrally focused on solutions in which matter is connected to one another (Fischbein & Gazit, 1984). As 
a result, certain ways of doing things (a practice) appear continuously in finding solutions (not given 
beforehand) and that can only be found by means of experiment (Decuypere & Simons, 2016). Relational 
understanding is not information that must be 'be delivered' to students once, but gradually by reasoning 
and inference procedures that students can conquer logical interconnections between concepts 
(Karakonstantis & Patronis, 2010). When students develop relational understanding, they acquire a way 
to move easily and skillfully (Jaber & BouJaoude, 2012). In general, teachers’ pay more attention to 
developing instrumental understanding. Instead of providing formulas, example questions, and questions 
that are almost similar to the example questions being taught. This makes students unable to remember 
the material for a long time. Therefore, it is necessary for teachers to design learning designs that help 
students build relational understanding. 

Some countries have a tendency to emulate countries that excel in education in the hope that their 
students will perform like those countries. These countries tend to be followers of such an approach to 
education, because it has become a tradition in education to find better teaching. Through this process, 



International Journal of Elementary Education, Vol. 5, No. 1, 2021, pp. 150-157               156 

IJEE. P-ISSN: 2579-7158 E-ISSN: 2549-6050 

often certain educational approaches, methods, models, theories or policies that have been developed in 
certain cultural settings are transferred and applied to other cultures (Andrews et al., 2014). One of the 
effects of globalization in the field of education is that policy makers and educators in a country will pay 
attention to the theories and learning approaches of countries that are successful in their learning and 
after that will try to adopt them. Through its development, the Indonesian mathematics curriculum has 
followed global trends in mathematics education. One of the approaches adopted in learning mathematics 
and which has been practiced in Indonesia is realistic mathematics education. RME inspires mathematics 
educators in many countries, including Indonesia. The RME approach is used by teachers in designing 
learning in order to achieve learning objectives, including building students' relational understanding of 
mathematics material, one of which is opportunity. 

A problem is called "realistic" if the problem can be imagined or real in students' thinking (Wijaya, 
2012). In addition, students should be given the opportunity to reinvent mathematics based on their own 
strategies (Yuberta et al., 2011). The philosophy underlying realistic mathematics education is that 
students develop mathematical understanding by working from contexts that make sense for students 
(Dickinson & Houg, 2012). RME theory is basically a theory of knowledge construction, the idea is not to 
motivate students with the context of everyday life but to look for contexts that are based on real 
experiences for students and can be used as a starting point for progressive mathematics (Gravemeijer, 
1999). One of the advantages of learning with the RME approach is that if students forget mathematical 
formulas, students can easily retrace the process when they first build a formula (Makonye, 2014). Thus, 
students consciously look for structures for mathematical symbols and terminology for concepts that have 
been taught. Mathematical procedures and knowledge are thus rediscovered in a meaningful way. One of 
the principles of RME or realistic mathematics education is that students make progress when they 
articulate their thoughts and when they can explain their actions. Students make little jumps to 
understanding by thinking about what they need to do and how students will try it and explain it to others 
(Dickinson & Houg, 2012). So, the main concept in realistic mathematics education is the meaningfulness 
of the concept so that students are able to solve all problems related to their own language and remember 
them for a long time. 

 
4. Conclusion 

This study answered research questions about how to develop a learning design in the form of a 
hypothesis learning trajectory to lead students to build relational understanding in the material of 
empirical probability. The learning design used can be carried out well. The results of student 
construction during learning play a very important role in developing students' relational understanding 
abilities because students can use their knowledge to build an understanding of a concept and be able to 
use it in solving a given problem. Teachers are expected to use a learning design with a realistic 
mathematical approach because it really helps students understand learning and apply their knowledge 
into everyday life. 
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