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This article describes the findings of development research on learning materials 
about fraction in elementary education based on realistic mathematics education 
(RME) theory. The main aspect of this approach is cyclic processes of thought 
experiment and teaching experiment. The research holds the description of learning 
trajectory about fraction for elementary education. The trajectory consists of several 
themes relevant to local contexts following the sequences of: (1) fair sharing; (2) 
repeated division by two (halving); (3) repeated division by 10; and (4) decimal and 
percent. 
Key words: elementary school mathematics, learning trajectory of fraction, realistic 
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INTRODUCTION 
The teaching and learning of fractions have been a problematic in mathematics 
education, particularly in elementary school. Many students are unable to do simple 
calculation involving fractions. Diagnostic survey conducted by Indonesia Ministry 
of Education reveals that nearly 30% of junior secondary students (13 years) in 
adding the fractions 1/4 and 2/5 simply add the numerators and denominators that led 
them to a wrong answer as 3/9. Most students lack understanding of decimal number 
values. Less than one student in six can correctly order the three decimal 0.55 .... 0.8 
.... 0.14 from smallest to largest. There are several widespread systematic errors. For 
example, more than two-third of the students consider 0.8 to be smaller than 0.14, 
because they evaluate decimal numbers as if they were whole numbers (Somerset, 
1997). 
Research conducted by National Assessment of Educational Progress (NAEP) in the 
USA reveals that grade four students have limited understanding about fraction 
(Kouba, Zawojewski, & Strutchens, 1997). Their comprehension of a basic concept 
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of equivalent fractions might reflect broad knowledge rather than an algorithm to find 
the equal fractions, but might be enriched by the relation among symbols, models, 
pictures, and contexts. However, only 42% of grade four students in the NAEP 
sample can choose a picture that represented a fraction equivalent to a give fraction, 
and only 18% can shade a rectangular region to produce a representation of a given 
fraction (Cramer, Post, & delMas, 2002). 
The above problems can be traced by the approach using in the curriculum materials. 
Many books, especially commercial one, used by teachers are unable to develop 
students’ mathematical thinking and their comprehension of mathematics concepts 
and ideas. Students taught by commercial curricula relied more often on standard, 
often rote, procedures when solving identical fraction tasks (Cramer, Post, & delMas, 
2002). The research reported in this article was conducted with the purpose to 
develop exemplary curriculum materials about fraction for elementary education 
based on realistic mathematics education (RME) theory. By developing such 
exemplary materials it is expected the teaching and learning about fraction more 
meaningful and could support students’ comprehension on mathematics, and enable 
them to use mathematics to solve daily life problems and to study at the higher levels. 

RESEARCH METHOD 
This research focused on the prototype of RME curriculum materials on fraction, and 
how the material could be adapted to Indonesian schools. The research question is to 
what extent the RME curriculum material valid and practical in teaching fraction in 
Indonesian elementary schools.  
To address this question a development research approach was chosen. Development 
research is a systematic study of designing, developing and evaluating instructional 
programs, processes, and products that must meet the criteria of validity, practicality, 
and effectiveness (Seels & Richey, 1994; van den Akker, 1999). Development 
research can be distinguished into two types depending on its purpose and the time 
development process takes places (van den Akker, 1999): 

• Formative research. In formative research the activities are conducted 
during the whole development process of a specific intervention aiming at 
the improvement of the quality of intervention or product. 

• Reconstructive studies. In reconstructive studies the activities are conducted 
sometimes during, but often after the development process of several 
interventions aiming at articulating and specifying the design principles. 

This research can be categorised as a formative research. In developing exemplary 
curriculum and its local instructional theory the researcher conducted classroom 
experiment. Through teaching experiment the researcher could develop learning 
trajectory as the sequence that may be followed by the students (Gravemeijer, 1994; 
Armanto, 2002; Fauzan, 2002). The development was done by designing and testing 
learning activities in the real situation in the daily basis. The researcher was equipped 
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by predicted situation, that is: the learning sequence which is expected will be in the 
teaching experiment. The predicted situation was developed through thought 
experiment. Both teaching experiment and thought experiment gave useful 
information for revision of curriculum material prototype. By thoughtful 
consideration and based on empirical findings, learning trajectory was developed and 
revised (Figure 1). 

 

Figure 1: The construction Local Instructional Theory 

RESEARCH RESULTS AND DISCUSSION 
In developing learning materials about fraction the researcher referred to a didactical 
framework proposed by Hadi (2005a, 2005b). The didactical framework (Figure 2) is 
a guideline that may be followed by developer (script writers) in designing RME 
exemplary curriculum materials, and a prerequisite of successful RME 
implementation in classroom lessons. Didactical framework consists of aspects: 
students, contextual problems, teachers, learning environment, and learning 
experiences. It is an integrated system that those aspects effectively and efficiently 
are intertwined each other, with the students as the centre of instruction. The 
objective of the instruction is to develop students’ understanding on mathematical 
concepts and ideas by using of contextual problems exploration based on reinvention 
process (Gravemeijer, 1994). Contextual problems are expected meet relevance and 
familiarity conditions (Hadi, 2002). The role of the teacher as a facilitator is indicated 
by his/her ability to build students thinking process through an interactive learning 
environment.  
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Figure 2: Didactical Framework of RME 
The didactical framework is indicated by three types of arrows, namely bold arrow, 
block arrow, and line arrow. The bold arrow in the middle of the figure indicates the 
main concept of RME that the learning process might be started by giving students 
various contextual problems. By doing so, students can involve immediately in the 
learning process meaningfully. The purpose of the contextual problems is helping 
them to build their own mathematical ideas and concepts (mathematical concept 
formation). The bold arrow in the middle also separates the didactical framework into 
two parts. The above part shows the horizontal and vertical mathematizations 
(indicated by line arrows). Starting from contextual problems students begin their 
mathematical concept formation by describing the problems using their own symbols 
and notation. The next step is solving the problem. They do the same activities for 
other similar problems. In the long run it becoming formal mathematical procedure; it 
is indicated by block arrows in the direction from ‘contextual problems’ and 
‘solution’ to ‘formal mathematical system’.  Furthermore, the below part shows 
teacher’s role as a facilitator and a motivator in the learning processes. The role of the 
teacher is indicated by their ability to give students learning environment in order to 
facilitate them with rich learning experiences. However it can be done only if the 
contextual problems fulfil relevance and familiarity conditions. The conditions imply 
to students activity and interactivity. Teachers’ knowledge on contextual problems 
and their ability to develop interactivity is important for successful learning, which 
subsequently support students’ mathematical concept formation.   
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By referring to the above framework the prototype of curriculum material for 
teaching and learning of fraction in elementary education was designed using the 
following sequence (Hadi, 2005c): 

 

Figure 3: Learning Trajectory about Fraction 
 
(1) Fair Sharing 
There are many contexts for the concept of dividing a whole into equal parts, such as 
sharing breads (a square shape), Bingka cakes (a special hexagon shape), and Bika 
Ambon cakes (a rectangular shape). In the classroom activities students may be 
divided into several groups of 2, 3, 4, and 6 students. Each group receives a certain 
number of cakes. In the activities they determine the portion that each student in 
group will receive. Students’ real life experiences in dividing a whole into equal parts 
will help them to relate the formal fraction notation to their informal understanding 
on part-whole relations. In the learning process students also make a concrete 
activity, such as making drawing and cutting square and rectangular shaped papers as 
representation of cakes to divide a whole into equal parts. This activity also aid 
students in understanding part-whole relationships and the relationships between 
simple fractions. 
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(2) Repeated Division by Two 
For this theme firstly students measure the lengths of different items in their 
classroom using paper strips (a measuring strip of any length made of a piece of 
paper). Their measurements should be given in terms of “strips.” If the length of item 
they measured is not exactly the same with the strip or its multiplication they could 
use halves and quarters, rather than whole units, by folding the measuring strips. The 
activity of measuring things using paper strips prepared students to the Egyptian 
fractions. Teachers could give problems to help students make connections between 
the concrete paper strips and the symbols in the Egyptian fractions. The oldest system 
used by the Egyptian was based on halving (dividing by two). 
(3) Repeated Division by Ten 
The second system of Egyptian fraction is repeated division by ten. Students examine 
circular diagrams that show different fractions of a whole turn. They use Egyptian 
symbols to describe what fraction of a whole turn shown on each wheel. A wheel is a 
model of a fraction clock or fraction circle. Students divide a tenth of a wheel turn 
into tenths and learned that each tenth of a tenths is one one-hundredth. They then 
divide a hundredth of a wheel turn into tenths, thus discovering thousandths. This 
number system is similar to the standard decimal system. However it does not use the 
concept of place value. 
(4) Decimal and Percent 
Prior to the introduction of the concept of percent teacher introduced the decimal 
notation that 1/10 equal to 0.1, 2/10 = 0.2, etc. Then teachers may use students’ 
informal knowledge about percent to introduce the relationship between fractions and 
percents. For example, 50 percent is the same as one-half, and 25 percent is the same 
one-quarter. However, in this part teacher may not show students how to convert 
percents to fractions unless students themselves come up with them. Students also 
learn the relative nature of percent. For example, 50 percent of 20 (10) is not the 
same with 50 percent of 50 (25). 
 
In the try-out it is known how the exemplary learning material works in the 
classroom practices, especially by referring to the RME principles, such as the use of 
real contexts, models, students’ works, and interactivity. The try-out was conducted 
in two elementary schools (private and public schools) in Banjarmasin. In the first 
school the try-out was conducted in two time class sessions on April 5 and 6, 2005. In 
the second school the try-out was held on November 30, 2005. The results of the try-
out are excerpted in the following. 
 
In the activity of sharing breads and bika-ambon cake students tried to find out the 
solution using several strategies how to slice the breads into several parts equally. 
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Some of them used ruler (or other measuring tools) to make sure that the breads are 
equally sliced and several others did approximation. In the next step students were 
invited to use their practical knowledge of slicing breads to a sequence of activities of 
cutting and attaching models of breads and bika-ambon cake made of coloured pieces 
of papers. Students planned their solutions in several sketch to divide the models 
using vertical, horizontal and diagonal lines, then drew and gave marks as a guidance 
to find the solution for certain problem, for instance who get more breads compared 
to others. From the activities students gained the idea of part and whole relations. 
 
In the learning process students actively involved in discussion with their friends in a 
group of four or five (Figure 4) and teacher. When they encountered difficulty 
dealing with problems teachers tried to help them negotiate their way of thinking by 
asking guided questions. The students were enthusiastic working on students’ work 
sheets and seemed did not want to stop. For example, in a day of trial-out in two 
hours class session (7th and 8th hours), where there was break in between for lunch 
and midday fraying, the students remained busy with their works until the teachers 
reminded them to terminate.  
 
In the first school after the lesson (second day) students were asked to write short 
comments. Students’ written comments about the learning can be divided into two 
groups. Among 39 students who follow the lesson 31 students appreciated the lesson 
of being very good, and 7 students appraised as good, while 1 student did not give 
any comment. Most of them felt the learning was enjoyable and they never get bored 
even for a long period. The reason for their positive appraisal is the attractive 
activities during the lesson, and simple learning tools used in the activities (such as 
scissors, pieces of paper, rulers, glue) that help them easily to grab the ideas. 
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Figure 4: Students working in a group of four and the sample of their work. 

 
In the second school, students’ reaction to the lesson was collected using a 
questionnaire. The following are their reactions (n = 30). 
Do you enjoy the lesson? Yes, I enjoy it very much = 90%; Yes, I enjoy it = 10%. 
Do you find it easier? Yes = 93.3%; Hesitate = 6.7%. 
Do you involve in the lesson? Yes = 100%. 
Do you enthusiastic? Yes = 90%; No = 3.3%; Hesitate = 6.7%. 
Compared to your daily lesson, do you find this lesson more interesting and easier?  
 Yes = 93.3%; No answer = 6.7%. 
       

CONCLUSION 
In this article we study learning trajectory about fraction in elementary education. 
The trajectory followed the sequences of: (1) pair sharing, (2) repeated division by 
two, (3) repeated division by ten, and (4) decimal and percent. The trajectory could 
be used in developing exemplary learning materials about fraction in elementary 
education that is by creating various themes using local contexts. The development of 
the contexts using in the learning materials may took into account the familiarity 
conditions and relevant to students’ level of thinking. By doing so the learning of 
fraction is expected more meaningful and easier for students. 

 

Rizkita : Well, how can we colour it?  

Intan    : If I am not wrong, from the earlier work that if we 
have three breads we can stacking them first then 
sliced into six parts, and each gets three out of 
six.  

Rizkita : Yes, you are right! 
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The trial-out the materials which is developed using the trajectory in the classroom 
practices showed that the characteristic of RME such as the use of real contexts, 
models, students’ works, and interactivity appears in the learning process.  After the 
try-out students presented a positive reaction to the lesson that may be an indication 
of effectiveness of RME approach in improving learning environment. This may 
imply to the increasing of learning achievement.    
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