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How do Indonesian elementary school mathematics textbooks
introduce fractions?
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2 Universitas Negeri Yogyakarta

E-mail: yoppy.wahyu@uny.ac.id

Abstract. This research aimed to analyze and describe the approach that was used to introduce
the concept of fractions in elementary school mathematics textbooks. There were six 3" grade
of elementary school mathematics textbooks that represented two curriculums which were the
2006 curriculum and the 2013 curriculum that were included in the analysis. Vertical analysis
of textbook research was conducted to focus on how the concept of fractions was introduced in
the textbooks for each curriculum. The results of the research indicated that all the books
included in the analysis only used one construct of fractions, which was as part-whole, to
introduce fractions. This could cause the students to be narrow-minded about fractions and its
implementations for further materials and in everyday life. Further discussion about the results
can be seen in this article.

1. Introduction

Curriculum implementation needs an instrument that can bridge the implementation and the intended
curriculum. Textbooks are one of the bridging instruments which include certain learning materials
and are arranged according to the goals of learnin@hnd refer to the currently implemented curriculum
[1], [2]. Furthermore, textbooks have an important role in the teaching and learning process and would
mainly determine what would be taught and what the students would leam [3]-[5]. However, the
importance of the textbooks needs to be supported by conducting research on how the presentation of
content and features are related to the desired demand. Research is helpful in improving textbooks in
the future and in turn would give a chance for students to have a meaningful learning.

According to research conducted by Chang and Silalahi [6] that analyzed 44 papers related to
mathematics texthook research stated that fractions is a topic that is popular among textbook
researchers along with numbers and their operations. As an example, Alajmi [5] who focused on
physical characteristics, lessons structure, and nature of the problems on the topic of fractions in three
different countries; Charalambous and colleagues [7] who compared the additions and subtractions of
fractions between textbooks in three different countries; and similar research that focused on the
division of fractions by Li and colleagues [8]. However, in some of the research above and what can be
found in literature, there is only a few textbook research that focused on comparing textbooks between
their own curriculums that changed over time. This is important as an effort of identifying what has
been improved from the previous curriculum and what was good in the previous curriculum that went
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unnoticed by the newest curriculum. In addition, there is still a lack of research that focuses on the
approach chosen to introduce the concept of fractions in textbooks. Introducing the fraction meaning is
important in building a strong foundation for further leaming of fractions. Wijaya [9] had initiated this
before, but only focused on texthooks from one curriculum.
ctions became one of the challenging and difficult topics in elementary mathematics [10]-[12]
and many students have a limited perspective about fractions and that has become one of the causes of
their difficulties [13]. Limited perspective in this context is knowing basic concepts of fractions only as
part-whole.
In Tsai and Li [13], Kieren classifies fractions into five constructs which are part-whole, measure,
quotient,ggperator, and ratio (see also in [14]-[16]). Fraction as part-whole refers to the division of

. . . . 3 .
quantity into equal-sized parts. Fraction as measure shows that, in the example of > the whole is

.. . . .3 . 1 .
partitioned into 4 parts, in which o6 used to measure 3 units of the measurement of - Fraction as

quotient refers to the result of partitioning from division operations. Fraction as operator refers to
fraction as the multiplier of a quantity, for example ' of 10, in which % is the operator; and fraction as
?e ratio expresses the multiplicative relationship between two quantities. Many literature have showed
that these five constructions play an important role in the student's understanding of fractions and the
development of their knowledge that is connected and representative [13]. Because of this, the five
constructs have an effect on success and have an important role in achieving desired goals of learning
This research focused on analyzing Indonesian textbooks regarding the approach used to introduce
fractions. Various approaches for introducing the concept of fractions are preferred to facilitate the
student's understanding for further materials about fractions. Because of this, to achieve that aim, this
research was guided by using the following questions.
I. E@w is the concept of fractions introduced and developed in elementary school mathematics
textbooks?
2. What are the similarities and differences of the concept of fractions that were introduced and
developed between the last two curriculums?

2. Methods

This research used textbook research to achieve the research’s aim. There are various types of
textbook research [17]-[19]. In this research we used the comparison of textbooks, which is comparing
the similarities and differences between one or more mathematics textbooks.

2.1. Materials

There are six elementary school mathematics textbooks with two different curriculums that were
included in the analysis. The details of the books and the curriculums can be seen in Table 1. We
decided that there should at least be 3rd grade textbooks published by the government and private
publishers.

The researchers chose the textbooks from these publishers because of many reasons, (1) the
electronic school books published by the Center of Books or Pusat Perbukuan of the Department of
National Education are textbooks provided by the government as learning resources in schools and are
compulsory for each school to have; and (2) the books published by Erlangga and Yudhistira are high
quality books with excellent review management and editing. They are also the biggest and most
trusted school textbook publishers as a resource of leaming in school.

Table 1. Identity of each analyzed textbook

Curriculum  Textbook Title Publisher Year
Code
2006 KE2006  Cerdas Berhitung Matematika untuk SD/MI Kelas 3 Kemendikbud 2008
[Smart in Mathematics for 3rd Grade of Elementary
School]

ER2006  Pandai Berhitung Matematika untuk Sekolah Dasar  Erlangga 2008

(5]
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Kelas IIT [Clever in Mathematics for 3rd Grade of
Elementary School]

YU2006  Mahir Matematika SD Kelas III [Proficient in 3rd Yudhistira 2015
Grade of Elementary School Mathematics]
2013 KE2013  Tema 7: Kebersamaan [Theme 7: Togetherness] Kemendikbud 2017
ER2013 Tema 2G: Kebersamaan | Theme 2G: Togetherness]  Erlangga 2016
YU2013  Tema 2G: Kebersamaan [Theme 2G: Togetherness]  Yudhistira 2018

2.2. Data Analysis

Charalambous and colleagues divide the analysis into two dimensions which are the Horizontal and
Vertical Analysis. Horizontal analysis is used to give a big picture about textbooks with a few lessons
in certain topics and in which they are placed according to the grade level and vertical analysis offers
an in-depth understanding of mathematics content [7]. In this paper, we only reported the vertical
analysis results. The vertical analysis focused on the approach of introducing the concept of fractions
in regards to the material, examples, and practice problem sections. We classified each concept
approach into 5 constructs proposed by Kieren [16], [20], which were part-whole, measure, ratio,
quotient, and operator. Analysis and coding were conducted by the second author, then to guarantee
reliability, the two other authors reviewed the coding. The results of the review were then discussed
between the researchers and revision was carried out.

3. Results
3.1. Approach to the Concept of Fractions in 2006 Curriculum Textbooks

3.1.1. Introduction to material section. In the introduction to material section, the three textbooks
analyzed in the 2006 curriculum, all used the part-whole approach to introduce fractions. The KE2006
book gave explanations by using illustrations of circles, which was comparing the shaded area and the
whole area. This textbook introduced fractions by directly using examples of problems. ER2006 also
presented similar illustrations, however, rectangles were used as the pictorial model. Different from
both of these textbooks, YU2006 explained the concept of fractions by using context, in which pizza
was divided equally into two parts. The YU2006 book also presented more context compared to the
last two textbooks. The following is a sample of the presentation from the YU2006 textbook.

g. Jm '-L:,:rl‘, al Fecal

Rendi membeli pizza.

Pizza Rendi dipotong menjadi 2 bagian sama besar.
Pizza itu akan diberikan kepada dua adiknya,

Rina dan Rani.

Rina dan Rani masing-masing mendapat setengah
bagian pizza.

Figure 1. Sample lesson on teaching fractions as Part-whole in YU2006

Translate:

Rendi Bought Pizza.

Rendi's pizza was cut into two equal-sized pieces.
The pizza will be given to his two younger siblings,
Rina and Rani.

Rina and Rani will both receive half of the pizza.
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3.1.2. Example of Problems Section. In this section, the three analyzed 2006 curriculum textbooks
were dominated by non-word problems and all of them (100%) used the part-whole concept approach.
The KE2006 book used an illustration of a square being divided into three equal-sized parts with one
of them being shaded to indicate é This example also guided readers to read the fractions and showed
the placement of the numerator and denominator. The presentation of similar examples was also given
in the ER2006 and YU2006 books, which used two-dimensional shapes as an example of fractions as
part-whole.

Contoh:

Daerah yang diberi warna adalah 1 bagjan dai
3. Oleh karena itu, daerah tersebut menunjtk

1
kan pecahan 3 Pecahan -;- dibaca satu pe’
tiga atau sepertiga.

i~ disebut pembilang
3 — disebut penyebut

Figure 2. Example of a Problem Sample from the KE2006 Textbook

Translate:
The colored area is 1 part out of 3. Because of this, that area shows a fraction of 1/3. The fraction of
173 is read as one third or a third. 1 is the numerator and 3 is referred to as the denominator.

3.1.3. Practice problems section. Based on the results of the practice problems of the 2006 curriculum
texthooks, the most practice problems are in the KE2006 textbook which has 11 practice problems,
along with ER2006 which has 8 practice problems and YU2006 which has 7 practice problems. The
practice problems in these three books have a similarity which is that they all used illustrations of
shapes. The KE2006 and ER2006 books asked students to state the fractions of the shaded area out of
the whole shape’s known area. The practice problems in both books included non-word problems and
not problem-solving types, because it did not demand the student to think analytically in solving
problems. The YU2006 textbook also did not have the word problems and problem-solving types. The
practice problems from the YU2006 book asked the students to choose which two-dimensional shape
had the same size and which ones did not. Therefore, all of the practice problems from the 2006
curriculum textbooks used the part-whole construct to demand the understanding of the concept of
fractions. The following is a practice problem from one of the 2006 curriculum books.

0“1 G oL S

Coba, nyatakan daerah yang diber wama dengan pecanan yang sesuai

LE 5.@ :)i
=
o
ST

Figure 3. Practice problem in the KE2006 textbook
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Translate:
State the colored area according to the fraction (solve it in your workbook!)

3.2. Approach to the Concept of Fractions in 2013 Curriculum textbooks

3.2.1. Introduction to material section. The part-whole concept approach was also a main choice that
was presented in the three analyzed 2013 curriculum textbooks. During the introduction to the concept
of fractions, the three textbooks used pictorial and context representation. KE2013 used an illustration
of two donuts that were cut to show an example and not an example of a half. The first donut
illustrated two equal-sized pieces, meanwhile the second donut was cut unequally. Similarly, the
ER2013 used an illustration of an apple cut into two equal-sized pieces and showed that the apple

pieces were éWith 1 as the numerator and 2 as the denominator. Lastly, the YU2013 textbook used the

context of bread that was modified into story form. The narration was similar with the ER2013
textbook.

Perhatikan gambar berikut

N

Sebuah apel dipotong menjadi dua bagian sama besar.
Setiap potongan dapat dinyatakan dengan pecahan setengah

Pecahan setengah dilambangkan dengan 5.
Pecahan 1 dibaca satu perdua atau setengah.
1 = pembilang
2 = penyebut
Benda apa lagi yang dapat dibagi menjadi dua bagian sama besar?
Bicarakan dengan teman sebelahmu!

Figure 4. Approach in the ER2013 book

Translate:

Examine a?followmg picture! [point at the Apple picture]
An apple 1s cut into two equal-sized pieces

Each piece can be referred to as half of a fraction

Half of a fraction is simbolized as 1/2

¥ of a fraction is read as one half or half

1 is the numerator

2 is the denominator

What ather object can be split into two equal-sized pieces?
Discuss it with your friend next to you!

3.2.2. Example of Problem. According to the three analyzed textbooks, there was one textbook that
did not have example of problems which was the YU2013 textbook. KE2013 and ER2013 used the
part-whole construct and was the pictorial representation type. KE2013 used the same type of problem
examples as the ones in the introduction to material section, meanwhile ER2013 provided an
opportunity for the students to shade the half of the two shapes.

3.2.3. Practice Problems. Practice problems in KE2013 textbook were divided into two which
were the discussion problems and the general practice problems. For the discussion problems, the
students were asked to discuss to find the reason why each donut piece was referred to as half and not
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half. This type of problem demanded problem-solving skills because the students were urged to think
critically by analyzing the problem. Other types of practice problems in this book were more or less
similar to the ER2013 and YU2013 textbooks, which were completing the correct fractions in the
given context. The practice problems in ER2013 asked the students to shade the shape's area that
represented 12, meanwhile YU2013 asked the students to find which was half and which was not. Even
with the representation and different context, the three 2013 textbooks only used one construct to
introduce fractions which was as part-whole. The following is a sample of a practice problem from the
KE2013 textbook.

Lengkopiloh pemyatoan berikut ini dengan tepat
. Sebuch donat dibogi menjodi

dua bagion sama besar.
Setiap bagian discut
bagion.

Siti memiliki kertas. berbentuk
persegipanjong. Kemudian

kertas tersebut bo potong

menjadi dun bogion sema besor,

Setiap potong kertos odaloh
bagi

o
1. Mengapa duo boglon donat di samping . Siti memiliki kue donat. Siti
Frrsing -masing disebut setergoh? ingin mendapatkan setengah

dari kue tersebut, Siti
2. Mengapa dua Boglon donat di samping . '::;d""l"""“"'q :‘g:’;b‘r:n
- tidok disebist ? vty
Agar mendopatkon kue 4 ==
sil diskasimu bogian, maka kita harus 2 i
membagi dun kue tersebut uw
dengon ukuson

-

w

»

Figure 5. A practice problem in the KE2013 textbook

Translate:

Part 1: Let’s discuss!

1. Why are each of the two donut pieces on the side referred to as a half?

2. Why are each of the two donut pieces on the side not referred to as a half?

Write down the results of your discussion!

Part 2: Let’s practice!

Complete the following statements correctly!

1. A donut is split into two equal-sized pieces. Each piece is referred to as....

2. Siti has a paper in the shape of a rectangle. The paper is then cut into two equal-sized pieces.
Each piece of paper is.....

3. Siti has a donut. Siti wants half of the donut. Siti has to cut the donut into... equal-sized pieces.

4. To have ¥: of the piece of cake, we have to split it into.... sizes

4. Discussion

The results of this research indicated that there is no significant difference between the 2006
curriculum textbooks published both by the government and private publishers in regards to the
introduction to material, example of problems, and practice problems. All of them used fractions as
part-whole approach. We also found this result in the 2013 curriculum textbooks, in which all
textbooks used the approach of fractions as part-whole concept. This result is also in accordance to the
results by Wijaya [9] who analyzed two 2013 curriculum mathematics textbooks published by the
government that Indonesian mathematics textbooks that were used as the sample only provided
one construct to introduce the concept of fractions, which was the concept of fractions as part-whole.
The concept of part-whole is the most simple and commonly used concept to use when introducing
fractions for the first time [9], [16]. However, students will have a deeper understanding of the fraction
meanings by emphasizing on other fraction meanings [21], [22]. Moreover, the researchers also think
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that introducing fractions that only uses one construct will cause difficulties in the further learning of
fractions [9].

It is important for the future research, authors of textbooks, and/or developers of elementary school
mathematics curriculums to develop a concept of fractions using other various constructs. An example
of this is as applied in the mathematics cirruculum in Japan, in which the concept of fractions are
introduced for the first time using the ratio and measure construct in 4" grade, meanwhile fractions as
part-whole is introduced in 5" grade [23]. There are many urgencies to provide various concepts for
introducing fractions, for example, (1) fractions as part-w! is useful for comparing and ordering
fractions; (2) fractions as measure plays a role in student's understanding of the addition of fractions
and the density property of fractions; (3) fractions as quotient plays a role in students understanding
the concepts of proportional division, the division of fractions, and understanding algebraic fractions;
(4) fractions as operator helps students in understanding the fraction’s meaning by its quantity; and (5)
fraction as ratio is the fundamental base for developing proportional reasoning [13], [14].

In addition to the results above, the present research found that 2006 curriculum textbooks had
more pictorial representations in the form of two-dimensional shapes as objects to introduce the part-
whole concept, meanwhile 2013 curriculum textbooks used a combination of context and pictorial
representation, especially in the section of practice problems. Because of this, 2013 curriculum
textbooks provided more chances to introduce fractions relating to student's everyday experiences. A
significant difference could also be found on context-based tasks that could be found more in 2013
curriculum textbooks but could not be found in 2006 curriculum textbooks. The 2006 curriculum
textbooks emphasized more on practice related more on different representation from the concept of
fractions as part-whole. The number of practice problems varied for each textbook. The 2006
curriculum textbooks had more practice problems compared to the 2013 curriculum textbooks.
However, the large amount only provided one demand in the form of a variation of pictorial
representation from the part-whole concept. On the other hand, this research also identified that in
both the 2006 and 2013 curriculum, the textbooks published by the government gave more chances of
working on context-based practice problems for the introduction to fractions material compared to
textbooks published by private publishers. The importance of context embedded in mathematical
leamning is one of the important means of the goal of mathematicgpgducation [24], [25]. Because
essentially, the goal of mathematics education is to bring students to be able to apply mathematics in
the context of problems in everyday life. Because of this, it is important that the development of
mathematics textbooks in the future provides context-based tasks.

5. Conclusion

This research agalyzed Indonesian mathematic textbooks which included the 2006 and 2013
curriculum. The analysis focused on the approach of the construct used to introduce the concept of
fractions in the introduction to materials, example of problems, and practice problems sections. The
results of this research indicated that the elementary school mathematics textbooks that were the
samples for this research only used one construct which was the part-whole construct to introduce
fractions. We also concluded that the 2013 curriculum textbooks had more variety of representations
that introduced the concept of fractions compared to the 2006 curriculum textbooks. In addition, the
mathematics textbooks published by the government were richer in context-based tasks and were
HOTs-orientated compared to the textbooks published by private publishers. Because of this, it is
important for researchers, authors, and developers of curriculums to emphasize various constructs to
introduce the concept of fractions and context-based tasks to improve the awareness and knowledge of
students about how to apply fractions in everyday life.
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