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Cumhuriyet Tarihi Boyunca Ortaokul Matematik Ders Kitaplarinda
Karekoklii ifadeler ve irrasyonel Sayilar
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Introduction

The understanding of irrational numbers is necessary for the concept of numbers to be extended from
rational numbers to real numbers, as each extension requires the acceptance of new rules and the
adoption of a new perspective (Merenluoto & Lehtinen, 2002). Specifically, a deep knowledge of irrational
numbers and generally real numbers is necessary to understand the foundations of mathematics and
many fundamental calculus concepts such as € — § definitions, limits, continuity, derivatives, and more
(Rizos & Adam, 2022). However, when examining the results of studies focusing on students' or teachers'
existing knowledge of irrational numbers, some problems come to the forefront. For example, in a study
by Sirotic and Zazkis (2007b) focusing on the understanding of irrational numbers among pre-service
mathematics teachers, it was found that there was inconsistency between candidates' intuitions and
formal/algorithmic knowledge, and they were unaware of irrational numbers beyond limited examples.
Cevikbas and Arglin (2017) studied how secondary mathematics teacher candidates define rational and
irrational numbers. The study found that candidates were unsuccessful in distinguishing numbers, was
unaware of the equivalence of different representations of a number, believed that the representation
format determined the nature of the number, and perceived different representations as different
numbers. In Kidron's (2018) study focusing on high school students addressing the problem of the
existence of irrational numbers, erroneous ideas were identified, such as students believing that every
number is always obtained by dividing two numbers and that a number with an infinite number of digits
cannot be represented on the number line. Irrational numbers, a product of centuries of work by
mathematicians, are not a concept that students can learn in a few classes (Sirotic & Zazkis, 2007a), and
they are among the most challenging number sets in the learning process (Arbour, 2012; Patel & Varma,
2018). The reasons for these difficulties stem from the nature of the concept (Sirotic & Zazkis, 20073,
2007b), understanding of rational numbers (Voskoglou & Kosyvas, 2012), some irrational numbers'
rational approximations (Zazkis & Sirotic, 2010), different representations of numbers (Cevikbas & Argiin,
2017; Guven et al., 2011; Voskoglou & Kosyvas, 2012), or may originate from the mathematics curriculum
and textbooks (Erdem-Uzun & Dost, 2023). While it is widely accepted that there may be some difficulties
in conveying mathematics to students, it is necessary to present mathematics within the rigid hierarchy
and consistent framework of the number system in the curriculum (Fischbein et al., 1995). Otherwise,
students who cannot internalize irrational numbers as members of real numbers struggle to distinguish
between irrational and complex numbers (Guven et al., 2011).

Sets of numbers and operations defined on them are a fundamental in middle school mathematics
education programs. However, when the relevant national curriculum is examined, it has been reported
that there are some areas for improvement in teaching irrational numbers due to mathematics education
programs and reflection of this in textbooks. For example; it is observed that reasons such as the lack of
clarity in the relationship between representations (Bakir, 2011), the use of rational approximations of
the number 7 resulting in the perception of 22/7 and 3,14 as irrational numbers (Tavsan & Pusmaz,
2020), teaching irrational numbers after the topic of square root expressions (Adiglizel, 2013), focusing
more on square root expressions (Leylek, 2020), insufficient time allocated to irrational numbers
(Cevikbas & Argiin, 2017), and ignoring students' prior knowledge in transitions between concepts (Leylek,
2020) make the learning and teaching of the concept of irrational numbers difficult. Textbooks are a
fundamental teacher resource (Gonzalez-Martin et al., 2013). Therefore, examining current textbooks and
focusing on improvement is one way to address students' learning difficulties (Hong & Runnalls, 2020).
The mathematical content in textbooks should be about teachers, students, and curriculum sources,
making textbooks one of the most essential tools for ensuring the feasibility of curriculum
implementation. Mathematics textbooks are designed to provide mathematical knowledge, support
learning and teaching, be officially approved, and be pedagogically designed (Glasnovi¢ Gracin, 2014;
Rezat et al., 2021).

Due to the widespread use of mathematics textbooks in education worldwide, a necessity has
emerged to research the instructional context of the content in mathematics textbooks (Glasnovi¢ Gracin,
2014). In recent years, school textbooks have attracted the interest of the international mathematics
education research community and have begun to be seen as a research area (Fan, 2013). Despite the
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emphasis on topics such as numbers and operations in these studies (Chang & Silalahi, 2017), research on
irrational numbers, in particular, is quite limited. In their study examining how irrational and real numbers
are introduced in textbooks used in Brazilian state secondary schools, Gonzalez-Martin et al. (2013) found
several key findings. They noted that irrational numbers are generally addressed in the context of decimal
representation, there are many implicit assumptions, justifications are based only on examples, and the
necessity for introducing "new" numbers is not emphasized. The study also found that presenting a series
of rules does not contribute to students' learning of real numbers. Despite the limited importance given
to real numbers in primary education, there is an assumption that advanced topics such as limits and
derivatives will be well understood when taught. In Tirkiye, there has not been a systematic study on
irrational numbers in mathematics textbooks (Erdem-Uzun & Dost, 2023). Therefore, the current study is
vital for seeking new approaches to teaching the concept of irrational numbers by benefiting from past
experiences and deriving new pedagogical ideas from historical knowledge and accumulated insights.

In Tlrkiye's education system, which has a centralized structure, a national mathematics curriculum
and mathematics textbooks are approved by the Ministry of National Education (MoNE) Board of
Education (BokE) for specific years. However, primary education in Tirkiye consists of two levels: primary
school and middle school. As of 2012, the primary school includes grades 1, 2, 3, and 4, and middle school
includes grades 5, 6, 7, and 8. Since this study aims to examine how the concept of irrational numbers has
been handled in middle school mathematics textbooks throughout the history of the Republic of Tirkiye,
mathematics curricula were considered first. Since the proclamation of the Republic (1923), the
mathematics curricula of middle schools (6th, 7th, and 8th grades) were changed in 1926, 1931, 1938,
1949, 1977, 1990, 1998, 2005, 2013, and 2017. The mathematics curricula of the fifth grade, which was
included in primary school until 2012, were changed in 1926, 1936, 1948, 1968, 1983, 1990, 1998, 2005,
2013, and 2017 (Ozmantar et al., 2020). In 2017, since the current curriculum objectives follow a teaching
sequence from square root expressions to the concept of irrational numbers (MoNE, 2018), the research
questions are as follows:

1) How have square root expressions been handled in middle school mathematics textbooks
throughout the Republic?

2) How has the concept of irrational numbers been handled in middle school mathematics textbooks
throughout the of the Republic?

Method

In this study, which aims to conduct a historical analysis of how the concept of irrational numbers is
handled in textbooks in an instructional context, the document analysis method (Bowen, 2009), one of
the qualitative research types in which the "how" question is at the forefront, was used. The document
analysis method (Bowen, 2009), which is a systematic procedure for reviewing or evaluating any
document containing text (Patton, 2015), is defined as "a valuable research method (Merriam & Tisdell,
2016; Morgan, 2022)" in the literature.

Data Collection Process

The study data were obtained from the Ferit Ragip Tuncor Archive and Documentation Library within
the MoNE Board of Education and Discipline. The library in question was created by the individual efforts
of Ferit Ragip Tuncor, who served as the compilation officer of MoNE, by compiling and collecting the
works scattered in the warehouses (MoNE, 2023). Although the library, which contains the works of
National Education Publications, has a significant collection in terms of the history of Turkish education
(MoNE, 2023), the works of some years cannot be accessed for various reasons (such as lack of systematic
compilation, prohibition of the use of works belonging to certain publishing houses). As a matter of fact,
during the data collection process of this study, no textbooks prepared according to the 1926 and 2013
curricula could be accessed. The textbooks of 1936, 1948, 1983, 1998 in the 5th grade, 1931 in the 7th
grade, and 1931, 1938, and 1949 in the 8th grade could not be obtained for the reasons mentioned.
Information on mathematics textbooks was obtained from the Education Informatics Network (EBA) of
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the Ministry of National Education. Since the data collected were obtained through publicly available
documents, the current study is in a group of studies that do not require ethics committee permission.

1928, the Arabic alphabet was abolished in Tirkiye, and the new Turkish alphabet was adopted
instead. Therefore, this study focuses on mathematics textbooks written according to the new Turkish
alphabet after 1928, which is also a limitation of this study. A total of 37 mathematics textbooks were
identified for document analysis, and each book's year and number of editions were checked regarding
their compatibility with the mathematics curriculum. Since the textbooks from some years were the same,
they were counted as one, and the more recent textbook was included in the data analysis. It was
observed that the textbooks from 1972, 1973, and 1974 were prepared according to the 1977 curriculum
rather than the curriculum of the period. Books from the 2018, 2019, 2021, and 2022 printing years are
still used as textbooks approved by the Ministry of National Education.

Information about the 5th-grade mathematics textbooks included in the study is given in Table 1, and
seven books were accepted as data. Information about 6th-grade mathematics textbooks is given in Table
2, and 12 books were accepted as data. Books from 1937 - 1938 - 1945, 1981 - 1984 - 1985, 1987 - 1988,
1991 - 1992 and 2003 - 2005 were counted as one since they were the same. Information on 7th-grade
mathematics textbooks is given in Table 3, and nine books were accepted as data. Books from 1936 - 1937
-1938 - 1938 - 1941 - 1945, 1972 - 1973 - 1985, 1992 - 1993, 2003 - 2005 and 2009 - 2011 were counted
as one since they were the same. Information on 8th-grade mathematics textbooks is given in Table 4,
and nine books were accepted as data. Books with 1973 - 1974 and 1978 - 1980 - 1984 printing years were
counted as one since they were the same.

Table 1

Information on Grade 5 Mathematics Textbooks

. Name of the Year of .
Curriculum Textbooks Publication Printing House Authors
. . Milli Egitim . .. .
Ilkokul Matematik . Stleyman Karagoz, Nevin
1977 Basimevi — ..
Sinif 5 : Karagdz
1968 Istanbul
ilkokullar igin Mill Eglt!m Osman Kirbas, Hiiseyin
. 1980 Basimevi —
Matematik 5 . Basaran
Istanbul
Milli Egitim Selahattin Meydan, Ali
1990 ilkokul Matematik 5 1992 Basimevi — Sait Karatas, ismail
istanbul Gimiisel
ilkégretim Matematik saray Seref Aktas, Orhan Cimen
grett 2009 Matbaacilik — s . ’
5 Ders kitabi Emel Glnhan, Arif Orug
Ankara
2005 ilkogreti i ..
!kss:fsgno“{lf;ﬁ:atlk Zeynep Feryal Oztirk,
. & 2011 Semih Ofset Erkan Kisi, Ersii Oztas, Arif
Calisma Kitabi (1. oru
Kitap) ¢
Ortaokul ve imam . Hayriye Ciritci, ilker
. Caglayan . .
Hatip Ortaokulu 2021 Matbaasi — Gonen, Dilara Arag, Murat
Matematik Ders Kitabi i Ozarslan, Nese Pekcan,
Izmir .
5 Meltem Sahin
2017 .
Ortaokul ve Imam -
Hatip Ortaokulu Ozgiin
. . 2022 Matbaacilik — Gulcin Goksalik
Matematik Ders Kitabi
Ankara

5. Sinif
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Information on Grade 6 Mathematics Textbooks

Curriculum Name of the Year of Printing Authors
Textbooks Publication House
Orta Mektep Devlet
1931 Riyaziye Dersleri 1932 Matbaasi —
1. Kitap istanbul
Ortaokul Tirkiye
Kitaplar Riyaziye 1937 Basimevi —
Dersleri Hesap 1 istanbul Komisyon
Ortaokul
Kitaplari Devlet
1938 Matem'atlk 1938 B§S|mew -
dersleri Istanbul
Aritmetik 1
%g"?z:' Milli Egitim
P . 1945 Basimevi — Fazil Say, Liitfi Atalik, Serif inan
Matematik istanbul
Dersleri 1
- Millf Egitim
1949 ~ Ortackullaricin 1972 Basimevi - .
Matematik Cilt 2 )
Istanbul
Ortaokullar icin MillT Egitim School Mathematics Study Group
1977 . s 1973 Basimevi — (SMSC) — Stanford Universitesi, ABD
Matematik 1 : . .
Istanbul Ceviren: Mehmet Giirkan
. MillT Egitim Tahsin Pelit, Seyfettin Aydin,
1949 I(\)/Iri;inlzjltllk 1977 Basimevi — Abdullah Demiralp, ibrahim Bags,
istanbul Mehmet Giirkan
Emel
M ik
atematl 1981 Matbaacilik —
Ortaokul 1
Ankara L
Milli Eitim Osman Kirbag, Hlseyin Basaran
Ortaokul 1584 & .
Matematik 1 B§5|meV| -
1977 1985 Istanbul
1987 Dogan Ozdogru, Serafettin
Ortaokul Milli Eglt.lm DeveC|oqu,.AI| Uvnal, Menduh
Matematik 1 1088 Basimevi — Ulusoy, Zakir Dogan, Mustafa
istanbul Yildirinm, Hasan Has, Hasan Kole,
Riza Sahin, Memduh Akkus
il Egiti
Ortaokul 1991 Mill glt!m Riustem Kaya, Remzi Altinordu, Arif
1990 Matematik 1 Basimevi = Bayramba
1992 istanbul v ?
Mill Egitim
2003 Basimevi —
ilkégretim istanbul G .
hnaz Bilgi, Hilal Ek Ned
1998 Matematik Ders Devlet sehnaz Bilgi, flal Ekmen, edim
. . Girsoy
Kitabi 6 2005 Kitaplar
Mudarlaga —
istanbul
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ilkdgretim

2005 Matematik 6 2011 Semih Ofset Komisyon
Ders Kitabi
Ortaokul ve
Imam Hatip Koza Yayin —
Ortaokulu 2019 v Ekrem Aydin, Mehmet Ali Erenkus

. Ankara

Matematik Ders
Kitabi 6

2017 Ortaokul ve
imam Hatip Bagsak . . . .
Ortaokulu 2021 Matbaacilik — Neziha Cagftﬁnléoﬁﬁzli Dagistan,
Matematik 6 Ankara
Ders Kitabi

Table 3

Information on Grade 7 Mathematics Textbooks

X Name of the Year of .
Curriculum Textbooks Publication Printing House Authors
Devlet Basimevi
Ortaokul Kitaplari 1936 —istanbul
Riyaziye Dersleri Tirkiye
Hesap ve Cebir 2 1937 Basimevi — .
- Komisyon
Istanbul
Ortaokul Kitaplari .
1938 Matematik Dersleri 1938 Dev_'?:tzii:::ew
Aritmetik ve Cebir 2
Maarif - .
. 1941 Matbaas| — Latfi Atallk,. Fazil Say, Serif
Ortaokul Kitaplari Inan
. . Ankara
Matematik Dersleri A s
2 Milli Egitim Fazil Say, Lutfi Atalik, Serif
1945 Basimevi — Ys inan !
istanbul
. MillT Egitim . .
1949 Ortaokul !(ltaplarl 1950 Basimevi— Ren.12| B?Ykal, HaI|rT1 Erke.r,
Matematik 2 . Saim Egilmez, Serif Egeli
Istanbul
Matematik Ortaokul 1972 Millt Egitim
2. Sinif 1973 & . Siileyman Olgen, Tahsin
1977 Ortaokul Matematik Basimevi - Cizenel, ismail Gokmen
2r aokul Viatemati 1985 istanbul ’
: 1992 Millf Egitim Mustafa Balci, Mustafa
1990 ;)rtaokul Matematik Basimevi — Karahan, HulGsi Yildirim,
1993 istanbul Mustafa Ozkan
MillT Egitim
ilkogretim 2003 Basimevi —
1998 Matematik Ders Istan.bul Fatma TOFtUI'Tﬂu, Ab.dullah
Kitabi 7 Devlet Kitaplari Kilig, Halim Sahin
2005 Muadarlagi —
istanbul
ilkégretim Basak Serpil Cicek Ayglin, Nurhayat
2005 Matematik 7 Ders 2009 Matbaacilik — Aynur, Sema Seher Cuha,
Kitabi Ankara Ugur Kahraman, Ufuk
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Ada Matbaacilik

Ozcelik, Mutlu Ulubay,

2011 — Ankara Nevzat Unsal
Ortaokul ve imam
Hatip Ortaokulu Koza Yayin — Mehmet Ali Erenkus, Didem
_ 2018a
Matematik 7. Sinif Ankara Eren Savaskan
Ders Kitabi
Ortaokul ve imam
Hatip Ortaokulu Berkay
2017 ports 2018b Yayincilik — Biilent Akbulut
Matematik Ders Ankara
Kitabi 7. Sinif
Ortaokul ve imam Caglayan
Hatip Ortaokulu 2021 Matgbaz;y _ Arzu Keskin Ogan, Soner
Matematik 7 Ders o Ozturk
. lzmir
Kitabi
Table 4
Information on Grade 8 Mathematics Textbooks
X Name of the Year of .
Curriculum Textbooks Publication Printing House Authors
Matematik 1973 !;!:niit:T
Ortaokul 3 Cilt 1 istanbul Siileyman Olgen, Tahsin Cizenel,
Matematik ismail Gokmen
Ortaokul 3. Sinif 1974 Devlet Kitaplari
M ik 1978
1977 atemati Millf Egitim
Ortaokul 3 1980 .
Ortaokullar igin Basimevi — Mehmet Salan
istanbul
Matematik 3 1984
Ortaokul Milli Eglt.|m . . TaneruA§an, Hfallt
. 1989 Basimevi — Ismaildayioglu, Azmi Bender,
Matematik 3 : )
Istanbul Fevzi Candan
MillT Egitim - N
1990 Ortaokul . 1992 Basimevi— H. Hilmi Hacll.sallfloglu, Meral
Matematik 3 . Aksu, Ulkli Dogancioglu
Istanbul
ilkégretim Devlet Kitaplari . .
1998  Matematik Ders 2005 Madiirlagi — '\g:::llplcllsézil:r é;?ktﬂflela
Kitabi 8 istanbul ’ &
Serpil Cicek Aygiin, Nurhayat
ilkégretim ihlas Aynur, Nurdan Coskuntiirk,
2005 Matematik 8 Ders 2009 Gazetecilik — Sema Seher Cuha, Ugur
Kitabi istanbul Kahraman, Ufuk Ozcelik, Mutlu
Ulubay, Nevzat Unsal
Ortaokul ve imam
Hatip Ortaokulu 2019 Koza Yayin — Mehmet Ali Erenkus, Didem
Matematik Ders Ankara Eren Savaskan
2017 g:t?abcllful ve imam
Hatip Ortaokulu Tuna Dr. Ozal Cetin, Umut Aksakal,
port: 2021a Matbaacilik—  Umran Ertiirk, Giirkan Say, ipek
Matematik Ders .
Ankara Tigh

Kitabi 8
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Ortaokul ve imam

Hatip Ortaokulu Basak
P . 2021b Matbaacilik — Hadi Boge, Ramazan Akilh
Matematik 8 Ders Ankara

Kitabi

Data Analysis

Document analysis is an iterative process involving review (surface review), reading (comprehensive
review), and interpretation. This process combines elements of content analysis, in the sense of organizing
relevant codes and categories in line with the research problems (Bowen, 2009), and thematic analysis,
in the sense of searching for themes emerging from these categories and identifying themes by looking
for patterns in the data (Fereday & Muir-Cochrane, 2006). Each textbook was entered into a qualitative
data analysis program in this study, and the data coding, theme identification, and explanation process
were carried out. Since the textbooks were analyzed on a class basis, the coding was differentiated
according to the classes, developed in the context of the research problems, and the coding obtained
from the textbooks according to the classes was presented as a table of specifications in the findings
section. To ensure the validity and reliability of the data, two researchers acted together and coded four
times at different times. The inter-coder agreement was calculated using the similarity formula put
forward by Miles and Huberman (1994) [Reliability coefficient = the number of codes with the agreement:
(the number of codes with agreement + the number of codes with disagreement) x 100], and coder
reliability was determined as 0.94. The points of disagreement were discussed individually, and the
process was completed when both researchers reached a consensus.

Findings

This section presents the findings for the two study sub-problems and class-based comparative
analyses.

Findings Regarding the Handling of Square Root Expressions in the Instructional Context

One of the essential components of the structure of the concept of irrational numbers is square root
expressions. Since square root expressions are not included in the fifth-grade mathematics curriculum,
there needs to be more information in the textbooks. Among the sixth-grade textbooks examined, only
the 1932 textbook, which was prepared according to the 1931 curriculum, includes the square and square
root operation, numbers that are and are not perfect squares, the relationship between prime factors of
perfect square numbers and square roots, the square root calculation method based on the identity of
the square of the sum of two terms [(a + b)? = a? + 2ab + b?], and the relationship between square
roots and the Pythagorean relation (Figure 1).
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Figure 1

Explanations of Square Roots in the Sixth-Grade Mathematics Textbook of 1932

1IV. MUTEMMIM MALOMAT

Murabbalar ve cezri murabbalar.— Bir mp.
rabbain bir dil't 4 vihit uzunlugunda ise, bu murabba
16 vihit murabbai sahasindadir. Bunun
icin 16 ya 4 iin murabbat ve 4¢ 16 nin
cezri murabbar denir.

Sahalarin cezri murabbai.— Bina-
enaleyh yalmiz dililart ve sahalar: gosteren miicerret
adetleri nazari itibara alirsak, bir murabbain dilt
sahamin cezri murabbamma miisavidir.

Isaretler.— 4 iin murabba 4' geklinde ifade

olunur ve 16 nin cezri murabbai da |16 geklinde ya.
zilir,

Tam murabbalar,— 16 gibi bir adet bir tam
murabba ismini alir; fakat 10 bir tam murabba degil-

dir. Maamafih J10un takriben 3.16 ya miisavi oldu-
#unu goriiriiz, ciinkii 3.16* pek yakin bir takriple 10 a
misavidir,

Tam murabbalarin cezri murabbalari,— Tam

iki adedin mecmuunun murabbai.— Mademki
47 =40+ 7 dir, 47 nin murabba su suretle elde olu-
nabilir:

40+ 7
40+ 7
@ox7n+ 7 280 5[5 49
. 7
40*+ (40x7) - 1600 | 280
40+ 2x@0XT)+ 7 40 7
=1600 4+ 2x280 +49 e 40 Pt
=1600 4560 +49 onlar - birler
2200.

Bu miinasebet, dil't 40+7 olan murabba geklinde

ko!lyca goriintir. 2
iki yahut daha g¢ok r g D Bir
adet onlardan ve birlerden teskil olunmug gibi nazart

itibara alinabilir. Binaenaleyh:

Bir adedin murabbar onlarin  murabbimi, zait
onlarm ve birlerin hasilizarbimin iki mislini, zait birlerin
murabbain: ihtiva eder.

L s Ll

MeseliAB = 12 ve AC=9 oldufuna gére BC
yi bulmak istenmis olsun.

Mademki BC' = AB’+ AC' dir.
binaenaleyh

murabbalarin cezri murabbalarnt ¢ok BC'=12:49° 4
defa bunlart mazruplara ayirmak sure- 3y441 yahut o
tile bulunur. 2 BC’ = 144 + 81 = 235,
Ly 3)147 2 3
Meseld: 441 =)3X3XTX17 7)49 A
pesidi eVl s i 7 BC'=)225-—=15
=}3XTXIXT bulunur.

= )21 X 21 =21.
Table 5 shows how square root expressions are handled in seventh-grade mathematics textbooks in
the instructional context.
Table 5

Specification Table for Square Root Expressions in Seventh-Grade Mathematics Textbooks

1945
1950
1985
1993
2005
2011
2021

Konular

2018a
2018b

Square and cube power and root table
Graphical representation for square and cube
Algebraic explanation of the square root
Identity-based square root calculation method
Relationship between the area of the square
region and the side length

Relationship between square root and
Pythagorean relation

Relationship between square root and
geometric mean

S N N N .

Table 5 summarizes how square root expressions are addressed in the instructional context of seventh
grade and how they are prepared according to which curriculum has been briefly described below for
each textbook.
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The book from 1945, prepared according to the 1938 curriculum, starts with the section "Square and
Square Root," which deals with multi-term expressions such as the square of the sum of two terms
(binomial square) and the difference of two squares identity. It then continues with a square root
calculation method based on the square of the sum of two terms identity (Figure 2). The power and root
table (Figure 3) transitions from squaring a number to taking its square root and from cubing a number to
taking its cube root, expanding this concept to graphic representation. The same book provides an
algebraic explanation for square and cube roots, albeit with incomplete definition sets. There are also
exercises related to the area of the square region with side length, the relationship between square root
and the Pythagorean theorem, and the relationship between square root and geometric mean under the
geometric tasks section.

Figure 2

Method of Square Root Calculation Based on Identity in the Seventh-Grade Mathematics Textbook from
1945 (Indian mathematician Aryabhata's square subtraction method (Agarwal & Agarwal, 2021))
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Figure 3

Power and Root Table in the Seventh-Grade Mathematics Textbook from 1945
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The 1950 textbook prepared according to the 1949 curriculum establishes the relationship between
the areas of square and right-angled triangular regions and their side lengths based on the Pythagorean
theorem in the section titled "square and square root" (Figure 4). Like the 1945 textbook, it transitions
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from squaring a number to taking its square root and presents a square root calculation method based on
the identity of squaring the sum of two terms. Unlike in 1945, the power chart is limited to perfect squares.
In the 1985 textbook prepared according to the 1977 curriculum, square root expressions are not treated
separately but are discussed within the context of non-rational numbers. In the textbook from 1993
prepared according to the 1990 curriculum, a similar sequence of topics to the 1985 book is followed, but
instead of "non-rational”, the term "irrational” is used. The textbook from 2005, prepared according to
the 1998 curriculum, follows a similar sequence of topics as in the books from 1985 and 1993. Starting
from the 2005 curriculum, square root expressions are not included in the seventh-grade textbooks.

Figure 4

The Relationship between Pythagorean Theorem and Square Roots in the Seventh-Grade Book from 1950
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Table 6 summarizes how square root expressions are treated in the instructional context in the
examined eighth-grade mathematics textbooks.
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Table 6

Specification Table for Square Root Expressions in Eighth-Grade Mathematics Textbooks

Topics 1974 1984 1989 1992 2005 2009 2019 2021a 2021b
Explaining irrational

numbers with examples such v v v v v

asv2,v3

Explaining the square root
algebraically

The square root of perfect
squares

Square root calculation
method based on identity
Multiplication of prime
factors and square rooting
The relationship between
the area of a quadratic area v v v v
and the side length

Approximate value of square

roots that are not perfect v v v
squares

Table 6 summarizes how square root expressions are addressed regarding their educational context
in the eighth grade and how they are prepared according to which curriculum is briefly described for each
textbook below.

The 1974 textbook, prepared according to the 1977 curriculum, has no separate section for square

root expressions. However, it provides examples of irrational numbers, such as V2 and /3, under the title
of irrational numbers. Similarly, the 1984 textbook follows a similar sequence and includes the algebraic

description of the square root concept (Figure 5) following examples of irrational numbers like V2 and
/3. However, the 1989 textbook differs because it presents the square root calculation method based on
the sum of the squares of two terms.

Figure 5
Algebraic Explanation of the Square Root Concept in the Eighth-Grade Mathematics Textbook of 1984
Genel olarak, karesi verilen bir b pozitif sayisina esit bir tek po-
zitif a sayis vardir, Yani, a* b (b 0) sartim gergekleyen, bir tek
a 0 sayisi vardir. Bu sayi, a \ b bigiminde yazilip; “‘a esit, kare-

kik b diye okunur.

The 1992 edition of the textbook, prepared according to the 1990 curriculum, presents examples of
irrational numbers such as V2 and v/3 under the title "irrational numbers" and separately introduces the
square roots of perfect square positive integers under the heading "taking the square root." Similar to
1989, it also presents the square root calculation method based on the square of the sum of two terms.

The book prepared in 2005 according to the 1998 curriculum explores the square roots of positive
whole numbers under the title of irrational numbers (\/Z V3, etc.), similar to the approach in the 1992
curriculum. Although the relationship between integer powers and the product of prime factors of a
number and the square root operation was first addressed in 2005, the method of calculating square roots
based on identities is also included in the book (Figure 6). Furthermore, this book puts more emphasis on
operations involving square root expressions.
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In the book prepared in 2009, according to the 2005 curriculum, under the title "square root numbers,"
the transition is made from calculating the side length of a square region using the square root operation
to the square root of positive perfect squares. Similar to 2005, a relationship is established between the
multiplication of a number's prime factors and the square root operation.

The book, prepared in 2019 according to the 2017 curriculum, lists factors and multiples, exponential
expressions, and square root expressions under "Numbers and Operations." In this unit, the calculation
of the side length from the area of a square region and an introduction to square root expressions are
covered. The square root of perfect square positive integers, the relationship between prime factors and
square roots of numbers, approximations of square roots for non-perfect square numbers, and operations

involving square root expressions are extensively covered in the book. A similar approach is also followed
in the books for the year 2021.

Figure 6
Square Root in Eighth-Grade Mathematics Textbook from 2005

KAREKOK ALMA
Asagidaki islemleri inceleyiniz.

12=1ise V1 =1 2=4ise V4 = 2, BF=9iseV9 = 3 tir
Karekok alma iglemi verilen sayinin hangi sayinin karesi oldugunu bulma islemidir.

V16 ifadesi, karesi 16 olan sayly! bulma islemidir.

Ji6 = Ja.4 = a2 =4, |64 = 8% =8 di.
81,100 dir

Karekéki Bir Tam Sayi Olan Sayinin Karekékiini Aima
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— = e 144 | 2
Jiad = 2t a2 = Jaz 32 —4.3=12 5|5
36 |2
18 |2
9(3
3|3
!
ORNEK
3969 say kar :
fe = Karekokii alinacak saytyi, sagdan sola dogru ikiger ikiser
V39 69 gruplara ayinnz.
{ k
_16 Soldaki grupta bulunan 39 dan kigk veya esit olacal
f 39 6 sekilde tam Kare olan en biyik sayiy: alinz. Bu sayl 6 dir. 6
b 32 i yi gekilde gorilen yere yazariz. 6, elde edilecek karekokun
0369 soldan ilk rakamidir. Bunun karesini, yani 36 yi soldaki ilk
gruptan gikannz. Ikinci gruptaki sayiys, yani 69 u asagiya
indiririz.
e {6 Yukarya yazdigimiz 6 sayisinin 2 katini aliriz
\‘3269‘6-27’12 (6 in 2 kati 12 dir). Sekilde gbrillen yere yazanz.
0369 l
o 63 12 nin sadina dyle bir rakam yazalim ki olugan sayty!
V3969 |6.2=12|123 yeni yazdigimiz sayiyla carptiq 369 veya 369 a en
-36 x 3 yakin bir sayi elde edelim. Bu rakam 3 tir.
0369 | 369 3 (i hem 12 nin yanina hem de gizginin {izerine yazanz.
- 369 | Elde ettigimiz 123 ( 3 ile garpar, garpimi 369 dan gikarir
000 Yukariya yazdigimiz 63, aradigimiz sayinin karekokiddr.

Oyleyse; 3969 = 63 olur.
Findings Regarding the Handling of Irrational Numbers in Instructional Context

When examining how the topic of purely irrational numbers is addressed in mathematics textbooks,
it is observed that there is no relevant information in the fifth-grade textbooks. In sixth-grade textbooks,
however, in some books (1932, 2019, 2021), it is mentioned that the approximate value of the ratio of the
circumference of a circle to its diameter is 22/7 or 3,14, which is called the 7 number (Figures 7 and 8).
On the other hand, in a sixth-grade textbook from 1977, it is stated that since 7 = 3,1415..., this number
does not have a repeating decimal expansion. Thus, it is a non-rational number.
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Figure 7

The = Number in the Sixth-Grade Mathematics Textbook from 1932

Herhangi bir daire Diger herhangi bir daire
" Bu dairenin kutru Bu dairenin kutru
= 2.2 dir.
Bu 7,2 nisbetine hususi bir isiom de verilmistir;

Hu isima (pi) dir ve yunanca o bharfile ifade olunur.

Su halde, daire muhiti ¢ ve kutru d ile g&steri-
lirse c: d = 7t yahut
c =—xd.
Ve mademki kutur masifkutrun iki mislidir,
c = 2 Jtr.

Gt igin 3.1416 adedi hakikate yakin bir takribi kiymet olarak kul-
laoihir; fakat aksi zikredilmedigi vakit 3 ! adedi kullamilmalidar.)

Figure 8
The = Number in the Sixth-Grade Mathematics Textbook from 2021

Bir cember ya da dairenin gevre uzunlugu, cap vzunluguna bélindiginde daima ayni sayiys
venr. Bu say pi olarak okunur ve “m" semboli ile gdsterilir.

1 sayisinin kesin degeri bilinmemekle birlikte hesaplamalarda kolaylk saglamasi amaciyla
degen 3, 27—2 yada 3,14 olarak alinabilir. Verilen érnek icensinde T sayisinin yaklasik ola-

rak hangi degerde alinacagi belirtilir.

Cemberin vzunlugu: ™ -cap =T R=m - 2r

A brief description is provided below for each textbook regarding how irrational numbers are
addressed in the educational context of seventh-grade mathematics textbooks, considering the
curriculum they were prepared according to.

In the 1945 textbook prepared according to the 1938 curriculum, irrational numbers are not
mentioned despite the calculation of approximate values of square roots and cube roots that are not
perfect squares or cubes. Similarly, in the textbook from 1950 prepared according to the 1949 curriculum,
although the approximate values of non-perfect square roots are calculated, there is no mention of
irrational numbers.

According to the curriculum of 1977, the 1985 textbook from addresses the concept of rational
numbers unit by starting with the question, "Can a natural number have a square of 2?" From this
question, approximate value calculations are made, and the graphical representation of this approximate
value on the number line is shown. It is stated that there is no rational number whose square is 2, and this
non-representable in fraction form number is denoted as V2, along with other numbers like V3, \/g, and
mis mentioned as irrational numbers (Figure 9).

According to the 1990 curriculum, the 1993 textbook addresses irrational (non-rational) numbers by
providing the approximate value of the number whose square is 2, denoting it as V2. Although it has a
representation on the number line, it is stated that it is irrational because it cannot be written as the ratio
of two integers; hence, numbers like V2,43, and  are mentioned as irrational numbers.

The textbook from the year 2005, prepared according to the curriculum of 1998, introduces the topic
of irrational numbers by stating that the square of a natural number whose square is 4 is 2, and the square
of a rational number whose squareis 1/9 is 1/3. It is mentioned that each number corresponds to a point
on the number line to begin the discussing the topic. Starting from the fact that the number whose square
is 2 is denoted as v/2, approximate value calculations are made, and it is stated that although this number
corresponds to a point on the number line, it is not rational and is named an irrational number. Since
irrational numbers are not included in the seventh-grade curriculum of 2005 and 2017, textbooks
prepared according to these curricula do not address irrational numbers.
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Figure 9

Irrational Numbers in the Seventh-Grade Mathematics Textbook from 1985
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ye esittir. Bir gemberin gevresinin ¢apina oram olan n sayisimn 3.1415
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3,1415 ve 3,1416 sayilannin goriintii noktalar1 arasndadir (2. gekil)

Bir rasyonel say: ile gosterilemeyen v/ 2, v/3, v/55..., n sa,
yilan gibi sayilara rasyonel olmayan sayilar denir.

Rasyonel sayilar ve rasyonel olmayan sayilarin olugturdugu kiimeyeq
gergek sayilar kiimesi diyoruz ve bunu G ile gosteriyoruz.

A brief description is provided below for each textbook regarding how irrational numbers are
addressed in the educational context of eighth-grade mathematics textbooks, considering the curriculum
they were prepared according to.

According to the 1977 curriculum, the 1974 textbook addresses irrational numbers in the unit of real
numbers by discussing how, although each rational number corresponds to a point on the number line,
the image points of rational numbers do not fill the number line. This leads to a transition to a new set of

numbers. In this context, the approximate value of the number whose square is 2 is calculated, and its
representation on the number line is provided.

The textbook from 1974, prepared according to the 1977 curriculum, transitions to a new set of
numbers in the unit on irrational numbers under the real numbers section. It mentions that although
every rational number corresponds to a point on the number line, the points representing rational
numbers do not fill the number line, introducing a new set of numbers. The approximate value and
representation on the number line of the number whose square is 2 are provided. It is stated that n = V2
in the equation n? = 2 and the fact that /2 is irrational, which is proven (Figure 10). In addition to the
information that numbers like V2, v/3, and 7 are irrational numbers, it is also mentioned that the set of

irrational numbers consists of numbers such as v/3 and —+/3, which satisfy the equation x2 — 3 = 0.
Similar topic sequences are followed in textbooks from 1984 and 1989 as well.
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Figure 10

Proof of the Irrationality of V2 inthe Eighth Grade Mathematics Textbook from 1984
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The textbook from 1992, prepared according to the curriculum of 1990, addresses irrational numbers
in the unit of real numbers by discussing that every decimal fraction is a rational number when expressed
as repeating decimals, and non-repeating decimal expansions are introduced as irrational numbers. Like
previous textbooks, it transitions from the approximate value of the number whose square is 2 to the
number v/2 and its representation on the number line. It is mentioned that the number v/2 is irrational
because it cannot be written in the form a/b (where a,b € Z, b # 0) as a rational number, but proof of
why it is not rational is not provided. The same sequence is followed in the 2005 textbook, prepared
according to the 1998 curriculum.

The textbook from the year 2009, prepared according to the curriculum of 2005, transitions to the
subheading "Square Roots of Numbers" under the unit "Probability, Statistics, and Numbers," and the
concept of square roots is introduced under the subset of real numbers. A note is added indicating that
the diagonal length of a square with a side length of 1 unit is irrational, leading into the topic. Without a
subheading, irrational numbers are introduced as numbers that cannot be written as the ratio of two
integers, and the conversion of repeating decimals to fractions is discussed. Since repeating decimals can
be expressed as the ratio of two integers, they are emphasized as rational numbers. From this emphasis,
it is stated that non-repeating decimal representations cannot be written as the ratio of two integers,

hence, they are irrational (Figure 11), and examples such as V17 and m are discussed.
Figure 11
Irrational Numbers in the Eighth-Grade Mathematics Textbook from 2009

Asagidaki sayilardan hangilerinin irrasyonel sayi oldugunu belirleyelim.
a) -4,33... devirli ondalik kesrini iki tam sayinin orani olarak yazabiliriz.
Aradigimiz oran x olsun,

x=4,333... olur.

Devreden 3 sayisini yok edebilmek igin esitligin her iki tarafini 10 ile garpalim:
10x=43,333..

Bu iki esitligi taraf tarafa gikaralim

10x= 43,333..

4,333... devirli ondalik kesri, iki tam sayinin orani olarak % seklinde yazilabildiginden
rasyonel sayidir.

) 2,01020301... seklinde sonsuza kadar dizensiz bir sekilde devam eden sayilar iki tam
sayinin orani seklinde yazilamaz. Dolayisiyla bu say irrasyonel sayidir.

In the textbooks for the years 2019 and 2021 prepared according to the 2017 curriculum, learning
areas are used instead of unit names, and in the "Numbers and Operations" learning area, there is a
transition from exponential expressions to square root expressions, and under the square root
expressions sub-learning area, the topic of real numbers is addressed. Although similar topic sequences
are followed in these textbooks, differences are observed regarding introductory examples for the topics.
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For example, in the 2019 textbook, the decimal expansions of V2 and V/5 are questioned as to whether
they can be written as rational numbers, and the discussion begins with this topic. Examples are given
regarding writing finite and repeating decimal representations in rational number form, stating that each
decimal representation can be written as a/b (a,b € Z,b # 0) form, representing a rational number. It
is also mentioned that numbers like v/3 and v/11 do not have repeating decimal expansions, so they
cannot be written as rational numbers (a/b). Since the square roots of non-perfect square numbers
cannot be written as the ratio of two integers, they are also not rational. As a result, information about
real numbers that are not rational numbers, such as irrational numbers, is included. In the 2021 textbook,
the introduction to real numbers begins by explaining that m is the ratio of a circle's circumference to its
diameter, and approximately the first 100 digits of this ratio's decimal expansion are provided. Emphasis
is placed on rational numbers written in the form a/b, and examples of rational numbers in different
representation forms such as 7, (2,5), V36, and (4,12) are given. It is stated that numbers that cannot be
written as the ratio of two integers are irrational, and a transition is made to the non-repeating decimal
representations of numbers such as 137 and —/30. In the 2021b textbook under the title "Irrational
Numbers and Real Numbers," the discussion begins by questioning whether the diagonal length of a
square with integer side lengths will be a rational number. Examples are given on converting repeating
decimal representations to rational numbers (a/b), and it is mentioned that rational numbers are
numbers written in the form a/b. In contrast, irrational numbers cannot be written in the form a/b.
Starting from the emphasis that although the decimal representation or repeating decimal representation
of every rational number can be written, not every decimal representation can be written as a rational
number, it is stated that numbers like 7, /3, and v/5 are not rational numbers because their decimal parts
do not continue in a specific order. Furthermore, it is explained that square roots with perfect square
interiors are rational numbers, while those with non-perfect square interiors are irrational numbers.

Discussion and Conclusion

This research analyzed how irrational numbers and expressions involving square roots have been
addressed in middle school mathematics textbooks throughout the history of the Republic of Turkiye.
Despite the existence of textbook analysis studies focusing on the concept of irrational numbers (for
example, Gonzalez-Martin et al., 2013), no systematic study has been encountered both at the middle
school level and in the national literature. Therefore, this study highlights the mathematical content in
school textbooks regarding teaching irrational numbers. It explores how these concepts are presented in
terms of topic sequences, how they are defined, which representation forms are used, how they are
interconnected, and which numerical examples are discussed. Combining the study results with research
findings on why students struggle to learn the concept can guide the design of teaching activities and the
selection of teaching methods. It can also contribute to the improvement process of textbooks and
curriculum development.

According to the findings of the research, irrational numbers are not mentioned in fifth-grade
textbooks. In some sixth-grade textbooks, only the number 7 is discussed due to its association with
circles. There has been no mention of irrational numbers in seventh-grade textbooks for approximately
the last ten years. Moreover, in eighth grade, different topic sequences have been followed over the years
in introducing the concept of irrational numbers. When examining the mathematics curricula of different
countries, the introduction to expressions involving square roots and the concept of irrational numbers
occurs in eighth grade in some countries such as the United States (CCSSI, 2010), Australia (ACARA, 2022),
and Canada (OME, 2020). However, comparative textbook analyses must clarify which topic sequences
are followed when structuring the concept.

Based on the study data, Figure 12 diagrams the change in flow that followed the introduction of the
concept of irrational numbers in seventh—and eighth-grade textbooks prepared according to the
curriculum of the same years.
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Figure 12

The Topic Sequence of the Concept of Irrational Numbers in Textbooks Prepared According to
Curriculum of the Same Years

1977 6gretim program 1990 6gretim programi 1998 dgretim program 2005 égretim programi 2017 bgretim program

7. Sumfl

@ Karesi 2 olan dogal
sayinin yaklagik
degerini hesaplama

@ Rasyonel olmayan
sayilar karekok2,
karekok3 gibi orneklerle
aciklama

Karesi 2 olan dogal
sayinin yaklagik
degerini hesaplama

Karekok2 sayisinin
rasyonel olmadiinin
kaniti

Irrasyonel sayilan
karekok2, karekok3 gibi
orneklerle agiklama

Karekokl cebirsel
olarak aciklama

Tam karelerin karekoka

Ozdeslige dayanan
karekok hesaplama
yontemi

@ Karesi 2 olan dogal
sayinin yaklasik degerini
hesaplama

@ ki tam sayinin oran
olmayan sayilar
anlaminda irrasyonel
sayilar

@ Irrasyonel sayilan
karekok2, karekok3 gibi
srneklerle agiklama

Devirli olmayan ondalik
agilim olarak irrasyonel
sayilar

Karesi 2 olan dogal
sayinin yaklagik degerini
hesaplama

Kesir olarak yazlamayan
sayilar olarak irrasyonel
sayilar

Irrasyonel s
karekok2, karekok3 gibi
srneklerle agiklama

lari

Tam karelerin karekoki

Ozdeglige dayanan
karekok hesaplama
yontemi

® Karesi 2 olan dogal
sayinin yaklagik
degerini hesaplama

@ Irrasyonel sayilan
karekok2, karekok3 gibi
orneklerle agiklama

Devirli olmayan ondalik
agilim olarak irrasyonel
sayilar

Karesi 2 ofan dogal
sayinin yaklagik
degerini hesaplama

Kesir olarak
yazilamayan sayilar
olarak irrasyonel sayilar

Irrasyonel sayilan
karekok2, karekok3 gibi
orneklerle agiklama

Tam karelerin karekoki
Asal carpanlarin

carpimi ve karekdk
alma iglemi

Karesel blgenin alani
ile bir kenar uzunlugu
arasindaki iligki

Tam karelerin karekokd

Tam kare olmayan
karekoklerin yaklagik
degeri

Asal garpanlarin
carpimi ve karekok
alma iglemi

Birim karenin késegen
uzunlugunun rasyonel
olmamasi

Iki tam sayinin orani
olmayan sayilar
anlaminda irrasyonel
sayilar

Karesel bélgenin alan
ile bir kenar uzunlugu
arasindaki iligki

Tam karelerin karek6ko

Asal carpanlarin
carpimi ve karekok
alma iglemi

Tam kare olmayan
karekoklerin yaklagik
degeri

Devirli olmayan ondalik
acilim olarak irrasyonel
sayilar

Iki tam sayinin orani
olmayan sayilar
anlaminda irrasyonel

the

3 sayilar
Ozdeslige dayanan Devirli olmayan ondalik 2

karekok hesaplama agilim olarak irrasyonel
yontemi sayilar

Considering the research findings and Figure 12, notable points can be summarized in five main points.
The first point is that until the 2005 curriculum, irrational numbers were discussed primarily in the context
of \/2. However, starting in 2005, different examples of irrational numbers in the form of square root
expressions were introduced. Sirotic and Zazkis (2007b) have mentioned the adverse effects of the
predominant use of specific numerical examples in introducing the concept of irrational numbers. From
another perspective, the mathematical definition of irrational numbers relies on the concept of real
numbers using Dedekind cuts or Cauchy sequences (Argiin et al., 2014). However, especially for middle
school students, specific representations is distinctive (Zazkis, 2005). Since one of the most fundamental
representations of irrational numbers is square roots, it is appropriate and expected that the transition to
the concept of irrational numbers is made through square roots. However, how the topic sequence is
structured is crucial. Since 2005, the topic sequence followed in teaching square root expressions involves
the relationship between the square root of perfect squares, the approximate value of square roots of
non-perfect squares, and the process of taking square roots using prime factorization. This approach is
recommended for square root expressions (Wiesman, 2015). However, since 1990, the introduction of
irrational numbers has shifted emphasis from just square roots to non-repeating decimal representations,
numbers that cannot be written as fractions, and numbers that are not the ratio of two integers.
Representations that reveal the properties of numbers and the ability to transition between these
representations are indicators of conceptual understanding and are also the goal of teaching (Zazkis,
2005). One of the specific aims of middle school mathematics education is "to express concepts in different
representation forms (MoNE, 2018)." However, it is observed that in textbooks, the transitions between
representations are unclear; they are introduced as separate topic fragments, and statements such as
square root numbers are perceived as separate numbers. This situation may result in learners not being
aware of the equivalence of different representations of a number, the representation form determining
the nature of the number (such as if it is a square root, it is irrational, or if it is decimal, it is rational), or
perceiving different representations as different numbers (Cevikbas & Argilin, 2017; Guven et al., 2011;
Voskoglou & Kosyvas, 2012). On the other hand, Crisan (2014) mentions that the concept of square root
is not consistently presented in terms of symbols and presentation format in school mathematics
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textbooks. This situation is exemplified by the fact that in an eighth-grade textbook from 1974, the roots
of the equation x? — 3 = 0 were discussed, introducing the set of irrational numbers. However, the focus
was only on the positive root in subsequent years. Another example is the square root calculation method
based on identity in textbooks until 2005 (Figure 2). Examining and conducting comparative analyses of
official middle school mathematics textbooks used in different countries would be beneficial to clarify this
situation. Finally, irrational numbers are described with negative statements such as "non-rational
numbers," "numbers with non-repeating decimal representations," or "numbers that cannot be written
as fractions." As can be directly understood from these statements, students need to have an excellent
understanding of rational numbers to comprehend irrational numbers. Indeed, one of the reasons
learners struggle with irrational numbers is the deficiencies in their understanding of rational numbers
(Voskoglou & Kosyvas, 2012). In this context, focusing on improving textbooks by examining them
specifically in terms of rational numbers can contribute to mathematics education.

The second noteworthy point highlighted by Figure 12 is that in some textbooks examined, especially
those from the years 1945 and 1950, due to the historical context of irrational numbers being a
consequence of calculating the diagonal length of a unit square, a transition is made from squaring to
square roots through the Pythagorean relationship. Indeed, according to Arcavi et al. (1987), the historical
origin of irrational numbers and their unique connection with geometry can help in a more meaningful
learning of irrational numbers. Similarly, Sirotic and Zazkis (2007a) and Shiver and Klosterman (2022) also
recommend using the Pythagorean relationship to teach irrational numbers with a geometric
representation. The mathematics curriculum presents square root expressions and the Pythagorean
relationship in separate units. However, due to their close relationship, designing teaching methods that
integrate these two topics could be more beneficial.

The third point relates to the approach followed in providing concept definitions. Although the
algebraic definition of the square root concept (Figure 5) was included in the eighth-grade textbook from
1984, explanations regarding how to take square roots have been provided in textbooks since the 1990
curriculum. This situation raises the question of how a mathematical concept can be defined by building
upon students' existing knowledge and understanding without losing its meaning (Cakiroglu, 2013). In the
constructivist learning theory, individuals construct knowledge based on familiar concepts and establish
connections among them. Therefore, the definition of a new concept should be pedagogically appropriate
and mainly include concepts that the individual already knows. In other words, the definition of
mathematical concepts in teaching should be mathematically accurate and pedagogically appropriate
(Winicki-Landman & Leikin, 2000). The algebraic definition of the square root concept presented in eighth
grade is mathematically accurate. However, it is not a suitable definition based on students’ prior
knowledge at that level. Indeed, after 1990, an approach based on operational understanding is used, and
an explanation based on taking square roots was provided.

The fourth point is that while some eighth-grade textbooks used to include a proof of why V2 is
irrational (Figure 10), this approach has been abandoned since 1990. This situation raises the issue of at
what level mathematical proof should be included in middle school education. When relevant literature
is examined, reasoning and proof concepts are encountered, and a process from reasoning to proof is
explained (NCTM, 2000; Stylianides, 2008). "When mathematical proof is defined as a formal way of
expressing certain types of reasoning and validation (NCTM, 2000)," it can be said that mathematical proof
requires reasoning skills (Kuchemann & Hoyles, 2009). Since students do not always have the
mathematical knowledge they need, such as reasons or counterexamples, to refute an assumption, how
assumptions are expressed varies at each grade level. For example, elementary school students can
describe their thoughts in their own words and often use concrete materials. As students progress through
grade levels, they are expected to learn to deal with increasing complexity, investigate assumptions, and
formulate them using mathematical representations and symbols (NCTM, 2000). Therefore, while proof
is a very challenging area even for mathematics undergraduate students (Bieda, 2010), it is not expected
for middle school students to fully comprehend the formal proof of why v/2 is irrational. In other words,

for students to comprehend the proof of why /2 is irrational, they need to have specific skills, such as
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manipulating mathematical symbols, solving equations, etc., at a specific level. Therefore, in middle
school, reasoning skills are emphasized over proof, as students may not have the skills to understand
formal proofs. Furthermore, the shift in approach regarding the proof of why V2isirrational, moving away
from it after 1990, indicates a shift towards helping students transition from existing knowledge to new
knowledge, reflecting the influence of the adopted learning theory in the curriculum.

The fifth point is the presence of mathematical errors in some textbooks. For example, the 2019
eighth-grade textbook states that every decimal representation can be written in the form a/b (where
a,b € Z,b # 0). However, non-repeating decimal representations cannot be written in the form a/b.
Indeed, the 2021b textbook emphasizes that not every decimal representation is a rational number.
Identifying such errors requires experts in the field to review textbooks and make necessary corrections.
This highlights the importance of who should be writing mathematics textbooks and the need for expert
oversight in textbook creation. Additionally, textbooks should be prepared "within the framework of any
education and training program (MoNE, 2021, October 14)," yet this study’s findings suggest that some
textbooks may have influenced subsequent education programs. Furthermore, even textbooks prepared
according to the same curriculum may exhibit some differences, as observed in this study.

When these five points are considered together, it can be observed that there have been minor
changes in the presentation of the concept of irrational numbers in mathematics education programs
throughout the history of the Republic of Tirkiye, with significant changes starting around 1990 and
especially in 2005. The reason for this may be attributed to the "National Education Development
Project," which is considered a turning point in the history of the Turkish education system and was
supported by the World Bank in the early 1990s, leading to curriculum development efforts in
collaboration between the Ministry of National Education and academics (Argln et al., 2010). Additionally,
the adoption of behaviorist learning theory before 2005 and constructivist learning theory after 2005 has
influenced the presentation of concepts due to the differing perspectives of these two theories on
knowledge. Behaviorism emphasizes that knowledge presented by teachers and textbooks is definitive,
accurate, and absolute, while constructivism emphasizes that knowledge is constructed by the individual
through a process over time (Oral, 2019). For example, in 1945, there was an emphasis on the algebraic
definition of the square root concept; recent years have highlighted how the square root operation is
performed. Similarly, in recent years, the introduction of irrational numbers leveraging representation
formats based on students' prior learning reflects the traces of constructivist learning theory.

In conclusion, the teaching theory adopted in mathematics education programs directly influences
textbooks and thus has the potential to impact classroom teaching significantly. Despite the historical
context of presenting irrational numbers in education through different approaches, areas still need to be
emphasized. Research should focus on approaches that can better help students understand the concept,
and these changes need to be reflected in both the curriculum and textbooks. The historical accumulation
created by past practices will pave the way for new approaches or ideas for change to emerge.

Recommendations
Based on the results of the research, the following recommendations can be made:

The study examined the progression from square root expressions to irrational numbers in
mathematics textbooks. Studies focusing on the transition from fractions to decimal representation and
from rational numbers to irrational numbers, particularly clarifying the concept of "numbers that cannot
be written as fractions," can be conducted to illuminate the teaching of irrational numbers.

The dominant educational approach in the Republic’s early years was based on nationalism with a
cultural foundation. In contrast, in the early 1940s, an educational approach based on humanism and
materialism began to be adopted. This situation is a turning point in Tlrkiye's national education policies
(Budak, 2003). In the context of the current research, the 1932 sixth-grade textbook prepared according
to the 1931 mathematics curriculum, published in the early years of the Republic, and notably different
in content from its counterparts, should be separately analyzed. Examining this textbook compared to its
era and in the light of today's educational perspectives will contribute to our national education history.
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Fan (2013) emphasized document analysis in research on mathematics textbooks, indicating that new
methods in this field will advance textbook research (Fan et al., 2013). Notably, research designed to
answer causal questions about how mathematical topics are addressed and which methods are more
effective can provide evidence-based answers. In other words, as mentioned in Glasnovi¢ Gracin's (2014)
study, in order to draw a complete picture of the role of textbooks in mathematics education, research
results are needed on how these books are used in the classroom and the methods teachers employ when
using these books.
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Tiirkge Siirimui

Giris

Sayl kavraminin rasyonel sayilardan gercel sayilara genisletilebilmesi icin irrasyonel sayilarin
anlasilmasina ihtiyag oldugu gibi her genislemede yeni kurallarin kabul edilmesi ve yeni bir bakis agisinin
benimsenmesi gerekir (Merenluoto & Lehtinen, 2002). Ozelde irrasyonel sayilar, genelde gercel sayilar
hakkinda derin bir bilgiye sahip olmak hem matematigin temellerini anlamak hem de € — § tanimlari, limit,
sureklilik, turev gibi bircok temel kalkilis kavrami igin gerekli bir kosuldur (Rizos & Adam, 2022). Ancak
ogrencilerin veya 0gretmenlerin irrasyonel sayilara yonelik mevcut bilgilerine odaklanan galismalarin
sonuglariincelendiginde bazi sorunlarin varligi 6n plandadir. Ornegin; Sirotic ve Zazkis (2007b) ortadgretim
matematik 6gretmen adaylarinin irrasyonel sayi anlayiglarina odaklandigi ¢alismasinda, adaylarin sezgileri
ile bicimsel ve algoritmik bilgileri arasinda tutarsizlik oldugunu ve sinirli 6rneklerin 6tesindeki irrasyonel
sayllarin varhigindan haberdar olmadiklarini belirlemistir. Cevikbas ve Argin (2017) ortadgretim
matematik 6gretmen adaylarinin rasyonel ve irrasyonel sayilari nasil tanimladigi Uzerine yaptig
¢alismasinda adaylarin sayilari ayirt etmede basarili olmadigi, bir sayinin farkli temsillerinin denkliginin
farkinda olmadigi, gdsterim biciminin sayinin karakterini belirledigi, farkh gésterimlerin farkl sayilar olarak
algilandigi gibi sonuglar elde etmistir. Kidron (2018) lise 6grencilerinin irrasyonel sayilarin varligi sorununu
ele aldigi calismasinda, 6grencilerin her sayinin her zaman iki sayinin bélinmesiyle elde edildigi ve sonsuz
saylida basamagi olan bir sayinin sayl dogrusunda temsil edilemeyecegi gibi hatal fikirler tespit etmistir.
Matematikgilerin yizyillarca sliren galismalarinin bir Grlini olan irrasyonel sayilar, 6grencilerin birkag
derste 6grenebilecegi bir kavram olmadigi gibi (Sirotic & Zazkis, 2007a) 6grenme siirecinde en c¢ok
zorlanilan sayi kiimelerindendir (Arbour, 2012; Patel & Varma, 2018). Zorluklarin nedenleri kavramin
dogasindan (Sirotic & Zazkis, 2007a, 2007b), rasyonel sayi kavrayisindan (Voskoglou & Kosyvas, 2012), bazi
irrasyonel sayilarin rasyonel yaklasimlarindan (Zazkis & Sirotic, 2010), sayilarin farkli gosterim
bigcimlerinden (Cevikbas & Arglin, 2017; Guven vd., 2011; Voskoglou & Kosyvas, 2012) veya matematik
o6gretim programi ve ders kitaplarindan (Erdem Uzun & Dost, 2023) kaynaklanabilmektedir. Matematigin
ogrencilere aktarilmasi sirecinde bazi zorluklar yasanabilecegi kabul gérmesine ragmen 6gretim
programlarinda matematigin kati hiyerarsisi ile sayi sisteminin tutarli bir ¢erceve icerisinde sunulmasi
gerekir (Fischbein vd., 1995). Aksi takdirde irrasyonel sayilari gercel sayilarin bir Uyesi olarak
icsellestiremeyen 6grenciler, irrasyonel ve karmasik sayilar arasindaki farklari bile ayirt etmekte gtiglik
yasamaktadir (Guven vd., 2011).

Sayi kiimeleri ve lzerinde tanimlanan islemler ortaokul matematik 6gretim programlarinda temel bir
yere sahiptir. Buna ragmen ilgili ulusal alan yazin incelendiginde irrasyonel sayi 6gretiminde matematik
6gretim programi ve bunun bir yansimasi olan ders kitaplarindan kaynakl bazi aksakliklar oldugu
raporlanmistir. Ornegin; goésterimler arasi iliskinin net olmamasi (Bakir, 2011), m sayisinin rasyonel

22 .
yaklasimlarinin kullanilmasi sonucu Ve 3,14 sayilarinin irrasyonel olarak algilanmasi (Tavsan & Pusmaz,

2020), irrasyonel sayilarin karekokli ifadeler konusunun ardindan 6gretilmesi (Adiglizel, 2013), karekokli
ifadelere daha fazla odaklanilmasi (Leylek, 2020), irrasyonel sayilara ayrilan sirenin az olmasi (Cevikbas &
Argiin, 2017), kavramlar arasi gegiste 6grencilerin 6n bilgilerinin géz ardi edilmesi (Leylek, 2020) gibi
nedenlerin irrasyonel sayi kavraminin 6grenimi ve égretimini zorlastirdigi gériilmektedir. Ogretmenler icin
ders kitaplari temel bir kaynaktir (Gonzdlez-Martin vd., 2013). Dolayisiyla mevcut ders kitaplarini
incelemek ve iyilestirme lzerine odaklanmak, 6grencilerin 6grenme zorluklarini ele almanin yollarindan
biridir (Hong & Runnalls, 2020). Kitaplarda yer alan matematiksel icerik 6gretmen, 6grenci ve mifredat
kaynaklariile iliski icerisinde olmasi gerektiginden ders kitaplari 6gretim programlarinin uygulanabilirligini
saglayan en 6nemli araglardandir. Matematik ders kitaplari, matematiksel bilgi saglayan, 6grenmeyi ve
ogretimi destekleyen, resmi olarak onaylanan ve pedagojik olarak tasarlanan kitaplardir (Glasnovi¢ Gracin,
2014; Rezat vd., 2021).

108



Erdem Uzun & Dost — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(3), 2024, 87-130

Tim diinyada matematik egitiminde yaygin olarak kullanilmasindan dolayr matematik ders kitaplarinin
Ogretimsel baglamda igerigini arastirma gerekliligi ortaya ¢ikmis (Glasnovi¢ Gracin, 2014) ve son yillarda
uluslararasi matematik egitimi arastirma toplulugunun ilgisini ceken okul ders kitaplari, bir arastirma alani
olarak gorilmeye baslanmistir (Fan, 2013). Bu arastirmalarda en ¢ok sayilar ve islemler konusuna
deginilmesine (Chang & Silalahi, 2017) ragmen 6zellikle irrasyonel sayilar konusuna yonelik ¢alismalar
oldukga azdir. Gonzalez-Martin ve digerleri (2013) Brezilya devlet ortadgretim okullarinda kullanilan ders
kitaplarinda irrasyonel ve gergel sayilarin nasil tanitildigini inceledigi ¢alismasinda irrasyonel sayi
kavraminin genellikle ondalik gosterim 0zelinde ele alindig, bircok ortik varsayim oldugu,
gerekgelendirmelerin sadece Orneklere dayandigl, “yeni” sayilarin tanitilmasi icin gerekliligin
vurgulanmadigi gibi bulgular elde etmistir. Calismada bir dizi kural sunumunun 6grencilerin gergel say!
o6grenmesine katki sunmadigi ve ilkdgretimde gergel sayilara verilen 6nem az olmasina ragmen limit, tirev
gibi ileri konular 6gretildiginde iyi anlasilacaklarina dair bir varsayimin oldugu sonucuna varmistir.
Tirkiye'de ise matematik ders kitaplarinda irrasyonel sayilar kavramina yénelik sistematik bir arastirma
yapilmadigindan (Erdem-Uzun & Dost, 2023) mevcut calisma, irrasyonel sayi kavraminin 6gretimine
yonelik yeni yaklagimlar arayisi icin gegmis tecriibelerden faydalanmak ve tarihsel birikimden elde edilen
¢ikarimlarla yeni 6gretimsel fikirler elde etmek bakimindan énemlidir.

Tirkiye’de merkezi bir yapiya sahip olan egitim sisteminde, ulusal bir matematik 6gretim programi ve
belirli yillar icin Millt Egitim Bakanligi (MEB) Talim ve Terbiye Kurulu Baskanligi (TTKB) tarafindan onaylanan
matematik ders kitaplari bulunmaktadir. Bununla birlikte Tiirkiye’de ilkogretim, ilkokul ile ortaokul olmak
Uzere iki kademeden olusmakta olup 2012 yili itibariyle ilkokul 1, 2, 3 ve 4. siniflari ve ortaokul 5, 6, 7 ve
8. siniflari kapsamaktadir. Bu g¢alismada, Tirkiye’de Cumhuriyet tarihi boyunca ortaokul matematik ders
kitaplarinda irrasyonel sayr kavraminin 6gretimsel baglamda nasil ele alindigini incelemek
amagclandigindan dncelikle matematik 6gretim programlari goéz 6niine alinmistir. Cumhuriyet’in ilanindan
(1923) bu yana 1926, 1931, 1938, 1949, 1977, 1990, 1998, 2005, 2013 ve 2017 yillarinda ortaokul (6., 7.
ve 8. sinif) matematik 6gretimi programlarinda ve 2012 yilina kadar ilkokul biinyesinde yer alan besinci
sinif matematik 6gretim programlari 1926, 1936, 1948, 1968, 1983, 1990, 1998, 2005, 2013 ve 2017
yillarinda degismistir (Ozmantar vd., 2020). 2017 yilinda uygulamaya konulan mevcut dgretim programi
kazanimlarinda karekokli ifadelerden irrasyonel sayi kavramina dogru bir 6gretim sirasi takip edildiginden
(MEB, 2018) arastirma sorulari su sekildedir:

1) Cumhuriyet tarihi boyunca ortaokul matematik ders kitaplarinda karekoklu ifadeler 6gretimsel
baglamda nasil ele alinmigtir?

2) Cumbhuriyet tarihi boyunca ortaokul matematik ders kitaplarinda irrasyonel sayi kavrami
ogretimsel baglamda nasil ele alinmistir?

Yontem

irrasyonel sayi kavraminin ders kitaplarinda égretimsel baglamda nasil ele alindiginin tarihsel bir
incelemesini yapmayil amagclayan bu g¢alismada, “nasil” sorusunun 6n planda oldugu nitel arastirma
turlerinden belge (dokiiman) analizi yontemi (Bowen, 2009) kullaniimistir. Metin iceren herhangi bir
belgeyi (Patton, 2015), gozden gecirmek veya degerlendirmek igin sistematik bir prosediir olan belge
analizi yontemi (Bowen, 2009), alanyazinda “degerli bir arastirma yontemi (Merriam & Tisdell, 2016;
Morgan, 2022)” olarak tanimlanmaktadir.

Veri Toplama Siireci

Arastirmanin verileri MEB Talim ve Terbiye Kurulu Baskanhgi blinyesindeki Ferit Ragip Tuncor Arsiv ve
Dokiimantasyon Kiitliphanesinden elde edilmistir. S6z konusu kitliphane, MEB derleme memuru olarak
gorev yapan Ferit Ragip Tuncor’un bireysel ¢abalari dogrultusunda depolarda daginik sekilde bulunan
eserlerin derlenip toplanmasi ile olusturulmustur (MEB, 2023). Millt Egitim Yayinlarina ait eserlerin yer
aldig1 katuphane, Turk egitim tarihi agisindan 6nemli bir koleksiyona sahip (MEB, 2023) olmasina ragmen
bazi yillara ait eserlere cgesitli nedenlerle (sistematik derleme yapilmamasi, belirli yayinevlerine ait
eserlerin kullaniminin yasaklanmasi gibi) erisilememektedir. Nitekim bu ¢alismanin veri toplama slirecinde
1926 ve 2013 yillari 6gretim programina gore hazirlanan hicbir ders kitabina ulasilamamis olup 5. siniflarda
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1936, 1948, 1983, 1998, 7. siniflarda 1931 ve 8. siniflarda 1931, 1938, 1949 yillarina ait ders kitaplari da
bahsedilen sebeplerden dolayl elde edilememistir. Kullanimda olan matematik ders kitaplarina iligkin
bilgiler ise MEB’e bagli Egitim Bilisim Ag’'ndan (EBA) temin edilmistir. Toplanan veriler kamuya agik
belgeler (izerinden elde edildiginden mevcut calisma, etik kurul izni gerektirmeyen c¢alismalar
grubundadir.

Tirkiye'de 1928 yilinda Arap alfabesi kaldirilarak yerine yeni Tirk alfabesi kabul edilmistir. Dolayisiyla
bu ¢alismada yeni Tirk alfabesine gore yazilan 1928 yili sonrasi matematik ders kitaplarina odaklanilimis
olup bu durum ayni zamanda ¢alismanin bir sinirlili§idir. Belge analizi yapilmak lizere toplam 37 adet
matematik ders kitabi belirlenmis ve her bir kitabin hangi yilin matematik 6gretim programina ait oldugu
hem basim yili ve baski sayisi hem de 6gretim programlari ile uyumlari dogrultusunda kontrol edilmistir.
Bazi yillara ait ders kitaplari ayni oldugundan bir sayilmis ve veri analizinde daha giincel tarihli olan
calismaya dahil edilmistir. 1972, 1973 ve 1974 yillarina ait kitaplarin doneminin 6gretim programindan
ziyade 1977 yili 68retim programina gore hazirlandigi géralmustir. 2018, 2019, 2021 ve 2022 basim yilina
sahip kitaplar halen MEB tarafindan onaylanmis ders kitabi olarak kullaniimaktadir.

Calismaya dahil edilen 5. sinif matematik ders kitaplarina iliskin bilgiler Tablo 1’de verilmis ve toplam
yedi adet kitap veri olarak kabul edilmistir. 6. sinif matematik ders kitaplarina iliskin bilgiler Tablo 2’de
verilmis ve toplam on iki adet kitap veri olarak kabul edilmistir. 1937 — 1938 — 1945, 1981 — 1984 — 1985,
1987 — 1988, 1991 — 1992 ve 2003 — 2005 yillarina ait kitaplar ayni oldugundan bir sayilmistir. 7. sinif
matematik ders kitaplarina iliskin bilgiler Tablo 3’te verilmis ve toplam dokuz adet kitap veri olarak kabul
edilmistir. 1936 — 1937 — 1938 — 1941 — 1945, 1972 — 1973 — 1985, 1992 — 1993, 2003 — 2005 ve 2009 —
2011 basim yillarina sahip kitaplar ayni oldugundan bir sayilmistir. 8. sinif matematik ders kitaplarina iliskin
bilgiler ise Tablo 4’te verilmis olup toplam dokuz adet kitap veri olarak kabul edilmistir. 1973 — 1974 ve
1978 — 1980 — 1984 basim yilina sahip kitaplar ayni oldugundan bir sayilmistir.

Tablo 7

5. Sinif Matematik Ders Kitaplarina liskin Bilgiler

Ogretim Ders Kitabinin Adi Basim Basim Evi Yazarlar
Programi Yih
Mill Egitim . .. .
ilkokul Matematik Sinif 5 1977 Basimevi — Stleyman Kara“goz, Nevin
. Karagoz
1968 Istanbul
ilkokullar icin Matematik Millt Egitim Osman Kirbag, Hlseyin
¢ 1980 Basimevi — » ¥
5 - Basaran
Istanbul
Mill Egitim . e
1990 ilkokul Matematik 5 1992 Basimevi — Selahattln‘Mey'darl, A“ sait
. Karatas, Ismail Glimisel
Istanbul
ilkdgretim Matematik 5 Saray Seref Aktas, Orhan Cimen
ere 2009 Matbaacilik — a5 . ’
Ders kitabi Emel Glinhan, Arif Orug
Ankara
2005 S .
lIkogretim Matematik 5 Zeynep Feryal Oztiirk, Erkan
Ders ve Ogrenci Calisma 2011 Semih Ofset K\i/ : Ersu g)zta Arif’Oru
Kitabi (1. Kitap) 3 ¥ ¢
Ortaokul ve imam Hatip Caglayan Hayriye Ciritcl, ilker Génen,
Ortaokulu Matematik 2021 Matbaga\5|y— izmir Dilara Arag, Murat Ozarslan,
5017 Ders Kitabi 5 Nese Pekcan, Meltem Sahin
Ortaokul ve imam Hatip Ozgiin
Ortaokulu Matematik 2022 Matbaacilik — Gilgin Goksulik
Ders Kitabi 5. Sinif Ankara
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6. Sinif Matematik Ders Kitaplarina lliskin Bilgiler

Ogretim Ders Kitabinin Adi Basim Basim Evi Yazarlar
Programi Yih
Orta Mektep Devlet
1931 Riyaziye Dersleri 1. 1932 Matbaasi —
Kitap istanbul
Ortaokul Kitaplari Tarkiye
Riyaziye Dersleri 1937 Basimevi — Komisyon
Hesap 1 istanbul
Ortaokul Kitaplari Devlet
1938 Matematik dersleri 1938 Basimevi —
Aritmetik 1 istanbul
Ortaokul Kitaplari MillT Egitim
Matematik Dersleri 1945 Basimevi — Fazil Say, Lutfi Atalik, Serif inan
1 istanbul
. Milli Egitim
Ortaokullar igin .
1949 Matematik Cilt 2 1972 B§S|meV| -
Istanbul
Ortaokullar icin MillT Egitim School Mathematics Study Group
1977 Matematik 19 1973 Basimevi — (SMSC) — Stanford Universitesi, ABD
istanbul Ceviren: Mehmet Giirkan
Matematik Milli Eglt!m Tahsin .Pellt, .Seyfe.ttln Aydln, Abdullah
1949 1977 Basimevi — Demiralp, Ibrahim Bagis, Mehmet
Ortaokul 1 : .
Istanbul Glrkan
. Emel
Matematik 1981 Matbaacilik —
Ortaokul 1
Ankara L
Milli Egitim Osman Kirbas, Hiiseyin Basaran
Ortaokul 1984 & .
Matematik 1 Bgsmew B
1977 1985 Istanbul
1987 Dogan Ozdogru, Serafettin
Milll Egitim Devecioglu, Ali Unal, Menduh Ulusoy,
Ortaokul . . .
Matematik 1 1988 Basimevi — Zakir Dogan, Mustafa Yildirim, Hasan
istanbul Has, Hasan Kole, Riza Sahin, Memduh
Akkus
Milli Egiti
Ortaokul 1991 e8! !m Ristem Kaya, Remzi Altinordu, Arif
1990 Matematik 1 Basimevi - Bayramba
1992 istanbul y :
Milli Egitim
iikogretim 2003 Basimevi —
i t b | . . . .
1998 Matematik Ders s an. u Sehnaz Bilgi, H!.Ial Ekmen, Nedim
Kitabi 6 Devlet Kitaplari Gursoy
2005 Mudarlagi —
istanbul
ilkdgretim
2005 Matematik 6 Ders 2011 Semih Ofset Komisyon
Kitabi
Ortaokul ve imam Koza Yayin — .
2017 Hatip Ortaokulu 2019 Ankara Ekrem Aydin, Mehmet Ali Erenkus
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Matematik Ders
Kitabi 6
Ortaokul ve imam

. Basak . . . o
Hatip Ortfa\okulu 2021 Matbaacilik — Neziha Caglayﬂan, Aybike Dagistan,
Matematik 6 Ders Betil Korkmaz
. Ankara
Kitabi
Tablo 9
7. Sinif Matematik Ders Kitaplarina fliskin Bilgiler
Ogretim Ders Kitabinin Adi Yayin Basim Evi Yazarlar
Programi Yili
Devlet B i
Ortaokul Kitaplari 1936 ev_?:taiilz:ev'
Riyaziye Dersleri Tirkiye Basimevi
Hesap ve Cebir 2 1937 ¥ .
— Istanbul Komisyon
Ortaokul Kitaplari .
1938 Matematik Dersleri 1938 De\l_l?:tzi.z::ew
Aritmetik ve Cebir 2
Maarif M .
1941 aa_”Ank:trZaas' Lutfi Atalik, Fazil Say, Serif inan
Ortaokul Kitaplari s s
Matematik Dersleri 2 Milli Egitim
1945 Basimevi — Fazil Say, Lutfi Atalik, Serif inan
istanbul
. Millf Egitim . . .
1949 hOAr::;)rl:]L;L:(I(ltzaplarl 1950 Basimevi — Remzi Ef:ﬂ(:;,zH;:rir‘rfl :rl:jir, Saim
istanbul & ’ &
Matematik Ortaokul 1972 Millf Egitim . -- L
1977  2.Sinif 1973 Basimevi — Stleyman Olgen, Tahsin Cizenel,
. . Ismail Gokmen
Ortaokul Matematik 2 1985 Istanbul
1992 Milli Egitim
1990 Ortaokul Matematik 2 Basimevi — MustAafa Balci, Mustafa Ka‘_rahan,
1993 istanbul HulGsi Yildirim, Mustafa Ozkan
Millf Egitim
2003 Basimevi —
1998 ilkégretim Matematik istanbul Fatma Tortumlu, Abdullah Kilig,
Ders Kitabi 7 Devlet Kitaplari Halim Sahin
2005 Midarlagi -
istanbul
Basak - )
o ' 2009 Matbaacilik Serpil Cigcek Aygin, Nurhay?t
2005 IIkogretlm Matematik Ankara Aynur, Sema Seh.t_er Cu'ha, Ugur
7 Ders Kitabi Kahraman, Ufuk Ozgelik, Mutlu
Ada Matbaacilik -
2011 Ulubay, Nevzat Unsal
— Ankara
Ortaokul ve imam
Hatip Ortaokulu Koza Yayin — Mehmet Ali Erenkus, Didem
) 2018a
Matematik 7. Sinif Ankara Eren Savaskan
2017 .
Ders Kitabi
Ortaokul ve Imam 2018b Berkay Yayincihk Biilent Akbulut

Hatip Ortaokulu

— Ankara
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Matematik Ders Kitabi
7. Sinif

Ortaokul ve imam
Hatip Ortaokulu
Matematik 7 Ders

Caglayan

2021 Matbaasi — izmir

Arzu Keskin Ogan, Soner Oztiirk

Kitabi

Tablo 10

8. Sinif Matematik Ders Kitaplarina iliskin Bilgiler

Ogretim

Yayin

Ders Kitabinin Adi Basim Evi Yazarlar
Programi Yili
Matematik 1973 g!hﬁiﬁ.@
Ortaokul 3 Cilt 1 istanbul Sileyman Olgen, Tahsin Cizenel,
Matematik ismail Gokmen
Ortaokul 3. Srif 1974 Devlet Kitaplar
i 1978
1977 ~ Matematik Millf Egitim
Ortaokul 3 1980 .
Ortaokullar icin Basimevi — Mehmet Salan
istanbul
Matematik 3 1984
Millt Egiti .
Ortaokul 1989 Bals:mgel\tilrf Taner Asan, Halit Ismaildayioglu,
Matematik 3 . Azmi Bender, Fevzi Candan
Istanbul
Ortaokul Milli Eglt.lm H. Hilmi Hacisalihoglu, Meral Aksu,

1990 . 1992 Basimevi — R o

Matematik 3 : Ulki Dogancioglu
Istanbul
ilkégretim Devlet Kitaplari . .

1998  Matematik Ders 2005 Madarlagi—  Mecit le‘:‘;ﬁ':r’ é:lfkugffla Gamh,
Kitabi 8 istanbul &
iikogretim . N Serpil Cigek Aygi n.,' Nurhayat Aynur,

. Ihlas Gazetecilik Nurdan Coskuntiirk, Sema Seher

2005 Matematik 8 Ders 2009 : . : .

Kitabi —Istanbul Cuha, Ugur Kahraman, Ufuk Ozcelik,
Mutlu Ulubay, Nevzat Unsal

Ortaokul ve imam

Hatip Ortaokulu 2019 Koza Yayin — Mehmet Ali Erenkus, Didem Eren

Matematik Ders Ankara Savaskan

Kitab1 8

Ortaokul ve imam Tuna

2017 Hatip Ortgokulu 20213 Matbaacilik — Dr. Ozal Cetmﬂ, Umut Akgakal, Limran

Matematik Ders Erturk, Girkan Say, Ipek Tigh
. Ankara
Kitabi1 8
Ortaokul ve imam
Hatip Ortaokulu Basak
P . 2021b Matbaacilik — Hadi Bége, Ramazan Akilli
Matematik 8 Ders Ankara

Kitabi

Verilerin Analizi

Belge analizi gbzden gegirme (ylzeysel inceleme), okuma (kapsamli inceleme) ve yorumlamayi iceren
yinelemeli bir sirectir. Bu slireg, arastirmanin problemleri dogrultusunda ilgili kod ve kategorilerin
diizenlenmesi anlaminda icerik analizi (Bowen, 2009) ile bu kategorilerden ortaya cikan temalarin
arastirilmasi ve veriler icinde bir orlintli arayarak temalarin tanimlanmasi anlaminda tematik analiz
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unsurlarini birlestirir (Fereday & Muir-Cochrane, 2006). Bu ¢alismada her bir ders kitabi nitel bir veri analiz
programina girilmis; veri kodlama, tema belirleme ve agiklama sireci gergeklestirilmistir. Kitaplar sinif
bazli incelendiginden kodlamalar siniflara gore farklilagmis, arastirma problemleri baglaminda gelistirilmis
ve siniflara gore ders kitaplarindan elde edilen kodlamalar bulgular kisminda belirtke tablosu olarak
sunulmustur. Verilerin gegerlik ve glivenirligini saglamak igin iki arastirmaci birlikte hareket etmis ve farkli
zamanlarda olmak Uzere toplam doért kez kodlama yapmistir. Kodlayicilar arasi goris birligi Miles ve
Huberman (1994) tarafindan ortaya konan benzerlik formal [Guvenirlik katsayisi = gérus birligi saglanan
kod sayisi: (gorus birligi + goris ayriligi saglanan kod sayisi) x 100] ile hesaplanmis ve kodlayici giivenirligi
0.94 olarak belirlenmistir. Goriis ayriligl yasanan noktalar tek tek tartisilmig, her iki arastirmaci da fikir
birligine varinca siireg tamamlanmistir.

Bulgular

Bu bolimde arastirmanin iki alt problemine yonelik elde edilen bulgulara ve sinif bazli karsilastirmal
analizlere yer verilmistir.

Karekokli ifadelerin Ogretimsel Baglamda Ele Alinmasina iliskin Bulgular

irrasyonel sayi kavraminin yapisini olusturan temel bilesenlerden biri, karekéklii ifadelerdir. Karekoklii
ifadeler besinci sinif matematik 6gretim programlarinda yer almadigindan ders kitaplarinda da herhangi
bir bilgi bulunmamaktadir. incelenen altinci sinif kitaplarindan sadece 1931 yili 8gretim programina gére
hazirlanan 1932 yilina ait ders kitabinin ek bilgiler bashginda kare ve karekok alma islemine, tam kare olan
ve olmayan sayilara, tam kare sayilarin asal garpanlari ile karekok iliskisine, iki teriminin toplaminin karesi
6zdesligine [(a + b)? = a® + 2ab + b?] dayanan karekok hesaplama yontemine ve karekok ile Pisagor
bagintisi iliskisine yer verilmektedir (Sekil 1).

Sekil 1
1932 Yilina Ait Altinci Sinif Matematik Ders Kitabinda Yer Alan Karekék Agiklamalari

1IV. MUTEMMIM MALOMAT Iki adedin mecmuunun murabbai.— Mademki
47 =40+ 7 dir, 47 nin murabbar su suretle elde olu-
Murabbalar ve cezri murabbalar.— Bir mu. " R
rabbain bir dil'1 4 vihit wzunlugunda ise, bu murabba 40+ 7 s NGRS
16 vihit murabbat sahasindadir. Bunun T @oxXN+ T 280 | 49
icin 16 ya 4 iin murabbar ve 4¢ 16 nin " . ‘ﬁ
: 4054 (40X7) |
cezri murabbar denir. P B~ T DT 1000, 280
40°+ 2 (#0X7)+ 7 40 | 7
=t +49 -
Sahalarin cezri murabbai.— Bina- =; ggg 15 ng 40 +49 onlar +-birler

enaleyh yalmz dililart ve sahalari gdsteren miicerret 2200.
adetleri nazari itibara alirsak, bir murabbain dilt

sahamin cezri murabbamma miisavidir. Bu miinssches, dift 40-+7 olan mprabbs seklinde

kolayca goriiniir. b tirekk b
- o 9 Iki yahut daha cok rakamdan mirekkep bir
Isaretler.— 4 iin murabba 4° geklinde ifade adet onlardan ve birlerden tegkil olunmug gibi nazart

olunur ve 16 nin cezri murabbai da |16 geklinde ya. itibara alinabilir. Binaenaleyh:
zulir, Bir adedin murabbai onlarin  murabbi, zait
onlarm ve birlerin hasilizarbimin iki mislini, zait birlerin

Tam b o ibi i
am murabbalar 16 gibi bir adet bir tam cneribbaiat. it et

murabba ismini alir; fakat 10 bir tam murabba degil-
dir. Maamafib J10un takriben 3.16 ya miisavi oldu-
gunu goriiriiz, giinkii 3.16* pek yakin bir takriple 10 a
miisavidir,

MeseliAB = 12 ve AC=9 olduffuna gére BC
yi bulmak istenmis olsun.

Mademki BC'= AB’+ AC'® dir.
Tam murabbalarin cezri murabbalari.— Tam  binacnaleyh 3

murabbalarin  cezri murabbalarnn gok BC = 12: 4+ o [od
d'efa bunlart mazruplara ayirmak sure- 3441 yahut
tile bulunur. 1 3Y147 BC’ = 144 | 81 = 235,
Meseli: 441 =3 X3X7X7 7)49 ve RS o
=3X7X3X7 7 BC'=|225—-15
= ’,[1, X 21=21. bulunur,
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incelenen yedinci sinif matematik ders kitaplarinda karekokli ifadelerin 6gretimsel baglamda nasil ele
alindigina iligskin belirtke tablosu Tablo 5’te verilmistir.

Tablo 11

Yedinci Sinif Matematik Ders Kitaplarinda Karekéklii ifadeler Konusuna Yénelik Belirtke Tablosu

Konul 2 2 B8 2 8 Z & ® g
onufar o o ) ) =] o g p=; o
(| (| i i ~ (V] ~ ~ (o]
Kare ve kiip icin kuvvet ve kok v
cetveli
Kare ve kiip igin grafik temsili v
Karekokin cebirsel agiklamasi v
Ozdeslige dayanan karekok
.. . v v
hesaplama yontemi
Karesel bolgenin alani ile kenar
g v

uzunlugu arasindaki iligki
Karekok ve Pisagor bagintisi iliskisi v v

Karekok ve geometrik ortalama

iliskisi v

Tablo 5’te 6zetlendigi tizere yedinci sinifta karekokli ifadelerin 6gretimsel baglamda nasil ele alindigl,
hangi 6gretim programina gore hazirlandiklari gz éniine alinarak her bir kitap bakimindan asagida kisaca
tarif edilmistir.

1938 yili 6gretim programina gore hazirlanan 1945 yilina ait kitapta ¢ok terimli ifadelerin karesi (iki
terimin toplaminin ve farkinin karesi 6zdesligi ile iki kare farki 6zdesligi) ile baslayan “kare ve karekok” adh
boltm iki terimin toplaminin karesi 6zdesligine dayanan bir karekok hesaplama yéntemi (Sekil 2) ile devam
etmektedir. Kuvvet ve kok cetveli (Sekil 3) vasitasiyla bir sayinin karesini alma isleminden karekoke,
kGipina alma isleminden kiipkoke gegis yapilmakta ve bu durum grafik temsiline kadar genisletilmektedir.
Ayni kitapta karekok ve kiipkok icin tanim kiimeleri eksik olmak lzere cebirsel bir agiklama yapilmakta ve
geometrik 6devler basliginda karesel bolgenin alani ile kenar uzunlugu, karekok ile Pisagor bagintisi ve
karekok ile geometrik ortalama arasindaki iliskiye yonelik alistirmalar da bulunmaktadir.

sekil 2

1945 Yilina Ait Yedinci Sinif Matematik Ders Kitabinda OzdesliGe Dayanan Karekék Hesaplama Yéntemi
(Hintli matematikg¢i Aryabhata’nin kare ¢ikarma yéntemi (Agarwal & Agarwal, 2021))

V53|29 =173 73%

49 7%-.--49
429: 143 3.143--:429
o 23 5329
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sekil 3
1945 Yilina Ait Yedinci Sinif Matematik Ders Kitabinda Kuvvet ve Kék Cetveli
Kare kik

Cetveller ve grafikle gostermeler
Kareler cetvelini kullanarak agafadaki kare kikleri

bul
§ 18, KUVVET VE KOK CETVEL 7. a) J2025,  b) {529, ) V3929,
8. a) 12025, b) }529, ¢) 1592900,
Kare 9. a) 09604, b) |67600, ¢) }43,56,

v Kare cetvelinin yardimiyle agagndaki kare kiklerin
iki (veya iig) haneli agafn yukari degerlerini bul.
10 dan 110 a kadar kareler 10, a) 1750, S 0 Y750
11. a) 15000, b) 1500, ) |50,
12 a) j0,526,  b) 10,0526, ) {10718,

Sayii o | 1 23!4‘5’6‘7,819

o 1l 4 o 1 925 3w 49 64 8 Kiip kik
1( log 121 144 169 l%: 225 :'—.'b‘ gaq E":‘ 361 22. tj(;iim‘ii kuyveti alindifinda a olan 33\“.1;
zl “"): 4410 484 529 576 625 676 ‘i“’L i {‘2] ile kasterili.. Buna gore asafndaki kiip kokleri buls
3| o900 961 1024 1089 nsoI 1225/ 1296/ 1369 1444 1521
. | _

4! 16000 1681 1761 18800 1036 2025 2116 2209 2304 2401 e e b B
5| 2500 2600 2704 2809 29°6 3025 3136 3249 3364, 348 23, Y3000, 127000, 1343000.
6! 36000 3721 3844 3969 4096 4225 mss‘| 1489 1624 476

| : . . ‘ P 2 it
1 wuui 5041 5184 5320, 5476 5625 5776 5020/ 6044 63;; 24. o001, 10,008, J0120.
8| 64000 6561 6726 6089| 7056 7225 7396 7569 1744 7 ; i '
9| 8100 og.n 8161 864 8836 9025 9216 9409 9604 9801 95, a) s bir kenan, v de kiipiin hacmi oldufuna

—
=

10000:10201 10404 10609 |0:no[|mzs 11236 11449| 11664| 11881 G i {y diel Buna gire hacm Sy il
| | ¢) 216m’, d) 125 it. olan bir kiipin kenarlart ne-

1. Yukariki cetvel 0 dan 110 a kadar olan sayi e
larin karelerini vermektedir. Burda karesi aramilan %. Hacom: ) 4 m', ) 10
sayinin onlar sayist cetvelin sol kenarinda, birler  pir kiipiin kenarlan kag m. azunlufundsdrr. i
rakami da iist kenarinda aranmalidue. Cetvelin dogru- 27, Su saytlar, hangi tam sayilarin arasindadir.

lufunu meseld 1% 11% 807 yi arayarak dene. a) 12, b) |15 ¢© V80, d) 555

m'. ¢) 300m* olan

1949 yili 6gretim programina gore hazirlanan 1950 yilina ait kitabin “kare ve karekok” adli béliimiinde
karesel ve dik Uggensel bolgelerin alanlari ile kenar uzunluklari arasindaki iliski Pisagor bagintisi ile
kurulmaktadir (Sekil 4). 1945 yih kitabina benzer sekilde bir sayinin karesini alma isleminden karekdke
gecis yapilmakta ve iki terimin toplaminin karesi 6zdesligine dayanan karekok hesaplama yontemi
sunulmaktadir. 1945 yilindan farkli olarak kuvvet cetveli tam kareler ile sinirlandiriimaktadir. 1977 yih
6gretim programina gore hazirlanan 1985 yilina ait kitapta karekoklu ifadeler, rasyonel olmayan sayilar
ozelinde ele alinarak ayri bir bolim yer almamaktadir. 1990 yili 68retim programina gore hazirlanan 1993
yilina ait kitapta 1985 yili kitabina benzer konu siralamasi takip edilmekle birlikte rasyonel olmayan yerine
irrasyonel sayi ifadesine yer verilmektedir. 1998 yili 6gretim programina gére hazirlanan 2005 yilina ait
kitap da 1985 ve 1993 yillarina benzer konu siralamasini takip etmektedir. 2005 yili 6gretim programindan
itibaren hazirlanan ders kitaplarinda karekokli ifadeler konusu yedinci sinifta yer almamaktadir.
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Sekil 4

1950 Yilina Ait Yedinci Sinif Kitabinda Pisagor Bagintisi ve Karekdk

1. Yukardaki drnege uygun olmak uzere bir kenan 5 cm olan B" d]k ucgende’ dlk kenaf!af uzerine (‘"Ien kue\l@"‘n
ABCD karesini giziniz ve bunu santimetre karelerine ayimz. Kenarlar alanla" ‘oplam]' hipotenﬁ! a%efine Qil“el karcnln alamn
a

iizerinde, gekilde gordiiginiz gibi E, F, K, L noktalanm igare! ediniz ve
EFKL karesini ¢iziniz. Sish
s o egittir,

5. Alanlan 4 cm”, 9 cm?, 16 cm®, 81 cm*, 49 cm’, 64 cm® olan
karelerin bir kenanm zihinden araghrma ile buiunuz. (Bu alanlan gos-
teren sayilardan her birini esit iki carpamn garpim olarak digiininiiz)

Egit iki ¢carpamin garpimi, bu carpanlardan birinin kare-
widinr.

Bir garpimin egit iki ¢arpamindan birisi, o carpimin kare
kokiidiir.

a) 25 saywsim garpim olarak veren ik egit ¢arpan bulunuz.
b) 36 sayisim garpim olarak veren iki egit ¢arpan bulunuz.
¢) 100 sayisim carpim olarak veren iki esit carpan bulunuz,
d) a da bulacagimz sayr 25 in kare koki,

b de bulacagmz sayr 36 min kare koki,

¢ de bulacagin jt 10 iin kare kokidur.

6. Dik kenarlan a cm, b=4 ¢cm olan A B CD dik igcgeninin
hipoteniic uzunlugunu hesaplayimz

10. c*=b'+a" esitliginde :
b=7 ve a = 24 olduguna gore c nin deferini hesaplaywz.
Agiklama : (Yapilan iglemi inceleyiniz)
c’=b*+a’
=7"424"
c'=49+576
c'=625
Hesaplanmas: istenea ¢ terimi 625 in kare kokidir 625 kare

o | daki & TSR
kokiniin hesap ag: i drnekten y

a) ABCD karesinin alam kag em” dir?
b) AEL dik ii¢geninin alam ka¢ em® dir? 25

¢) ABCD karesinin ve AEL iiggeniyle buna egit olan difer ik fig- y 5 (~
genlerin hesapladiiniz afanlarndan faydalanarak, EFKL karesinin alam [(;‘2. r’
m hesaplaymnz. 5% I:W‘LS
225 3
0080

incelenen sekizinci sinif matematik ders kitaplarinda karekoklii ifadelerin 6gretimsel baglamda nasil
ele alindigina iliskin belirtke tablosu Tablo 6’da verilmistir.

Tablo 12

Sekizinci Sinif Matematik Ders Kitaplarinda Karekoklii ifadeler Konusuna Yénelik Belirtke Tablosu

Konular 1974 1984 1989 1992 2005 2009 2019 2021a 2021b

irrasyonel sayilari V2, V3
gibi 6rnekler ile agiklama
Karekoki cebirsel olarak v v
actklama

Tam karelerin karekdkii v v v v v v
Ozdeslige dayanan karekok
hesaplama yontemi

Asal ¢arpanlarin ¢carpimi ve
karekok alma islemi
Karesel bolgenin alani ile
kenar uzunlugu arasindaki v v v v
iliski

Tam kare olmayan
karekoklerin yaklasik degeri

v v v v v
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Tablo 6’da 6zetlendigi Uizere sekizinci sinifta karekokll ifadelerin 6gretimsel baglamda nasil ele alindigl,
hangi 6gretim programina gore hazirlandiklari gz éniine alinarak her bir kitap bakimindan asagida kisaca
tarif edilmistir.

1977 yih 6gretim programina gore hazirlanan 1974 yilina ait kitapta karekoklu ifadeler igin ayri bir
béliim olmayip irrasyonel sayilar bashginda v, v/3 gibi 6rnekler sunulmaktadir. 1984 yilina ait kitapta da
benzer sira takip edilmesinin yani sira V2, v/3 gibi irrasyonel sayi 6rneklerinin devaminda karekok
kavraminin cebirsel agiklamasina (Sekil 5) yer verilmektedir. 1989 yilina ait kitap ise iki terimin toplaminin
karesi 6zdesligine dayanan karekok hesaplama yontemini sunmasi bakimindan farklilik géstermektedir.

Sekil 5
1984 Yilina Ait Sekizinci Sinif Matematik Ders Kitabinda Karek6k Kavraminin Cebirsel A¢iklamasi
Genel olarak, karesi verilen bir b pozitif sayisina esit bir tek po-

zitif a sayis1 vardir, Yani, a® b (b 0) sartim ger¢ekleyen, bir tek

a — 0 sayisi vardir, Bu sayi, a v/ b bi¢iminde yazhip; “a esit, kare-

kiok b diye okunur,

1990 yili 6gretim programina gére hazirlanan 1992 yilina ait kitapta irrasyonel sayilar bashginda v2,
/3 gibi 6rnekler sunulmakta ve “karekék alma” bashginda tam kare pozitif tam sayilarin karekokine ayri
bir yer verilmektedir. 1989 yilina benzer sekilde iki terimin toplaminin karesi 6zdesligine dayanan karekok
hesaplama yontemi sunulmaktadir.

1998 yili 6gretim programina gore hazirlanan 2005 yili kitabinin gergek sayilar tinitesinde 1992 yilina
benzer sekilde irrasyonel sayilar bashginda V2,V3 gibi 6rnekler sunularak tam kare pozitif tam sayilarin
karekoki incelenmektedir. Tam sayi kuvvetler ve bir sayinin asal ¢arpanlarinin ¢arpimi ile karekdk alma
islemi arasindaki iliski ilk defa 2005 yilinda ele alinmasina ragmen 6zdeslige dayanan karekdk hesaplama
yontemi de kitapta yer almaktadir (Sekil 6). Ek olarak karekokll ifadelerle islemlere bu kitapta daha fazla
yer verilmektedir.

2005 yili 6gretim programina gore hazirlanan 2009 yili kitabinda “karekdkli sayilar” basliginda karesel
boélgenin alanindan bir kenar uzunlugunu hesaplamak igin karekdk alma islemine ve tam kare pozitif tam
sayllarin karekokiine gegis yapilmaktadir. 2005 yilina benzer bigcimde bir sayinin asal ¢carpanlarinin garpimi
ile karekok alma islemi arasinda iliski kurulmaktadir.

2017 yili 6gretim programina goére hazirlanan 2019 yili kitabinin “sayilar ve islemler” basliginda
carpanlar ve katlar, Usli ifadeler ile karekoklt ifadeler konulari siralanmaktadir. Bu Unitede karesel
bolgenin alanindan bir kenar uzunlugunu hesaplama ile karekokll ifadelere giris yapilmaktadir. Tam kare
pozitif tam sayilarin karekok, bir sayinin asal carpanlari ve karekok iliskisi, tam kare olmayan karekoklerin
yaklasik degeri, karekokll ifadelerle islemler de kitapta genis bir yer bulmaktadir. Benzer yaklasim 2021
yilina ait kitaplarda da takip edilmektedir.
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sekil 6

2005 Yilina Ait Sekizinci Sinif Matematik Ders Kitabinda Karekék

KAREKOK ALMA

Asagidaki iglemleri inceleyiniz.

12=1ise 1 =1 22-4ise 4 = 2, 3 =9ise9 = 3 tir
Karekok alma iglemi verilen sayinin hangi sayinin karesi oldugunu bulma islemidir.
16 ifadesi, karesi 16 olan saylyl bulma iglemidir.

Ji6 = Ja 4 = Ja? -4, J6a = 8° =8 di

81, 100 diir.
Karekékii Bir Tam Sayi Olan Sayinin Karekokini Alma
144 sayisinin karekokini hesaplayalim:

— T 44
GG = J2 o =it —an=12 |2
36 |2
182
9|3
3|3
1
ORNEK
3969 say Karekokiinil
= Karekoki alinacak sayiyi, agdanaoladoﬁmwﬂd!ﬂ
V39 69 gruplara ayinnz.
|6 Soldaki grupta bulunan 39 dan kigik veya esit olacak
\/‘ g mwemmmmmkmﬁmsuws%:
% T ey oot
T 036¢ soldan ilk idir. Bunun kal
o grup Ikinci gruptaki sayiyi, yani 69 u asadlya
—f—  Yukanya yazdgimiz 6 sayisinin 2 katin alinz
J;gsg 6.2=12 (6 un 2 kati 12 dir). Sekilde goriilen yere yazariz.
0369
168 12 nin sagina yle bir rakam yazalim ki olugan sayiy!
\[3969 6.2=12|123 Mpzdnammmwm 369 veya 369 a en
-36 %3 yakin bir say elde edelim. Bu rakam 3 tir.
0369 369 3 0 hem 12 nin yanina hem de gizginin (izerine yazarz.
- 369 ‘m-mlnnzmnanquummgmqm
000 .mme@.mﬁmmm&m

Oyleyse; {3969 = 63 olur.

irrasyonel Sayilarin Ogretimsel Baglamda Ele Alinmasina iliskin Bulgular
Matematik ders kitaplarinda salt irrasyonel sayi konusunun nasil ele aldig incelendiginde besinci
sinifta ilgili herhangi bir bilgi bulunmadigl, altinci sinifta ise bazi kitaplarda (1932, 2019, 2021) cemberin
. o .22 . . .
cevre uzunlugunun ¢apina oraninin yaklasik degerinin ~ veya 3,14 oldugu ve bu degere m (pi) sayisi adi

verildigi gorilmektedir (Sekil 7 ve 8). Ote yandan 1977 yilina ait altinci sinif ders kitabinda m =
3,141592 ... sayisinin devirli ondalik agilim olmadigindan rasyonel olmayan sayi oldugu ifade
edilmektedir.
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sekil 7

1932 Yilina Ait Altinci Sinif Matematik Ders Kitabinda Pi Sayisi

Herhangi bir daire __ Diger herhangi bir daire

"Bu dairenin kutru Bu dairenin kutru
= 4% dir.
Bu *? nisbetine hususi bir isim de verilmistir;

bu isim (pi) dir ve yunanca 7 harfile ifade olunur.

Su halde, daire muhiti ¢ ve kutru d ile gosteri-
lirse c¢: d = n yahut
c=nd.
Ve mademki kutur misifkutrun iki mislidir,
c=20nr.

(7 igin 3.1416 adedi hakikate yakin bir takribi kiymet olarak kul-
lamlir; fakat aksi zikredilmedigi vakit 31 adedi kullamlmalidir,)

sekil 8

2021 Yihina Ait Altinci Sinif Matematik Ders Kitabinda Pi Sayisi

Bir cember ya da dairenin cevre uzunlugu, cap uzunluguna bélindiginde daima ayni sayry
verir. Bu sayl pi olarak okunur ve “m" sembold ile gésterilir.

7 sayisinin kesin degen bilinmemekle birlikte hesaplamalarda kolaylik saglamasi amaciyla
degen 3, %,—2 ya da 3,14 olarak alinabilir. Verilen érnek icerisinde T sayisinin yaklasik ola-
rak hangi degerde alinacadi belirtilir.

Cemberin vzunlugu: T-cap = -R=m - 2r

Yedinci sinif matematik ders kitaplarinda irrasyonel sayilarin 6gretimsel baglamda nasil ele alindigl,
hangi 6gretim programina gore hazirlandiklari gz éniine alinarak her bir kitap bakimindan asagida kisaca
tarif edilmistir.

1938 yili 6gretim programina gore hazirlanan 1945 yili kitabinda tam kare ve kiip olmayan karekdklerin
ve kip koklerin yaklasik degerinin hesaplanmasina ragmen irrasyonel sayilardan bahsedilmemektedir.
Benzer sekilde 1949 yili 6gretim programina gore hazirlanan 1950 yili kitabinda da tam kare olmayan
karekoklerin yaklasik degeri hesaplanmakta ancak irrasyonel sayilara deginilmemektedir.

1977 yili 68retim programina gore hazirlanan 1985 yili kitabinin rasyonel sayilar tinitesinde “karesi 2
olan bir dogal sayi bulunabilir mi?” sorusundan hareketle yaklasik deger hesabi yapilmakta, bu yaklasik
degerin sayi dogrusu Uzerindeki goriintlstine yer verilmekte, karesi 2 olan bir rasyonel sayi olmadigi, kesir

seklinde yazilamayan bu sayinin v2 oldugu ve v3, V5, gibi sayilarin rasyonel olmayan sayilar oldugu
ifade edilmektedir (Sekil 9).
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sekil 9

1985 Yilina Ait Yedinci Sinif Matematik Ders Kitabinda irrasyonel Sayilar

Karesi 2 olan bir dogalsay: bulunabilir mi? Bundan bagka karesi
2 olan bir rasyonel sayimmun da bulunmadifn deneme ile anlagithr. Séz
geligi,

14 x 1,4 =19 <2 ve 141 x 1,41 =19881 < 2
dir. Burada, 1,41 sayisinin karesinin 2 ye daha yakin oldugu gériiliiyor.
Ote yandan,
1,42 x 1,42 = 2,0164 > 2

dir. Bu kez de 1,42 nin karesinin 2 den daha bityiik oldugu goriiliiyor.
0}'|t=ysc, karesi 2 olan saymmn, 1,41 ile 1,42 ondahk sayilan arasinda,
olaca@ anlagihiyor. \'irgii](iex\ sonraki ondalik basamak sayis: ne kadar
gogaltuirsa ¢ogaltilsin yine karesi 2 olan bir rasyonel sayl yoktur._

Bir kesir seklinde gosterilemeyen ve karesi 2 olan bu sayiyr V2
bigiminde yazacafz ve ‘karekok iki” diye okuyacafiz. Bu sayimm,
say1 sogrusu iizerindeki goriintiisii 1,41 ile 1,42 sayrlanmn goriintiileri

arasinda bir yerde bulunur (2. gekil).

(Zil'mz F_Eh
x’ A C 8 < X

1 EF 2 3 KL
} |
vVZ 2 L G

Aym gekilde, 4/3 , V5 gibi sayilar igin de say1 dogrusu iizeri\

de birer nokta vardir.

Yangap: % olan bir ¢gemberin uzunlugu

1
2><—2—>< n=T

ye esittir. Bir gemberin gevresinin ¢apina oram olan & sayisimn 3.1415
ile 3,1416 arasinda bir say1 oldugunu biliyoruz. Oyleyse, say1 dogrus,
iizerinde n sayismin goriintiisii olan bir nokta da vardir. Bu nokt

3,1415 ve 3,1416 sayilannin goriintii noktalar1 arasndadir (2. gekil)

Bir rasyonel say: ile gosterilemeyen v/ 2, v/3, v/55..., n sa,
yilan gibi sayilara rasyonel olmayan sayilar denir.

Rasyonel sayilar ve rasyonel olmayan sayilarin olugturdugu kiimeyq
gergek sayilar kiimesi diyoruz ve bunu G ile gésteriyoruz.

1990 yil 6gretim programina gore hazirlanan 1993 yil kitabinin irrasyonel (rasyonel olmayan) sayilar
bashginda karesi 2 olan sayinin yaklasik degeri verilerek bu sayinin V2 olarak gosterildigi ve sayl dogrusu
Uzerinde bir goriintlsi olmasina ragmen rasyonel olmadig, iki tam sayinin orani olarak yazilamadigi
dolayisiyla V2,V3verm gibi sayilarin irrasyonel sayilar oldugu belirtilmektedir.

1998 yili 6gretim programina gore hazirlanan 2005 yili kitabinin irrasyonel sayilar baghginda karesi 4
olan dogal sayinin 2, karesi 5 olan rasyonel sayinin % oldugu ve bu gibi sayilarin her birinin sayl dogrusu

tzerinde birer noktaya karsilik geldigi ifade edilerek konuya giris yapilmaktadir. Karesi 2 olan sayinin V2
oldugundan hareketle yaklasik deger hesabi yapilarak bu sayinin sayi dogrusu lizerinde bir noktaya karsilik
gelmesine ragmen rasyonel olmadigi ve irrasyonel sayi olarak isimlendirildigi belirtiimektedir. 2005 ve
2017 wyili 6gretim programlarinda yedinci sinifta irrasyonel sayilar konusu yer almadigindan bu
programlara gore hazirlanan kitaplarda irrasyonel sayilara deginilmemektedir.

Sekizinci sinif matematik ders kitaplarinda irrasyonel sayilarin 6gretimsel baglamda nasil ele alindigi,
hangi 6gretim programina gore hazirlandiklari géz 6nline alinarak her bir kitap bakimindan asagida kisaca
tarif edilmistir.

1977 yih 68retim programina gore hazirlanan 1974 yili kitabinin gercek sayilar tnitesi irrasyonel sayilar
bashginda sayl dogrusu Uzerinde her rasyonel saylya birer nokta karsilik gelmesine ragmen rasyonel
sayllarin gorintid noktalarinin sayl dogrusunu tamamen doldurmadigina deginilerek yeni bir sayi kiimesine
gecis yapilmaktadir. Bu anlamda, karesi 2 olan sayinin yaklasik degerinin hesaplanmasina ve sayi dogrusu
Uzerindeki goriintisine yer verilmektedir. n? = 2 denkleminde n = /2 oldugu belirtiimekte ve V2

sayisinin neden rasyonel olmadigi kanitlanmaktadir (Sekil 10). V2, v/3, 7 gibi sayilarin irrasyonel sayi
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oldugu bilgisinin yani sira irrasyonel sayi kiimesinin x2 — 3 = 0 esitligini saglayan V3 ve —/3 bigimindeki
gibi sayilardan olustugu ifade edilmektedir. 1984 ve 1989 yillarina ait kitaplarda da benzer konu siralamasi
takip edilmektir.

Sekil 10
1984 Yilina Ait Sekizinci Sinif Matematik Ders Kitabinda N2 Sayisinin Rasyonel Olmadiginin Kaniti

Bir de sdyle dusiinelim : v 2 sa

sal clan m, n & T#

n o SO

2 bulunur. n<e T+, ne >iursa ol
~ gift bir say: olur. i cift
max biliyoruz=. 4 16, 8=
in, m 2k yazmlabilir. m = 3
= 2n= ise, 4k = 2n* ve 2k= n- bulunur. 2k* cift bir
Zundan, n*® de gift bir sayi olup, bunun somucu olarak, n de cift
- olur.
Bsylece, 2 nin, m ile n nin bir ortak carpani olduZu anlas
biz m ile n yi. aralarminda asal aldiZimizdan bu imi
halde, { 7' ) hicbir zaman 2 ye csit olamaz. Bu nedenle, sayr dog@rusunun

L n
rasyonel sayilarla da doldurulamayaca@ anlasilir.

Iste, v 2 gibi, say: dogrusunda bir gdriuntii noktas: olduZu halde
rasyonel olmayan savilara irrasyonel sayilar denir.

1990 yili 6gretim programina gore hazirlanan 1992 yili kitabinin gergek sayilar Gnitesi irrasyonel sayilar
bashginda her ondalik kesrin rasyonel bir sayi oldugu devirli ondalik gosterimler ile ele alinmakta ve
ondalik acilimi devirli olmayan sayilar irrasyonel sayi olarak tanitilmaktadir. Onceki ders kitaplarinda
oldugu gibi karesi 2 olan sayinin yaklasik degerinden /2 sayisina ve say1 dogrusundaki gériintisiine gegis
yapilmaktadir. v sayisinin % (a,b € Z,b # 0) seklinde bir rasyonel sayi olmadigindan irrasyonel sayi

oldugu belirtiimekte ancak neden rasyonel olmadiginin kanitlanmamaktadir. Ayni siralama 1998 yili
O6gretim programina gore hazirlanan 2005 yili kitabinda da takip edilmektedir.

2005 vyili 6gretim programina gore hazirlanan 2009 yili ders kitabinin “olasilik, istatistik ve sayilar”
Unitesinde karekokli sayilardan gercek sayilar alt basligina gecilmekte ve kenar uzunlugu 1 birim olan
karenin kdsegen uzunlugunun rasyonel olmadigina iliskin bir not diistlerek konuya giris yapilmaktadir. Ara
baslik olmaksizin irrasyonel sayilar iki tam sayinin orani seklinde yazilamayan sayilar olarak tanitiimakta
ve devirli ondaliklarin kesre dénistirilmesi islemlerine yer verilmektedir. Devirli ondaliklarin iki tam
sayinin orani olarak yazilabildigi icin rasyonel sayi olduklari vurgusundan hareketle devirli olmayan ondalik
gosterimlerin iki tam sayinin orani olamayacag! igin irrasyonel oldugu belirtiimekte (Sekil 11) ve V17,
gibi 6rnekler ele alinmaktadir.

Sekil 11
2009 Yilina Ait Sekizinci Sinif Matematik Ders Kitabinda irrasyonel Sayilar

gidaki sayilardan hangilerinin irrasyonel sayi oldugunu belirleyelim.
a) -4,33... devirli ondalik kesrini iki tam sayinin orani olarak yazabiliriz.

Aradigimiz oran x olsun,
x=4,333... olur.

Devreden 3 sayisini yok edebilmek igin esitligin her iki tarafini 10 ile garpahim:
10x=43,333

Bu iki esitligi taraf tarafa ¢ikarahim

10x= 43,333..

x= 4,333..
9x= 39

_39 _13
Do

4,333... devirli ondalik kesri, iki tam sayinin orani olarak % seklinde yazilabildiginden

rasyonel sayidir.
b) 2,01020301... seklinde sonsuza kadar dlizensiz bir sekilde devam eden sayilar iki tam
sayinin orani seklinde vazilamaz. Dolayisiyla bu sayi irrasyonel sayidir.
2017 yili 6gretim programina gore hazirlanan 2019 ve 2021 yillarina ait kitaplarda 6grenme alanlari
Unite adi yerine kullanilmakta olup “sayilar ve islemler” 6grenme alaninda Usli ifadelerden karekokli
ifadelere gecilmekte ve karekokli ifadeler alt 6grenme alaninda gercek sayilar konusuna deginilmektedir.

122



Erdem Uzun & Dost — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(3), 2024, 87-130

Bu kitaplarda benzer konu siralamalar takip edilmekle birlikte konuya giris 6rnekleri bakimindan
farkliliklar gorilmektedir. Ornegin, 2019 yili kitabinda v/2 ve /5 sayilarinin ondalik agilimlarinin rasyonel
bir sayl olarak yazilip yazilamayacagl sorgulanarak baslangic yapilmakta, sonlu ve devirli ondalik
gosterimleri rasyonel sayi bigiminde yazma 6rnekleri ele alinarak her ondalik gésterimin % (a,beZb +
0) bigiminde yazilabildigi belirtilerek her devirli ondalik gésterime bir rasyonel sayinin karsilik geldigi ifade
edilmektedir. v3 ve v/11 gibi sayilarin devirli ondalik agilima sahip olmadigindan rasyonel sayi (g) olarak

yazilamayacagi ve tam kare olmayan sayilarin karekoklerinin iki tam sayi orani seklinde yazilamadigindan
rasyonel olmadigi belirtilmektedir. Sonugta rasyonel sayi olmayan gergek sayilarin irrasyonel sayi oldugu
bilgisine yer verilmektedir. 2021a yili kitabinda gergek sayilar konusuna giris, 7 sayisinin gemberin ¢evre
uzunlugunun capina orani oldugu ve bu oranin ondalik agiliminda virgiilden sonra yaklagik ilk 100
basamagi verilerek yapilmaktadir. Rasyonel sayilarin gseklinde yazilan sayilar olduguna vurgu yapilarak

7,(2,5),v/36,(4,12) gibi farkli gosterim bicimlerindeki rasyonel sayi 6rnekleri verilmektedir. iki tam
sayinin orani olarak yazilamayan sayilarin ise irrasyonel sayi oldugu belirtilerek V137,—/30 gibi sayilarin
devirli olmayan ondalik gosterimlerine gecis yapilmaktadir. 2021b yili kitabinin “irrasyonel sayilar ve
gercek sayilar” bashiginda kenar uzunluklari tam sayi olan karenin késegen uzunlugunun rasyonel sayi olup
olmayacagi sorgulanarak konuya giris yapilmakta ve devirli ondalik gosterimleri rasyonel sayiya (%)

dénustirme orneklerinden rasyonel sayilarin 3 bigiminde yazilan, irrasyonel sayilarin ise 3 bigiminde

yazilamayan sayilar oldugu belirtilmektedir. Her rasyonel sayinin ondalik gésteriminin veya devirli ondalik
gosteriminin yazilabilmesine ragmen her ondalik gosterimin rasyonel sayi olarak yazilamayacagi
vurgusundan hareketle 1,v/3,/5 gibi sayilarin ondalik kisminin belirli bir diizende devam etmedigi igin
rasyonel sayl olmadigi ifade edilmektedir. Bununla birlikte karekdkiin i¢ci tam kare olan karekdklerin
rasyonel, tam kare olmayanlarin irrasyonel sayi oldugu agiklanmaktadir.

Tartisma ve Sonug

Bu arastirmada Cumbhuriyet tarihi boyunca ortaokul matematik ders kitaplarinda irrasyonel sayilarin
ve karekokli ifadelerin 6gretimsel baglamda nasil ele alindigi incelenmistir. Alan yazinda irrasyonel sayi
kavramina yonelik ders kitabi analizi calismalari (6rnegin, Gonzéalez-Martin vd., 2013) olmasina ragmen
hem ortaokul seviyesinde hem de ulusal alan yazinda sistematik bir galismaya rastlanilmamistir.
Dolayisiyla bu galisma ile irrasyonel say1 6gretiminde okul ders kitaplarinda yer alan matematiksel icerige
vurgu yaparak hangi konu siralamalarinda sunuldugu, nasil tanimlandigi, hangi gésterim bigimlerinin
kullanildigi ve bunlarin birbiriyle nasil iliskilendirildigi ile hangi say1 6rneklerinin ele alindig gibi ¢ctkarimlar
ortaya konmustur. Calismanin sonuglari, 6grencilerin kavrami 6grenirken neden zorlandiklarina iliskin
arastirma sonuglari ile birlestirildiginde 6gretim etkinlikleri tasarimina ve 6gretim yontemleri segimine
rehberlik edebilir, ders kitaplarinin ve 6gretim programlarinin iyilestirilmesi sirecine kaynaklik edebilir.

Arastirmanin bulgularina gore, besinci sinifta irrasyonel sayilardan bahsedilmedigi, altinci sinif
kitaplarinin bazilarinda gember ile iliskili oldugundan sadece 7 sayisina deginildigi, yedinci sinifta yaklasik
son on yildir irrasyonel sayilara iliskin herhangi bir konu olmadigl ve sekizinci sinifta yillar igerisinde
irrasyonel sayl kavraminin tanitiimasinda farkli konu siralamalarinin takip edildigi gérilmistir. Farkli
tilkelerin matematik 6gretim programlari incelendiginde karekokli ifadeler ve irrasyonel sayi kavramina
giris Amerika Birlesik Devletleri (CCSSI, 2010), Avustralya (ACARA, 2022), Kanada (OME, 2020) gibi bazi
Ulkelerde sekizinci sinifta yer almaktadir. Buna ragmen kavram yapilandirilirken hangi konu siralamalarinin
takip edildiginin aydinlatiimasi icin karsilastirmali ders kitabi analizlerinin yapilmasi gerekir.

Calisma verileri kapsaminda ayni yillara ait 6gretim programina gore hazirlanan yedinci ve sekizinci
sinif ders kitaplarinda irrasyonel sayi kavraminin tanitilmasinda takip edilen akistaki degisim Sekil 12’de
semalastiriimistir.
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Siralamasi

1977 égretim program 1990 dgretim programi 1998 dgretim programm 2005 gretim programi 2017 Hgretim programu

7. Sumfl

@ Karesi 2 olan dogal
sayinin yaklagik
degerini hesaplama

@ Rasyonel olmayan
sayilar karekok2,
karekok3 gibi drneklerle
agiklama

Karesi 2 olan dogal
sayinin yaklagik
degerini hesaplama

Karekok2 sayisinin
rasyonel olmadiginin
kaniti

Irrasyonel sayilar
karekok?2, karekok3 gibi
omeklerle agiklama

Karekokl cebirsel
olarak aciklama

Tam karelerin karekoka

Ozdeslige dayanan
karekok hesaplama
yontemi

@ Karesi 2 olan dogal
sayinin yaklagik degerini
hesaplama

@ iki tam sayinin oram
olmayan sayilar
anlaminda irrasyonel
sayilar

@ Irrasyonel sayilan
karekok2, kareksk3 gibi
rneklerle agiklama

Devirli olmayan ondalik
agilim ofarak irrasyonel
sayilar

Karesi 2 olan dogal
sayinin yaklagik degerini
hesaplama

Kesir olarak yazlamayan
sayilar olarak irrasyonel
sayilar

Irrasyonel sayilan
karekok2, karekok3 gibi
drmeklerle agiklama

Tam karelerin karekoki

Ozdeglige dayanan
karekok hesaplama
yontemi

@ Karesi 2 olan dogal
sayinin yaklagik
degerini hesaplama

@ Irrasyonel sayilan
karekok2, karekok3 gibi
orneklerle agiklama

Devirli olmayan ondalik
acilim olarak irrasyonel
sayilar

Karesi 2 ofan dogal
sayinin yaklagik
degerini hesaplama

Kesir olarak
yazilamayan sayilar
olarak irrasyonel sayilar

Irrasyonel sayilan
karekok?2, karekok3 gibi
orneklerle agiklama

Tam karelerin karekoki

Asal carpanlarin
carpimi ve karekdk

Karesel bélgenin alan
ile bir kenar uzunlugu
arasindaki iligki

Tam karelerin karekokd

Tam kare olmayan
karekoklerin yaklagik
degeri

Asal garpanlarin
carpimi ve karekok
alma iglemi

Birim karenin kdsegen
uzunlugunun rasyonel
olmamas|

Iki tam sayinin oram
olmayan sayilar
anlaminda irrasyonel

Karesel bélgenin alan
ile bir kenar uzunlugu
arasindaki iligki

Tam karelerin karekoko

Asal carpanlarin
carpimi ve karekok
alma iglemi

Tam kare olmayan
karekoklerin yaklagik
degeri

Devirli olmayan ondalik
acilim olarak irrasyonel
sayilar

Iki tam sayinin orani
olmayan sayilar

alma iglemi sayilar Z ¥
anlaminda irrasyonel

s sayilar
Ozdeslige dayanan Devirli olmayan ondalik 4

karekok hesaplama agilim olarak irrasyonel
yontemi sayilar

Arastirmanin bulgulari ve Sekil 12 g6z 6niine alinarak bes maddede dikkat ceken hususlar 6zetlenebilir.
Bunlardan ilki, 2005 yili 6gretim programina kadar irrasyonel sayilarin V2 6zelinde ele alinip 2005 itibariyle
karekokli ifade tipinde farkli irrasyonel sayr drneklerine yer verilmesidir. irrasyonel sayi kavraminin
tanitilmasinda belirli sayi1 6rneklerinin agirlikli kullaniminin olumsuz etkilerinden Sirotic and Zazkis (2007b)
bahsetmistir. Baska bir agidan irrasyonel sayinin matematiksel tanimi, Dedekind kesimleri veya Cauchy
dizileri kullanilarak gergel sayi kavramina dayanir (Argiin vd., 2014) ancak 6zellikle ortaokul 6grencileri igin
belirli gésterimlerin varhig ayirt edicidir (Zazkis, 2005). irrasyonel sayilarin en temel gdsterim
bicimlerinden biri karekok oldugundan irrasyonel sayilar konusuna gecisin karekok ile yapilmasi yerinde
ve beklenen bir durum olmakla beraber konu siralamasinin nasil yapildigi dnemlidir. 2005 yilindan itibaren
tam karelerin karekoki, tam kare olmayan karekoklerin yaklasik degeri ve asal ¢arpanlarin ¢carpimi ile
karekok alma islemi arasindaki iliski biciminde takip edilen konu siralamasi karekokli ifade 6gretiminde
onerilen bir fikirdir (Wiesman, 2015). Bununla birlikte 1990 yilindan itibaren irrasyonel sayilarin tanitilmasi
sadece karekokten ziyade devirli olmayan ondalik gosterim, kesir olarak yazilamayan sayilar ve iki tam
sayinin orani olmayan sayilar vurgusuna dénismustir. Sayilarin 6zelliklerini ortaya ¢ikaran gosterimler ve
bunlar arasinda gecis yapabilme becerisi kavramsal anlayisin gostergesi ve ayni zamanda 0Ogretimin
amacidir (Zazkis, 2005). Ortaokul matematik dersinin 6zel amaclarindan biri de “kavramlari farkl temsil
bicimleri ile ifade etmek (MEB, 2018)” olmasina ragmen kitaplarda gosterimler arasi gegisin net olmadigi,
ayri konu pargalar olarak tanitildigi ve karekokli sayi gibi séylemlerin ayri bir sayi kiimesi bigiminde
algilanmasina yol actigi gérilmektedir. Bu durum, 6grenenlerin bir sayinin farkli temsillerinin denkliginin
farkinda olmamasi, gésterim biciminin sayi karakterini belirlemesi (karekokli ise irrasyoneldir veya ondalik
ise rasyoneldir gibi) veya farkli gosterimlerin farkh sayilar olarak algilanmasi gibi sonuglarin (Cevikbas &
Argiin, 2017; Guven vd., 2011; Voskoglou & Kosyvas, 2012) sebebi olabilir. Diger yandan Crisan (2014)
karekok kavraminin okul matematik kitaplarinda hem sembol hem de sunulma bigimi olarak tutarh
olmadigini belirtir. Bu durumu, 1974 yilina ait sekizinci sinif ders kitabinda x> — 3 = 0 denkleminin kékleri
ele alinarak irrasyonel say1 kiimesi tanitiimasina ragmen sonraki yillarda sadece pozitif koke odaklaniimasi
orneklendirir. Diger bir o6rnek, 2005 yilina kadar kitaplarda Ozdeslige dayanan karekok hesaplama
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yonteminin (Sekil 2) yer almasidir. Bu duruma netlik kazandirmak igin farkh dlkelerde kullanilan resmi
ortaokul matematik ders kitaplarinin incelenmesi ve karsilagtirmali analizlerinin yapilmasi faydal olacaktir.
Son olarak irrasyonel sayilar “rasyonel olmayan sayilar”, “devirli olmayan ondalik gésterime sahip sayilar”
veya “kesir olarak yazilamayan sayilar” gibi olumsuz climleler ile agiklanmaya calisiimaktadir. Bu
soylemlerden dogrudan anlasilabilecegi lzere Ogrencilerin irrasyonel sayilari kavrayabilmeleri igin
rasyonel sayilara iliskin zihinsel yapilarinin ¢cok saglam olmasi gerekir. Nitekim 6grenenlerin irrasyonel sayi
kavraminda zorlanma nedenlerinden biri, rasyonel sayi kavrayisindaki eksikliklerdir (Voskoglou & Kosyvas,
2012). Bu kapsamda ders kitaplarinin rasyonel sayi kavrami 6zelinde incelenerek iyilestirmeler Uzerine
odaklanmak matematik 6gretimine katki saglayabilir.

Sekil 12’ye gore dikkat geken ikinci husus, tarihsel baglamda irrasyonel sayilarin birim karenin kdsegen
uzunlugunu hesaplama probleminin bir ¢iktisi olmasindan dolayi incelenen bazi ders kitaplarinda (1945 ve
1950 yillari yedinci sinif kitaplarinda) bu durum g6z 6niine alinarak kare alma isleminden karekdke Pisagor
bagintisiile gecis yapilmasidir. Nitekim Arcavi ve digerlerine (1987) gére irrasyonel sayilarin tarihsel kbkeni
ve geometriyle olan 6zel bagi irrasyonel sayi kavraminin daha anlamh sekilde 6grenilmesine yardimci
olabilir. Benzer bigimde Sirotic ve Zazkis (2007a) ve Shiver ve Klosterman (2022) de irrasyonel sayi
o6gretiminde Pisagor bagintisinin aktif kullanildigi geometrik temsili dnermektedir. Mevcut matematik
o0gretim programinda karekoklii ifadeler ile Pisagor bagintisi ayrik lnitelerde yer almakta olup birbiriyle
yakin iliskileri sebebiyle iki konunun ic¢ ice ele alinabilecegi 6gretim tasarimlari yapmak daha faydal
olabilir.

Ugiincii husus, kavram tanimlarinin verilisinde izlenen yol ile ilgilidir. 1984 yili sekizinci sinif kitabinda
karekok kavraminin cebirsel tanimi (Sekil 5) yer almasina ragmen 1990 yili 6gretim programindan itibaren
karekok alma isleminin nasil yapilacagini iliskin agiklamalara yer verilmistir. Bu durum matematiksel bir
kavramin 6grencilerin mevcut bilgileri {izerine insa ederek ve anlamini kaybetmeden nasil
tanimlanabilecegi (Cakiroglu, 2013) sorusunu akla getirmektedir. Yapilandirmaci 6grenme kuraminda
birey, bilgiyi bilindik kavramlar temelinde ve bunlar arasinda baglantilar kurarak olusturdugundan yeni bir
kavramin tanimi didaktik acidan uygun ve o6zellikle bireyin zaten bildigi kavramlari icerecek sekilde
olusturulmalidir. Diger bir deyisle, 6gretimde matematiksel kavramlarin tanimi hem matematiksel olarak
dogru hem de didaktik olarak uygun olmalidir (Winicki-Landman & Leikin, 2000). Bu hususta sekizinci
sinifta sunulan karekdk kavraminin cebirsel tanimi matematiksel olarak dogru bir tanim olmasina ragmen
hitap ettigi 6grenci seviyesinin 6n bilgilerine uygun bir tanim degildir. Nitekim 1990 sonrasinda islemsel
anlayisa dayal bir yaklagim ile karekék alma islemine dayali bir agiklama sunulmaktadir.

Dérdiincii husus, bazi sekizinci sinif kitaplarinda v/2 sayisinin neden rasyonel olmadiginin kaniti (Sekil
10) yer almakta iken 1990 yilindan itibaren bu yaklasimdan vazgecilmesidir. Bu durum ortaokulda
matematiksel kanitin hangi diizeyde yer almasi gerektigi konusunu giindeme getirmektedir. ilgili alan yazin
incelendiginde akil ylriitme — kanit kavramlarina rastlanmakta ve akil yliritmeden kanita uzanan bir siireg
(NCTM, 2000; Stylianides, 2008) aciklanmaktadir. “Matematiksel kanit, belirli akil yiiriitme ve dogrulama
tiirlerini ifade etmenin resmi bir yolu (NCTM, 2000)” olarak tanimlandiginda matematiksel kanitin akil
yiiriitme becerisi gerektirdigi (Kuchemann & Hoyles, 2009) séylenebilir. Ogrenciler bir varsayimi ¢iiriitmek
icin gerekge veya karsi 6rnek gibi ihtiyag duyduklari matematiksel bilgiye her zaman sahip olmadigindan
her sinif seviyesinin varsayimlari ifade etme bicimleri farkliik gosterir. Ornegin, ilkokul 6grencileri
dislincelerini kendi sozleri ile tanimlayabilir ve ¢ogunlukla somut materyal kullanabilir. Sinif seviyesi
ilerledikce O6grencilerin artan karmasiklk ile yeterlik kazanmalari, matematiksel temsiller ile sembolleri
kullanarak varsayimlari arastirmayi ve formiile etmeyi 6grenmeleri beklenir (NCTM, 2000). Dolayisiyla
kanit, matematik lisans égrencileri icin bile ¢ok zor bir alan (Bieda, 2010) iken ortaokul égrencilerinin V2
sayisinin neden irrasyonel oldugunun formal kanitini anlamlandirmasi beklenemez. Diger bir deyisle, V2
sayisinin rasyonel olmadiginin kanitini 6grencilerin anlamlandirabilmesi igin matematiksel sembolleri
maniplle etme, denklem ¢6zme gibi becerilerin belirli bir seviyede olmasi gerektiginden ortaokulda kanit
yerine akil yiritme becerisi 6ne cikmaktadir. Ote yandan 1990 yilina kadar V2 sayisinin irrasyonel
oldugunun kanitina verilirken 1990 sonrasinda bu yaklasimindan vazgecilmesi 6grencilerin mevcut
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bilgilerinden yeni bilgilere gecise dogru bir yonelime isaret ettiginden 6gretim programlarinda
benimsenen 6grenme kuraminin etkisini de géstermektedir.

Besinci husus ise bazi kitaplarda matematiksel bilgi hatalarinin varligidir. Ornegin, 2019 yili sekizinci
sinif kitabinda her ondalik gésterimin % (aveb €Z,b # 0) bigiminde yazilabilecegi ifade edilmesine

ragmen devirli olmayan ondalik gésterimler % biciminde yazilamaz. Nitekim 2021b yilina ait kitapta her

ondalik gosterimin rasyonel sayl olmadigi vurgulanmaktadir. Bu tir hatalarin tespit edilebilmesi igin
alaninda uzman kisiler tarafindan ders kitaplarinin kontrol edilerek gerekli dizeltmelerin yapilmasi ve
matematik ders kitaplarini kimlerin yazmasi gerektigi konulari 6n plana ¢ikmaktadir. Ote yandan ders
kitaplarinin “herhangi bir egitim ve Ggretim programi ¢ergevesinde (MEB, 2021, 14 Ekim)” hazirlanmasi
gerekirken bu calismada elde edilen bulgulara gore bazi ders kitaplarinin sonraki 6gretim programini
etkilemis olma ihtimali agiga ¢ikmis ve ayni 6gretim programina gore hazirlanan kitaplarda bile bazi
farkliliklarin oldugu gézlenmistir.

Bu bes husus birlikte degerlendirildiginde Cumbhuriyet tarihi boyunca matematik 0Ogretim
programlarinda irrasyonel sayi kavraminin anlatiminda kigik sayilabilecek degisimlerin 1990 yili ile
baslasa da buyiuk degisikliklerin 2005 yilinda yapildigi géralmustir. Bunun nedeni Tirk egitim sistemi
tarihinin dénem noktalarindan biri sayillan ve 1990’li yillarin basinda Diinya Bankasi tarafindan
desteklenen “MillT Egitimi Gelistirme Projesi” kapsaminda 6gretim programi gelistirme ¢alismalari ile MEB
ve akademisyenlerin is birliginin artmasi olabilir (Argiin vd., 2010). Ote yandan 2005 dncesinde davranisgi
6grenme kurami ve 2005 sonrasinda yapilandirmaci 6grenme kurami benimsendiginden iki kuramin da
bilgiye bakis acilarinin farkli olmasi kavramlarin sunus bigimini de etkilemistir. Bu durum davranisgilikta
o6gretmen ve ders kitaplarinin sundugu bilginin kesin, gercek ve mutlak olmasi ile yapilandirmacilikta
bilginin birey tarafindan siireg icerisinde olusturuldugu ana fikirleriyle aciklanabilir (Oral, 2019). Ornegin,
1945 yilinda karekdk kavraminin cebirsel tanimina yer verilirken son yillarda karekék alma isleminin nasil
yapildigina vurgu yapilmaktadir. Benzer sekilde son vyillarda irrasyonel sayilarin 6grencilerin 6nceki
O0grenmeleri zemininde gosterim bigimlerinden faydalanarak tanitilmasi yapilandirmaci 6grenme
kuraminin izlerini tagimaktadir.

Sonug olarak, matematik 6gretim programlarinda benimsenen 6gretim kuraminin dogrudan ders
kitaplarini etkiledigi ve dolayisiyla siniftaki 6gretimi etkileme potansiyelinin yliksek oldugu, tarihsel
baglamda irrasyonel sayilarin 6gretimsel olarak farkli akislarda sunulmasina ragmen hala Uzerinde
durulmasi gereken noktalar oldugu, 6grencilerin kavrami daha iyi anlamlandirmasina destek olabilecek
yaklasimlarin arastirilmasina ve bu degisimlerin hem 6gretim programlarina hem de ders kitaplarina
yansitilmasina ihtiyag oldugu soylenebilir. Gegmis uygulamalarin olusturdugu tarihsel birikim, yeni
yaklasim veya degisim fikirlerinin dogmasini saglayacaktir.

Oneriler
Arastirmanin sonuglari dogrultusunda asagidaki dneriler yapilabilir:

Bu calismada matematik ders kitaplarinda karekokll ifadelerden irrasyonel sayilara uzanan yol
incelenmistir. Kesirden ondalik gosterime ve rasyonel sayilardan irrasyonel sayilara gegisi ele alan ve
ozellikle “kesir olarak yazilamayan sayilar” anlaminda irrasyonel sayilar 6gretimini aydinlatacak tiirde
cahismalar yuratulebilir.

Cumhuriyetin ilk yillarinda temeli kiiltiir olan Milliyetgilik esasina dayal bir egitim anlayisi hakimken
1940’larin basinda hiimanizm ve materyalcilik esash bir egitim anlayisi benimsenmeye baslamistir. Bu
durum Tarkiye'nin Milli egitim politikalarinda bir kirllma noktasi olarak goriilmektedir (Budak, 2003).
Mevcut arastirma 6zelinde degerlendirildiginde 1931 yili matematik 6gretim programina gore hazirlanan
1932 yih altinci sinif kitabinin Cumbhuriyetin ilk donemlerinde yayinlanmasi ve kitabin icerik bakimindan
tirlerinden oldukca farkl bir tasarimda olmasi sebebiyle bu kitabin ayrica ele alinmasi, déneminin ve
ginimuiz egitim anlayisinin 1s1ginda karsilastirmali olarak incelenmesinin Milli egitim tarih birikimimize
katki saglayacaktir.
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Fan (2013) tarafindan yapilan ¢alismada matematik ders kitaplari arastirmalarinda genellikle belge
analizi kullanildigi ve bu alanda yeni yontemlerle yapilan galismalarin ders kitabi arastirmalarinin
ilerlemesini saglayacagi belirtiimektedir (Fan vd., 2013). Ozellikle matematik konularinin hangi sekilde ele
alinmasina ve hangi yolun daha iyi olduguna yonelik nedensel sorulari yanitlamak icin tasarlanan
arastirmalarla kanita dayali cevaplar elde edilebilir. Diger bir deyisle, Glasnovi¢ Gracin (2014) ¢alismasinda
da belirttigi gibi matematik egitiminde ders kitaplarinin roline iliskin tam bir resim ¢izebilmek igin bu
kitaplarin sinifta nasil kullanildigi ve 6gretmenlerin kitaplari kullanirken hangi yontemleri uyguladiklari
Uzerine arastirma sonuglarina da ihtiyag vardir.

Yazar Katki Orani
Arastirmaya birinci yazar %60, ikinci yazar %40 oraninda katki sunmustur.
Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tiim kurallara
uyulmus ve yonergenin ikinci bélimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
hicbiri gerceklestirilmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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