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Abstract: In this study, it is aimed to determine whether the mathematics education approach of Salih Zeki, one of the late
Ottoman mathematicians, has a constructivist character. For this purpose, 6 geometry textbooks written by Salih Zeki at
middle school level were examined. Document analysis method was used in the research. In order to determine whether the
textbooks have a constructivist character, 11 criteria have been determined and books have been analyzed based on these
criteria. According to the results obtained, 6 geometry textbooks written by Salih Zeki have a constructivist character.
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Oz: Bu calismada son dénem Osmanh matematikgilerinden Salih Zeki’nin matematik egitimi yaklasiminin yapilandirmaci
karakter tastyip tasimadigini tespit etmek amaglanmustir. Bu amag¢ dogrultusunda Salih Zeki’nin ortaokul seviyesinde yazdig:
6 adet geometri ders kitabi incelenmistir. Arastirmada dokiiman analizi yontemi kullanilmistir. Ders kitaplariin
yapilandirmaci karakter tasiyip tagimadiginin tespiti i¢in 11 adet kriter belirlenmis, bu kriterlere dayanilarak kitaplar analiz
edilmigtir. Elde edilen sonuglara goére, Salih Zeki’nin yazdigi 6 adet geometri ders kitabi yapilandirmaci karakter
tagimaktadir.

Anahtar Kelimeler: Matematik egitimi, yapilandirmacilik, Salih Zeki

Tiirkge siiriim i¢in tiklayiniz

1. Introduction

In mathematics education, the philosophy of mathematics determines how we learn and teach mathematics in
the classroom and school environment. If mathematics exists as an ideal waiting to be discovered, as the
Platonist tradition asserts, then it will be sufficient for schools to present mathematics as an ordinary body of
truths, definitions, and algorithms. From this point of view, mathematics is like conveying a constant fund of
knowledge that students have to accept as true without any reasoning. However, if mathematics is a cultural,
creative and experimental activity, then the methodology adopted by students will have a tendency to construct
their own mathematical knowledge, no matter how different from classical mathematics (Handal, 2009). The
appropriate approach for this methodology is constructivism.

Constructivist approach deals with issues such as knowledge, the nature of knowledge, how we know, what
kind of process the dissemination of knowledge is and what affects this process, and its notions form the basis of
educational practices (Demir & Sahin, 2009). According to this approach, learning is not a passive utilization of
knowledge, but a process in which the structuring of concepts continues actively. In this process, meaning is
emphasized, not memorization (Shirtsiz & Kan, 2007). Constructivists argue that knowledge is structured by the
individuals trying to make their own lives meaningful, and knowledge is not passively acquired from the
environment. Individuals are not empty barrels waiting to be filled (Ko¢ & Demirel, 2004). Therefore,
constructivism is a cognition-based approach that takes place in the world of the learner with the mental
construction process of the individual, and the learner is at the center of the learning process in the construction
of knowledge (Brooks & Brooks, 1999). From another point of view, constructivism is to learn by associating
newly-seen knowledge with previous knowledge, thus creating new learning depending on previously-known
subjects (Arslan, 2007). In the constructivist learning program, the learning content should not only respond to
the interests and needs of the students, but also be original and relevant to real life. In other words, learner-
centered design should be applied instead of subject-centered design. Structuring what the learner learns is of
utmost importance (Ko¢ & Demirel, 2004).

There are three basic views on how information is formed in the constructivist approach:

1. Cognative Constructivism
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2. Social Constructivism
3. Radical Constructivism

In all three of these approaches, knowledge is not passively acquired from outside. The common point in
these approaches is that the knowledge is structured in the mind, and the individuals create the knowledge
themselves. The preparation of suitable environments for learning is also one of the factors required for
individuals to form their knowledge. It can be stated that we learn the following by structuring in our minds:
what we have learned, what we learn and what we are going to learn. In other words, we learn by trial and error,
discussing, embracing what we think and do, analyzing, doing and living (Delil & Giles, 2007).

When constructivism first emerged, it focused on how students learned information. Constructivist
understanding, which has developed over time, has begun to question how students construct knowledge (Erdem
& Demirel, 2002).

How can a mathematics education suitable for the constructivism be given? According to Paul Ernest,
constructivist mathematicians consider that classical mathematics may not be safe and mathematics needs to be
reconstructed by “constructivist® methods. In addition, constructivists claim that it is necessary that both
mathematical truths and the existence of mathematical objects be constructed by constructivist methods. This
means that mathematical constructions are necessary as opposed to methods based on contradiction and proof to
construct truth or existence (Ernest, 2004). This last claim of the constructivists is in parallel with the rejection of
the "reduction to absurdity" (reduction ad absurdum) method, one of the mathematical proof methods, by the
Intuitionist movement, which emerged under the leadership of Brouwer as a result of the philosophy of
mathematics in the 19th century to rebase mathematics.

Although some constructivists retain the idea that mathematics is the study of constructivist methods set forth
with paper and pencil, the harsher intuitive view led by Brouwer claims that mathematics is primarily in the
mind, and accumulated mathematics is of secondary importance. In limited areas where there are both classical
and constructivist proofs of an outcome, constructivist proofs are preferred due to being more informative.
Whereas a classical proof of existence can only show the logical necessity of existence, a constructivist proof of
existence shows how a mathematical object that can be claimed to exist can be constructed (Ernest, 2004).

As a result of the crisis in the foundations of mathematics in the early 19th century, the idea of putting
mathematics back on solid foundations led to the emergence of three paradigms: Logicism, Formalism,
Intuitionism (Handal, 2009). On the other hand, Ernest suggested constructivism as the third paradigm besides
logicism and formalism while introducing the aforementioned three paradigms in his book The Philosophy of
Mathematics Education. In order to indicate that intuitionism and constructivism have the same meaning, Ernest
suggested the constructivism similar to intuitionism (Ernest, 2004). Some philosophers like Ernest can use
intuitionism and constructivism interchangeably.

Mathematics education is generally based on 2 basic strategies. The first one is the strategy that emerges in
the form of presenting mathematical relations, formulas, and relationships as a whole, without considering the
personal characteristics of the individuals to be trained. In this strategy, students are in the position of passive
information receivers in educational activities. The second one is that the strategy that in which mathematics is
perceived as a whole, and mathematical concepts are associated with each other, formulas, relations and
theorems are clarified through the cause and effect relationship, the student is informed about the development
process of mathematical knowledge, individuals are active information receivers in the education process,
mathematical knowledge is made meaningful, and mathematics is reconstructed in the student's mind. The main
features of the second approach — constructivist education approach — can be explained as follows:

e Constructivist approach aims to improve the ability to understand, solve problems and adapt
information to new situations. This approach is against the traditionalist and objectivist paradigm that is
dominant in education. According to the constructivists, information cannot be passively received
through sensory organs and the environment; however, it is effectively structured by the learner. The
purpose of constructivist learning is not to help learners reach goals that are predetermined to certain
hierarchy butto provide learning opportunities for learners to cognitively make sense of
information. Constructivism has been strongly influenced by Piaget and Vygotsky. Deductive and
inductive approaches are used in the constructivist education program. Content is structured
around basic concepts and principles (Celik, 2006).

e Constructivist learning is a theory whose roots date back to approximately 100 years although it is
thought to be suggested by Piaget (1896 - 1980) (Altun, 2004).

e Constructivism, which is not teaching but a learning theory, is based on the following three
assumptions (Delil & Giiles, 2007):

e Knowledge cannot be built without a personal contribution.
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e Understanding arises as a result of adaptation. Persons harmonize their own experiences and
knowledge with the subject discussed, and understands the subject.

o Information arises as a result of interaction. The language in use and the social environment in
which persons are involved play an important role in this interaction.

The constructivist approach has been used frequently in mathematics education since the mid-20th
century. However, it is probable to find individual examples for the constructivist approach long before. This
article attempts to find out whether the late Ottoman mathematician Salih Zeki, has a constructivist approach to
mathematics education through the textbooks Zeki wrote.

1.1. Salih Zeki

Salih Zeki, one of the important scientists who lived in the last period of the Ottoman Empire, was born in
Istanbul, in 1864. Salih Zeki, one of the first graduates of Dariigsafaka, started working at the Ministry of
Post. He was sent to Paris by the institution he worked for in a short time to study telegraph engineering. During
two years in Paris, he was interested in mathematics as well as engineering. He took lessons from Henri
Poincaré, one of the important figures in the history of mathematics and adopted his opinions about science and
philosophy. After completing his education, he took senior positions at various levels of the state institutions. He
personally participated in astronomical observations during the directorate of the Rasathane-i Amire [State
Observatory]. Starting from 1900, he started to give lectures in the Department of Mathematics at Dari'l-Fiin(in
[“University” in Ottoman Turkish]. Between 1913 and 1917, he served as the General Directorate of Darii'l-
Findn [Rectorate]. He continued to teach in the Department of Mathematics until his death in 1921.

Many biography studies have been carried out on Salih Zeki, who undertook very important duties in the last
period of the Ottoman Empire. In addition, reviews on Salih Zeki's books and articles were written by various
authors. Unlike the others, this article highlights Salih Zeki's identity as an instructor of mathematics. In this
study, six geometry textbooks written by Salih Zeki between 1907 and 1915 were evaluated in terms of the
constructivist approach, which is accepted as one of the effective teaching strategies in the 20th and 21st
centuries by today’s instructors of mathematics. In addition to Salih Zeki's identity as a pure mathematician and
philosopher of mathematics, this study searches in his textbooks for the traces of Zeki’s identity as an instructor
of mathematics. Therefore, the emphasis is on how Zeki teaches rather than what he teaches.

1. Hendese-i Tecrubiyye [Applied Geometry]: Salih Zeki wrote this book on the request of the Ministry
of Education to be taught in 3rd grade of all secondary schools. The book covers the topics of point,
line, plane, length, area and volume (The first edition of this book is of 1892. 1909 edition is used in
this publication).

2. ilk Hendese Dersleri, Devre-i Aliye Birinci Sene, Uciincii Kitap [First Geometry Lessons, First
Grade of Secondary School, Third Book]: It was written by Salih Zeki and Hamazasb Haki in
1915, at the request of the Ministry of Education, to be taught in the first grade of the Mekteb-i
Ibtidaiye [secondary school]. The book covers subjects such as angle, properties of angle, construction
of angles, geometric tools, position and construction of lines relative to each other, basic geometric
shapes and properties.

3. ilk Hendese Dersleri, Devre-i Aliye ikinci Sene, Dérdiincii Kitap [First Geometry Lessons, Second
Grade of Secondary School, Fourth Book]: It was written by Salih Zeki and Hamazasb Haki in 1915,
at the request of the Ministry of Education to be taught in the second grade of the Mekteb-i
Ibtidaiye. The book includes topics such as the properties of the circle, straight and curved lines,
straight and curved surfaces, cylinders and cones. In addition, the geometrical infrastructure and usage
instructions of the instruments to be used in land measurement are also explained in the book.

4. 1lk Hendese Dersleri, Birinci Sene [First Geometry Lessons, First Year]: It was written by Salih
Zeki in 1914, at the request of the Ministry of Education to be taught in the third grade (secondary
school 3) of the Mekteb-i Ibtidaiye. The book consists of three chapters: The first one includes
definitions; the second one plane shapes and their properties, and the third one drawings and
construction of the geometric shapes.

5. 1lk Hendese Dersleri, ikinci Sene, Devre-i Mutavassita, ikinci Kitap [First Geometry Lessons,
Fourth Grade of Secondary School, Second Book]: It was written by Salih Zeki in 1914 at the
request of the Ministry of Education to be taught in the fourth grade of the Mekteb-i Ibtidaiye. The book
consists of three chapters and the following subjects are covered respectively: area calculation, volume
calculation, geometric solutions to daily life problems.

6. Nazari and 'Ameli Miicmel Hendese [Theoretical and Applied Geometry]: It was written by Salih
Zeki in 1911 for the purpose of facilitating the education of middle school students who learned only
applied geometry to learn theoretical geometry. The book includes lines, angles, plane shapes, area
volume calculation and applications.
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Changes have been made in mathematics education in order to teach mathematics to students in a better way
for about 100-150 years. Most of these changes have been specific to the curriculum. However, it is obvious that
improvement could not be made at the desired level. It would be useful to analyze the mathematics education
carried out in the last period of the Ottoman Empire and the Early Republican period, rather than focusing only
on what has been done or not done today in order to determine the source of the problem. There are not many
researches on this subject in Turkey. This study aims to identify whether the textbooks of Salih Zeki, one of the
Late-Ottoman mathematicians, had a constructivist character.

2 Method

Historical researches are generally carried out using written texts in archives. Document analysis, which is a
method frequently used in researches on written texts, is also the method of this research. Document review
covers the analysis of written materials that contain information about the phenomenon or facts to be
investigated. Document review for a qualitative research can be used as a data collection method alone (Yildirim
& Simsek, 2011).

Constructivism is an educational strategy that requires the school, students and teachers to work in harmony
in the education-training environment. To be able to apply the constructivist learning approach, each
of these three elements is crucial. This study aims at determining whether the textbooks of Salih Zeki were
written in accordance with the constructivist approach. On the basis of the basic features of constructivism,
basic criteria are necessary to determine whether a textbook has a constructivist approach. 11 criteria are
established following literature review and applying for expert opinions, and these criteria are as follows:

1. Is the student directed to meaningful learning through constructing knowledge in the student's mind?
(MEB, 2009b; Ozgen & Alkan, 2012)

2. Has any association been formed between mathematical concepts? (MEB, 2009a; MEB, 2009b;
MEB, 2013)

3. Has previous knowledge been activated and associated with new information? (Bukova-Giizel, 2008;
MEB, 2009b )

4.  Are mathematical concepts included in the book in a way that they create mathematical meanings from
students' concrete experiences and intuitions? (MEB, 2009a; MEB, 2013)

5. Isthere a problem solving method in the book? (Ozgen & Alkan, 2012)

6. Are there any associations between subjects of mathematics and real life? (Arkiin & Askar, 2010;
Bukova-Giizel, 2008; MEB, 2009b; MEB, 2013)

7. Does the book provide the student with the necessary material and cognitive context in order to
construct knowledge? (Baki, 2006; Delil & Giiles, 2007; MEB, 2009b ; MEB, 2013)

8.  Are there any activities that will give students high-level thinking skills?
9. Has arelationship been established with other disciplines? (MEB, 2009b)

10. Are there any multiple display tools such as graphics, pictures and figures in the content? (Baki, 2006;
Ozgen & Alkan, 2012)

11. Are the practice problems of questions on the subject organized to improve students’ reasoning skills?

The fact that the abovementioned criteria are established following literature review has increased the
reliability of the study. In order to ensure external validity, direct citations were taken from the textbooks.

This study quests for the traces of constructivist method in Salih Zeki’s textbooks by analyzing data within
the context of the abovementioned criteria through document analysis method, and it provides information about
the existence of these criteria in Zeki’s textbooks and to what extent they have a constructivist
approach. Textbooks were transliterated from Ottoman Turkish (from Arabic letters to Latin letters) by the
researcher.

3. Findings

In this part of the study, the findings obtained from 6 geometry textbooks analyzed within the framework
of the abovementioned criteria will be shown. At the introduction of the textbook titled //k Hendese Dersleri
Birinci Sene [First Geometry Lessons First Year], Salih Zeki wrote a foreword addressing teachers to give the
course. In his foreword called “Warning to Teachers”, Zeki specifies the methods and strategies to be used in the
teaching of the course:
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Warning to Teachers

This book will be in the hands of children who are beginners for geometry. Teachers should not
make children memorize the subjects but they should explain them to children. The subjects of the
first chapter will be explained to children gradually in the classroom, in the garden, briefly
everywhere, and the related activities of the second chapter will be done right after. Teachers
should not attempt to teach geometry unless there are a few rulers and compasses, even a chalk, a
wooden compass and a sufficient number of pencils, a few miter, at least one protractor at school
where children are present. Teachers should not make children memorize descriptions. On the
contrary, teachers should make students draw shapes, make descriptions and find solutions (Zeki,
1332/1914a, p.2).

The fact that Salih Zeki made recommendations for teaching geometry in the foreword of his book shows
that he is not only a mathematician but also an educator. In the first paragraph of his foreword, he wanted
students not to memorize any information; however, he urged teachers to create educational environments that
would enable students to construct knowledge. In the second paragraph, he stated that teachers should not make
students memorize any definitions or rules, but urge them to find definitions or rules by making them draw some
shapes. In this sense, it can be said that Salih Zeki attempted at applying the method known as the strategy of
learning through discovery in the mathematics education for the students of that period. He also stated that there
should be some tools and equipment necessary for teaching mathematics in schools. Salih Zeki’s foreword for
mathematics teachers shows that the author consciously chooses methods and techniques used in mathematics
education.

Six geometry textbooks of Salih Zeki were examined within the framework of 11 criteria determined for the
research.

3.1. Examples of Constructivist Character in Textbooks
3.1.1. Is the student directed to meaningful learning through constructing knowledge in student's mind?

In this section, it is analyzed whether the narration in 6 geometry textbooks written by Salih Zeki, is suitable
for the construction of knowledge in student’s mind as the first criterion. For example, Salih Zeki started
his book Hendese-i Tecrubiyye with " ta'rifat ", which means definitions:

There are 3 kinds of things that can be measured. These are length, area and volume. For example,
‘How many meters is it from one end of this class to the other?” If such a question is posed, the
aim is to measure length. ‘How many square marbles of 1 meter per side can be laid on the floor of
this classroom?’ If such a question is posed, the aim is to measure area. ‘How many cubes of 1
meter on one side will fit in this classroom?’ If such a question is asked, the aim is to measure the
volume (Zeki, 1327/1909, p. 3-4).

The author attempted to construct the definitions with cases, not just with the theoretical information on the
book. The aim is to make the student absorb the definitions. In a book that the construction of a concept for area
and volume is disregarded, there are theoretical explanations such as “The area of a rectangle is given by
multiplying the width times the height... The volume of a rectangular equals the product of its base area and its
height. Volume = Area of base x height” and so on. However, the cases provided in the book Hendese-
i Tecrubiyye on the subject of area and volume aim to reach the mathematical "real meaning" of these
concepts. It can be said that an approach attempting to explain the essence of the concept, away from formulas
and rules, has been adopted. "How many square marbles of 1 meter per side can be laid on the floor of this
classroom?" It expresses an important example that will lead the question to the concept of area. Similar
approaches have been adopted for other concepts in the section of definitions. For example;

Area is the surface of anything. [...] There are three types of areas. There are some areas in which
a ruler touches that area at every point, such as the surface of a table. These areas are
called smooth areas. [...] There are some areas where a ruler touches it in one direction and only
at one pointin the other direction, such as the lateral area of a water pipe. These
areas are called curved areas. [...] There are some areas where a ruler touches only at one point in
all directions, such as a surface area of an egg. These areas are called round areas (Zeki,
1327/1909, p. 6-7).

We can consider this point in the section of definitions as the first sign of the constructivist approach in terms
of constructing concepts. In this part of the book, Salih Zeki constructs the concepts of length, area, volume,
length types, area types, and volume types.
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In the second chapter of the book Hendese-i Tecrubiyye, the topics of length and length measurement, main
features of which are given in the first lesson, are discussed in more detail. The length measurement is explained
as follows:

Measuring the length of something means to find out how many of something else known to
everyone are in that thing. What is well known is called the comparison unit or unit. For example,
measuring the length of this class means to find out how many of this length we call meters
are (Zeki, 1327/1909, p.13).

In this sentence, the question of “how many of something known to everyone are in that thing ” takes us back
to the origin of the concept of unit. It is expressed that in order to make any measurement, there must be
something that can be compared. In this way, the student can grasp that length measurement units such as
kilometers, meters, centimeters are not absolute measurement units, but they are a universal length assumption,
and length measurement units can be created apart from all these units. This intellectual ground will be the base
for the area and volume calculations to be explained later in time.

Salih Zeki explained the definitions and concepts in his other books in a way that adheres to this
approach. For example, Zeki made the following explanation about iso-surfaces in his book, in his book Ilk
Hendese Dersleri, Devre-i Aliye Ikinci Sene:

If each point of a surface is completely coincident to each point of the other surface, these surfaces
are called as mating surfaces (Zeki & Haki, 1332/1914, p. 4).

Salih Zeki, in his book Hendese-i Tecrubiyye, gave the definitions of rectangular and square and continued
the construction activity, without going into the subject of area:

If we take a simple piece of paper, we will see that the angles on its four corners are right
angles. Moreover, we know by experience that all four sides of the paper are equal and that two
are large and the other two are small. However, as the larger ones are equal to each other, the
smaller sides are also equal to each other. In order to understand this, if we bend the paper once
wide and once across, it turns out that the big edges are equal in the first and the small edges in the
second. The four-sided shape whose four angles are right angles and whose sides are equal to each
other, just like a simple paper, is called a rectangle in geometry. Now let's bend that piece of paper
diagonally so that the larger edge is on top of one of the smaller edges. In this case, a piece of
excess is formed in the size of the paper. If we remove this excess with a pair of scissors and open
the paper back on the table, this time a shape with perpendicular angles and equal quadrants is
formed. A shape whose four sides are equal to each other and whose angles are right angles
is called a square in geometry, as in this figure. The area of a square whose length is equal to 1
meter on each side is measured in the form of one square meter (Zeki, 1327/1909, p. 48-50).

Definitions of rectangle and square were based on an A4 paper we use in daily life. The definition made on
the basis of a familiar example makes it easier to create a new concept in mind. Defining a square based on a
rectangle makes you feel that each square is also a rectangle. The definition of unit square in the same paragraph
shows that the construction activity continues in terms of forming the basis for the area concept to be explained
later. Structuralism (Baki, 2006), which is used to create a structure by bringing parts together, finds its
correspondence in this section of the book.

In the behavioral approach, conversions between units of measure (e.g. 1 square meters=
100 square decimeters = 1000 square centimeters...) are itemized in a table. These conversions are explained in
the book Hendese-i Tecrubiyye in the following way:

[...] Now, let's draw a square with a side of 1 meter on the blackboard. Let's divide each side of
this square into ten equal parts. Then, let's connect the opposite points with line segments. In this
case, we divide the square we have drawn on the board into some small squares. The sides of each
of these squares are equal to 1 decimeter. Such squares with sides equal to 1 decimeter are called
square decimeters. | wonder how many decimeters there are in the square meter we drew on the
board before? To find this, let's first count how many small squares are aligned with one side of
the bigger square: we find that there are ten square decimeters. We understand from this that there
are ten rows on top of each other inside the big square, and each row has ten small
squares. So there must be 10 x 10 = 100 squares in the whole square. This means that in 1
square meter, that is, a square with a side of 1 meter or 10 decimeters, there are 100 square
decimeters (Zeki, 1327/1909, p.50-51).

The measurement for area that is taught by heart information is expressed here by modeling in the behavioral
method. The same model was repeated for square centimeters and square millimeters in the later chapters of the
book, allowing for the integration of area measurement units in students' minds. In addition, the question in the
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paragraph above “I wonder how many decimeters there are in the square meter we drew on wood before?” also
makes one feel how to find the surface area in geometric shapes. In this respect, we see that the construction
activity continues for the next chapter. The following sentence in this section of the book Hendese-i Tecrubiyye
[Applied Geometry] explains the concept of area:

Measuring an area means to find how many square meters or how many square decimeters or how
many square centimeters there are in that area (Zeki, 1327/1909, p. 52).

Another definition of the concept area concept is explained in the book 7k Hendese Dersleri, Birinci Sene in
the following way:

To measure an area means to find how many units of measurement there are in this specific area.
The generally accepted unit of measurement for areas is the area of a square of one meter in width
and length, which is called square meter. [...] It can be said how many square meters an area can
contain is that much square meters (Zeki & Haki, 1334/1915, p. 65).

Constructivism explains  how an individual reaches information, develops and uses these
processes (Gomleksiz & Kan, 2007). The concept of area in the book 7lk Hendese Dersleri [First Geometry
Lessons], as previously in the book Hendese-i Tecrubiyye, is defined as “to measure an area means to find how
many units of measurement there are in this specific area.”, and all the area calculations have been built on this
concept.

The concept of area, which is formed ina single sentence in the book Hendese-i Tecrubiyye, is first
constructed and then formulated. Then, the following explanation about the area is given:

If we take a set of one-centimeter-wide and two-centimeter-long dominoes, and divide them in
half, we get many squares with each side of 1 centimeter. Each of these squares is 1 square
centimeter as we saw in previous lessons. Let's take four of these small squares and arrange them
one after another. In this case, we get a rectangle, the area of which is equal to the sum of 4 square
centimeters. Since there is only one row, and there are four square centimeters in it, there is no
doubt that the sum is 1x4=4 square centimeters. Now let's add a second row by placing four more
half dominoes under this row. The resulting shape will become a rectangle, as well. But since there
are 2 rows in this rectangle and each row has 4 square centimeters, its area is only 2x4=8 square
centimeters. [...] It can be seen in the following examples that in order to measure the area of a
rectangle, it is necessary to find out how many square centimeters it equals and to look for how
many centimeters there are on the big and small sides, and then to multiply these two
numbers. What we do to find the area of a rectangle is called to multiply the width of the rectangle
by its length. The purpose of this is to measure the width and length separately and multiply those
numbers with each other. The result obtained in this way shows how many square centimeters
there are in that rectangle (Zeki, 1327/1909, p. 52-53).

In this paragraph explaining how to calculate the area of a rectangle, it can see that the inductive method is
adopted by creating large rectangles from small squares. The concept of area is constructed step by step in
students’ minds, which is a suitable method for its essence.

The circumference and area of the circle is one of the most difficult subjects for students to learn. Most
students hear about r for the first time in their lives thanks to this subject. If = = 3,1416 s said to be a constant
number used in calculating the circumference and the area of the circle, students will not be able to do anything
but use this information in practice-level questions by writing the relevant numbers instead of the formula. On
the other hand, Salih Zeki explains the relationship between the number and the circumference of the circle in his
book Ilk Hendese Dersleri, Devre-i Aliye Ikinci Sene:

[...] The straightest line of curved lines is the circumference of the circle. [...] As a result of some
calculations and many exercises, it has been found that each circumference of circle is 3.1416
times bigger than its own diameter. So, to understand how long the circumference of a circle is, the
diameter of that circle must first be measured, then the value must be multiplied by the number
3,1416. This amount is fixed. It is denoted by the Greek letter = and pronounced as pi. That is why
the circumference of a circle = diameter x w (Zeki & Haki, 1332/1914, p. 12).

The paragraph above, which explains what the number = means and where it comes from, has enabled the
relationship between the circumference of the circle and the nature of the number m to be revealed and the
circumference of the circle to be constructed in student's mind as a part of meaningful learning. In addition, in
the book [lk Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap, the number = is handled with a similar
approach as follows:
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Circumference of circle: To find out how long a circle is, that is the distance around the circular
region, multiply its diameter by the number 3,1416. The number 3,1416 is the ratio of the
circumference of a circle to its diameter. This number is constant for all circles, and it does not
change. [...] For example, if the circumference of a round tree was 2,40 meters, what would its

diameter be? To find the diameter of a tree, we divide the circumference we measured with the
2,40

string by the number 3,1416. We find = 0,76 meters (Zeki, 1332 / 1914b, p. 10).

3,1416

Salih Zeki, who continues his constructivist method just as in the calculation of area, defines the volume
concept in his book named ik Hendese Dersleri, Devre-i Aliye Ikinci Sene as follows:

To measure the volume of any object means to search and find out how many times the volume,
which is accepted as a unit [for the purpose of comparison], is found in that object. [...] The unit
for volume is cubic meters (Zeki & Haki, 1332/1914, p. 32).

The constructivist method used for the subject area in ik Hendese Dersleri [First Geometry Lessons], is also
designed for the volumes of geometric objects in accordance with the general definition of volume stated
above. For example, the volume of a rectangular prism is described as follows:

Figure 1

The volume of a rectangular prism is equal to its three lengths [width, height, height] times each
other. For example, the length of the base of the rectangular prism shown in Figure 1 is BC, its
width is HE and the height of this prism is CC'. In this case, its volume is CC* x BC x HE. For
example, if the base length BC = 4 metre, width HE = 3 metre, height CC* = 8, the volume of
the prism would be 4 x 3 X 8 = 96 cubic meters. [This situation can be proved as follows] The
base of this rectangular prism is equal to 4 x 3 = 12 square meters. Now, if one cubic meter is
placed on each of 12 square meters, a layer of one meter high, that is, a layer of rectangular prism,
is created. In other words, there are 12 cubes on this floor with a floor area of 12 square meters and
a height of 1 meter. However, since the height of this rectangular prism is 8 meters, 7 more such
layers can be stacked on this layer. Since all rectangular prisms can be equal to 8 such layers and
there will be 4 x 3 = 12 square meters in each layer, the total number of cubes becomes 4 x 3 x
8 = 96... In this case, the volume of a rectangular prism is equal to the product of its base area
and its height (Zeki & Haki, 1332/1914, pp. 32-33).

Salih Zeki prevented the mental clamp that could be formed on students by a pure mathematical formula and
enabled the concept of volume to be formed in their mind. For this purpose, the author supported the subject
with visual elements. However, in a textbook that does not have the idea of “the construction of mathematics in
mind", this subject will be limited only to the definition of “the volume of a rectangular prism is equal to the
product of its base area and its height”.

Salih Zeki has constructed the proposition “a steep line can be drawn through the point on a line” in his book
Nazari ve ‘Ameli Miicmel Hendese as follows:

Figure 2

For example, (Figure 2) only one perpendicular like EH can be drawn from the point E of the line
LC to this line. Because let's assume the line EC coincides with the line EC first and rotate it from
right to left around the point E. As this rotation is continued, the angle formed on the right side
will always increase and the angle formed on the left side will also decrease. Here the line EH’
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rotated around the point E precisely, comes to the condition of EH in that condition in which left
and right angles on both sides will be equal to each other. The line EH has a rather steep towards
the line LC. Regardless of what happens in this situation, if there is a small movement, the equality
between the angles formed on both sides will be broken, so the line EH' cannot be vertical
to the line LC. It is understood from this that only one perpendicular EH can be drawn to this line
from a point E of the line LC. However, it cannot be drawn more than one (Zeki, 1322/1904, p. 17-
18) .

The explanation given for the proposition that only one line can be drawn perpendicular to a straight line at
any given point on that line is such that students can form this proposition in their minds. Thus, this attempted to
create a meaningful learning environment by explaining a rule that can be given in a single sentence step by step
in detail.

Salih Zeki expressed the angle value in terms of “right angle” instead of giving it in “degree”. This will allow
students who are new to geometry to have the concept of angle embedded in their minds regardless of
degree. Otherwise, the student may the mistake of expressing the right angle with only 90 degrees (Zeki,
1322/1904, p. 19-21).

3.1.2. Has any association been formed between mathematical concepts?

The world of mathematics will be much more understandable when mathematical concepts are associated
with each other. In this section, it was examined whether there is a relationship between mathematical concepts
in 6 textbooks written by Salih Zeki.

After explaining the area of rectangle, square and parallelogram in a chronological order in Salih
Zeki 's textbook titled /lk Hendese Dersleri, Devre-i Aliye Ikinci Sene, the next topic is the area of triangle. In a
classic textbook prepared with a behavioral strategy does not have this chronological order of subject. Parallel to
the number of sides, the area of triangle is described first and then the area of rectangle and later square, and only
following these descriptions, areas of relatively more specialized shapes such as parallelogram, rhombus and
trapezoid are explained. In this book, the area of rectangle, square, and parallelogram is explained by associating
them with the area of triangle as follows:

Figure 3
The area of a triangle is equal to half of the product of its base and height. [The proof of this
rule can be done as follows] As can be seen from Figure 3, the triangle BHE is exactly half of the
parallelogram BCHE. The area of parallelogram BCHE is equal to the product of the base BE and
the height HG. Therefore, the area of triangle BHE, which is equal to half of this parallelogram,
must be equal to half of the product |BE|x|HG| obtained before (Zeki & Haki, 1332/1914, p. 7-
8).

Finding how to calculate the area of triangle means that the areas of all shapes whose area can be divided
into triangles can also be calculated. As a matter of fact, the first example of this appears in the area of trapezoid:

£3

Figure 4
The area of trapezoid is equal to the average of the bases multiplied by the altitude. By dividing
the trapezoid BCHE with the diagonal HB to triangles BCH and BHE, we can see that it would
equal the sum of the areas of two triangles, which proves the accuracy of the method above (Zeki
& Haki, 1332/1914, pp. 8-9).

Another figure whose area is calculated using the area of triangle is a regular polygon. Regular polygons can
be divided into equilateral triangles and their areas can be calculated. The conceptual relation of mathematical
figures to the area is also valid about the area of the regular polygon:
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Figure 5
The area of a regular polygon is equal to half the product of the perimeter and height. [...] [This
base is proved as follows] If we draw all the radius triangles of this figure MLHNKECB (an eight-
sided regular polygon as shown in the figure), eight identical isosceles triangles will be formed
(Figure 5). One of them is the area of the triangle FMB, for example M, that is

22i3 = 3 square meters. Since this regular shape consists of eight triangles like this, the area of the

polygon becomes 8x3 = 24 square meters (Zeki and Haki, 1332/1914, p.11-12).

The area of the triangle is associated with the area of the regular polygon so that there is no gap in students’
minds regarding the concept of area. Therefore, it is seen that the cognitive environment necessary for students
to form the area knowledge of planar shapes is provided. The last shape described by relating its area to the area
of triangle is a circle.

Salih Zeki explained the concepts of polygon, circle, circumference and number = by forming associations
between these terms in his book Nazari and ‘Ameli Miicmel Hendese. Salih Zeki explained the relation of
circumference of the circle and the area of the circle, which are not easy to understand for students, by proving
them in suitable way for their levels. Salih Zeki explained how the constant value = used in these relations
is formed by using the principle of induction as follows:

Figure 6

The ratio between the circumference of two regular polygons with the same number of sides
is equal to the ratio between radii of their circumferential circles. For example, a regular hexagon
is drawn inside the circles M, M' (Figure 6 ). The sum of the sides of these two regular hexagons is

§= % their circumference is expressed as t,t’' and the radii of the circles as r,7'. These two
polygons are similar [according to the proven theorem] because they have the same number of
sides. For this reason, the ratio between their circumferences [according to the theorem proved] is

equal to the ratio between their edges. In other words, it is equal to ti,z ;fg,. However , if line
segments are drawn between and Mand B, C and M’ and B’, C' points, two triangles such as MBC

and M'B'C’ are formed, which are similar to each other. Now it is found out of their similarity
BC BM BC

— == O —— = Z_If this ratio is substituted in the above proportion, £,=L, will be
B'C B'M B'C r t r
obtained (Zeki, 1322/1904, p. 143-144).
After proving that the ratio between the circumferences of two regular hexagons is equal to the ratio between
the radii of the circumferential circle of this hexagon, Salih Zeki explained that the same proportion can be

considered for circles, which he thinks of as an infinite sided polygon:

I/ e
\n r

Figure 7
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The ratio between the circumferences of two circles isequal to the ratio between their
diameters. For example, if circumference of the circles M, M’ are ¢, t’ and their diameters are R, R’

(Figure 7), it is ti,= 5 Because both circles are accepted as two similar regular polygons with
infinite number of sides, the ratio between their circumferences is equal to the ratio between their

radii v, 7" as per the previous theorem. In other words, it is ti, = % Now, when the variables of the

second ratio are multiplied by 2, it is ti,zz—rz R Which also proves the theorem (Zeki,

2’ R’
1322/1904, p. 144-145).

Salih Zeki continued his constructivist method, which he started with a regular hexagon, with the circle he
defined as an infinite-sided polygon. He proved by this theorem that the ratio of the circumferences of two
circles is equal to the ratio between their diameters. He reached the number 7= by using this proportion:

The ratio of the circumference of each circle to its diameter is equal toa fixed number. For
example, circumference of the circles M, M’ are t, t" and their diameters are R, R’ (Figure 7). As

per the previous theorem, their circumference is proportional to their diameter and it is % = ti, f

!

the places of the middle proportions change, it is % = % . This equation states that the ratio of the
circumference of the first circle to its own diameter is equal to the ratio of the circumference of the
second circle to its diameter, so the ratio of the circumference of each circle to its diameter is
constant. This constant ratio, the ratio between the circumference and the diameter of a circle, is
approximately equal to 3,1416. This ratio is usually pronounced pi , denoted by the letter = in
the Greek alphabet . Here it is expressed as aconstant ratio between the circumference and
diameter of any circle, that is % =1 (Zeki, 1322/1904, p. 145-146).

The number 7 is not an expression that most students can easily learn. Explaining how an infinite number of
3,1416... came into being would also mean clarifying the basic point on which the concepts of circle and circle
are constructed. Expressing the relations about the circumference of the circle and the area of the circle after
obtaining the number 7 will facilitate the absorption of the subject by the students. As a matter of fact, Salih
Zeki obtained the correlation regarding the circumference of the circle in a suitable way for the level of the

students:
“The previous proportion % = 7 creates the equations t = R X w or = % . If two times of its radius,
2r is written instead of its diameter R, it becomes t = 2nr and r = i (Zeki, 1322/1904, p. 146-
147).”

Salih Zeki explained the relation related to the circumference of the circle by associating it with other
concepts of mathematics at a level that can be constructed in students' minds. He made the students reflect on the
number 7 and explained where it emerged from by associating it with the polygon issue.

3.1.3. Is old information activated and associated with new information?

In mathematics education, if old subjects and new subjects are explained with associations, mathematics can
be constructed as a whole in students' minds. In this section, it will be analyzed whether old topics and new
topics are explained in relation to the 6 textbooks of Salih Zeki .

Salih Zeki explained the volume calculation of the cylinder in the textbook titled Ilk Hendese Dersleri,
Devre-i Aliye Ikinci Sene, by using the volume calculation of the prism that the student had previously learned:

B NS
AL

Figure 8
The volume of a cylinder is equal to the product of base area and its height. [This rule
is explained as follows:] For example, the cylinderin Figure 8 hasthe volume
as base area x height. In fact; the cylinder can be described as a very narrow prism with very
many surfaces. The volume of the prism is equal to the product of base area and its
height. Therefore, the volume of the cylinder;
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The volume of cylinder = Base area x Height
=1 X (Radius)? x Height
(Zeki & Haki, 1332/1914, pp. 44-45).

In addition, Salih Zeki, in his book Nazari and 'Ameli Miicmel Hendese, explained the sum of the interior
angles of the polygons in association with the angle in the triangle mentioned in the book as follows:
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Figure 9

The sum of the interior angles of a polygon is equal to two right angles minus two less than the
number of sides of that polygon . For example, even though the polygon BCEHFL has six sided,
the sum of itsangles B,C,E,H,F,L isequal to 6 —2 =4  times two right angles (Figure

9). Let's connect any corner of the polygon, for example the corner B, with the other corners of
the polygon. In this case, since there will always be two adjacent vertices to a corner, the polygon
can be divided into triangles with two minus the number of sides. The polygon BCEHFL is divided
into four triangles like BCF, BEH, BHF, BFL. Now, since the sum of the angles of these triangles
will be equal to the sum of the interior angles of the polygon, since the sum of three angles of a
triangle is equal to two right angles, the sum of the interior angles of the polygon in question is
equal to 6 — 2 = 4, that is, two times less than the number of sides. Here, if the number of sides of
a polygon is denoted by the letter n, since the number of triangles to be formed in it will be n — 2,
the sum of angles will be (n — 2) x 2 right angles (Zeki, 1322/1904, p. 51-52).

Salih Zeki's use of triangles to explain how to find the sum of interior angles of polygons revealed the hidden
relationship between these two issues. Student will be able to calculate the sum of the interior angles of a
polygon regardless of the number of sides, without any rule. Salih Zeki describes almost every new
mathematical knowledge by associating it with other mathematical knowledge. With this method, the student can
comprehend mathematics as a whole. After explaining the subject, Salih Zeki did abstracted the new knowlege
and did not neglect to formulate it this way.

Salih Zeki discussed the pyramid body after prisms in his book Nazari ‘Ameli Miicmel Hendese. First of all,
he expressed the basic features of the pyramid. Since the surface shapes are polygons, the surface area relation of
the pyramid has been established by associating it with the area relation described earlier. He explained the
volume of the pyramid by relating it to the volume relation of the prism as follows:
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Figure 10

Each triangular prism can be divided into three triangular pyramids of the same base and height,
one of which is identical to the other. For example, suppose a triangular right prism like BCEHMN
(Figure 10). Let's cut this prism with a plane passing through the MBE points. With this plane, a
triangular pyramid like MBCE is separated from the prism. Now, the MHE plane and the
remaining part of the prism are divided into two triangular pyramids such as MBEH and MEHF
(Figure 10). Now these three pyramids are identical. Let's take the MBCE, MEHF pyramids
before: The base of each of them is one of the bases of the prism, and its height is only the height
of the prism. On the other hand, MEHF, MBEH pyramids are also identical to each other. Since
the bases of these are EHF,EHB triangles and these triangles are only half of the BEFH
parallelogram, they are equal to each other. As for their height, it is also common as it is equal to
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the distance of point M to the parallelogram BEFH. These three pyramids are identical because
they have the same base and height. It follows from this that: A triangular pyramid is equal to one
third of a triangular prism with the same base and height. [Hence] The volume of a pyramid is
equal to one-third multiplied by the area of the base multiplied by the height (Zeki, 1322/1904, p.
202-203).

While the surface area relation of the pyramid is an understandable relation at a glance, the relation of the
volume of the pyramid is not a relation that can be understood at once. While the volume of the prism is found

by the base area X height relation; questions such as why the pyramid is %x base area X height in the

volume relation, and where the % coefficient comes from are questions that confuse the student. Salih Zeki says

that in order to avoid this confusion, a prism can be divided into three identical pyramids by establishing a
relationship between the prism and the pyramid; he hence showed that one-third of the volume of the prism
would be equal to the volume of a pyramid of the same base and height. Therefore, students can easily grasp the
volume of the pyramid.

In Salih Zeki's book Hendese-1 Tecrubiyye, the properties of the parallelogram are deduced by establishing a
relationship between the properties of square, rectangle and parallelogram . The established relationship is also
valid for the calculation of area:

Figure 11

Now that we know what a parallelogram is, let's get to how its area is measured. If we draw a
BCHF parallelogram on an A4 paper and bend the paper twice at points F and H so that the line
CB is on itself as shown in the figure, we get two bending lines like FB', HC'. These FB'HC'
bending lines are subject to the fact that they are perpendicular to the FH line as we have given
before. In other words, the angles obtained on both sides are equal to one right angle, so that the
FB'HC' shape is also a rectangle. The area of a rectangle formed in this way is equal to the product
of the FB' side by the HF side, as we have seen in the previous lessons. Now we say that the area
of the FHCB parallelogram is equal to the area of the rectangle FB'CH’ we found. It is very easy to
prove this. Yes, if you look at these two figures with attention, it will be seen that the HC'BF
region is located in both the parallelogram and the rectangle. More than this parallelogram is the
triangle HC'C. Then more than that of the rectangle is the triangle FBB'. In this case, the fact that
the area of the parallelogram is equal to the area of the rectangle requires these two triangles to be
identical. Now, let's take out the triangle C’'CH with a pair of scissors and take a ruler and place its
edge on the BC’ side, and then slide the C'C edge of the CCH triangle we have extracted forward
against the ruler edge. When point H of the triangle comes to point F, since the equality of HC line
to FB' line will not be distorted, point ¢’ will also come to point B'. In this case, since the C'H line
will also be parallel to the B'F line, they will also overlap one another. Here, it can be concluded
that these two triangles overlap each other, and therefore their areas are equal. In other words, the
area of the rectangle is equal to the area of the parallelogram (Zeki, 1327/1909, pp. 63-64).

It is seen that the relationship established between rectangular and parallelogram shapes is also valid for area
calculation. The method of making a hypothesis about the next information based on the previous information
and proving this hypothesis is a product of the constructivism understanding. Following a similar hierarchy in
the calculation of the area of a triangle, which is the next topic of Hendese-i Tecrubiyye , it is seen that the area
of the triangle can be calculated through the area of the parallel side (Zeki, 1327/1909, p. 68-69).

3.1.4. Are mathematical concepts included in the book in a way that they create mathematical meanings from
students' concrete experiences and intuitions?
In order for students to make sense of mathematics, especially at an early age, it is necessary to start from

concrete experiences. In this section, it will be analyzed whether mathematical concepts are included in 6
textbooks of Salih Zeki in a way to form mathematical meanings based on concrete experiences and intuitions .
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Salih Zeki explains how to find the lengths of curved lines in his book Hendese-i Tecrubiyye as follows:

[...] Now let's draw a crooked line on the black board (Figure 12). We cannot measure the length

\

Figures 12

by putting the meter on this line. So what should we do? There is a very easy and accurate method
to measure the length of such a curved line, which consists of taking a thin thread and tying one
end to the end of the line M and then laying it on the curve until the other end. If the thread
between the two ends of the curve is stretched, a line is formed, and the length of this line is equal
to the length of the curve. However, it is not possible to use this method everywhere. For this
reason, the curve is considered to be composed of end-to-end joints of small little lines such as
BM,BC,CF,FH.
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Sekil 13

Some touch only at one point. Such lines are also called "tangent™ (Figure 13). After measuring the
lengths of these small lines separately, if these lengths are added together, the total to be found is
approximately equal to the length of the MH curve. Undoubtedly, the shorter and the smaller these
lines, the closer their sum of lengths will be to the length of the curve (Zeki, 1327/1909, p. 89-90).

The sentence, “Undoubtedly, the shorter and the smaller these lines, the closer their sum of lengths will be to
the length of the curve” contains the concept of infinitesimals. Salih Zeki has adopted a method advancing from
concrete to abstract to measure the length of a curved line.

After defining an irregular curve and measuring its length, how to find the circumference of the circle, which
is @ smooth curve, is explained in the book of Hendese-i Tecrubiyye as follows:

... The curve we have previously drawn for you was a completely uneven curve. There are a
number of smooth curves that are not necessary to be split into additional small lines or stretched
over to find their length. In this way, smooth curves are calculated either with a measuring device
or directly with the help of calculations. Here, the simplest of these curves is the curve called
“circle”. Let's take a piece of thread now. Let's connect the end of this thread to the M end of the
blackboard with a nail or hold it with a finger. Let's put a chalk on the other end. In this case, let's
draw a curve by keeping the chalk stretched and moving the chalk over the board. The curve we
draw in this way is a circular curve in which the area of this curve in geometry is called “circle” ,
the point M “center” and string itself “radius” and twice the length "diameter". Here we see that
every point of this curve is always equal to the length of the string from the center M. In this case,
the circle can be defined as consisting of a curved line equidistant from the center of the circle. If
the radius of this circle is found, it is possible to find the length of the circle. Now, after drawing
the circle, taking the thread ... (This sentence is incomplete in two different editions of the book).
In this case, the circumference of a circle is equal to the number & times the diameter, or twice the
radius. In other words, if the radius is denoted by r, circumference of a circle = m x 2 r (Zeki,
1327/1909, pp. 93-94).

Before the circumference calculation of the circle is explained, it is seen that the definition of the circle is
made, the properties of its elements are specified, attention is drawn to the distinction between two different
concepts of circle, and the circle is drawn concretely.

Salih Zeki’s textbook Ik Hendese Dersleri, Devre-i Aliye Ikinci Sene, subjects that are formed by rotating a
surface area around any side and “moving objects” are analyzed in the book. The first of these is that “Cylinder,
which is the object obtained by wrapping a rectangle around one of its sides”. In the book, concrete examples
that children of the period can easily come across in daily life are given, such as “minaret body, stovepipe, hair
stove” so that students can visualize these shapes in their minds (Zeki & Haki, 1332/1914, p. 42). Therefore,
mathematical concepts are associated with the daily life.
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Figure 14

Salih Zeki 's textbook Ilk Hendese Dersleri Birinci Sene attempts to tell the difference between the concepts
of straight line (line) and curved line with the aid of a rope (Figure 14 ). It has been stated that the shape in which
the rope is held taut at both ends shows the straight line, and the loose state shows the curved line. In addition,
this situation associated with social life is supported with pictures. Along with the concept of line, the difference
between curved surface and flat surface is also expressed. Therefore, concepts are explained in relation to each
other and by giving concrete examples (Zeki, Ik Hendese Dersleri (Birinci Sene), 1332 / 1914a, p. 5-8).

3.1.5. Is there a problem solving method in the book?

Problem solving method is a useful mathematics education approach that allows mathematics to be
associated with social life. In this section, it will be examined whether or not problem solving method is included
in 6 textbooks of Salih Zeki.

In his book named Hendese-i Tecrubiyye , Salih Zeki turns a daily life situation into a problem and deals with
the issue of similarity:

When we go outside our school and walk a little bit, we see that there is a tree and a stream passes
near it. How can we measure the shortest distance between the rod and the tree where we are, if we
crossed the other side of the stream and planted a rod? (Zeki, 1327/1909, p. 17)

In the solution to this problem, the similarity issue in triangle has been used. Similarity is defined as follows:

[...] This small shape is a closed shape with three sides and three angles. The closed shape
consisting of 3 sides and 3 angles is called “triangle” in geometry. Furthermore, since the small
figure we draw on paper shows the triangle MBG located between the tree M and the rod B on the
ground G, which makes it to be a small copy of triangle. A painting made like this is similar to the
original. The pictures of houses, horses and cars we see in the books are examples of each made to
resemble the real ones we see in cities. The horse picture we see in the sixth figure is a sample
made similar to its original. The size of the real horse can be understood if all sides of this picture
were measured carefully. For example, if the front leg is measured in the picture and it is twenty
times smaller than the foot of the real horse, the other parts of the picture such as the head, tail and
ear will be twenty times smaller than the other sides of the picture. A picture whose edge is
reduced to a certain extent is called something picture-like. Here, the triangle M'B’'G' we drew on
paper is similar to the triangle MBG we drew on the soil that actually exists. (Zeki, 1327/1909,
p.23-24) .

The issue of similarity is kept hidden in the problem of a daily life situation, and the similarity issue
has been tried to be perceived in accordance with the constructivist approach .

In Salih Zeki's book Hendese-i Tecrubiyye, a problem situation from daily life is chosen, in which the
properties of an isosceles right triangle are described in a latent manner. The introduction to the subject in the
book is as follows:

[...] In this lesson we will measure the height of a tree near us. Although this lesson may seem
more difficult than the previous lessons, it is not so difficult. Measuring the height of such a tree is
as if measuring the length of a line that can be reached at one end [but] not the other. In this, the
end is the bottom of the tree that can be reached and the end that cannot be reached is the top of
the tree (Zeki, 1327/1909, p. 20-21).

In the next topic of the book Hendese-i Tecrubiyye, the method used in the concept of similarity in
the previous lesson was repeated for the right triangle and its properties. When creating an isosceles right
triangle, a rectangular paper is first transformed into square paper, then a right triangle is obtained by cutting
along the diagonal. The isosceles state of the right triangle is tested by folding the edges on each other and
overlapping them.

3.1.6. Are there any associations between mathematics subjects and real life?

A mathematics lesson associated with daily life will be much more understandable, especially for younger
students. In this section, it will be analyzed whether the association is made between mathematics subjects and
real life in 6 textbooks of Salih Zeki.

Salih Zeki gave a general definition about the concept of area in his textbook Ilk Hendese Dersleri, Devre-i
Aliye Ikinci Sene and related it to daily life as follows:
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To measure a surface means to search and find how many times another surface, which is
accepted as a unit is present on this surface for comparison. The generally accepted unit surface for
surfaces is the surface of a square, one meter in width and one meter in length, which is called
square meter. [...] They say that how many of a surface can take out of a square meter is the
square meter of that surface. E.g. If we say “the area of the classroom of this fifth grade classroom
is 32 square meters”, we can see that 32 square meters can be placed on the floor of this classroom,
provided that the square meters are placed side by side and leave no gaps (Zeki & Haki,
1332/1914, p. 5).

This area definition will be used in calculating the area of all surfaces, which will be described
later. Therefore, the relation among the definitions will be maintained until the end of the book. In this sense, it
is possible to talk about a consistency in terms of content in the book. After the area definition is given, it is
aimed to establish an association between mathematical knowledge and real life by giving examples from real
life.

In Salih Zeki's book titled /lk Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap, the concept of volume is
associated with daily life and defined as follows:

A volume is something that has a length, width and depth or height. The interior of a room, the
space occupied by a brick on the wall, the cavity of a barrel are all volumes. A volume has both
length, width, depth or height. To measure the volumes of objects, they accepted a known volume
as 1. The volume accepted as 1 is a “cube” in the form of a backgammon dice with a width, length
and depth of one meter. The one whose length, width and height is 1 meter, are called “cubic
meter”. It is said that how many cubic meters a volume can contain, the volume of that object is
the same cubic meter (Zeki, 1332 / 1914b, p.10).

The book explains what the concept of volume is, how the volume is measured and which measurement tools
are used for this process. In addition, the concept of volume was associated with daily life to provide a quasi-real
life experience for students. This concept of volume will be used in the volumes of all objects, which will be
described later. For example, while introducing the prism shape for the volume calculations of prisms, visual
elements such as stoves, which are frequently encountered by students in their daily lives, were used. With this
method, which aims to establish a relationship between daily life and prism, it is aimed to construct the prism
shape in the students’ minds by infiltrating from the concrete entity to the abstract entity.

In Salih Zeki's textbook [k Hendese Dersleri Birinci Sene, the definition of parallel lines are explained as
“lines that are on a plane and never intersect with each other, no matter how long they are extended”. The
concept of parallelism has been enriched with daily-life examples and pictures. For example, iron bars, lines on
which musical notes are written, the feet of a stool are given as examples as seen in Figure 15 (Zeki, 1332 /
19144, p. 10-11).

Figure 15

In the textbook titled /lk Hendese Dersleri Birinci Sene, the concept of line is related to daily life as follows:

It is possible to see line in almost everything: For example, the edges of a cabinet made of
household goods, the edges of the pages of a book cut around are all straight lines. Drawing the
line: a tool called a ruler is used to draw a line. The ruler is a long board that has one edge cut
straight, corresponding to a thin thread stretched at both ends. To draw a line with it, the ruler is
laid on the paper and a pencil is taken and slid along its straight edge. In this case, the pen paints a
line on paper (Zeki, 1332 / 1914a, p. 36-37).

After explaining in detail how to construct a line, how to draw the line between the two given points, how to
extend a drawn line, and how to understand whether a ruler is working properly is shown in practice. In addition,
the equipment that carpenters and gardeners obtain and use the straight line is explained. In this way, the concept
of line has been traced in daily life and the concept has been enabled to flourish in students’ minds. After making
the necessary association, a given line segment was measured with a ruler (Zeki, 1332 / 1914a, p. 37-43). In this
way, the students had the opportunity to learn by doing the relevant mathematical concepts.
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In the textbook titled Ik Hendese Dersleri Birinci Sene, the acquisition of "constructing an angle equal to an
angle" is associated with the carpentry profession. It is explained that the carpenters draw an angle with the same
angle with the help of a tool they call a pliers and miter as follows:

Figure 16

Carpenters use a kind of miter to paint an angle equal to one angle. This miter is almost like two
rulers with two arms joined at each end(Figure 16). But around a nail at these converging ends,
arms can open and close. With this BEC, the arms are opened to draw an angle equal to the angle
(Figure 16) and the inner corner of the square is coincident to the E point and the inner edges EC
to the EB lines. Then, without distorting the span of these arms, the tool is lifted and taken
wherever it is necessary to draw this angle (for example a piece of wood) and a line is drawn each
by the inner edges of the arms. The resulting angle BEC will be the same as the previous angle
(Zeki, 1332 / 1914a, p. 46-47).

As inthis process, which carpenters frequently use intheir work, Salih Zeki tried to make sense of
mathematics by trying to associate almost every mathematical concept with daily life.

3.1.7. Did the book provide the student with the necessary material and cognitive environment in constructing
knowledge?

The constructivist approach claims that knowledge can only be learned fully by reconstructing it in the
mind. In this section, it will be examined whether Salih Zeki's 6 textbooks provide the necessary materials and
cognitive environment in the construction of knowledge.

In Salih Zeki's textbook, all definitions are explained in accordance with the construction of knowledge. For
example, the concept of field is expressed in the book ik Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap as
follows:

In order to measure the area of a surface, the area of another surface is considered to be the unit to
be compared. This unit is one square meter with a width and a length of one meter each. They call
this “square meter”. They say how many of these square meters a surface can take, the more
square meters the area of that surface is. For example, when it is said that the floor of a room is
10 square meters, it should be understood as follows: The floor of this room has an area of 10
square meters (Zeki, 1332 / 1914b, p. 3-4).

This expression given for the area of any surface has provided students with a general view towards the
concept of area in their minds. In this way, a relationship among mathematical concepts will be
established. Following the general definition of the area, the areas of special geometric surfaces are explained in
the book.
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Figure 17

The area of a rectangle is equal to its base length times its height. For example, if there was a
rectangle 6 meters wide and 3 meters tall, the product of these numbers would be 3x6 = 18, and
the area of this rectangle would be 18 square meters (Figure 17). [This rule is explained as
follows] If the length of the rectangle is divided into 6 meters and its height is 3 meters, and if the
lines parallel to the sides of the rectangle are drawn from the separated point, 18 squares emerge,
each of which is one square meter (Zeki, 1332 / 1914b, p. 4-5.).

In Salih Zeki's books, after explaining the concept of area with a general definition, it is explained how to
calculate the areas of geometric shapes in the light of the principles of this definition. In addition, Salih Zeki
discussed the area of the parallelogram after constructing the area relation of rectangle and square in his
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textbooks. The area of the parallelogram is one of the last figures in classical textbooks. Salih Zeki deliberately
handled the parallelogram after the rectangle and reached the concept of the area of the parallelogram from the
concept of area of the rectangle. Later, it is seen that the area relation of the parallelogram reaches the area
relation of the triangle, and the area relations of the polygons and the circle from the area relation of the triangle.
The order in which Zeki deals with the area relations of these geometric shapes is suitable for the constructivist
method.

In Salih Zeki's textbooks, pictures suitable for the social life of the period were included in relation to the
subjects. In addition, geometric shapes are also properly depicted. This situation is an issue that supports the
constructivist approach in the context of the student's concretization of the subject.

Problem situations derived from social life are one of the points that contribute positively to the construction
of knowledge. Such problem situations are frequently encountered in the textbooks which have been analyzed. In
addition, some of the questions given at the end of the sections and chapters are derived from daily life.

The involvement of the student in the process as part of the teaching activity is necessary for the construction
of knowledge. In this context, drawing the geometric shapes in real dimensions explained theoretically in the
textbooks will contribute to the absorption of the information. The second chapter of Salih Zeki's textbook
titled [k Hendese Dersleri Birinci Sene is devoted to this subject (Zeki, 1332 / 1914a, p. 36-68). For example,
the following exercises are made in the book: Drawing the line, drawing angles, drawing perpendiculars,
drawing perpendicular with a square, dividing lines and angles into equal parts, drawing parallel, drawing
tangents, drawing triangles, drawing quadrilaterals.

3.1.8. Are there activities that will give students high-level thinking skills?

In this section, it will be examined whether Salih Zeki's 6 textbooks include activities that will provide
students with high-level skills.

Salih Zeki included activities in some of his textbooks that give students high-level thinking skills. For
example, in the third chapter of the book named Ilk Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap, sSome
exercises of the previously-learned subjects are included:

Tile floors with stones: drawing a shape that matches a shape, drawing another shape that matches
the area of a shape, measuring the distance between two points that cannot be reached directly
from one place to another, measuring the length of a line that cannot be reached at one end,
measuring the height of a tree (Zeki, 1332. / 1914b, pp. 36-52).

These activities will improve students' skills to transfer mathematical knowledge to daily life.

After discussing the volume of regular geometric objects in the third and fourth chapters of Salih Zeki's 7ik
Hendese Dersleri, Devre-i Alive Ikinci Sene, in the fifth chapter, the exercise of “the volume of an irregular
object” is made. Students are expected to make a high-level application of the volume concept they have learned
through this exercise. For example, how to calculate the volume of a pear is expressed with the following
activity:

Figure 18

First of all, to find the volume of a pear shown in Figure 18, we take a cylindrical hollow glass
container and fill some water into it and mark the CB level of this water. Next, we put the pear in
it. In this case, after the water level rises, we mark the C’B’ level of the water. In this case, we
understand that the volume of the pear thrown into the water is equal to the volume of the BCC’B’
cylinder.

Here is the height of BCC’B’ cylinder |BB'| = 0,4 meters, if the width (diameter) of the cylinder is
0,68 meters from the inside of the mouth:

Volume of BCC'B’ cylinder = 0,34x0,34x3,1416x0,4 = 0,145267 cubic meters.

The volume of the pear would be 0,145267 cubic meters.

395



M. Takicak

In the third chapter of the book named /lk Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap, some
exercises of the previously-learned subjects are included:

Tile floors with stones: drawing a shape identical to a shape, drawing another shape equivalent to
the area of a shape, measuring the distance between two points that cannot be reached directly
from one place to another, measuring the length of a line that cannot be reached at one
end, measuring the height of a tree (Zeki, 1332 / 1914b, pp. 36-52).

3.1.9. Has a relationship been established with other disciplines?

In this section, it will be identified whether any relationship has been established with other disciplines in 6
textbooks of Salih Zeki.

Figure 19
In the sixth chapter of Salih Zeki's textbook /lk Hendese Dersleri, Devre-i Aliye Ikinci Sene, there are
perimeter and area formulas for land and calculation of the land limits, and the calculation of the boundaries of
the lands are discussed in the seventh chapter (Zeki & Haki, 1332/1914, p. 57-72). After introducing the field
measurement tools, it is described how the calculations will be made with a content enriched with pictures. In
this context, a relationship has been established between the geometry knowledge learned in the book and
cartography. There are examples of land measurements in other textbooks.

By establishing a direct relationship between field measurements and cartography discipline and
mathematics, it was included in the textbooks. On the other hand, no direct relationship has been established
between geometry and other disciplines in the textbooks.

3.1.10. Are multiple display tools such as graphics, pictures, figures included in the content?

In this section, it will be examined whether Salih Zeki's 6 textbooks include sufficient number of multiple
display tools such as graphics, pictures and figures.

Pictures and figures have a large place in all textbooks of Salih Zeki. Pictures consist of photographs taken
from social life. This situation made it possible to establish a association between daily life and mathematics. For
example, the picture used to exemplify sphere is as follows: (Zeki ve Haki, 1334/1915, p.11)

Figure 20

The geometric shapes used are also prepared in a way that allows the subject to be understood. For example,
in the book Ilk Hendese Dersleri, Devre-i Aliye Ikinci Sene, the following figure is used when talking about the
area calculation of the rectangle: (Zeki & Haki, 1332/1914, p.6)
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Figure 21
In his book Nazari and ‘Ameli Miicmel Hendese, Salih Zeki enriched the subject by relating the volume of
sphere to the volume of the cone with the following figure with the aid of the following figure: (Zeki,
1322/1904, p.215)

Figure 22

Salih Zeki used many pictures and figures in his textbooks, as in the two abovementioned examples in this
chapter.

3.1.11. Are the practice problems of questions on the subject organized in a way that improves the student's
reasoning skills?

In this section, it will be determined whether the practice problems included in 6 textbooks of Salih Zeki are
organized in a way that will improve the reasoning skill of the student.

There are two kinds of practice problems in Salih Zeki's textbooks. The first is “What is Geometry? Give
examples (Zeki & Haki, 1334/1915, p. 11). These are exercise questions that measure knowledge directly. There
are exercises of this type at the end of each chapter. The second is, “What would be the height of a square
perpendicular prism whose height is equal to one side of its base if its surface area is 165.68 square meters (Zeki
& Haki, 1334/1915, p. 83)?” There are also problems that will develop the student's reasoning skills.

Salih Zeki also included reasoning questions associated with daily life in his practice problems:

What is the height of the minaret in a place where the shadow of a minaret is 10 meters 25
centimeters and the shadow of a tree perpendicular to the ground with a height of 1 meter 10
centimeters is 35 centimeters (Zeki, 1327/1909, p. 42)?

3.2. Examples with Behavioural Character in Textbooks

In this section, examples that do not comply with the constructivist character in Salih Zeki's textbooks
will be included. In the first Hendese Lessons book, how to calculate the circumference of a circle is
explained as follows:

Whether a circle is large or small depends on its diameter. That is, the more times a circle gets
bigger or smaller in diameter, the more times its circumference gets larger or smaller. As a result
of some calculations and many exercises, it has been found that the circumference of each circle is
3,1416 times larger than its diameter. In other words, in order to calculate how long a circle
circumference is, the diameter of that circle must first be measured, then the number must be
multiplied by the number 3,1416. This number is fixed and denoted by the Greek letter “m” and

[T

pronounced as “pi”.
[...] So the circumference of the circle = diameter x m (Zeki & Haki, 1334/1915, p. 24).

The remarkable point in the paragraph above is that the circumference of the circle is stated as “4s a result of
some calculations and many exercises, the circumference of each circle has been found to be 3,1416 times larger
than its diameter. ”” In this approach, it is seen that the circumference of the circle is given to the student as a rule.
Since the meaning of the number is not explained, the relationship between the number m and the circumference
of the circle is not explained clearly. Nevertheless, a student who responded to the above explanation said “What
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is the circumference of a circle with a radius of 4 meters?” will be able to answer the question correctly. But
meaningful learning will not occur.

In the first part of his textbook Iik Hendese Dersleri Birinci Sene, Zeki introduced geometric shapes such as
line, circle, parallelism, angle, polygon, triangle and the basic elements of these shapes. After explaining the
concepts of triangle such as side, corner and height, he dealt with angle in triangle. He reported that the sum of
the interior angles of the triangle is equal to two right angles, but he did not question why this was the case
(Zeki, 1332/ 19144, p. 27-28).

Since the aforementioned textbooks are planned to be a continuation of each other, some topics built with a
constructivist approach are expressed in a completely abstract approach in the next textbook. For example, in the
introduction of Salih Zeki's textbook 7/k Hendese Dersleri, Devre-i Aliye, Ikinci Sene, it was emphasized that this
book is a continuation of the books named Hendese-i Tecrubiye and /lk Hendese Dersleri, Devre-i Aliye, Birinci
Sene (Zeki & Haki, 1332/1914, p.2). In this book, Salih Zeki describes the area of the parallelogram using the
area of the rectangle as follows:

Figure 23
The area of the parallelogram is equal to the product of its base and the height of the base. [This
rule can be proved as follows] The parallelogram in Figure 23 is equal to the [area] rectangle to be
drawn on the BE side at HG height (Zeki & Haki, 1332/1914, p. 7).

Although the area of the parallelogram is described in relation to the area of the rectangle, it is not clearly
explained in this book how the area of the parallelogram equals the area of the rectangle.

4. Discussion and Conclusion

Mathematics, which is the basis for obtaining and developing scientific knowledge, is at the top of the
educational goals of all societies. On the other hand, the number of people who can perceive and learn
mathematics has always been in the minority in societies that have emerged throughout human history. Learning
and teaching mathematics is considered a privilege. The fact that today's developed states are more advanced
than other societies in fundamental sciences can be given an example for this situation. States that are aware of
the importance of mathematics are in an effort to teach their young individuals mathematics in the best way.
Therefore, mathematics education is a constantly changing and developing discipline. There are different
strategies that math educators work on. One of the accepted mathematics education strategies is the
constructivist education approach. It has been found out that Salih Zeki prepared geometry textbooks that
contain the basic criteria of constructivist education approach. Among the books examined, a letter was written
as a guide for the mathematics teachers who will read the textbook in the preface of the textbook titled fik
Hendese Dersleri Birinci Sene. In this letter, Salih Zeki stated that he is against memorizing with the sentence
“... the subjects in the book will be told to children without being memorized” and that the students actively
participate in the lesson instead of being passive learners. To search for the traces of geometry subjects in nature
and associate mathematical concepts with daily life with the sentence “... the subjects of the first chapter will be
shown to children gradually in the classroom, in the garden, briefly everywhere, and the related exercises of the
second chapter will also be done together” ... Children should never be made to memorize any definitions,
explanations, and so on.” On the contrary, he wanted the students to reconstruct the definitions in the mind of the
student and to enable students to discover the mathematical relations, instead of memorizing the definitions with
the sentence "These descriptions should be made for them by making shapes.” The general framework expressed
by Salih Zeki in this preface contains the basic criteria of the constructivist education approach. It has also been
found out that Salih Zeki adhered to these criteria in all six textbooks.

In his book, Salih Zeki Hendese-i Tecrubiyye adopted a method that proceeds from concrete to abstract to
measure the length of a curved line. In the constructivist education approach, subjects are given in relation to
each other. Therefore, if any topic is related to the next topic, the student is prepared for that topic. The sentence
“Undoubtedly, the shorter and the smaller these lines, the closer their length will be to the length of the curve”
(Zeki, 1327/1909, p. 89-90) contains the concept of infinitesimals. The integral issue is not something that
students of this age group can learn. However, considering that the Hendese-i Tecrubiyye textbook was prepared
for middle school 3rd grade students (in today's sense), it can be thought that the students’ mathematical
perceptions were prepared for the next educational institution, the high school, by introducing the infinitesimals
logic to the student.

In Hendese-i Tecrubiyye, the issue of similarity is hidden in the problem situation of daily life, and the issue
of similarity is tried to be perceived. A course organized with a behavioral approach, which we can consider as
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the opposite of the constructivist approach, could be as follows: “In order for a triangle ABC and DEF to be
similar, there must be a constant ratio between the AB and DE side, AC and DF, BC and EF sides.” Transfer of
knowledge to the student with such an approach will be an indication that the concept of similarity is considered
as an absolute mathematical truth and must be memorized. This mathematical knowledge can only be
memorized and not grasped.

In the book named [lk Hendese Dersleri (Birinci Sene), a number of things that carpenters frequently use in
their work are included in the learning environment. This will contribute to the student's process of constructing
the angle concept. The fact that the age group that the book addresses is students of the age group 10-12 makes it
compulsory to give these concepts to the students in a concrete way. Salih Zeki tried to make sense of
mathematics by trying to associate almost every mathematical concept with daily life.

Interdisciplinary communication has an important place in a mathematics education organized with a
constructivist approach. By establishing a direct relationship between field measurements and cartography
discipline and mathematics, this was included in the textbooks. In that period, schools providing education at
secondary school level met the Ottoman civil servant needs. Therefore, the Ottoman Empire, an agricultural
state, needed government officials to measure the land. In this context, it is possible that the subject of
cartography are included in the geometry textbooks. On the other hand, no direct relationship is established
between geometry and other disciplines in the textbooks.

One of the most important materials that contribute to the shaping of mathematics in young age group
students in the world of thought is the enrichment of the learning environment with visual elements. In this
context, there are many pictures and figures in Salih Zeki's textbooks.

Salih Zeki has included many practice problems in all textbooks. While some of these are at the knowledge
level, some of them consist of questions that improve students' reasoning skills.

Behavioral approach, which is one of the learning theories, explains learning with the observable effects of
the environment on behavior instead of cognitive processes. This approach is based on the assumption that
learning products are observable behaviors and these behaviors can be changed. Behaviorists do not work on
how a person learns, but on what stimuli the brain responds to. According to this approach, the subject to be
taught is divided into small behaviors and these behaviors are given to the student in turn. Behaviorists argue
that permanence in learning will be achieved with plenty of repetitions and exercises (Olkun & Toluk, 2007).
According to this approach, topics are given in sub-headings. The student is expected to use the rules and
formulas related to the subject effectively. In the behavioral approach, a definition is given about the subject,
then a sample solution is made, and then the next topic is started to tackle upon. Definitions need not be
correlated. The student learns more methods. From this perspective, in the book [k Hendese Dersleri (Birinci
Sene), the circumference of the circle “As a result of some calculations and many exercises, it has been found
that the circumference of each circle is 3,1416 times larger than its diameter” (Zeki & Haki, 1334/1915, p.24.)
is remarkable. In this approach, it is seen that the circumference of the circle is given to the student as a rule.
Since the meaning of the number is not explained, the relationship between the number n and the circumference
of the circle is not clearly explained and later grasped by students. Nevertheless, a student who responded to the
above explanation said “What is the circumference of a circle with a radius of 4 meters?” will be able to answer
the question correctly. But meaningful learning will not occur. Instead, as stated in the book Hendese-i
Tecrubiyye, if it is explained that the ratio of the circumference of any circle to its diameter corresponds to the
number, so the product of the diameter by the number will also give the circumference of the circle, and the
concept of the circumference of the circle will be constructed in the individual's mind. Therefore, this section of
the book is suitable for the behaviorist approach. Salih Zeki adopted a behavioral approach by giving only
formulas and correlations in a low number in textbooks.

It has been revealed in the Henry Poincaré translations and the article “Namiitenahi” that Salih Zeki is close
to the school of intuitionism, which is one of the approaches of mathematical philosophy (For detail information,
please see Takicak, 2016). He applied the propositions of this school, which he chose to base mathematics, in
mathematics education. The constructivist understanding of education is a mathematics education strategy
derived from Intuitionism, one of the 20th century mathematical philosophy movements. Therefore, it is seen
that Salih Zeki consciously follows a target-oriented way both in explaining mathematics and in mathematics
education. In this case, it can be said that Salih Zeki foresees a mathematics education of philosophical basis in a
planned and programmed manner and want to give direction to Turkey's math education with this prediction.

It is noteworthy that the constructivist approach, which is thought by mathematics educators to be one of the
most effective methods for mathematics education today, was used by Salih Zeki in textbooks at the beginning
of the 20th century. Since the beginning of the 19th century, continuous reforms were made in education,
especially in mathematics education. The reforms in mathematics education were mostly in the form of
reorganization of teaching programs and textbooks. It is seen that the geometry textbooks written by Salih Zeki
and the textbooks used in mathematics education today have a constructivist character. Therefore, it has been
determined in this study that the project of equipping the textbooks with a constructivist character, which is far
from memorization, in order to increase the quality of mathematics education today, was also applied in the first
years of the Republic by Salih Zeki. In this case, it can be seen that developing textbooks and curriculums alone
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is not sufficient to improve mathematics education. The causes of Turkey's lagging behind in mathematics
education and mathematical production makes necessary for a more in-depth research.

5. Recommendations

In addition to this study on the textbooks of Salih Zeki, the textbooks written by other mathematicians of the
period can be analyzed in a similar way. In this way, the state of mathematics education in the last period of the
Ottoman Empire and the first years of the Republic will be analyzed in detail.

In the analysis of the problems experienced in Turkey's mathematics education, apart from the curriculum
which is regarded as the only one variable, it should be focused on potential variables such as student-teacher
and environmental conditions.
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Osmanh Matematik Egitiminde Yapilandirmaci Yaklasim: Salih Zeki

1. Giris

Matematik egitiminde, matematik felsefesi sinif ve okul ortaminda matematigi nasil 6grendigimizi ve
ogrettigimizi belirlemektedir. Eger matematik, Platonist gelenegin savundugu gibi kesfedilmeyi bekleyen ideal
bir varlik olarak bulunuyorsa, o zaman okullarm, matematigi dogrular, tanimlar ve algoritmalarin siradan bir
biitiinii olarak sunmalar1 yeterli olacaktir. Bu agidan bakildiginda matematik, dgrencilerin higbir muhakeme
yapmadan dogru olarak kabul etmek zorunda oldugu, degismez bir bilgi birikimini aktarmaya benzer. Ancak,
eger matematik kiiltiirel, yaratic1 ve deneysel bir aktivite ise, o zaman 6grencilerin benimsedikleri metodoloji,
klasik matematikten ne kadar farkli olursa olsun kendi matematiksel bilgilerini yapilandirma konumunda
olacaktir (Handal, 2009). Bu metodolojiye uygun yaklasim yapilandirmaciliktir.

Yapilandirmacilik yaklagimi bilgi, bilginin dogasi, nasil bildigimiz, bilginin yayginlastirilmasi siirecinin nasil
bir siire¢ oldugu ve bu siirecin nelerden etkilendigi gibi konularla ilgilenmekte ve diisiinceleri egitimsel
uygulamalara temel olusturmaktadir (Demir ve Sahin, 2009). Bu yaklagima gore 6grenme, bilginin pasif bir
bi¢imde ele alim degil, kavramlarin yapilandirilmasim aktif olarak devam ettigi bir siiregtir, bu siirecte
ezberleme degil anlama vurgulanrr (Gomleksiz ve Kan, 2007). Yapilandirmacilar, bilginin kendi yasantisini
anlamli kilmaya ¢alisan birey tarafindan yapilandirildigini ve g¢evreden pasif bir bigimde almmadigni
savunmaktadir. Bireyler doldurulmay1 bekleyen bos variller degillerdir (Ko¢ ve Demirel, 2004). Dolayisiyla
yapilandirmacilik bireyin zihinsel insa siireci ile 6grenenin diinyasinda gerceklesen bilis temelli bir yaklagimdir
ve bilginin ingasinda 6grenen, 6grenme siirecinin merkezindedir (Brooks & Brooks, 1999). Bir baska agidan
bakildiginda yapilandirmacilik, yeni karsilasilan bilgileri onceki bilgilerle iliskilendirerek 6grenmek, boylece
daha oOnceden bilinen konulara baglh olarak yeni dgrenmeler olusturmaktir (Arslan, 2007). Yapilandirmact
O0grenme programinda dgrenme igerigi 6grencilerin ilgileri ve gereksinimlerine yanit vermenin yaninda, gercek
yasamla baglantili ve 6zgiin olmalidir. Bagka bir deyisle konu merkezli tasarim yerine 6grenen merkezli tasarim
uygulanmalidir. Ogrenenin 6grendigini yapilandirmasi 6n plandadir (Kog ve Demirel, 2004).

Yapilandirmaci yaklagimda bilginin nasil olusturuldugu konusunda ii¢ temel goriis vardir:

1. Biligsel Yapilandirmacilik (Cognative Constructivism)
2. Sosyal Yapilandirmacilik (Social Constructivism)
3. Radikal Yapilandirmacilik (Radical Constructivism)

S6z konusu yaklagimlarin iiciinde de bilgi pasif olarak disaridan alimmaz. Bu yaklagimlarda ortak nokta,
bilginin zihinde yapilandiriimasi ve bireyin bilgiyi kendisinin olusturmasidir. Ogrenme igin uygun ortamlarin
hazirlanmas1 da bireyin bilgisini kendisinin olusturmasi igin etkili olan etmenlerden biridir. Oyle anlasiliyor ki,
ne 6grenmissek, ne 6greniyorsak ve ne dgreneceksek zihnimizde yapilandirarak 6greniriz. Yani, deneyimlerimiz
araciligiyla yanilarak, tartigarak, diisiindiigiimiizii ve yaptigimizi sahiplenerek, analiz ederek, yapip yasayarak
Ogreniriz (Delil ve Giiles, 2007).

Yapilandirmacilik ilk ortaya ¢iktigi donemde Ogrencilerin bilgiyi nasil &grendiklerine odaklanmuigtir.
Zamanla geligimini siirdiiren yapilandirmaci anlayig, 6grencilerin bilgiyi nasil insa ettiklerini sorgulamaya
baslamigtir (Erdem ve Demirel, 2002).

Yapilandirmaciligin genel karakterine uygun bir matematik egitimi nasil verilebilir? Paul Ernest’a gore
yapilandirmaci matematik¢iler su goriise sahiptirler: Klasik matematik giivenli olmayabilir ve matematigin
“yapilandirmac1” metotlarla yeniden insa edilmeye ihtiyaci vardir. Ayrica yapilandirmacilar, hem matematiksel
dogrularm, hem de matematiksel nesnelerin varliklarinin yapilandirmaci yontemlerle insa edilmesinin gerekli
oldugunu iddia etmektedirler. Bu, dogruyu veya varligi insa etmek icin g¢eliski ile ispata dayanan yontemlere
kars1, matematiksel insalarm gerekli olduklar1 anlamina gelmektedir (Ernest, 2004). Yapilandirmacilarin bu son
iddiasi, matematik felsefesinin 19. yiizyillda matematigi yeniden temellendirme ¢abasmnin bir {iriinii olarak
Brouwer’in dnciiliigiinde ortaya ¢ikan Sezgicilik akiminin, matematiksel ispat yontemlerinden “olmayana ergi”
yontemini reddetmesi ile paralellik gostermektedir.

Baz1 yapilandirmacilar, matematigin kagit ve kalem ile ortaya konan insact yontemlerin ¢aligmasi oldugu
diisiincesini muhafaza etmelerine ragmen, Brouwer oOnderligindeki daha sert sezgici goriis, matematigin
oncelikle zihinde yer aldigini, hélihazirda birikmis olan matematigin ikinci sirada geldigini iddia etmektedir. Bir
sonucun hem klasik hem de yapilandirmaci ispatlarmin oldugu sinirh alanlarda, yapilandirmaci olan ispatlar
daha bilgilendirici olmalar1 nedeniyle tercih edilir. Klasik bir varlik ispat1 ise sadece varolusun mantiksal
zorunlulugunu gosterebilirken, yapilandirmact bir varlik ispati, var oldugu iddia edilebilen matematiksel bir
nesnenin nasil insa edilebildigini géstermektedir (Ernest, 2004).

19. yiizyilin baslarinda matematigin temellerinde yasanan bunalim neticesinde, matematigi tekrar saglam
temellere oturtmak diisiincesi 3 paradigmanin dogmasma sebep olmustur: Mantik¢ilik (Logicism), Formalizm
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(Formalism), Sezgicilik (intuitionism) (Handal, 2009). Ernest ise The philosophy of Mathematics Education
kitabinda bu 3 paradigmayr tanitrken mantik¢iligin ve formalizmin yaninda {gilincii paradigma olarak
yapilandirmacilig1r (Constructivism) dile getirmistir. Sezgicilik ve yapilandirmaciligin ayni anlama geldigini
belirtmek i¢in de Constructivism (Intuitionism) bi¢ciminde bir kullanima yer vermistir (Ernest, 2004). Ernest gibi
baz felsefeciler sezgiciligi ve yapilandirmaciligi birbirinin yerine kullanabilmektedirler.

Matematik egitimi genel anlamda 2 temel strateji iizerine oturtulmaktadir. Bunlardan birincisi; matematiksel
bagintilarm, formiillerin, iligkilerin bir biitiin olarak, egitim verilecek olan birey ya da bireylerin kisisel
ozellikleri dikkate alinmaksizin siirecin disinda tutularak sunulmasi bigiminde ortaya cikan stratejidir. Bu
stratejide 6grenci egitim dgretim faaliyetlerinde pasif alict konumundadirlar. Ikincisi ise; matematigin bir biitiin
olarak algilandigi, matematiksel kavramlarm birbirleri ile iligkilendirildigi, formiil, bagmnt1 ve teoremlerin neden
sonug iliskisine bagli kalmarak agikliga kavusturuldugu, matematiksel bilginin geligim siirecinden 6grencinin
haberdar edildigi, bireylerin egitim Ogretim siirecinde aktif olarak konumlandigi, matematiksel bilginin
anlamlandirildig1, matematigin 6grenci zihninde yeniden insa edildigi stratejidir. Yapilandirmaci egitim anlayis1
olarak isimlendirilen ikinci yaklagimin temel 6zellikleri su sekilde ifade edilebilir:

e Yapilandirmaci yaklagimda, anlama, problem ¢dzme, bilgiyi yeni durumlara uyarlama yetenegini
gelistirme hedeflenmektedir. Bu yaklasim egitimde baskin konumda bulunan gelenekselci ve nesnelci
paradigmaya karsidir. Yapilandirmacilara gore bilgi, duyu organlar ile ¢evreden pasif bir bigimde
alinamaz, 6grenen tarafindan etkin bir bigimde yapilandirilir. Yapilandirmacit 6grenmede amag,
Ogrenenlerin 6nceden belli bir hiyerarsiye gore belirlenmis hedeflere ulagmalarma yardimci olmak
degil; dgrenenlere bilgiyi zihinsel olarak anlamlandirmalar1 i¢in 6grenme firsatlart saglamaktir. Piaget
ve Vygotsky yapilandirmaciligi en ¢ok etkileyen bilim adamlaridir. Yapilandirmaci egitim programinda
tiimdengelim ve tiimevarim yaklasimlar1 kullanilmaktadir. Icerik temel kavram ve ilkeler etrafinda
yapilandirilmaktadir (Celik, 2006).

e  Yapilandirmact 6grenme, Piaget (1896 - 1980) ile 6zdes goriinmesine ragmen kokleri yaklasik 100 yil
geriye giden bir kuramdir (Altun, 2004).

e Ogretme degil, bir 6grenme teorisi olan yapilandirmacilik su ii¢ varsayima dayanir (Delil ve Giiles,
2007):

e Bilgi kisisel bir katkida bulunulmadan insa edilemez.

e Anlama, adaptasyon sonucu ortaya cikar. Kisi kendi deneyimleri, bilgi ve birikimleriyle
tartigilan konu arasinda uyumlandirma saglayarak konuyu anlar.

e Bilgi, etkilesim sonucu olusturulur. Kullanilan dil ve i¢inde bulunulan sosyal g¢evre bu
etkilesimde 6nemli rol oynar.

Yapilandirmaci yaklagim kabaca 20.yiizyilin ortalarindan itibaren matematik egitiminde siklikla
kullanilmaya baglanmistir. Fakat cok daha dnce yapilandirmaci yaklagima 6rnek olabilecek miinferit 6rnekler
bulmak miimkiindiir. Bu makalede de son donem Osmanli matematik¢ilerinden Salih Zeki’nin, matematik
egitimine yaklagimmm yapilandirmaci bir karakter tasiyip tagimadigi yazdigi ders kitaplar1 araciligiyla tespit
edilmistir.

1.1. Salih Zeki

Osmanli Devleti’nin son déoneminde yasamis dnemli bilim adamlarindan biri olan Salih Zeki, 1864 yilinda
Istanbul’da dogdu. Dariissafaka’nin ilk mezunlarindan olan Salih Zeki Telgraf Nezareti Fen Kalemi’nde géreve
basladi. Kisa siire iginde ¢alistigi kurum tarafindan Paris’e telgraf miithendisligi egitimi almasi ig¢in gonderildi.
Burada kaldig: iki y1l siirecinde mithendislik egitiminin yani sira matematik ile de ilgilendi. Matematik tarihinin
onemli simalarindan Henri Poincaré’den dersler aldi ve onun bilim ve felsefeye dair goriislerini benimsedi.
Egitimini tamamladiktan sonra devletin ¢esitli kademelerinde iist diizey gorevler aldi. Bunlardan biri olan
Rasathane-i Amire miidiirliigii esnasinda astronomik gozlemlere bizzat istirak etti. 1900 yilindan itibaren Darii’l-
Finlin’un Riyaziye subesinde dersler vermeye basladi. 1913-1917 yillar1 arasinda Dart’l-Fiinin Umum-i
Midiirliigii (Rektorliik) gorevini yiiriittii. 1921 yilinda vefat edinceye kadar matematik bdliimiinde ders vermeye
devam etti.

Osmanli’nin son doneminde ¢ok Onemli gorevleri iistlenen Salih Zeki iizerine bugiline kadar ¢ok sayida
biyografi ¢aligmasi yapilmistir. Ayrica Salih Zeki’nin kitaplar1 ve makaleleri {izerine ¢esitli yazarlar tarafindan
degerlendirme yazilar1 kaleme alinmistir. Digerlerinden farkli olarak eldeki bu makalede ise Salih Zeki’'nin
matematik egitimcisi kimligi 6n plana ¢ikarilmistir. Bu ¢aligmada Salih Zeki’nin 1907-1915 tarihleri arasinda
yazmis oldugu alt1 adet geometri ders kitabi, glinimiizde matematik egitimcileri tarafindan 20. ve 21. ylizyillarda
etkili 6gretim stratejilerinden biri olarak kabul edilen Yapilandirmacilik (Constructivism) yaklagimi agismdan
degerlendirilmistir. Salih Zeki’nin piir matematik¢i ve matematik felsefecisi kimliklerinin yani sira matematik
egitimcisi kimliginin, s6z konusu ders kitaplarinda izi siiriilmiistiir. Dolayistyla ne 6grettiginden cok, nasil
Ogrettiginin iizerinde durulmustur.
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S6z konusu ders kitaplar1 bugiinkii ortaokul seviyesinde olup, birbirlerini tamamlayacak sekilde
planlanmistir. Bu kitaplarmn isimleri ve okutuldugu yerler su sekildedir:

1. Hendese-i Tecrubiyye: Salih Zeki tarafindan 1909 yilinda (ilk baskisi 1892 yilinda yapilan bu
kitabin birden fazla baskisi yapilmistir. Makalede 1909 tarihli baskist kullanilmistir) biitiin
ristiyelerin (ortaokul) 3.smiflarinda okutulmak {izere Maarif Nezareti’nin talebiyle yazilmistir.
Kitap, nokta, dogru, diizlem, uzunluk, alan ve hacim konularini icermektedir.

2. ilk Hendese Dersleri, Devre-i Aliye Birinci Sene, Ugiincii Kitap: Salih Zeki ve Hamazasb Haki
tarafindan 1915 yilinda, Mekteb-i ibtiddiye’nin Devre-i Aliye birinci smiflarinda (ortaokul 1)
okutulmak tizere Maarif Nezareti’nin talebiyle yazilmistir. Kitap, agi, agmin 6zellikleri, agilarin
insa edilmesi, geometrik aletler, dogrularin birbirlerine gore konumlar1 ve ingasi, temel geometrik
sekiller ve dzellikleri gibi konulart ihtiva etmektedir.

3. 1lk Hendese Dersleri, Devre-i Aliye ikinci Sene, Dordiincii Kitap: Salih Zeki ve Hamazasb Haki
tarafindan 1915 yilinda, Mekteb-i Ibtidaiye’nin Devre-i Aliye ikinci smiflarinda (ortaokul 2)
okutulmak iizere Maarif Nezareti’nin talebiyle yazilmistir. Kitapta dairenin 6zellikleri, diiz ve egri
cizgi, diiz ve egri yiizey, silindir, koni gibi konular yer almaktadir. Ayrica arazi 6l¢iimiinde
kullanilacak aletlerin geometrik alt yapilar1 ve kullanim talimatlar1 da kitapta anlatilmaktadir.

4. Tk Hendese Dersleri, Birinci Sene: Salih Zeki tarafindan 1914 yilinda, Mekteb-i Ibtidaiye’nin
ligiincii smiflarinda (ortaokul 3) okutulmak iizere Maarif Nezareti’nin talebiyle yazilmistir. Ug
boliimden olusan kitabin birinci boliimiinde tanimlar, ikinci bolimiinde diizlemsel sekiller ve
ozellikleri, ii¢iincii boliimde s6z konusu geometrik sekillerin ¢izimleri ve ingast yer almaktadir.

5. Ik Hendese Dersleri, ikinci Sene, Devre-i Mutavassita, ikinci Kitap: Salih Zeki tarafindan
1914 yilinda, Mekteb-i Ibtidaiye’nin dérdiincii simiflarinda (ortaokul 4) okutulmak {izere Maarif
Nezareti’nin talebiyle yazilmistir. Ug¢ boliimden olusan kitabin birinci bdliimiinde alan hesabu,
ikinci boliimiinde hacim hesabi, {igiincli boliimiinde ise giinlilk hayatta karsilagilan problemlere
yonelik geometrik ¢oziimler yer almaktadir.

6. Nazari ve ‘Ameli Miicmel Hendese: Salih Zeki tarafindan 1911 yilinda, sadece ‘ameli hendese
okutulan riistiye Ogrencilerinin nazarl hendese tahsillerini kolaylastirmak amaciyla yazilmigtir.
Kitapta, ¢izgiler, acilar, diizlemsel sekiller, alan hacim hesabi, uygulamalar yer almaktadir.

Yaklasik 100-150 yildir 6grencilere matematigin daha iyi 6gretilebilmesi amaciyla matematik egitimine yonelik
degisiklikler yapilmistir. Bu degisikliklerin biiyiik bir kismi da miifredat 6zelinde gergeklesmistir. Fakat istenen
seviyede gelisim kaydedilemedigi asikardir. Problemin kaynaginin tespiti i¢in sadece bugiin yapilanlara ya da
yapilmayanlara odaklanmak yerine Osmanli’nin son donemleri ile Cumhuriyet’in ilk yillarinda gergeklestirilen
matematik egitimini analiz etmek faydali olacaktir. Ulkemizde bu konuda yapilmis ¢ok fazla arastirma yoktur.
Eldeki bu galismanin amact son donem Osmanli matematik¢ilerinden Salih Zeki’nin yazmis oldugu ders
kitaplarinin yapilandirmaci karakter tasiyip tagimadigmin belirlenmesidir.

2. Yontem

Tarihi arastirmalar genellikle arsivlerde bulunan yazili metinler kullanilarak yiiriitilmektedir. Yazili metinler
iizerinde yapilan incelemelerde siklikla kullanilan bir yontem olan dokiiman analizi, bu arastirmanin da
yontemini olusturmaktadir. Dokiiman incelemesi, arastirilmasi hedeflenen olgu veya olgular hakkinda bilgi
iceren yazili materyallerin analizini kapsar. Nitel aragtirma i¢in dokiiman incelemesi tek basina bir veri toplama
yontemi olarak kullanilabilir (Yildirim ve Simsek, 2011).

Yapilandirmacilik, egitim-6gretim ortaminda okul-6grenci-6gretmen paydaslarmin uyum iginde ¢aligmasini
gerektiren bir egitim stratejisidir. Yapilandirmact 6grenme yaklagiminin uygulanabilmesi i¢in bu ii¢ paydanin her
biri gereklidir. Bu ¢alismada yapilacak olan, Salih Zeki tarafindan yazilmis olan ders kitaplarinin bu yaklagima
uygun yazilip yazilmadigmi tespit etmektir. Yapilandirmaciligin temel 6zelliklerinden yola ¢ikarak, bir ders
kitabinin yapilandirmaci karakter tastyip tasimadigini tespit etmek igin bir takim temel kriterlere ihtiyag vardir.
Alanyazin taranarak ve uzman gorisleri alinarak hazirlanan bu kriterler 11 maddede su sekilde gruplandirilabilir:

1. Bilgi 6grencinin zihninde insa edilerek, 6grenci anlamli 6grenmeye yoneltilebilmis midir? (MEB,
2009b; Ozgen ve Alkan, 2012)

2. Matematiksel kavramlar arasinda iliskilendirme yapilmis midir? (MEB, 2009a; MEB, 2009b; MEB,
2013)

3. Eski bilgiler harekete gegirilerek yeni bilgiler ile iliskilendirilmesi saglanmis midir? (Bukova-Giizel,
2008; MEB, 2009b)

4. Matematiksel kavramlar kitapta, 6grencilerin somut deneyimlerinden ve sezgilerinden matematiksel
anlamlar1 olusturacak bigimde yer almig midir? (MEB, 2009a; MEB, 2013)

5. Kitapta problem ¢dzme yontemine yer verilmis midir? (Ozgen ve Alkan, 2012)
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6. Matematik konular1 ile ger¢cek yasam arasinda iliskilendirme yapilmis midir? (Arkiin ve Askar, 2010;
Bukova-Giizel, 2008; MEB, 2009b; MEB, 2013)

7. Kitap, bilginin insa edilmesinde 6grenciye gerekli malzemeyi ve biligsel ortami saglamig midir? (Baki,
2006; Delil ve Giiles, 2007; MEB, 2009b; MEB, 2013)

8. Opgrencilere iist diizey diisiinme becerileri kazandiracak etkinliklere yer verilmis midir?

9. Diger disiplinlerle iligki kurulmus mudur? (MEB, 2009b)

10. Igerikte grafik, resim, sekil gibi coklu gdsterim araglarma yer verilmis midir? (Baki, 2006; Ozgen ve
Alkan, 2012)

11. Konu ile ilgili sorularin alistrma problemleri, dgrencinin muhakeme becerisini gelistirecek bigimde
organize edilmis midir?

S6z konusu kriterlerin yapilandirmacilik ile ilgili literatiirden elde edilmis olmasi arastirmanin giivenirliligini
artirmigtir. D1 gecerligin saglanmasi i¢in de ders kitaplarindan dogrudan alint1 yapilmustir.

Yukarida ifade edilen temel kriterler ¢ercevesinde veriler dokiiman analizi yontemi ile analiz edilerek Salih
Zeki’nin s6z konusu geometri ders kitaplarinin satir aralarinda yapilandirmact yaklasimin izi stirtilmistiir. Ders
kitaplarinda bu kriterlerin yer alma durumlari, ders kitaplarmm ne kadar yapilandirmaci karakter tasidiklar:
hususunda bilgi verecektir. Ders kitaplar1 arastirmaci tarafindan Osmanlica’dan Tiirk¢e’ye (Arap harflerinden
Latin harflerine) translite edilmistir.

3. Bulgular

Caligmanin bu bolimiinde, belirlenen kriterler ¢ergevesinde analiz edilen 6 adet geometri ders kitabindan
elde edilen bulgular paylasilacaktir. Salih Zeki [lk Hendese Dersleri Birinci Sene isimli ders kitabinin girisinde,
dersi okutacak olan Ogretmenlere hitaben bir uyari yazisi kaleme almistir. Bu yazida, dersin Ogretiminde
kullanilacak olan yontem ve stratejileri belirtmektedir:

Ogretmenlere: Uyan

Bu kitap geometriye yeni baglayan ¢ocuklarin ellerinde bulunacak ve fakat igindeki konular
(mevadd) ezberlettirilmeksizin ¢ocuklara anlattirilacaktir. Birinci boliimiin konular1 sinifta,
bahgede, kisaca her yerde ¢ocuklara yavas yavas gosterilecek ve ikinci bdliimiin bununla ilgili olan
uygulamalar1 da hemen beraberce yaptirilacaktir. Cocuklarin bulundugu okulda birkag cetvel ve
pergel, hatta ucuna tebesir takilir tahta bir pergel ile kafi miktarda kursun kalem, birka¢ gonye, en
az bir acidlger bulunmadik¢a nafile yere geometri 6gretmeye kalkigmamalidir. Cocuklara higbir
zaman tarifler ezberlettirilmemeli; bilakis sekiller yapdirilarak bu tarifler kendilerine
buldurulmalidir (Zeki, 1332/1914a, s. 2).

Salih Zeki kitabinin 6nséziinde geometri dgretimine yonelik tavsiyelerde bulunmus olmasi, onun sadece
matematik¢i degil aynt zamanda egitimci oldugunu da gostermektedir. Uyarismin birinci paragrafinda,
ogrencilere herhangi bir bilginin kesinlikle ezberlettirilmemesini, 6grencinin bilgiyi insa etmesini saglayacak
egitim dgretim ortamlarinin olusturulmasimni istemistir. Ikinci paragrafta ise, 6grencilere herhangi bir tanimin
veya kuralin ezberlettirilmemesini, daha ziyade bir takim sekiller yaptirilarak sz konusu tanimin ya da kuralin
buldurulmasinin gerekliligini bildirmistir. Bu anlamda Salih Zeki, giiniimiizde bulus yoluyla 6grenme stratejisi
olarak bilinen yontemi, o donemin Ogrencilerinin matematik egitiminde uygulamay: diistinmiistiir. Ayrica
okullarda, matematik 6gretimi i¢in gerekli olan bazi arag gereglerin bulunmasi gerektigini de bildirmistir. Salih
Zeki’nin matematik Ogretmenlerine yonelik kaleme aldigi bu uyarit yazisi; yazarin matematik egitiminde
uyguladig1 yontem ve teknikleri bilingli bir sekilde segmekte oldugunu géstermektedir.

Salih Zeki’ye ait 6 geometri ders kitabi, arastirma igin belirlenen 11 kriter ¢ercevesinde incelenmistir.
3.1. Ders Kitaplarinda Yapilandirmaci Karakter Tastyan Ornekler
3.1.1. Bilgi égrencinin zihninde inga edilerek, 6grenci anlamli dgrenmeye yoneltilebilmis midir?

Bu boliimde, Salih Zeki’nin kaleme almis oldugu 6 geometri ders kitabinda ilk kriter olarak bilginin
O0grencinin zihninde insa edilmesine uygun olacak sekilde bir anlatim gerceklesip gergeklesmedigi analiz
edilmistir. Ornegin Hendese-i Tecrubiyye kitabma Salih Zeki, “ta‘rifit” yani tanimlar ile baglamustir:

Olgiilebilen seyler 3 gesittir. Bunlar, uzunluk, alan ve hacimdir. Ornegin, ‘Bu smnifin bir ucundan
diger ucuna kadar olan mesafe kag metredir?’ bigiminde bir soru yoneltilse amag¢ uzunluk dlgmek
olur. ‘Bu smifin zeminine, bir kenar1 1 metre olan kare seklindeki mermerlerden kag¢ tane
dosenebilir?’ bi¢iminde bir soru yoneltilse amag alan 6lgmektir. ‘Bu sinifin igine, bir kenart 1
metre olan kiiplerden en fazla kag tane sigar?’ bi¢iminde bir soru sorulsa amag¢ hacim 6lgmektir
(Zeki, 1327/1909, s. 3-4).
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Yazar, tanimlamalar1 salt kitabi bilgiler ile degil 6rnek durumlar ile insa etmeye calismistir. Amag dgrencinin
tanimlar1 6ziimsemesini saglamaktir. Alan ve hacim i¢in bir kavramin insasinin nemsenmedigi bir bakista, “Bir
dikdortgenin alani iki kenarmmmn c¢arpimiyla bulunur... Dikddrtgenler prizmasinin hacmi taban alani ile
yiiksekliginin ¢arpimidir... Hacim = Taban alani x Yiikseklik ...” vb. gibi ifadeler yer alir. Oysaki Hendese-i
Tecrubiyye kitabinda alan ve hacim konusu ile ilgili verilen 6rnek durumlar, bu kavramlarin matematiksel agidan
“asil anlamlarina” ulagsma hedefindedir. Formiilden ve kuraldan uzak, kavramin 6ziinii agiklamaya calisan bir
yaklasim benimsenmistir. “Bu sinifin zeminine, bir kenart 1 metre olan kare seklindeki mermerlerden kag tane
dosenebilir?” sorusu alan kavramia ulastiracak 6nemli bir 6rnek durumu ifade etmektedir. Tanimlar bdliimiinde
yer alan diger kavramlar igin de benzer yaklagimlar benimsenmistir. Ornegin;

Alan, herhangi bir seyin yiizeyidir. ...Ug tiir alan vardir. Bazi alanlar vardir ki bir cetvel tahtasi o
alana her noktada deger. Bir masanin iizeri gibi. Bu alanlara diizgiin alanlar denir. ...Bazi alanlar
vardir ki bu alanlara bir cetvel tahtasi bir yonde tamamen deger iken diger bir yonde sadece bir
noktada deger. Mesela bir su borusunun yanal alan1 gibi. Bu alanlara egri alanlar denir. ...Baz1
alanlar vardir ki bir cetvel tahtasi her yonde ancak bir noktada deger. Bir yumurtanin yiizey alani
gibi. Bu alanlara yuvarlak alanlar denir (Zeki, 1327/19009, s. 6-7).

Tanimlar boliimiindeki bu noktayi, kavramlarin insa edilmesi agisindan, yapilandirmacilik yaklagiminin ilk
isareti olarak diisiinebiliriz. Salih Zeki kitabm bu boliimiinde; uzunluk, alan, hacim, uzunluk ¢esitleri, alan
¢esitleri, hacim ¢esitleri kavramlarini insa etmistir.

Hendese-i Tecrubiyye kitabinin ikinci kisminda daha ayrmntili bir bigimde, temel 6zellikleri ilk derste verilen
uzunluk ve uzunluk 6l¢me konularina deginilmistir. Uzunluk 6l¢iimii su sekilde agiklanmustir:

“Bir seyin uzunlugunu dlgmek, o seyde herkesce bilinen baska bir seyden kag¢ tane oldugunu
bulmak demektir. Herkesge bilinen seye karsilastirma birimi veya birim denir. Mesela bu sinifin
uzunlugumu 6lgmek, bu uzunlukta metre dedigimiz uzunluktan ka¢ tane oldugunu bulmak
demektir (Zeki, 1327/1909, s. 13).”

Bu ciimlede yer alan “bir seyin i¢inde herkesce bilinen bir seyden kag tane oldugu ” sorgulamasi bizi birim
kavraminin kékenine gotiirmektedir. Herhangi bir 6lglim yapmak i¢in karsilastirilabilecek bir seyin olmasmin
gerekliligi ifade edilmektedir. Bu sayede 6grenciye; kilometre, metre, santimetre, gibi uzunluk 6l¢ii birimlerinin
mutlak 6l¢lim birimleri olmadiklari, evrensel bir uzunluk kabulii olduklari, bunlarin disinda da uzunluk &l¢ii
birimleri olusturulabilecegi hissettirilmektedir. Bu diisiinsel zemin ileride ifade edilecek olan alan ve hacim
hesaplamalarma kaynaklik edecektir.

) Salih .Zeki diger kitaplarinda da tammla@ ve kavramlar1 bu yaklasima sadik kalacak sekilde agiklamistir.
Ornegin Ilk Hendese Dersleri, Devre-i Aliye Ikinci Sene kitabinda es ylizeylerle ilgili su agiklamay1 yapmustir:

“Bir yiizeyin her bir noktasi tamamen diger bir ylizeyin her noktasina ¢akisik (miintabik) olursa bu
yiizeylere birbirlerine es yilizeyler denir (Zeki ve Haki, 1332/1914, s. 4).”

Salih Zeki Hendese-i Tecrubiyye kitabinda alan konusuna girmeden dikdortgen ve kare tanimlarmi insa
faaliyetine devam ederek su sekilde vermistir:

Elimize basit bir kagit alirsak dort kosesinde bulunan agilarin birer dik a¢i1 oldugunu goriiriiz.
Bundan baska kagidin dort kenarmm da birbirine esit oldugu ve ikisinin biiyiik, diger ikisinin de
kiiciik oldugunu herhangi bir tecriilbemizle biliriz. Fakat bunlardan biiyiikleri birbirine esit oldugu
gibi kii¢iik kenarlar da birbirine esittir. Bunu anlamak igin kagitlar1 bir kere enince bir kere de
boyunca biikecek olur isek birincide biiyiik kenarlarin ikincide kii¢iik kenarlarin esit oldugu ortaya
cikar. Iste boyle basit bir kagit gibi dort acis1 da dik ag1 olan ve yalmiz karsi karsiya bulunan
kenarlar1 birbirine esit olan dort kenarli sekle geometri de dikdértgen denir. Simdi o kagidi bir de
biiytik kenari, kiiciik kenarlardan birinin iistiine gelecek bigimde kdsegen boyunca biikelim. Bu
halde kagidin boyunda bir parga fazlalik olusur. Bir makas ile bu fazlalig1 kaldirir ve kagidi tekrar
masa lizerine acarsak bu sefer agilar1 dik olan ve dortkenar1 birbirine esit olan bir sekil meydana
gelir. Iste bu sekildeki gibi dért kenar1 birbirine esit olan ve acilar1 dik ag1 olan sekle de
geometride kare denir. Her kenarinin boyu 1 metreye esit olan bir karenin alan1 da bir metre kare
bigiminde ifade edilir (Zeki, 1327/1909, s. 48-50).

Giinlik hayatta kullandigimiz bir A4 kagidindan yola cikarak dikdortgen ve kare tanimlar1 yapilmistir.
Bilindik bir &rnekten yola g¢ikilarak yapilan tanim, yeni 6grenilecek bir kavramin zihinde olusturulmasini
kolaylastirmaktadir. Dikdortgenden yola g¢ikarak kare tanimimin yapilmasi, her karenin ayni1 zamanda dikdortgen
oldugunu da hissettirmektedir. Ayn1 paragraf igerisinde birim kare tanimmimn yapilmasi da daha sonra gegis
yapilacak olan alan kavraminim temelini teskil etmesi agisindan inga faaliyetinin devam ettigini gostermektedir.
Pargalarin bir araya getirilerek bir yapmin olusturulmasi anlaminda kullanilan yapisalcilik (Baki, 2006) kitabin
bu boliimiinde karsilik bulmaktadir.

405



M. Takicak

Davranis¢1 yaklasimda alan 6l¢ii birimleri arasindaki doniisiimler (1 metrekare = 100 desimetrekare =
10000 santimetrekare ... gibi) bir tabloda maddeler halinde verilir. Hendese-i Tecrubiyye kitabinda ise bu
doniisiimler su sekilde izah edilmektedir:

...Simdi siyah tahta {izerine bir kenari 1 metre olmak {izere bir kare ¢izelim. Bu karenin her
kenarini onar esit pargaya ayiralim. Sonra da karsi karsiya bulunan noktalar1 dogru pargalari ile
birlestirelim. Bu halde tahta ilizerine ¢izmis oldugumuz kareyi bir takim kiiciik karelere aymrmis
oluruz. Bu karelerin her birinin kenarlar1 1 desimetreye esit bulunur. iste kenar1 1 desimetreye esit
olan bu gibi karelere de desimetrekare denir. Acaba daha Once tahta iizerine ¢izdigimiz
metrekarenin i¢inde boyle ka¢ desimetrekare vardir? Bunu bulmak i¢in once biiylik karenin bir
kenar1 hizasinca kag tane kiigiik kare oldugunu sayalim: on tane desimetrekare oldugunu buluruz.
Bundan anlariz ki biiyiik karenin i¢inde birbiri {izerinde on sira var ve her sirada da on tane kiigiik
kare vardir. O halde biitiin kare iginde 10x10 = 100 kare bulunmasi gerekir. Demek oluyor ki 1
metrekarede yani kenar1 1 metre veya 10 desimetre olan bir karede 100 desimetrekare vardir (Zeki,
1327/1909, s. 50-51).

Davranigg1 yontemde, alan 6l¢li birimleri yiizer yiizer biiyiiyiip kiigiiliir bigiminde ezberletilerek 6gretilen
bilgi burada modellenerek ifade edilmistir. Ayni1 model kitabmn ilerleyen bolimlerinde santimetrekare ve
milimetrekare i¢in de tekrarlanarak alan 6l¢li birimlerinin, 6grencilerin zihinlerinde biitiinlesmesine imkan
saglamistir. Ayrica yukaridaki paragrafta yer alan “Acaba daha Once tahta iizerine ¢izdigimiz metrekarenin
icinde boyle ka¢ desimetrekare vardir?” sorusu geometrik sekillerde yiizey alanmin nasil bulunacagmi da
hissettirmektedir. Bu agidan bir sonraki konu i¢in inga faaliyetinin devam ettigini gérmekteyiz. Hendese-i
Tecrubiyye kitabinin bu boliimiinde su climle alan kavramimi agiklamaktadar:

“Iste bir alam1 6lgmek demek o alanda kag tane metrekare veya kag tane desimetrekare veyahut kag
tane santimetrekare oldugunu bulmak demektir (Zeki, 1327/1909, s. 52).”

Alan kavrammna dair bir diger tanim [lk Hendese Dersleri, Birinci Sene Kitabinda su sekilde izah edilmistir:

Bir alan1 6lgmek demek, birim alan (vahid-i kiyasi) olarak kabul edilen bir alanin, bu alanda kag
defa oldugunu arayip bulmak demektir. Alanlar i¢in genellikle kabul edilen birim alan, eni ve boyu
bir metre olan bir karenin alanidir ki buna metrekare denir. ...Iste bir alan, bir metrekareden kac
tanesini alabiliyorsa, o alana o kadar metrekaredir denir (Zeki & Haki, 1334/1915, s. 65).

Yapilandirmacilik bireyin bilgiye nasil ulastigini, bu siiregleri nasil gelistirdigini ve kullandigini agiklar
(Gomleksiz ve Kan, 2007). ilk Hendese Dersleri kitabinda alan kavramu, daha énce Hendese-i Tecrubiyye
kitabinda da oldugu gibi, “Bir alan1 6lgmek demek, birim alan olarak kabul edilen bir alanin, bu alanda ka¢ defa
oldugunu arayip bulmak demektir.” bi¢iminde genel bir tanim ile ifade edilmis ve tiim alan hesaplamalar1 bu
kavram lizerine inga edilmistir.

Hendese-i Tecrubiyye kitabinda tek bir ciimleyle olusturulan alan kavrami 6nce insa edilmis, sonra
kurallagtirilmistir. Daha sonra alan ile ilgili su agiklamaya yer verilmistir:

Elimize bir santimetre eninde iki santimetre boyunda bir takim domino taglar1 alir ve ortalarindan
ikiye bolersek bir kenar1 1 santimetre olan bircok kare elde etmis oluruz. Bu karelerden her biri
onceki derslerde gordiigiimiiz gibi 1 santimetrekareden ibarettir. Bu kiigiik karelerden dort tanesini
alarak birbiri ard1 sira dizelim. Bu halde bir dikdortgen elde etmis oluruz ki bu dikddrtgenin alani 4
santimetrekare toplamma esit olur. Ciinkii yalmz bir sira oldugundan onda da dort tane
santimetrekare bulundugundan siiphesiz ki toplam1 1x4 = 4 santimetrekare olur. Simdi bu siranin
altma dort yarim domino tas1 daha koyarak bir ikinci sira ilave edelim. Ortaya ¢ikan sekil yine bir
dikdortgen olur. Fakat bu dikdortgende 2 swra oldugundan ve her swada 4 santimetrekare
bulundugundan alan1 toplam 2x4 = 8 santimetrekareden ibarettir. ...Iste su birka¢c Ornekte
goriiliiyor ki bir dikdortgenin alanin1 6lgmek yani kag¢ santimetrekareye esit oldugunu bulmak icin
biiyiik ve kiigiik kenarlarda kagar tane santimetre oldugunu aramak ve sonra da bulunan 2 sayiy1
birbiri ile ¢garpmak gerekir. Bir dikdortgenin alanini bulmak i¢in yaptigimiz bu ise dikdortgenin
enini boyuna ¢arpmak denilir ki bunda amag eniyle boyu ayr1 ayri 6lgiilerek kacar santimetre
bulunur ise o sayilar1 birbiri ile ¢arpmaktir. Boylece elde edilen sonu¢ o dikdortgende kag
santimetrekare oldugunu gosterir (Zeki, 1327/1909, s. 52-53).

Bir dikdortgenin alanmmn nasil hesaplandigmmin agiklandigi bu paragrafta, kiigiik karelerden bilyiik
dikdortgenler olusturularak tiimevarim yonteminin benimsendigi goriilmektedir. Alan kavrami, 6ziine uygun
olarak 6grencinin zihninde parga parga insa edilmistir.

Dairenin ¢evresi ve alan1 konusu 6grencilerin 6grenmekte zorlandiklar1 konularm basinda gelmektedir. Cogu
ogrenci hayatinda ilk defa bu konu miinasebetiyle m sayisini duymaktadir. Yalniz 6grencilere bu saymnin;
7 = 3,1416 oldugu ve ¢emberin ¢evresinin uzunlugu ile dairenin alaninin hesaplanmasinda kullanilan sabit bir
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say1 oldugu sdylenirse, 6grenciler bu bilgiyi sadece uygulama diizeyindeki sorularda, formiiliin yerine ilgili
sayilar1 yazmak suretiyle kullanmaktan baska bir sey yapamayacaklardir. Buna karsm Salih Zeki, m saysi ile
¢emberin cevresi arasindaki iliskiyi /lk Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli kitabinda su sekilde
aciklamaktadir:

...Egri ¢izgilerin en diizgiinii dairenin ¢evresidir. ...Bir takim hesaplamalar ve bir¢ok ¢aligmalar
neticesinde, her daire ¢evresinin kendi capindan 3,1416 adet kere biiyiik oldugu bulunmustur. Yani
bir dairenin ¢evresinin ne uzunlukta oldugunu anlamak ig¢in, ilk 6nce o dairenin ¢ap1 6lgiilmeli,
sonra bulunan deger 3,1416 sayisi ile garpilmalidir. Bu miktar sabittir. Yunanca m harfi ile

gosterilir ve pi seklinde okunur. Demek Ki; dairenin cevresi = ¢ap X m’dir (Zeki ve Haki,
1332/1914, s. 12).

7 sayisinin ne anlama geldiginin ve nereden ortaya ¢iktigmin agiklandigi yukaridaki paragrafta, dairenin
cevresi ile m sayismmn dogasi geregi kurulan iligkinin ortaya konulmasi, anlamli 6§renmeye uygun olarak
dairenin gevresinin dgrencinin zihninde insa edilmesine imkan saglanustir. Ayrica [lk Hendese Dersleri, Devre-i
Mutavassita Ikinci Kitap kitabinda da 7 sayis1 benzer bir yaklasimla su sekilde ele almmustir:

Dairenin ¢evresi: Bir daireyi a¢tiginiz zaman ne uzunlukta oldugunu bulmak i¢in ¢apni 3,1416
sayistyla ¢arpmak gerekir. Bu 3,1416 sayis1 bir daire ¢evresinin ¢apma oranindan ¢ikan sonugtur.
Bu say1 tiim daireler icin gecerlidir, degismez. ...Mesela yuvarlak bir agacin gevresi 2,40 metre
olsa ¢ap1 ne olur? Bir agacin ¢apini bulmak i¢in ip ile dl¢tiiglimiiz ¢evreyi 3,1416 sayisina boleriz.

249 0,76 metre buluruz (Zeki, 1332/1914b, s. 10).

3,1416

Hacim konusunda da tipki alan hesabinda oldugu gibi insa faaliyetine devam eden Salih Zeki hacim
kavramini /lk Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli kitabinda su sekilde tanimlamistir:

“Herhangi bir cismin hacmini 6l¢gmek demek, o cisimde hacimler i¢in, [kargilastirmak amaciyla]
birim olarak kabul edilen (vahid-i kiyasi) hacmin kag¢ defa bulundugunu arayip bulmak demektir.
...Hacim i¢in birim metrekiiptiir (Zeki ve Haki, 1332/1914, s. 32).”

Ilk Hendese Dersleri kitabinda alan konusu igin yapilan insa faaliyeti, yukarida ifade edilen genel hacim
tanimina uygun olarak, geometrik cisimlerin hacimleri i¢in de kurgulanmistir. Ornegin dikdortgenler prizmasinin
hacmi su sekilde anlatilmustir:

Sekil 1

Bir dikdortgenler prizmasmin hacmi, i¢ uzunlugunun [en, boy, yiikseklik] birbirleriyle ¢carpimina
esittir. Mesela Sekil 1°de goriilen dikdortgenler prizmasmin tabaninin uzunlugu BC, eni HE ve bu
prizmanin yiiksekligi de CC’ olsun. Bu durumda hacmi CC' X BC X HE olur. Ornegin; taban
uzunlugu BC = 4 metre, eni HE = 3 metre, yiikksekligi CC' = 8 metre olsa, prizmanmn hacmi
4 X 3 X 8 = 96 metrekiip olur. [Bu durum su sekilde ispatlanabilir] Bu dikdortgenler prizmasmin
taban1 4 X 3 = 12 metrekareye esittir. Simdi 12 adet metrekare iizerine birer metrekiip konulsa bir
metre yiliksekliginde olmak iizere bir tabaka yani bir kat dikdortgenler prizmasi viicuda getirilmis
olur. Diger bir deyisle, taban alani 12 metrekare ve yiiksekligi 1 metre olan bu katta 12 tane kiip
bulunur. Fakat bu dikdortgenler prizmasinin yiiksekligi 8 metre oldugundan bu tabakanin tizerine
daha boyle 7 tabaka istif edilebilir. Biitiin dikdortgenler prizmasi ise boyle 8 tabakaya esit
olabileceginden ve her bir tabakada 4 X 3 = 12 metrekare bulunacagindan toplam kiiplerin adedi
4x3%x8=96 olur... Bu durumda bir dikdortgenler prizmasinin hacmi su sekilde de ifade
edilebilir; bir dikdortgenler prizmasmin hacmi, taban alani ile yiiksekliginin ¢arpimina esittir (Zeki
ve Haki, 1332/1914, s. 32-33).

Salih Zeki bu anlatimda, salt matematiksel bir formiiliin olusturdugu zihinsel kiskagtan 6grenciyi kurtararak,
onun zihninde hacim kavrammin olusmasini saglamistir. Yazar bu amagla konuyu gorsel unsurlar ile
desteklemistir. Oysa “matematigin zihinde insas1” diigiincesine sahip olmayan bir ders kitabinda bu konu sadece
“bir dikddrtgenler prizmasinin hacmi, taban alani ile yiiksekliginin ¢arpimina esittir” tanimlamasiyla sinirh
kalacaktir.
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Salih Zeki Nazari ve ‘Ameli Miicmel Hendese kitabinda “bir dogru iizerindeki noktadan sadece bir dik dogru
¢izilebilir” dnermesini su sekilde insa etmistir:

T8 H
= B H H
3 H'
S
//'
N Y LS L E ﬂc
Sekil 2

Ornegin LC (Sekil 2) dogrusunun E noktasindan bu dogruya EH gibi yalmz bir dikme
resmedilebilir. Ciinkii EH dogrusunu, 6énce EC dogrusu iizerine ¢akisik varsayalim ve E noktasi
etrafinda sagdan sola dogru dondiirelim. Bu dondiirme hareketine devam edildikge sag tarafinda
hasil olan ag1 daima biiyiiyecegi gibi sol tarafta hasil olan a1 da kiigiiliir. Iste E noktas etrafinda
dondiiriilen bu EH' dogrusu, EH gibi bir vaziyete gelir ki bu vaziyette her iki tarafinda yani sag ve
solunda hasil olan agilar birbirlerine esit olur. Binaen aleyh bu vaziyette EH dogrusu LC
dogrusuna dik bulunur. Bu vaziyetten ne sekilde olur ise olsun, kii¢iik bir hareket edilecek olsa iki
tarafinda hésil olan agilar arasindaki esitlik bozulacagindan EH' dogrusu da LC dogrusuna dik
olamaz. Bundan anlasilir ki LC dogrusunun E gibi bir noktasindan bu dogruya yalmz bir EH
dikmesi ¢izilebilir; birden fazla olamaz (Zeki, 1322/1904, s. 17-18).

Bir dogruya, iizerindeki bir noktadan ancak bir dik dogru cizilebilir dnermesi ig¢in verilen agiklama,
Ogrencinin bu dnermeyi zihninde olusturabilecegi niteliktedir. Tek bir ciimlede verilebilecek bir kural, islem
basamaklar1 ayrintilt bir sekilde uzun uzun agiklanarak anlamli 6grenme ortami olusturulmaya ¢aligilmigtir.

Salih Zeki ag¢1 degerini “derece” cinsinden vermek yerine, sadece “dik ac1” cinsinden ifade etmistir. Bu
durum, geometri ile yeni tanisan Ogrencilerin zihinlerinde a¢i kavrammin dereceden bagimsiz bir sekilde
yerlesmesine imkan saglayacaktir. Aksi takdirde 6grenci, dik agmin sadece 90 derece ile ifade edilebilecegi
yanilgisma diisebilecektir (Zeki, 1322/1904, s. 19-21).

3.1.2. Matematiksel kavramlar arasinda iliskilendirme yapilmis midur?

Matematiksel kavramlar birbirleriyle iliskilendirildiklerinde matematigin diinyasi ¢ok daha anlasilir olacaktir.
Bu boliimde Salih Zeki’ye ait 6 adet ders kitabinda matematiksel kavramlar arasinda iliski olup olmadig:
incelenmistir.

Salih Zeki’nin [lk Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli ders kitabinin kronolojik sirasmnda
dikdortgenin alani, karenin alani ve paralelkenarmn alani anlatildiktan sonra siradaki konu ii¢cgenin alanidir.
Davranisg strateji ile hazirlanmig klasik bir ders kitabinda bu bigimde bir konu siralamasi takip edilmez. Kenar
sayisina paralel bir bicimde, 6nce liggenin alani daha sonra dikdortgenin ve karenin alani anlatilir. Ancak
bunlardan sonra paralelkenar, eskenar dortgen ve yamuk gibi nispeten daha Ozellesmis sekillerin alanlari
anlatilir. Bu kitapta, dikdortgenin, karenin ve paralelkenarin alani tiggenin alani ile su sekilde iliskilendirilmistir:

z

1]
i
i

Sekil 3
Bir tiggenin alani, tabaninin yiiksekligine ¢arpiminin yarisina esittir. [Bu kuralin ispati su sekilde
yapilabilir] Sekil 3’den de anlagilacagi gibi BHE ii¢cgeni, BCHE paralelkenarinin tam yarisidir.
BCHE paralelkenarinin alani ise, BE tabanmin HG yiiksekligi ile garpimina esittir. Dolayisiyla bu
paralelkenarin yarisina esit olan BHE {iggeninin alan1 da daha once elde edilmis olan |BE|x|HG|
carpiminin yarisina esit olmasi gerekir (Zeki ve Haki, 1332/1914, s. 7-8).

Ucgenin alaninin nasil hesaplanacagmin bulunmus olmasi, alami iiggenlere ayrilabilen tiim sekillerin
alanlarinin da hesaplanabilmesi anlamina gelmektedir. Nitekim bunun ilk drnegi yamugun alaninda karsimiza
¢ikmaktadir:
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Sekil 4
Yamugun alani, iki tabani toplammin yiiksekligine ¢arpimimin yarisina esittir. Sekil 4’deki gibi
BCHE yamugunu, HB kosegeni ile BCH ve BHE gibi liggenlere ayirirsak, yamugun alani, bu iki
iicgenin alaninin toplamma esit olacagini goriiriiz ki bu yontem yukaridaki kuralin dogrulugunu
ispatlamaktadir (Zeki ve Haki, 1332/1914, s. 8-9).

Ucgenin alani kullanilarak alani hesaplanan bir diger sekil diizgiin cokgendir. Diizgiin cokgenler es iiggenlere
ayrilarak alanlar1 hesaplanabilmektedir. Matematiksel sekillerin alan konusundaki kavramsal iliskisi, diizgiin
cokgenin alan1 bahsinde de karsimiza ¢ikmaktadir:

Sekil 5
Bir diizgiin ¢okgenin alani, ¢evresinin yiiksekligine ¢arpiminin yarisma esittir... [Bu kaide su
sekilde ispatlanmaktadir] Bu seklin [Sekilde gdsterilen MLHNKECB gibi bir sekiz kenarli diizgiin

cokgenin] biitlin yaricap iicgenlerini ¢izsek, sekiz tane birbirine es ikizkenar liggenler meydana
|MB|x|FT| . 2x3

— . yani=—-= 3 metrekare
olur. Bu diizglin sekil bunun gibi sekiz liggenden olustugundan c¢okgenin alani, 8x3 = 24

metrekare olur (Zeki ve Haki, 1332/1914, s. 11-12).

gelir (Sekil 5). Bunlardan birinin, 6rnegin FMB ii¢geninin alani,

Ogrencinin zihninde alan kavramu ile ilgili bosluk kalmayacak bigimde iiggenin alani ile diizgiin cokgenin
alan1 iligkilendirilmigtir. Dolayisiyla diizlemsel sekillerin alan bilgisinin &grenci tarafindan olusturulmasi i¢in
gerekli biligsel ortamin saglandigi goriilmektedir. Alani, liggenin alani ile iligkilendirilerek anlatilan son sekil
dairedir.

Salih Zeki, Nazari ve ‘Ameli Miicmel Hendese isimli kitabinda, cokgen, cember, cemberin ¢evresi ve 7 sayisi
kavramlarmi iligkilendirerek anlatmustir. Salih Zeki, 6grenciler i¢in anlasilmasi ¢ok kolay olmayan ¢cemberin
gevresi ve dairenin alani bagntilarini, seviyelerine uygun bir sekilde ispatlayarak anlatmustir. Salih Zeki, bu
bagmtilarda kullanilan 7 sabit degerinin nasil olustugunu tiimevarim prensibini kullanarak su sekilde anlatmustir:

Sekil 6

Ayni kenar sayisina sahip olan iki diizgiin ¢okgenin gevreleri arasindaki oran, bunlarin gevrel
¢emberlerin yarigaplar1 arasidaki orana esittir. Mesela (Sekil 6) M, M’ daireleri igine birer diizgiin
altigen resmedilsin. Bu iki diizgiin altigenin kenarlar1 toplami, yani gevreleri sirasiyla ¢, t" ile ve

dairelerin yarigaplar1 da r,r" ile ifade olunur ise ti,=% olur. Ciinkii bu iki ¢okgen ayni kenar

sayisina sahip oldugundan [ispatlanmigs olan teoreme gore] birbirine benzerdir. Dolayisiyla
bunlarn cevreleri arasindaki oran [ispatlanmis olan teoreme gore] kenarlari arasindaki orana
esittir. Diger bir deyisle, ti, = % olur. Halbuki M ile B, C ve M' ile B’, C' noktalar1 arasinda dogru
pargalar1 ¢izilirse MBC ve M'B'C’ gibi iki liggen olusur ki bunlar da birbirine benzerdir. Simdi
bunlarin benzerliginden % = %

konulursa, % = 5 elde edilmis olur (Zeki, 1322/1904, s. 143-144).

BC . .
veyahut P 5 bulunur. Yukaridaki orantida bu oran yerine
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Salih Zeki iki diizglin altigenin cevreleri arasindaki oranin, bu altigenin c¢evrel gemberinin yarigaplari
arasindaki orana esit oldugunu ispatladiktan sonra, sonsuz kenarli cokgen olarak diisiindiigii daireler igin de ayni
orantinin diigliniilebilecegini izah etmistir:

// A
\A ‘r

Sekil 7

Iki dairenin cevreleri arasindaki oran, caplar1 arasindaki orana esittir. Mesela (Sekil 7) M, M’
dairelerinin ¢evreleri ¢, t' ile ¢aplar1 R, R" ile ifade olunur ise, ti, = % olur. Clinkii her iki daire de,
kenar sayisi sonsuz iki benzer diizglin ¢okgen gibi kabul olundugundan bunlarin gevreleri

arasindaki oran, bir dnceki teorem geregince r, 7' yarigaplari arasindaki orana egit olur. Diger bir

deyisle t—t, = % olur. Simdi ikinci oranin degiskenleri 2 ile ¢arpildiginda, t—t, = % = % olur ki bu da

teoremi ispat eder (Zeki, 1322/1904, s. 144-145).

Salih Zeki, diizgiin altigen ile basladig1 insa faaliyetine sonsuz kenarli ¢okgen olarak tanimladigi daire ile
devam etmistir. Bu teorem ile iki dairenin g¢evrelerinin oranmin, caplari arasindaki orana esit oldugunu
ispatlamistir. Bu orantidan faydalanarak m sayisina ulagmustur:

Her dairenin gevresinin gapina orani sabit bir sayiya esittir. Mesela (Sekil 7) M, M’ dairelerinin

gevreleri t,t" ve gaplart da R, R’ olsun. Bir dnceki teorem geregince gevreleri gaplar ile orantili
!

oldugundan % =% olur. Bu orantida orta oranlarinin yerleri degistirilirse % = % elde edilir. Bu

esitlik, birinci dairenin ¢evresinin kendi ¢apina orani, ikinci dairenin g¢evresinin kendi ¢apina

oranina esit oldugunu ispat ettiginden, her dairenin cevresinin kendi ¢apma oranmin sabit

oldugunu ifade eder. Bu sabit oran yani bir dairenin ¢evresi ile ¢ap1 arasindaki oran yaklasik olarak
3,1416 sayisina esittir. Bu oran genellikle, Yunan alfabesindeki m harfi ile gosterilerek pi diye

okunur. Iste herhangi bir dairenin cevresi ile ¢ap1 arasindaki sabit oran % = mr seklinde ifade edilir
(Zeki, 1322/1904, s. 145-146).

T sayisi, ¢ogu Ogrencinin rahatlikla 6ziimseyebildigi bir ifade degildir. 3,1416... seklinde sonsuza kadar
devam eden bir saymin nasil ortaya ¢iktiginin izah edilmesi, cember ve daire kavramlarmin tizerine insa edildigi
temel noktanin da agikliga kavusturulmasi demek olacaktir.  sayisinin elde edilmesinden sonra dairenin ¢evresi
ve dairenin alanmi ile ilgili bagmtilarin ifade edilmesi, G6grenciler tarafindan konunun Oziimsenmesini
kolaylagtiracaktir. Nitekim Salih Zeki dairenin cevresi ile ilgili bagintry1 dgrencilerin seviyesine uygun bir
sekilde elde etmistir:

“Bir dnceki % = 7 orantisindan, t = R X w veya R = % esitlikleri ortaya ¢ikartilir. Bu esitliklerde
R cap1 yerine yarigapinin iki kat1 yani 2r yazilacak olur ise t = 2nr ve r = i ifadeleri ortaya
cikar (Zeki, 1322/1904, s. 146-147).”

Salih Zeki, dairenin g¢evresi ile ilgili bagmtiy1, dgrencilerin zihninde insa edilebilecek diizeyde, matematigin
diger kavramlar ile iligkilendirerek anlatmustir. Ogrencilerin 7 sayis1 {izerine diisiinmelerini saglamis ve onun
nereden ortaya ¢iktigini cokgen konusu ile iliskilendirerek izah etmistir.

3.1.3. Eski bilgiler harekete gegirilerek yeni bilgiler ile iliskilendirilmesi saglanmis midir?

Matematik egitiminde eski konular ile yeni konular iliskilendirilerek anlatildig1 takdirde 6§rencinin zihninde
matematik bir biitlin olarak insa edilebilecektir. Bu boliimde Salih Zeki’ye ait 6 adet ders kitabinda eski konular
ile yeni konularm iliskilendirilerek anlatilip anlatilmadig analiz edilecektir.

Salih Zeki yazmus oldugu Ilk Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli ders kitabmnda silindirin
hacim hesabini, 6grencinin daha 6nce 6grenmis oldugu prizmanin hacim hesabindan yararlanarak su sekilde izah
etmistir:
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Sekil 8
Bir silindirin hacmi, taban alanmi ile yiiksekliginin ¢arpimma esittir. [Bu kural su sekilde izah
edilmistir] Mesela Sekil 8’deki silindirin hacmi taban alant X yiikseklik olur. Hakikatte;
silindir, yiizeyleri gayet ¢ok ve gayet dar bir prizma gibi tasvir edilebilir. Prizmanmn hacmi ise
taban alani ile yiiksekliginin ¢carpimina esittir. Dolayisiyla silindirin hacmi de;

Silindirin Hacmi = Taban Alani X Ylukseklik
=1 X (Yaricap)? x Yiikseklik
olur (Zeki ve Haki, 1332/1914, s. 44-45).

Ayrica Salih Zeki Nazari ve ‘Ameli Miicmel Hendese isimli kitabinda ¢okgenlerin i¢ agilarmimn toplamini,
kitapta daha dnce bahsi gecen liggende ag1 konusu ile iligkilendirerek su sekilde anlatmigtir:

Wgaiba: (o E
\
/ \
- . » B H
\\\ //
' N,
L F:

Sekil 9

Bir ¢okgenin i¢ agilar1 toplami, o gokgenin kenar sayisiin iki eksigi kadar iki dik agiya esittir.
Mesela (Sekil 9) BCEHFL c¢okgeni alt1 kenarli oldugu halde B,C,E,H,F,L agilar1 toplami
6 — 2 = 4 defa iki dik agiya esit olur. Zira ¢okgenin herhangi bir kosesi, 6rnegin B kosesi ile
cokgenin diger koselerini birlestirelim. Bu halde daima bir koseye komsu iki kdse bulunacagindan,
cokgen kenar sayisinin iki eksigi kadar ilicgene ayrilabilir. S$6yle ki BCEHFL ¢okgeni
BCF,BEH, BHF, BFL gibi dort liggene ayrilmis olur. Simdi bu liggenlerin agilar1 toplami gokgenin
i¢ agilar1 toplamina esit olacagindan, bir iicgenin ii¢ agis1 toplami iki dik agrya esit bulundugundan,
s6z konusu ¢okgenin i¢ agilar1 toplami da, 6 — 2 = 4 kadar, yani kenar sayisindan iki eksik defa
iki dik ag1ya esit olur. Iste bir cokgenin kenar sayis1 n harfi ile gosterilirse, igerisinde olusturulacak
liggenlerin sayis1 n — 2 olacagindan, agilar1 toplamm (n — 2) x 2 dik agt olur (Zeki, 1322/1904, s.
51-52).

Salih Zeki’nin, ¢okgenlerin i¢ agilari toplamimin nasil bulunacagini anlatmak igin tiggenleri kullanmasi, bu iki
konu arasinda gizil bulunan iliskiyi agia ¢ikarmustir. Ogrenci, herhangi bir kurala gereksinim duymadan, kenar
sayisi ne olursa olsun bir ¢okgenin i¢ agilarinin toplamini hesaplayabilecektir. Salih Zeki, hemen hemen her yeni
matematiksel bilgiyi, diger matematiksel bilgilerle iligkilendirerek anlatmaktadir. Bu yontemle 6grenci,
matematigi bir biitiin olarak kavrayabilmektedir. Salih Zeki, konuyu anlattiktan sonra, s6z konusu yeni bilgiyi
soyutlayarak, formiillestirmeyi de ihmal etmemistir.

Salih Zeki Nazari ve ‘Ameli Miicmel Hendese isimli kitabinda prizmalardan sonra piramit cismini ele
almistir. Oncelikle piramidin temel 6zellikleri ifade etmistir. Yiizey sekilleri birer cokgen oldugu icin, daha 6nce
anlatilan alan bagmtisi ile iligki kurarak piramidin ylizey alani bagintisi olusturmustur. Piramidin hacmini ise,
prizmanimn hacim bagmtist ile iligkilendirerek su sekilde anlatmustir:

T i Aw‘,‘F_z M—
e f = s
“ N
h
k._ 4 Ik 'ﬂ =i _wo o) by T, 3
>

| = - AR
> >
H = Nl
" T
B E B E
c ¢ c
Sekil 10
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piramidin hacim bagintisinda neden § X taban alant X yiikseklik oldugu, § katsayisinin nereden geldigi gibi
sorular 6grencinin zihnini karigtiran sorulardir. Salih Zeki bu karisikli§in 6niine gegmek i¢in, prizma ile piramit
arasinda iligki kurarak, bir prizmanin es li¢ piramide ayrilabilecegini; dolayisiyla prizmanin hacminin igte
birinin, ayn1 tabana ve yiikseklige sahip bir piramidin hacmine esit olacagmni gostermistir. Dolayisiyla piramidin

Her iicgen prizma, ayni taban ve yiikseklige yani biri digeri ile es olan ii¢ iicgen piramide
ayrilabilir. Mesela (Sekil 10) BCEHMN gibi bir tiggen dik prizma varsayalim. Bu prizmay1 MBE
noktalarimdan gegen bir diizlem ile keselim. Bu diizlem ile prizmadan MBCE gibi bir {iggen
piramit ayrilmis olur. Simdi bir de (Sekil 10) MHE diizlemi ile prizmanimn geriye kalan kismi da
MBEH, MEHF gibi iki iiggen piramide ayrilmis olur. Simdi bu {i¢ piramit birbirine estir. Zira daha
once MBCE, MEHF piramitlerini alalim: Bunlarin her birinin tabani, prizmanin tabanlarindan biri
ve yiksekligi de prizmanin yiiksekliginden ibarettir. Diger taraftan MEHF, MBEH piramitleri de
birbirine estir. Zira bunlarin da tabanlar1 EHF, EHB ii¢genleri olduguna ve bu liggenler de BEFH
paralelkenarinin yarisindan ibaret bulunduguna gore bunlar birbirine esittir. Yiksekliklerine
gelince, 0 da M noktasinin BEFH paralelkenarina olan uzakligmna esit oldugu icin ortaktir. iste bu
iic piramit ayni taban ve ylikseklige sahip olmalar1 nedeniyle birbirine estir. Bundan ¢ikarilir ki:
Bir liggen piramit, ayn1 taban ve yiikseklige sahip bir {iggen prizmanin iigte birine esittir.
[Dolayistyla] Bir piramidin hacmi, tabanmimn yiiksekligine ¢arpimmnin tigte birine esittir (ZeKi,
1322/1904, s. 202-203).

Piramidin ylizey alani bagintisi, bir bakista anlasilabilir bir bagmt1 iken, piramidin hacim bagntisi bir anda
anlasilabilecek bir bagmti degildir. Prizmanin hacmi taban alant X ylikseklik bagmntis1 ile bulunurken;

hacmi 6grenci tarafindan anlamlandirilmistir.

Salih Zeki’nin Hendese-i Tecrubiyye isimli kitabinda kare ve dikdortgenin 6zellikleri ile paralelkenar
arasinda bir iligki kurularak paralelkenarin oOzellikleri ¢ikarsanmistir. Kurulan iligki alan hesabi igin de

stirdiiriilmiistiir:

Sekil 11

Simdi bir paralelkenarin ne oldugunu 6grendikten sonra alaninin nasil 6l¢iildiigiine gelelim. Bir
A4 kagidi iizerine bir BCHF paralelkenari gizer ve kagidi sekildeki gibi CB hattini kendi iizerine
gelecek sekilde, F ve H noktalarinda iki kere biikecek olursak, FB', HC' gibi iki biikiim dogrusu
elde etmis oluruz. Bu FB'HC' biikkiim dogrular1 onceden verdigimiz gibi FH dogrusuna dik
olduklarindan, yani iki tarafta elde edilen agilar birer dik agiya esit bulunduklarindan tabidir ki
elde edilen FB'HC' sekli de bir dikdortgen olur. Bu sekilde olusmus bir dikdortgenin alanmi da
onceki derslerde gordiigiimiiz lizere FB' kenarinin HF Kenari ile ¢arpimina esittir. Simdi diyoruz
ki; resmetmis oldugumuz FHCB paralelkenarinin alani, bulmus oldugumuz FB'C'H dikdortgeninin
alanma esittir. Bunu ispat etmek ¢ok kolaydir; evet bu iki sekle dikkat ile bakilacak olur ise
goriilir ki HC'BF bélgesi her ikisinde yani hem paralelkenarin hem de dikdortgenin iginde
bulunur. Paralelkenarin bundan fazlasi1 HC'C iiggenidir. O zaman dikdortgenin bundan fazlas ise
FBB' liggenidir. Bu halde paralelkenarin alaninin dikd6rtgenin alanina esit olmasi bu iki tiggenin
birbirinin aynisi olmasini gerekli kilar. Simdi bir makas ile C'CH iiggenini gikaralim ve bir cetvel
alarak kenarmmi BC' kenarma yerlestirdikten sonra ¢ikardigimiz C'CH {iiggeninin C'C kenarini
cetvel kenarina dayayarak ileriye dogru kaydirahm. Uggenin H noktast F noktasina geldiginde,
HC hattinin FB' dogrusuna esitligi bozulmayacagindan, C' noktasi da B’ noktasina gelmis olur. Bu
halde siiphesiz C'H dogrusu da B'F dogrusuna paralel kalarak gelmis olacagmdan, onlar da birbiri
iizerine cakismis olur. Iste bu iki iicgenin birbiri iizerine ¢akismasina, alanlarinmn birbirine esit
olduguna yani dikdortgenin alaninin paralelkenarin alanina esit olduguna hitkmederiz (Zeki,
1327/1909, s. 63-64).
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Dikdortgen ve paralelkenar sekilleri arasmnda kurulan iliskinin alan hesabi konusunda da devam ettigi
goriilmektedir. Onceki bilgilerden yola ¢ikarak bir sonraki bilgi hakkinda hipotezde bulunma ve bu hipotezi
ispatlama yontemi yapilandirmacilik anlayiginin bir tiriintidiir. Hendese-i Tecrubiyye’nin bir sonraki konusu olan
bir iiggenin alaninin hesaplanmasinda da benzer bir hiyerarsi izlenerek, paralel kenarin alanindan tiggenin
alanina ulasildig1 goriilmektedir (Zeki, 1327/1909, s. 68-69).

3.1.4. Matematiksel kavramlar kitapta, o6grencilerin somut deneyimlerinden ve sezgilerinden matematiksel
anlamlart olusturacak bi¢imde yer almis midir?

Ogrencilerin 6zellikle kiiciik yaslarda matematigi anlamlandirabilmeleri icin somut deneyimlerden yola
¢ikilmast gerekmektedir. Bu bolimde Salih Zeki’ye ait 6 adet ders kitabinda matematiksel kavramlarin somut
deneyimlerden ve sezgilerden yola ¢ikilarak matematiksel anlamlar1 olusturacak sekilde yer alip almadig1 analiz
edilecektir.

Salih Zeki Hendese-i Tecrubiyye isimli kitabinda egri ¢izgilerin uzunluklarinin nasil bulunacagini su sekilde

aciklamaktadir:
Rt

Sekil 12
...Simdi siyah tahta lizerine egri biigrii bir ¢izgi ¢izelim (Sekil 12). Bu ¢izginin izerine metreyi
koyarak uzunlugunu &lgemeyiz. Bu halde ne yapmaliyiz? Bdyle bir egri ¢izginin uzunlugunu
Olemek icin gayet kolay ve gayet dogru bir yontem vardir ki o da ince bir iplik alarak bir ucunu
hattin M ucuna bagladiktan sonra diger ucuna kadar egri lizerine yatirmaktan ibarettir. Egrinin iki
ucu arasinda bulunan iplik gerilecek olur ise bir dogru olusur ki bu dogrunun boyu, egrinin
uzunluguna esittir. Fakat ne fayda ki bu yontemi her yerde kullanmak miimkiin degildir.

AT g —

Sekil 13

Iste bunun icin egri, bir takim BM, BC, CF, FH gibi kiiciik kiigiik dogrularin u¢ uca
birlesmelerinden olusmus gibi kabul olunur. Gayet kiigiik olan bu dogrulardan bazis1 egriye 2
noktada deger ki bunlara geometride “kiris” denir (Sekil 13). Bazist da yalniz bir noktada deger.
Bu gibi dogrulara da “teget” denir. Iste bu kiigiik dogrularin ayri ayri uzunluklar1 dlgiildiikten
sonra bu uzunluklar toplanacak olur ise bulunacak toplam yaklagik olarak MH egrisinin
uzunluguna esit olur. Siiphesiz ki bu kii¢iik dogrular, ne kadar kisa ve ne kadar ¢ok olur ise,
onlarin uzunluklarmm toplami da egrinin uzunluguna o kadar yaklagsmis olur (Zeki, 1327/1909, s.
89-90).

“Siiphesiz ki bu kiigiik dogrular, ne kadar kisa ve ne kadar ¢ok olur ise, onlarin uzunluklarinin toplami da
egrinin uzunluguna o kadar yaklasmig olur” ciimlesi, icerisinde sonsuz kiigiikler kavramini barindirmaktadir.
Salih Zeki egri bir ¢izginin uzunlugunu dlgmek i¢in somuttan soyuta dogru ilerleyen bir yontem benimsemistir.

Diizgiin olmayan bir egri tanimlanip uzunlugu o&lgiildiikten sonra, diizgiin bir egri olan g¢emberin c¢evre
uzunlugunun nasil bulunacagi Hendese-i Tecrubiyye kitabinda su sekilde anlatilmistir:

...Size gecen derslerde ¢izmis oldugumuz egri biisbiitiin diizgiin olmayan bir egriydi. Bir takim
diizgiin egriler vardir ki bunlarm uzunluklarimi bulmak i¢in ilave kiigiik kiigiik dogrulara ayirmaya
veya lizerine iplik germeye lizum goriinmez. Bu sekilde diizgiin egriler ya bir 6l¢iim aleti ile
veyahut dogrudan dogruya hesap yardimiyla bulunur. Iste bu egrilerin en sadesi “¢ember” denilen
egridir. Simdi bir par¢a iplik alalim. Bu ipligin ucunu siyah tahtanin M ucuna bir ¢ivi ile
baglayalim veya parmak vasitasiyla tutalim. Diger ucuna da bir tebesir takalim. Bu halde tebesiri
gergin tutarak ve tebesiri tahta {izerinde gezdirerek bir egri ¢izelim. Bu surette ¢izdigimiz egri
yuvarlak bir egridir ki geometride bu egrinin alanina “daire” ve kendisine “¢cember”, M noktasina
“merkez” ve sicimin kendisine “yaricap” ve uzunlugun 2 misline “cap” denir. Iste griiyoruz ki bu
egrinin her noktasi, M merkezinden daima sicimin uzunluguna esit mesafede bulunur. Bu halde
cember, dairenin merkezinden esit mesafede bulunan bir egri ¢izgiden ibarettir diye tanimlanabilir.
Bu gemberin yarigap1 bulunacak olur ise bundan ¢emberin uzunlugunu bulmak miimkiindiir. Simdi
daireyi ¢izdikten sonra sicimi alarak... (Kitabmn 2 ayr1 baskisinda da bu ciimle tam bu noktada

413



M. Takicak

yarida kalmistir) Bu halde bir ¢emberin g¢evresi m sayisinin ¢apa veya yarigapin 2 kati ile
carpimina esittir. Bir bagka ifadeyle, yarigap r ile gosterilirse; cemberin cevresi = mwx 2r olur
(Zeki, 1327/1909, s. 93-94).

Cemberin cevre hesabi anlatilmadan Once c¢emberin taniminin yapildigi, elemanlarmin 6zelliklerinin
belirtildigi, ¢cember ile dairenin ayrimma dikkat c¢ekildigi ve c¢emberin somut bir sekilde ¢izdirildigi
goriilmektedir.

Salih Zeki, /lk Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli ders kitabinda bir yiizey alaninin herhangi
bir kenar1 etrafinda dondiiriilmesi ile olusan cisimlerin incelendigi ve kitapta “miidevver cisimler” olarak
isimlendirilen konular1 icermektedir. Bunlardan ilki; “bir dikdortgenin kenarlarindan biri etrafinda dolandirilmasi
ile elde edilen cisim olan silindir” konusudur. Kitapta, 6grencinin s6z konusu sekli zihninde canlandirabilmesi
icin “minare gdvdesi, soba borusu, sa¢ soba” gibi, donem ¢ocuklarinin giinliik hayatta rahatlikla rastlayabilecegi
somut Ornekler verilmistir (Zeki ve Haki, 1332/1914, s. 42). Dolayisiyla matematiksel kavramlarm giinliik

yasamla iligkisi kurulmustur.

Sekil 14

Salih Zeki’nin Ik Hendese Dersleri Birinci Sene isimli ders kitabinda, diiz ¢izgi (dogru) ile egri cizgi
kavramlar1 arasindaki fark bir ip yardimiyla (Sekil 14) olusturulmaya gahisilmistir. Ipin iki ucundan gergin
tutuldugu sekil dogruyu, gevsek hali ise egri ¢izgiyi gosterdigi ifade edilmistir. Ayrica sosyal yasam ile
iliskilendirilmis bu durum resimlerle desteklenmistir. Cizgi kavrami ile beraber egri yiizey ile diiz yiizey
arasindaki fark da ifade edilmistir. Dolayisiyla kavramlar, birbirleri ile iligskilendirilerek ve somut &rnekler
verilerek anlatilmaktadir (Zeki, Ik Hendese Dersleri (Birinci Sene), 1332/1914a, s. 5-8).

3.1.5. Kitapta problem ¢dzme yontemine yer verilmis midir?

Problem ¢6zme yontemi matematigin sosyal yasam ile iligkilendirilmesini saglayan kullanigh bir matematik
egitimi yaklagimidir. Bu bdliimde Salih Zeki’ye ait 6 adet ders kitabinda problem ¢6zme ydntemine yer verilip
verilmedigi incelenecektir.

Salih Zeki Hendese-i Tecrubiyye isimli kitabinda giinlilk yasamda karsilagilabilecek bir durumu probleme
donistiiriip benzerlik konusunu ele almistir:

“Okulumuzun ilerisine gittigimizde orda bir aga¢ ile yakinindan bir de dere gectigini goriiriiz.
Derenin karsi tarafina gegip bir gubuk dikmis olsak, ¢ubuk ile bulundugumuz yerde bulunan agag
arasindaki en kisa mesafeyi nasil 6l¢ebiliriz (Zeki, 1327/1909, s. 17)?”

Bu sorunun ¢6ziimiinde iiggende benzerlik konusu kullanilmistir. Benzerlik ihtiya¢ oldugu anda su sekilde
tarif edilmistir:

...su kiiciik sekil, {i¢c kenar ve ii¢ acidan olusmus kapali bir sekildir. Iste boyle 3 kenar ve 3 acidan
ibaret olan kapali sekle geometride ‘liggen’ denir. Bundan bagka kagit {izerine ¢izdigimiz kiigiik
sekil; toprak iizerine ¢izdigimiz M agaci, G degnegi B ¢ubugu arasinda bulunan MBG {i¢genini
gosterdiginden, onun kiigiik bir suretidir denir. Bdyle yapilan bir resim aslina benzerdir. Iste
kitaplarda gordigiimiiz ev, at, araba resimleri sehirlerde gordiigiimiiz ev, at, araba resimlerine
benzeyecek bigimde yapilmis birer numunedir. Altinci sekilde gordiigiimiiz at resmi aslina benzer
bi¢imde yapilmis bir numunedir. Bu resmin her tarafi dikkatlice 6l¢lilmiis olsa gergek atin
biiyiikliigii anlasilabilir. Ornegin resimde 6n ayag: 6l¢iilmiis olsa ve asil atin ayagindan yirmi defa
kiigiik olsa, basi, kuyrugu, kulag: gibi resmin diger taraflar1 da atin diger taraflarindan yirmi defa
kiigiik olur. Béyle bir kenar1 belli oranda kiiciiltiilen resme benzer resim denir. iste kagit {izerine
¢izmis oldugumuz M'B'G' {iggeni de gercekte var olan toprak iizerine ¢izdigimiz MBG iiggenine
benzerdir (Zeki, 1327/1909, s. 23-24).

Benzerlik konusu, hayatin dogal akisinda karsilasilabilecek problem durumunun igine gizlenmis ve yine bu
olagan akig devam ettirilerek benzerlik konusu yapilandirmaci yaklagima uygun olarak sezdirilmeye ¢aligilmistir.

Salih Zeki’nin Hendese-i Tecrubiyye kitabinda ikizkenar dik tiggenin 6zelliklerinin gizil olarak anlatildigi,
giinliik hayattan bir problem durumu se¢ilmistir. Kitapta konuya giris su sekildedir:

...Bu derste yakininda bulundugumuz bir agacin yiiksekligini 6lgecegiz. Bu ders size bir 6nceki
derslerden daha zor goriinse de o kadar zor degildir. Boyle bir agacmn yiiksekligini 6lgmek sanki
bir ucuna gidilebilen [fakat] diger ucuna gidilemeyen bir dogrunun uzunlugunu 6lgmek demektir.
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Bunda ucuna gidilebilen u¢ agacin dibi, gidilemeyen u¢ da agacin tepesidir (Zeki, 1327/1909, s.
20-21).

Hendese-i Tecrubiyye kitabinin bir sonraki konusunda ise, bir 6nceki derste benzerlik kavraminda izlenen
yontem dik iicgen ve ézellikleri igin tekrarlanmugtir. Ikizkenar dik {iggen olusturulurken, bir dikdortgen kagit
once kare kagida doniistiiriilmekte, akabinde kdsegen boyunca kesilerek dik iiggen elde edilmektedir. Elde edilen
dik tiggenin ikizkenar olma durumu ise kenarlarinin birbiri {izerine katlanarak ¢akistirilmas: yontemiyle test
edilmektedir.

3.1.6. Matematik konulari ile gercek yasam arasinda iliskilendirme yapilmig midir?

Giinlik yasamla iligkilendirilmis bir matematik dersi, 6zellikle kiigiik yas grubu 6grenciler i¢in ¢ok daha
anlasilir olacaktir. Bu bolimde Salih Zeki’ye ait 6 adet ders kitabinda matematik konular1 ile gercek yasam
arasinda iliskilendirmenin yapilip yapilmadig: analiz edilecektir.

Salih Zeki /lk Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli ders kitabinda alan kavramu ile ilgili bir
genel tanim verdikten sonra giinliik yasamla su sekilde iligkilendirmistir:

Bir yiizeyi 6l¢mek demek, kargilagtirmak amaciyla birim olarak (vahid-i kiyas?) kabul edilen diger
bir yiizeyin, bu yiizeyde kag¢ defa bulundugunu arayip bulmak demektir. Yiizeyler i¢in umumiyetle
kabul edilen birim yiizey, eni bir metre boyu bir metre olan karenin yiizeyidir ki buna metre kare
denir. ...Iste bir yiizey, bir metre kareden kag tanesini alabilirse, o yiizeye o kadar metrekaredir
derler. Mesela; “su besinci sinifin dershanesinin alan1 32 metrekaredir” dersek, bu dershanenin
zeminine, metrekarelerden yan yana konmak ve aralik brakmamak sartiyla 32 tanesinin
yerlestirilebilecegini anlariz (Zeki ve Haki, 1332/1914, s. 5).

Bu alan tanimi, daha sonra anlatilacak olan tiim yiizeylerin alan hesabinda kullanilacaktir. Dolayistyla verilen
tanimlar arasindaki iliski kitabin sonuna kadar korunacaktir. Bu anlamda kitapta bir i¢ tutarliliktan bahsetmek
miimkiindiir. Alan tanimi verildikten sonra gergek yasamdan 6rnek verilerek matematiksel bilgi ile gergek yagam
arasinda koprii kurulmasi amaglanmaistir.

Salih Zeki’nin Ik Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap ismindeki kitabinda hacim kavrami
giinliik yagamla iligkilendirilerek su sekilde tanimlanmustir:

Bir hacim, boyu, eni ve derinligi veya yiiksekligi olan seydir. Bir odanin i¢i, bir tuglanin duvarda
kapladigi yer, bir figinin boslugu hep birer hacimdir. Bir hacmin hem boyu, hem eni, hem derinligi
veya yiiksekligi vardir. Cisimlerin hacimlerini 6lgmek icin bilinen bir hacmi 1 olarak kabul
etmiglerdir. Bu 1 olarak kabul edilen hacim, eni, boyu, derinligi bir metre olan tavla zar1 seklinde
bir “kiip” diir. Iste boyu, eni, yiiksekligi 1 metre olan bu kiipe “metrekiip” derler. Bir hacim, bu
metrekiipten ka¢ kag¢ tanesini igine alabiliyorsa o cismin hacmi de o kadar metrekiiptiir derler
(Zeki, 1332/1914b, s. 10).

Kitapta hacim kavraminin ne olduguna, hacmin nasil 6l¢iildiigiine ve bu iglem i¢in hangi 6l¢iim araglarinin
kullanildigima deginilmistir. Ayrica Ogrenci algisma uygun bir sekilde hacim kavrami giinliik hayatla
iliskilendirilerek 6grenciye hissettirmeye calisilmistir. Bu yerlestirilen hacim kavrami, daha sonra anlatilacak
olan tiim cisimlerin hacimlerinde kullanilacaktir. Ornegin prizmalarm hacim hesaplar1 igin prizma sekli
tanitilirken, donem Ogrencilerinin giinliik yasamlarinda sik sik karsilagtiklar1 soba gibi gorsel unsurlar
kullanilmistir. Glinliik yasam ile prizma arasmda bir iligki kurmay1 amaglayan bu yontemle, 6grencinin zihninde
prizma seklinin somut varliktan soyut varliga siiziilerek insa edilmesi amaglanmaktadir.

Salih Zeki’nin Ik Hendese Dersleri Birinci Sene isimli ders kitabinda paralel dogrular igin “bir diizlem
tizerinde bulunan ve ne kadar uzatilir ise uzatilsinlar, asla birbirleriyle kesismeyen dogrulara paraleldirler denir”
tanim verilmistir. Paralellik kavrami giinliik hayattan verilen rnekler ve resimlerle zenginlestirilmistir. Ornegin
Sekil 15°te goriildiigii gibi demir parmakliklar, miizik notalarmin yazildig: ¢izgiler, bir taburenin ayaklar1 6rnek
verilmistir (Zeki, 1332/1914a, s. 10-11).

Sekil 15

Ilk Hendese Dersleri Birinci Sene isimli ders kitabinda dogru kavrammin giinliik hayatla iliskilendirilmesi su
sekilde yapilmustir:
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Hemen her seyde dogruyla karsilasmak miimkiindiir: Mesela ev esyasindan bir dolabimn kenarlari,
etrafi kesilmis bir kitabin sayfalarmin kenarlar1 hep birer dogrudan ibarettir. Dogruyu ¢izmek: bir
dogru ¢izmek i¢in cetvel denilen alet kullanilir. Cetvel uzunca bir tahtadir ki bir kenar1 iki ucundan
gerilmis ince bir iplige mutabik gelecek surette diiz kesilmistir. Bununla bir dogru resmetmek yani
¢izmek i¢in, cetvel kagit lizerine yatirilir ve bir kursun kalem alinarak diiz olan kenar1 boyunca
kaydirilir. Bu halde kalem kagit tizerine bir dogru resmeder (Zeki, 1332/1914a, s. 36-37).

Bir dogrunun nasil insa edilecegi ayrintili bir sekilde agiklandiktan sonra, verilen iki nokta arasindan
dogrunun nasil ¢izilecegi, ¢izilmis bir dogrunun nasil uzatilacagi ve bir cetvelin diizgiin ¢alisip ¢aligmadiginin
nasil anlasilacagi uygulamali olarak gdsterilmistir. Ayrica marangozlarin, duvar ustalarinin ve bahgivanlarin diiz
¢izgiyi nasil elde ettikleri ve kullandiklar1 techizatlar izah edilmistir. Bu sayede dogru kavraminin giinliik
yasamda izi siiriilmiis, kavramin zihinde olgunlagmasma imkan saglanmigtir. Gerekli iligkilendirme saglandiktan
sonra verilen bir dogru pargasinin cetvel ile 6lgiilmesi islemi yapilmistir (Zeki, 1332/1914a, s. 37-43). Bu sayede

ogrenciler, ilgili matematiksel kavramlar: yaparak yasayarak dgrenme firsati bulmuslardir.

Ilk Hendese Dersleri Birinci Sene isimli ders kitabinda “bir ag1ya esit biiyiikliikte bir a¢1 insa etme” kazanim1
marangozluk meslegi ile iliskilendirilmistir. Marangozlarm, karga burun gomye adi verdikleri bir alet

yardimiyla, ayn1 a¢1 degerine sahip bir agiy1 ¢izmeleri su sekilde anlatilmistir:

Sekil 16
Marangozlar bir actya esit agty1 resmetmek icin bir ¢esit gonye kullanirlar. Bu gonye iki kollu
(Sekil 16) adeta birer uglar1 birlestirilmis iki cetvelden ibarettir. Fakat bu birlesen uglardaki bir ¢ivi
etrafinda kollar ag1lip kapanabilir. Bununla BEC agisia esit bir ag1 ¢izmek icin (Sekil 16) kollar
acilir ve gonyenin i¢ kdsesi E noktasina ve i¢ kenarlari da EC, EB dogrularina ¢akistirilir. Sonra bu
kollarin agikligi bozulmaksizin alet kaldirilir ve nereye bu agiy1 ¢izmek gerekiyorsa oraya (mesela

bir tahta pargasina) gotiiriiliir ve kollarn i¢ kenarlar1 hizasinca birer ¢izgi ¢izilir. Hasil olan BEC
acis1 evvelki agmin ayni olur (Zeki, 1332/1914a, s. 46-47).

Marangozlarin islerinde siklikla kullandiklar1 bu islemde oldugu gibi Salih Zeki hemen hemen her

matematiksel kavrami giinliik hayatla iligkilendirmeye ¢alisarak matematigi anlamlandirmaya ¢alismistir.

3.1.7. Kitap, bilginin insa edilmesinde ogrenciye gerekli malzemeyi ve bilissel ortami saglamis midir?

Yapilandirmaci yaklagim bilginin ancak zihinde yeniden inga edilerek tam anlamiyla 6grenilebilecegini iddia
eder. Bu boliimde Salih Zeki’nin 6 adet ders kitabinin, bilginin insa edilmesinde gerekli malzemeyi ve biligsel

ortami saglayip saglamadig1 incelenecektir.

Salih Zeki’nin ders kitabinda tiim tanimlar bilginin insa edilmesine uygun olarak agiklanmustir. Ornegin alan

kavram [k Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap ismindeki kitapta su sekilde ifade edilmistir:

Bir yiizeyin alanmi 6lgmek i¢in diger bir yiizeyin alani, karsilastirilacak birim (vahid-i kiyasi)
olarak kabul edilir. Bu birim, eni ve boyu birer metre olan bir metre karedir. Buna “metrekare”
derler. Iste bir yiizey, bu metrekarelerden kac tanesini alabilir ise o yiizeyin alam o kadar
metrekaredir derler. Mesela bir odanin dosemesi “10 metrekaredir” denilince bundan su
anlagilmalidir: Bu odanin dosemesi 10 tane metrekare kadar bir alana sahiptir (Zeki, 1332/1914b,
s. 3-4).

Herhangi bir yiizeyin alani i¢in verilen bu ifade, 6grencinin zihninde alan kavramina yonelik genel bir bakis
acisinin kazandirilmasmi saglamistir. Bu sayede matematiksel kavramlar arasinda bir iligki kurulmus olacaktir.

Genel alan tanimmdan sonra kitapta 6zel geometrik yiizeylerin alanlar1 anlatilmistir.

? —
v
S a S
Sekil 17

Bir dikdoértgenin alani taban uzunlugu ile yiiksekliginin ¢arpimina esittir. Mesela (Sekil 17) 6
metre eninde 3 metre boyunda bir dikdortgen olsa, bu sayilarin ¢arpimi 3x6 = 18 eder, iste bu
dikdortgenin alami da 18 metrekare olur. [Bu kural su sekilde izah edilmektedir] Dikdortgenin
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boyu 6 metreye ve yiiksekligi 3 metreye ayrilsa ve ayrilan noktadan dikdoértgenin kenarlarma
paralel dogrular ¢izilse, 18 tane kare ortaya ¢ikar ki bu karelerin her biri bir metrekaredir (Zeki,
1332/1914b, s. 4-5).

Salih Zeki’nin kitaplarinda alan kavrami genel bir tanimla ifade edildikten sonra, bu tanimin prensiplerine
uygun olarak geometrik sekillerin alanlarmin nasil hesaplanacagi anlatilmistir. Ayrica Salih Zeki ders
kitaplarinda dikdortgen ve karenin alan bagintisini insa ettikten sonra paralelkenar seklinin alanini ele almastir.
Klasik anlatimlarda paralelkenarin alani en son anlatilan sekillerden biridir. Salih Zeki bilingli bir sekilde
paralelkenar1 dikdortgenden sonra ele almis ve dikdortgenin alan kavramindan paralelkenarin alan kavramina
ulagmistir. Daha sonra paralelkenarin alan bagintisindan tiggenin alan bagintisina, iiggenin alan bagmntisindan da
cokgenlerin ve dairenin alan bagmntilarina ulagtigr goriilmektedir. S6z konusu geometrik sekillerin alan
bagmtilarinin ele alinig sirasi inga faaliyetine uygundur.

Salih Zeki’nin ders kitaplarinda donemin sosyal hayatina uygun resimler konularla iliskili bir sekilde yer
almigtir. Ayrica geometrik sekillerin de uygun sekilde resmedilmisti. Bu durum o6grencinin konuyu
somutlagtirmasi baglaminda insa faaliyetini destekleyen bir husustur.

Sosyal yasamdan tiiretilmis problem durumlar1 bilginin insasma pozitif katki saglayan noktalardan bir
tanesidir. Incelenen ders kitaplarida bu tiir problem durumlari ile sik sik karsilasilmaktadir. Ayrica bolim
sonlarinda verilen sorularin da bir boliimii giinliik hayatin i¢inden tiiretilmistir.

Ogrencinin 6gretim faaliyetinin bir parcasi olarak siirecin iginde yer almasi bilginin insas1 i¢in gereklidir. Bu
baglamda teorik olarak ifade edilen geometrik sekillerin gercek Olciilerde cizimlerinin yaptirilmasi bilginin
dziimsenmesine katki saglayacaktir. Salih Zeki’nin /lk Hendese Dersleri Birinci Sene isimli ders kitabmin ikinci
boliimii bu konuya ayrilmistir (Zeki, 1332/1914a, s. 36-68). Ornegin kitapta su cizimler yapilmistir: Dogruyu
resmetmek, agilar1 resmetmek, diklerin resmi, gonye ile dik resmetmek, dogrulari, acilar1 esit pargalara ayirmak,
paralel resmetmek, tegetleri resmetmek, liggeni resmetmek, dortgenleri resmetmek.

3.1.8. Ogrencilere iist diizey diisiinme becerileri kazandiracak etkinliklere yer verilmis midir?

Bu boliimde Salih Zeki’nin 6 adet ders kitabinda dgrencilere iist diizey becerileri kazandiracak etkinliklere
yer verilip verilmedigi incelenecektir.

Salih Zeki ders kitaplarmin bazilarinda &grencilere {ist diizey diisiinme becerisi kazandiracak etkinlere yer
vermistir. Ornegin, Ilk Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap ismindeki kitabin tiglincii boliimiinde
Ogrenilen konularm bazi uygulamalarina yer verilmistir:

Cini denen taglarla dosemeler, bir sekle es bir sekil ¢izmek, bir seklin alanina es bagka bir sekil
cizmek, bir yerden bir yere dogrudan dogruya gidilemeyen iki nokta arasindaki mesafeyi 6lgmek,
bir ucuna varilamayan dogru pargasinin uzunlugunu 6lgmek, bir agacmn yiiksekligini 6lgmek (Zeki,
1332/1914b, s. 36-52).

Bu etkinlikler 6grencilerin matematiksel bilgiyi giinliik hayata transfer etme becerilerini gelistirecektir.

Salih Zeki’nin /lk Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli ders kitabmin iigiincii ve dordiincii
boliimlerinde diizgiin geometrik cisimlerin hacmi konusu ele alindiktan sonra besinci boliimiinde “diizgiin
olmayan bir cismin hacmi” etkinligi yapilmistir. Bu etkinlikle dgrencilerden 6grendikleri hacim kavraminin iist
diizey bir uygulamasin1 yapmalar1 beklenmektedir. Ornegin bir armudun hacminin nasil hesaplanacagi su
etkinlikle ifade edilmistir:

Sekil 18

Evvela Sekil 18’de goriilen bir armudun hacmini bulmak i¢in silindir seklinde i¢i bos camdan bir
kap aliriz ve igine bir miktar su doldurarak bu suyun CB seviyesini isaretleriz. Sonra, bunun igine
armudu koyariz. Bu halde suyun seviyesi yiikseldikten sonra suyun bu defaki C’B’ seviyesini
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isaretleriz. Su halde suya atilan armudun hacmi, BCC’B’ silindirinin hacmine esit oldugunu
anlamis oluruz.

Iste BCC’B’ silindirinin yiiksekligi |BB'| = 0,4 metre, silindirin agzinmn i¢ tarafindan genisligi
(capr) 0,68 metre olsa:

BCC’'B’ silindirinin hacmi = 0,34x0,34x3,1416x0,4 = 0,145267
metrekiip olacagindan, armudun hacmi 0,145267 metrekiip olur.

Ik Hendese Dersleri, Devre-i Mutavassita Ikinci Kitap ismindeki kitabin iigiincii béliimiinde 6grenilen
konularin bazi uygulamalarma yer verilmistir:

Cini denen taslarla dosemeler, bir sekle es bir sekil ¢izmek, bir seklin alanina es bagka bir sekil
¢izmek, bir yerden bir yere dogrudan dogruya gidilemeyen iki nokta arasindaki mesafeyi dlgmek,
bir ucuna varilamayan dogru pargasinin uzunlugunu dlgmek, bir agacin yiiksekligini 6l¢mek (Zeki,
1332/1914b, s. 36-52).

3.1.9. Diger disiplinlerle iligki kurulmus mudur?

Bu boliimde Salih Zeki’nin 6 adet ders kitabinda diger disiplinlerle iliski kurulup kurulmadig: tespit
edilecektir.

Sekil 19
Salih Zeki’nin Ik Hendese Dersleri, Devre-i Aliye Ikinci Sene isimli ders kitabmin altinci boliimiinde
arazilerin ¢evre ve alan hesaplari, yedinci boliimde de arazilerin sinirlariin hesaplanmasi konulari ele alinmgtir
(Zeki ve Haki, 1332/1914, s. 57-72). Arazi 6l¢iim aletleri tanitildiktan sonra resimlerle zenginlestirilmis bir

icerikle hesaplamalarin nasil yapilacag: tarif edilmistir. Bu baglamda kitapta 6grenilmis olan geometri bilgisi ile
haritacilik arasinda bir iliski kurulmustur. Diger ders kitaplarinda da arazi 6l¢iimleri ile ilgili 6rnekler vardir.

Arazi Olgtimleri ve haritacilik disiplini ile matematik arasinda dogrudan bir iligki kurularak ders kitaplarina
dahil edilmistir. Buna karsmn ders kitaplarinda geometri ile diger disiplinler arasinda dogrudan bir iligki
kurulmamustir.

3.1.10. Icerikte grafik, resim, sekil gibi coklu gosterim araglarina yer verilmis midir?

Bu boliimde Salih Zeki’nin 6 adet ders kitabinda yeterli sayida grafik, resim, sekil gibi ¢coklu gdsterim
araclarna yer verilip verilmedigi incelenecektir.

Salih Zeki’nin tiim ders kitaplarinda resim ve sekiller genis bir yer tutmaktadir. Resimler sosyal hayattan
alinan fotograf karelerinden olugsmaktadir. Bu durum giinliik yasamla matematik arasinda bir koprii kurulmasina
imkan saglamistir. Ornegin kiire konusu orneklendirilirken kullanilan resim su sekildedir (Zeki ve Haki,
1334/1915, s. 11):

Sekil 20
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Kullanilan geometrik sekiller de konunun anlasilmasina olanak saglayacak sekilde hazirlanmistir. Ornegin Jlk
Hendese Dersleri, Devre-i Aliye Ikinci Sene kitabmin dikdortgenin alan hesabi bahsinde su sekil kullanilmigtir
(Zeki ve Haki, 1332/1914, s. 6):
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Sekil 21
Salih Zeki Nazari ve ‘Ameli Miicmel Hendese kitabinda, kiirenin hacmi ile koninin hacmini iliskilendirerek
yaptig1 anlatimini su sekil ile zenginlestirmistir (Zeki, 1322/1904, s. 215):

Sekil 22

Salih Zeki ders kitaplarinda bu bolimde verilen iki 6rnekte oldugu gibi ¢ok sayida resim ve sekil
kullanmuistir.

3.1.11. Konu ile ilgili sorularin alistirma problemleri, 6grencinin muhakeme becerisini gelistirecek bicimde
organize edilmis midir?

Bu boliimde Salih Zeki’nin 6 adet ders kitabinda yer verilen alistirma problemlerinin, 6grencinin muhakeme
becerisini gelistirecek bigimde organize edilip edilmedigi tespit edilecektir.

Salih Zeki’nin ders kitaplarinda iki gesit alistrma problemi yer almaktadir. Birincisi “Hendese nedir? Ornek
veriniz (Zeki ve Haki, 1334/1915, s. 11)” tiiriinde direk bilgiyi 6lgen alistirma sorularidir. Her boliim sonunda bu
tiirden ahstirmalar yer almaktadwr. ikincisi ise “Yiiksekligi, tabanmin bir kenarma esit olan bir kare dik
prizmanin tiim yiizey alan1 165,68 metrekare olsa yiiksekligi ne olur (Zeki ve Haki, 1334/1915, s. 83)?” tiiriinde
ogrencinin muhakeme becerisi geligtirecek problemlere de yer verilmistir.

Salih Zeki alistirma problemlerinde giinliik yagamla iligkilendirilmis muhakeme sorularina da yer vermistir:

Bir minarenin gélgesi 10 metre 25 santimetre oldugu ve 1 metre 10 santimetre yiiksekliginde olan
yere dik bir agacin gélgesinin 35 santimetre oldugu bir yerde minarenin yiiksekligi ne olur (Zeki,
1327/1909, s. 42)?

3.2. Ders Kitaplarinda Davrams¢i1 Karakter Tasiyan Ornekler
Bu boliimde Salih Zeki’nin ders kitaplarinda yapilandirmaci karakterle uyusmayan 6rneklere yer verilecektir.
Ilk Hendese Dersleri kitabinda bir dairenin ¢evresinin nasil hesaplanacagi su sekilde anlatilmugtir:

Bir dairenin biiyiik veya kiiciik olmasi, ¢apinin biiyiik veya kii¢iikk olmasina baghdir. Yani, bir
dairenin ¢ap1 ka¢ kere biiyiir veya kiigiiliirse, ¢evresinin uzunlugu dahi o kadar kere biiyiir veya
kiigiiliir. Bir takim hesaplar ve bir¢ok caligmalar sonucunda, her dairenin ¢evresinin, kendi
capindan 3,1416 sayist kere biiylik oldugu bulunmustur. Yani bir daire gevresinin ne uzunlukta
oldugunun hesaplanabilmesi i¢in dnce o dairenin ¢api Olgiilmeli, daha sonra bulunan say1 3,1416

sayist ile ¢arpilmalidir. Bu say1 sabittir ve Yunancada “m” harfi ile gosterilir ve “pi” seklinde
okunur.

...Demek ki dairenin ¢evresi = ¢ap x w ‘dir (Zeki ve Haki, 1334/1915, s. 24).

Yukaridaki paragrafta dikkat ¢ekici olan nokta, dairenin ¢evresinin “Bir takim hesaplar ve bir¢ok ¢alismalar
sonucunda, her dairenin ¢evresinin, kendi ¢apindan 3,1416 sayist kere biiyiik oldugu bulunmustur” seklinde
belirtilmesidir. Bu yaklasimda dairenin ¢evresinin kural olarak dgrenciye verildigi goriilmektedir.  sayisinin ne
anlama geldigi anlatilmadig: i¢in, 7 sayis1 ile dairenin ¢evresi arasindaki iligki havada kalmistir. Buna ragmen
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yukaridaki anlatima muhatap olan bir 6grenci “Yarigapt 4 metre olan bir dairenin ¢evresi nedir?” sorusuna
dogru cevap verebilecektir. Fakat anlamli 6grenme gergeklesmeyecektir.

Salih Zeki [k Hendese Dersleri Birinci Sene isimli ders kitabmin birinci boliimiinde ¢izgi, cember, paralellik,
ac1, cokgen, iicgen gibi geometrik sekilleri ve bu sekillerin temel elemanlarmi tamtmustir. Uggene ait, kenar,
kose, yiikseklik gibi kavramlar1 izah ettikten sonra, i{icgende a¢1 bahsine deginmistir. Uggenin i¢ acilari
toplaminin iki dik agiya esit oldugunu bildirmis fakat neden boyle oldugu konusunda sorgulamaya gitmemistir
(Zeki, 1332/19144, s. 27-28).

S6z konusu ders kitaplarinin birbirinin devami olacak sekilde planlandigindan, yapilandirmaci anlayisla insa
edilmis bazi konular, bir sonraki ders kitabinda tamamen soyut bir yaklagimla ifade edilmistir. Ornegin Salih
Zeki’nin Ilk Hendese Dersleri, Devre-i Aliye, Ikinci Sene isimli ders kitabinmn girisinde, bu kitabin Hendese-i
Tecrubiye ve Ik Hendese Dersleri, Devre-i Aliye, Birinci Sene isimli kitaplarm devamu niteliginde oldugu
vurgulanmistir (Zeki ve Haki, 1332/1914, s. 2). Bu kitapta Salih Zeki paralel kenarin alanini dikdortgenin
alanindan faydalanarak su sekilde anlatmaktadir:

A IR Y
) 2]
S TR )

Sekil 23

“Paralelkenarm alani, tabani ile tabana ait yiiksekligin ¢arpimina esittir. [Bu kural su sekilde
ispatlanabilir] Sekil 23°deki paralelkenar, BE kenari iizerinde HG yiiksekliginde ¢izilecek [alan]
dikdortgene esittir (Zeki ve Haki, 1332/1914, s. 7).”

Paralelkenarin alani dikdortgenin alani ile iliskilendirilerek anlatilmasma ragmen, bu kitapta paralelkenarin
alanmin dikdortgenin alanma nasil esit oldugu agik bir sekilde anlatilmamistir.

4. Tartisma ve Sonuc¢

Bilimsel bilginin elde edilmesinde ve gelistirilmesinde temel teskil eden matematik tiim toplumlarin egitsel
hedeflerinin baginda yer almaktadir. Buna karsin, insanlik tarihi boyunca ortaya ¢ikmis olan topluluklarda
matematigi algilayip 6grenebilenlerin sayis1 hep azinlikta olmustur. Matematik 6grenmek ve 6gretmek ayricalik
olarak kabul edilmistir. Giiniimiizde gelismis devletlerin temel bilimlerde diger toplumlara gore daha ileride
olmalar1 bu durumu o6rneklendirmektedir. Matematigin Oneminin farkinda olan devletler, geng bireylerine
matematigi en iyi sekilde 6gretme ugrasindadirlar. Dolayisiyla matematik egitimi siirekli degisim ve geligim
icerisinde olan bir disiplindir. Matematik egitimcilerinin iizerinde caligtigi farkli stratejiler bulunmaktadir.
Alanyazinda kabul goren matematik egitimi stratejilerinden biri de yapilandirmact egitim anlayigidir. Salih Zeki,
bu anlayisin sahip oldugu temel kriterleri igerisinde barindiran geometri ders kitaplar1 hazirladig: tarafimizca
tespit edilmistir. Incelenen kitaplar arasinda [/k Hendese Dersleri Birinci Sene isimli ders kitabmin 6nsoziinde,
ders kitabin1 okutacak olan matematik &gretmenlerine yonelik, kilavuz mahiyetinde uyar1 yazisi kaleme
alimmistr. Bu uyar1 yazisinda Salih Zeki, “...kitabin i¢indeki konular ezberlettirilmeksizin ¢ocuklara
anlattirilacak” climlesiyle ezberlemeye karsi oldugunu ve dgrencilerin pasif alici olmak yerine aktif olarak derse
katilmalarmin saglanmasmi; “...birinci bolimiin konular1 sinifta, bahcede, kisaca her yerde c¢ocuklara yavas
yavas gosterilecek ve ikinci bolimiin bununla ilgili uygulamalar1 da hemen beraberce yaptirilacaktir” ciimlesiyle
Ogretilecek olan geometri konularmin dogada izlerinin aranmasini ve matematiksel kavramlarin giinliik hayat ile
iliskilendirilmesini; “...¢ocuklara hi¢bir zaman tarifler ezberlettirilmemeli; bilakis sekiller yaptirilarak bu tarifler
kendilerine buldurulmalidir” ciimlesiyle tanim ezberletmek yerine, 6grencinin zihninde tamimlarin yeniden
ingasinin yapilmasini ve matematiksel bagintilarin 6grenciler tarafindan kesfedilmesinin saglanmasini istemistir.
Salih Zeki’nin bu 06nsozde ifade ettigi genel gergeve, yapilandirmaci egitim anlayismin temel kriterlerini
icerisinde barindirmaktadir. Salih Zeki’nin alt1 ders kitabinda da bu kriterlere sadik kaldigi tespit edilmistir.

Salih Zeki Hendese-i Tecrubiyye kitabinda, egri bir ¢izginin uzunlugunu 6lgmek i¢in somuttan soyuta dogru
ilerleyen bir yontem benimsemistir. Yapilandirmaci egitim yaklasiminda konularin birbiriyle iliski kurularak
verilmektedir. Dolayisiyla herhangi bir konunun bir sonraki konuyla iliskisi olacaksa 6grenci o konuya
hazirlanir. “Siiphesiz ki bu kii¢iik dogrular, ne kadar kisa ve ne kadar ¢ok olur ise, onlarin uzunluklarmin toplami
da egrinin uzunluguna o kadar yaklagmis olur” (Zeki, 1327/1909, s. 89-90) ciimlesi, igerisinde sonsuz kiigiikler
kavramini barmdirmaktadir. Integral konusu bu yas grubu dgrencilerin 6grenebilecegi bir konu degildir. Ancak
Hendese-i Tecrubiyye ders kitabinin ortaokul 3. smif (bugiinkili anlamda) 6grencilerine yonelik hazirlanmig
oldugu diigiiniildiigiinde, sonsuz kiigiikler mantig1 6grenciye kazandirilarak, sonraki egitim kurumu olan liseye
ogrencilerin matematiksel algilarinin hazirlandigi diistiniilebilir.
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Salih Zeki Hendese-i Tecrubiyye kitabinda benzerlik konusu, hayatin dogal akiginda karsilasilabilecek
problem durumunun igine gizlenmis ve yine bu olagan akig devam ettirilerek benzerlik konusu sezdirilmeye
calisilmistir. Yapilandirmaci yaklagimin zitt1 olarak diistinebilecegimiz davranis¢t yaklasimla organize edilmis
bir ders akisi su sekilde olabilirdi: “Bir ABC ii¢geni ile DEF ii¢geninin benzer olabilmesi i¢in AB kenari ile DE
kenari, AC kenart ile DF kenari, BC kenar ile EF kenart arasinda sabit bir oran olmasi gerekir.” Bilginin
Ogrenciye bu tarz bir yaklasimla aktarilmasi; benzerlik kavraminin, mutlak matematiksel dogru olarak
diisiiniildiigiiniin ve ezberlenmesi gereken bir kavram oldugunun gostergesi olacaktir. Bu matematiksel bilgi
ancak ezberlenir, 6ziimsenemez.

Ilk Hendese Dersleri (Birinci Sene) isimli kitapta marangozlarmn islerinde siklikla kullandiklar1 bir takim
islemler 6grenme ortamina dahil edilmistir. Bu durum 6grencinin ac¢i kavrammi ingsa etme siirecine katki
saglayacaktir. Kitabin hitap ettigi yas grubunun 10-12 yas grubu 6grenciler olmasi, sdz konusu kavramlarin
somut bir sekilde Ogrencilere verilmesini zorunlu kilmaktadir. Salih Zeki hemen hemen her matematiksel
kavrami giinliik hayat ile iliskilendirmeye ¢alisarak matematigi anlamlandirmaya galigmistir.

Yapilandirmaci anlayigla diizenlenmis bir matematik egitiminde disiplinler arasi iletisim 6nemli bir yer
tutmaktadir. Arazi Slglimleri ve haritacilik disiplini ile matematik arasinda dogrudan bir iliski kurularak ders
kitaplarina dahil edilmistir. S6z konusu dénemde ortaokul diizeyinde egitim veren okullar Osmanli’nin memur
ihtiyacin1 karsilamaktaydi. Dolayisiyla bir tarim devleti olan Osmanli’nin arazi Sl¢iimii yapacak devlet
memurlarma ihtiyaci vardi. Bu baglamda haritacilik konusu geometri ders kitaplarinin igine yerlestirilmis olmas1
muhtemeldir. Buna karsmn ders kitaplarinda geometri ile diger disiplinler arasmnda dogrudan bir iliski
kurulmamuigtir.

Matematigin kiiciik yas grubu 6grencilerin disiince diinyalarinda sekillenmesine katki sunan en 6nemli
materyallerden biri de 6grenme ortaminin gorsel unsurlarla zenginlestirilmesidir. Bu baglamda Salih Zeki’nin
ders kitaplarinda ¢ok sayida resim ve sekil yer almaktadir.

Salih Zeki tiim ders kitaplarinda ¢ok sayida alistirma problemine yer vermistir. Bunlardan bir kismi bilgi
diizeyinde iken bir kism1 da 6grencilerin muhakeme becerilerini gelistiren sorulardan olusmaktadir.

Ogrenme kuramlarindan biri olan davramise1 yaklasim &grenmeyi, bilissel siireglerin yerine, gevrenin
davranislar tizerindeki gozlenebilir etkileriyle agiklar. Bu yaklagim, 6grenme iiriinlerinin gézlenebilir davranislar
oldugu ve bu davramiglarin degistirilebilecegi varsayimina dayanir. Davranisgilar, kisinin nasil 6grendigi ile ilgili
degil, beynin hangi uyarilara ne gibi tepkiler verdigi ile ilgili calismalar yaparlar. Bu yaklagima gore 6gretilecek
konu kii¢iik kiigiik davranislara ayrilir ve bu davraniglar 6grenciye sirayla verilir. Davraniscilar 6grenmede
kaliciligin bol tekrar ve aligtirmalar ile saglanacagmi savunurlar (Olkun ve Toluk, 2007). Bu yaklasima gore
konular alt bagliklar halinde verilir. Ogrencinin konu ile ilgili kural ve formiilleri etkili kullanmas1 beklenir.
Davranis¢1 yaklasimda konu ile ilgili tanim verilir, arkasindan 6rnek ¢6ziim yapilir, daha sonra diger konuya
gecilir. Tamimlar arasinda iliski kurulmasi gerekmez. Ogrenci daha ¢ok yontem &grenir. Bu perspektiften
bakildiginda [k Hendese Dersleri (Birinci Sene) isimli kitapta dairenin ¢evresinin “Bir takim hesaplar ve bir¢ok
calismalar sonucunda, her dairenin gevresinin, kendi ¢capindan 3,1416 sayist kere biiyiik oldugu bulunmugstur”
(Zeki & Haki, 1334/1915, s. 24) seklinde belirtilmesi dikkat ¢ekmektedir. Bu yaklasimda dairenin ¢evresinin
kural olarak 6grenciye verildigi goriilmektedir. m sayismin ne anlama geldigi anlatilmadigi i¢in,  sayisi ile
dairenin g¢evresi arasindaki iliski havada kalmistir. Buna ragmen yukaridaki anlatima muhatap olan bir 6grenci
“Yarigapt 4 metre olan bir dairenin ¢evresi nedir?” sorusuna dogru cevap verebilecektir. Fakat anlamli 6grenme
gergeklesmeyecektir. Bunun yerine; Hendese-i Tecrubiyye kitabinda ifade edildigi gibi; herhangi bir dairenin
gevresinin ¢apina oraninin 7 sayisina karsilik geldigi, dolayisiyla ¢ap ile m sayisinin ¢arpimimnin da dairenin
gevresini verecegi agiklanmis olsa, bireyin zihninde dairenin g¢evresi kavraminin insa edilmesi saglanmis
olacaktir. Dolayistyla kitabin bu boliimii davranis¢i yaklagima uygundur. Salih Zeki ders kitaplarinda ¢ok az
sayida sadece formiil ve bagint1 vermek suretiyle davranig¢i bir yaklagim benimsemistir.

Salih Zeki’nin matematik felsefesi yaklagimlarindan sezgicilik ekoliine yakin oldugu, Henry Poincaré
gevirilerinde ve “Namiitendhi” makalesinde ortaya konulmustur (Ayrintili bilgi i¢in bkz. Takicak, 2016).
Matematigi temellendirmek i¢in sectigi bu ekoliin Onermelerini, matematik egitiminde de uygulamustir.
Yapilandirmaci egitim anlayisi, 20. yiizyl matematik felsefesi akimlarindan Sezgicilik’ten tiiremis, temel
onermelerini bu akimdan almis bir matematik egitimi stratejisidir. Dolayisiyla Salih Zeki’nin, hem matematigi
aciklamada hem de matematik egitiminde hedefe yonelik bilingli bir yol izledigi goriilmektedir. Bu durumda
Salih Zeki’nin planli ve programli bir sekilde, felsefi temeli olan bir matematik egitimi 6ngordiigii ve bu 6ngorii
ile Tiirkiye’nin matematik egitimine yon vermek istedigi ortaya ¢ikmaktadir.

Giinlimiizde matematik egitimi i¢in en etkili yontemlerden biri oldugu konusunda matematik egitimcilerinin
hemfikir oldugu yapilandirmaci yaklasimin, Salih Zeki tarafindan 20. yiizyilln basinda ders kitaplarinda
kullanilmis olmas1 dikkate degerdir. 19. yiizyilin basindan giiniimiize kadar egitimde, 6zellikle de matematik
egitiminde siirekli reformlar yapilmaktadir. Matematik egitiminde yapilan reformlar daha g¢ok Ogretim
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programlarinm ve ders kitaplarmin yeniden diizenlemesi bi¢ciminde olmustur. Salih Zeki’nin yazmis oldugu
geometri ders kitaplar1 ile buglin matematik egitiminde kullanilan ders kitaplarmin yapilandirmaci karakter
tagidig1 gortilmektedir. Dolayisiyla bugiin matematik egitiminin kalitesini ylikseltmek amaciyla ders kitaplarinin
ezberden uzak, insact bir karakterle donatilmasi projesinin, Salih Zeki’nin eliyle Cumhuriyet’in ilk yillarinda da
uygulandigr bu calismada tespit edilmistir. Bu durumda matematik egitiminin gelistirilmesi adma ders
kitaplarinin ve 6gretim programlarinin gelistirilmesinin tek bagna yeterli olmadig1 goriilmektedir. Tiirkiye’nin
matematik egitiminde ve dolayisiyla matematik Uretiminde geri kalmasinin nedenleri daha derinlikli bir
aragtirmayi gerekli kilmaktadir.

5. Oneriler

Salih Zeki’nin ders kitaplar1 iizerine yapilan bu ¢aliymaya ek olarak donemin diger matematik¢ilerinin
yazmig olduklar1 ders kitaplar1 benzer bigcimde analiz edilebilir. Bu sayede Osmanli’nin son donemi ile
Cumbhuriyet’in ilk yillarinda matematik egitiminin durumu tiim ayrintilari ile analiz edilmis olacaktir.

Tiirkiye ’nin matematik egitiminde yasadig1 sorunlarin analizinde, neredeyse tek degisken olarak kabul edilen
Ogretim programlarinin disinda, 6grenci-6gretmen ve cevre sartlart gibi muhtemel degiskenler iizerinde de
yogunlasiimalidir.
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