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Article Info Abstract

In this study, it was aimed to investigate the pedagogical content knowledge of pre-

DOI: 10.14812/cuefd.273832 service elementary mathematics teachers’about the concept of cylinder in the subject

of geometric objects in accordance with the sub-components of subject knowledge,
knowledge of teaching strategy, knowledge of understanding students and
measurement and evaluation knowledge. The case study method based on the
qualitative approach was used in the study. In this context, while determining the
participants of the study, the purposeful sampling method was taken as a basis and
seven pre-service teachers were included in the study. The data of the study were
collected using the semi-structured interview. The content analysis and descriptive
analysis techniques were used together in the analysis of the obtained data. As a result

of the analysis, it was observed that the pedagogical content knowledge of the pre-
service teachers about the concept of cylinder was not at the desired level and
- especially the subject knowledge and measurement and evaluation knowledge were
Cylinder, insufficient. Furthermore, it was concluded that the pre-service teachers’ knowledge

Pre—serw.ce teacher, of understanding students was more adequate when compared to the knowledge of
Pedagogical content knowledge teaching strategies
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ilkdgretim Matematik Ogretmeni Adaylarinin Silindir Kavramuyla ilgili
Pedagojik Alan Bilgilerinin incelenmesi

Makale Bilgisi Oz

DOI: 10.14812/cuefd.273832 Bu c¢alismada, ilkégretim matematik 6gretmeni adaylarinin geometrik cisimler
konusunda yer alan silindir kavramiyla ilgili sahip olduklari pedagojik alan bilgilerini;
konu alan bilgisi, Ogretim strateji bilgisi, 6grenciyi anlama bilgisi ve &lgme
degerlendirme bilgisi alt bilesenleri dogrultusunda arastirilmasi amaglanmistir.
CGalismada, nitel yaklasima dayali durum galismasi yontemi kullaniimistir. Bu kapsamda
galismanin katiimcilari belirlenirken amagh 6rnekleme yontemi esas alinmis ve yedi
Ogretmen adayl calismaya dahil edilmistir. Calismanin verileri yari-yapilandiriimis
milakat yardimiyla toplanmistir. Elde edilen verilerin analizinde, igerik analizi ve

betimsel analiz teknikleri birlikte kullaniimigtir. Analiz sonucunda 6gretmen adaylarinin

Anahtar Kelimeler: . . - I R . .
Geometrik cisimler silindir kavramina yonelik pedagojik alan bilgilerinin istenilen diizeyde olmadigi
Silindir ’ ozellikle de konu alan bilgileri ve 6lgme ve degerlendirme bilgilerinin yetersiz oldugu

gorilmastir. Ayrica 6gretmen adaylarinin 6gretim strateji bilgilerine nazaran 6grenciyi

Ogretmen adayi, Y . y
anlama bilgilerinin daha yeterli oldugu sonucuna ulasiimistir.

Pedagojik alan bilgisi.

"This study was presented as an oral presentation at the 13th Mathematics Symposium (2014, Karabiik).
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Introduction

Geometry, which is an important branch of mathematics used in daily life, significantly
contributes to students’ better understanding the world they live in and developing their
critical thinking and problem-solving skills (Pesen, 2003, p. 330). Furthermore, geometry is an
important learning area of mathematics and has an important place in secondary school
mathematics (Glrbiz & Durmus, 2009). The aim of geometry teaching is to enable students
to explain the environment and universe they live in and to be able to use geometry in the
problem-solving process (Terzi, 2010). However, it has been unfortunately observed in many
studies that students have difficulty in understanding geometry and that the geometry
achievement is not at the desired level (Gilirefe &Kan, 2013 cited in Gonzales et al. 2009; Kilg,
2003; Mitchelmore, 1997; Prescott, Mitchelmore, & White, 2002; Pusey, 2003; Ubuz, 1998).
When it is examined in this respect, especially the subject of geometric objects in geometry is
shown as one of the most challenging subjects for students in our country and in other
countries (Accascina & Rogora, 2006; Avgoren, 2011; Battista & Clements, 1996; Ben-Chaim,
1989; Gokdal, 2004; Olkun, 2001; Olkun& Sinoplu, 2008).

In fact, geometric objects and the objects created with them are a part of our daily life
(Baykul, 2014, p.423), and when it is considered, it seems there is no place where we do not
encounter geometric objects (Yemen-Karpuzcu & Isiksal-Bostan, 2013).

Teachers have important tasks in determining and overcoming the difficulties that
students have in geometric objects, helping and guiding students in the learning process
(Ersoy & Ardahan, 2003). Because teachers can be successful in understanding the difficulties
faced by students and in generating solutions to overcome these difficulties if the natural
development and internal structure of geometry are well understood by teachers (Durmus,
Toluk & Olkun, 2002). In other words, the knowledge, skills and competencies of the teacher
come to the forefront here. Accordingly, teachers should have knowledge about how they can
teach the lesson, how to transfer it to students, and how to get to the student's level beyond
being able to have a command of the field. This knowledge is expressed by the concept of
Pedagogical Content Knowledge (PCK) in today's literature (Batur & Balci, 2013). Shulman
(1986) has stated that pedagogical content knowledge has two key components. One of these
components is the knowledge of students' understandings (knowledge of understanding
students), and the other one is the knowledge of instructional strategies (knowledge of
instructional presentations). The knowledge of students' understandings includes students'
prior knowledge about the subject, the mistakes made by students, the learning difficulties
and understanding the underlying reasons for them. The knowledge of instructional strategies
includes the methods and techniques that correspond to the question of how you teach.
Most of the studies examining the pedagogical content knowledge of pre-service
mathematics teacher have shown that pre-service teachers cannot conceptually explain the
given situations although they generally know what the rules and methods are and how to
implement them (Toluk-Ugar, 2011), there is a difference between the knowledge they have
in theory and their practices (Aylar, 2017; Gokkurt, Kogak & Soylu, 2014; Kogak, Gokkurt &
Soylu, 2015) and the instructional statements put forward by them to be able to eliminate
student mistakes are not enough (Gokkurt, Sahin, Soylu, & Soylu, 2013). Furthermore, in the
studies carried out, it has been stated that pre-service teachers cannot implement the
knowledge that they have in theory in practice and that there is a difference between their
theoretical knowledge and practices (Aylar, 2017).

In the studies carried out, attention has been paid to subject-matter knowledge and the
assessment and evaluation knowledge, which are the other subcomponents of PCK (Bastiirk &
Donmez, 2011; Cakmak, Konyalioglu & Isik, 2014), and it has been emphasized that the
subject of geometric objects should be examined within the context of the other sub-
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components of PCK (content knowledge, curriculum knowledge, assessment and evaluation
knowledge, etc.) (Gokkurt, Sahin, Soylu & Dogan, 2015). These studies have led to giving
importance to the PCK of pre-service mathematics teachers and to examining this issue in
detail.

When the relevant literature is examined, it is observed that the studies on prism (Goékkurt
& Soylu, 2016a; Tekin-Sitrava & Isiksal-Bostan, 2013, 2014, 2016) and cone (Gokkurt & Soylu
2016b) have been mostly included with respect to geometric objects. Accordingly, in this
study, it was aimed to investigate the pedagogical content knowledge that primary pre-
service mathematics teachers have about the concept of cylinder, which is included in the
subject of geometric objects, in line with the subcomponents of subject-matter knowledge,
knowledge of instructional strategy, knowledge of understanding student and assessment
and evaluation knowledge.

Importance of the Study

The concept of cylinder is defined as "the surface formed by a constant movement of the
lines, that are parallel to a given line in space, in a direction that is not parallel to a given
plane curve along this plane curve". In this context, it has been stated that the cylinder is an
unlimited surface in the most general sense, and is a closed and hollow object surrounded by
a limited surface with bases in particular (Yemen Karpuzcu & Isiksal Bostan, 2013). In the light
of these statements, it can be said that the base of the cylinder may be any curve (ellipse,

polygon, circular region). However, in the study of (Gokkurt, 2014), it was stated that the
definitions of the cylinder made by most of the teachers are limited to the right circular
definition. Indeed, it is important to make the general definition of the concept of cylinder in
terms of associating it with the definitions of other geometric objects and also in terms of
associating the volume and surface area of the cylinder relation with other geometric objects
(Altun, 2015, p.401; Van de Walle, Karp & Bay-Williams, 2014). For this reason, the concept of
cylinder is a concept that is too comprehensive to be considered as a special prism (Yemen
Karpuzcu & lsiksal Bostan, 2013) and plays an active role in mathematics and geometry
education. In this context, it can be said that it is important to determine pre-service teachers'
pedagogical content knowledge about cylinder and to identify the shortcomings in this regard
in terms of contributing to the organization of teacher training programs. Within the scope of
the study, it is also thought that pre-service teachers will question their knowledge about
other geometric objects, especially cylinders, and accordingly, this will contribute to pre-
service teachers' development of pedagogical content knowledge.

Method

The case study method based on qualitative approach was used in this study. A case study
is one of the most common methods used for qualified research (Stake, 2010). The case study
is a research method that allows the researcher to focus on the case in depth from real case
perspective by keeping the whole (Yin, 2014). In this study, the case study method was
preferred because pre-service teachers' pedagogical content knowledge about the concept of
cylinder, one of the geometric objects, was examined by focusing in depth.

Participants

The purposeful sampling method was used while determining the participants of the
study. Accordingly, the participants consisted of seven pre-service mathematics teachers
studying in the final year of the Elementary Mathematics Teaching Program of a university's
Faculty of Education in Turkey. These pre-service teachers studying in the final year of the
Elementary Mathematics Teaching Program have completed their courses related to field
(Geometry, Plane Geometry-| etc.) and mathematics teaching (Special Teaching Methods I-II,
Assessment and Evaluation, Computer Assisted Mathematics Teaching, Mathematics
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Teaching Seminar etc.) and are an appropriate group in terms of achieving the purpose of the
study because they are continuing their school experience courses.

The codes in the forms of Ty, T ..., T; were given to pre-service teachers who were included in
the study, in accordance with the ethical rules.

Data Collection Tool

As a data collection tool in the study, the Pedagogical Content Knowledge Test (PCKT)
consisting of nine open-ended questions (Appendix-2) was firstly prepared by two researchers
to determine primary pre-service mathematics teachers' PCK levels related to the concept of
cylinder. Secondary school course books, other supplementary additional sources, and similar
studies obtained as a result of the literature review (Bastirk& Donmez, 2011; Gokbulut, 2010;
Gokkurt et al., 2015) were used while generating this test. Furthermore, the objectives and
achievements related to the concept of cylinder that are included in the secondary school
mathematics curriculum of the Ministry of National Education [MEB] (2013) were also taken
into account in the test development process. The questions in the PCKT that was prepared
by considering all these points were reduced in line with the grounds such as having similar
objectives, not fully reflecting the purpose of the present study, and being very general or
specific in accordance with the expert opinions. The revised PCKT was then presented to
three teachers working in the Ministry of National Education, and the test was finalized by
correcting the points that were missing or needed to be corrected.

The data of the study were collected by a semi-structured interview technique. During the
interview, the voice recorder was used by receiving the permissions of the participants.
However, written statements were asked from pre-service teachers in drawing questions
about cylinders and in the question which pre-service teachers were asked to solve by
problem posing. The interviews lasted for about 30-50 minutes.

Data Analysis

The descriptive and content analysis techniques were used in the study. In the descriptive
analysis, it is aimed to present the findings obtained to the reader in an organized and
interpreted way. In this process, direct quotations are frequently given to reflect the opinions
of interviewed or observed individuals in a striking way (Yildinm & Simsek, 2011). In the
present study, the descriptive analysis technique was used because direct quotations were
often included and the findings of the study were presented within the cause and effect
relationship. Furthermore, the descriptive analysis technique was used since ready codes
were used for the data by benefiting from Pesen (2003). However, the summarized and
interpreted data in the descriptive analysis are subjected to deeper processing in the content
analysis, and the concepts and themes that cannot be realized with a descriptive approach
can be explored as a result of this analysis (Yildinm & Simsek, 2011). Therefore, the content
analysis and descriptive analysis techniques were used together in the analysis of the
qualitative data obtained. In this context, the data obtained as required by the content
analysis were classified under the specified codes and themes and made meaningful for the
reader.

Validity and Reliability of the Study

The validity and reliability, which are used as the two most common criteria in studies, are
of great importance for the credibility of the research results. Therefore, every researcher is
expected to take measures for the validity and reliability of data collection tools they use and
to report them to the reader (Yildirnm & Simsek, 2011).Any data loss that would occur was
prevented by using voice recorders during one-to-one interviews with pre-service teachers in
order to increase the reliability of the study. Teachers and mathematics educators were asked
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for their opinions to ensure the content validity of the questions included in the interview,
and the questions were revised in line with these opinions. A way to increase reliability in
qualitative studies is to convey each stage of the study and the paths followed in a detailed
way (Cansiz Aktas, 2014, p.340). An attempt to increase the reliability of the study was made
by presenting each stage of this study as detailed and clear as possible and by storing the data
and records of the study. While analyzing the data of the study, an attempt to increase the
reliability of the study was also made by generating appropriate codes for the answers of pre-
service teachers by an expert and a researcher.

Furthermore, the consistency of the expert opinions with the codes generated while the
researcher was analyzing the obtained data was compared, and the consistency percentage
was found to be 83% using the goodness of fit Miles and Huberman (1994). The researchers
came together and discussed the remaining 17% difference and reached a consensus on it.

Findings and Interpretation

In this part, the findings related to the pedagogical content knowledge of primary pre-
service mathematics teachers participating in the study about the concept of cylinder are
presented in line with four components examined.

Findings and interpretation regarding pre-service teachers' content knowledge about
the concept of cylinder

During the interview conducted to examine pre-service teachers' content knowledge
about the concept of cylinder, a total of three questions, the first and third questions of them
had two options, were posed to pre-service teachers (Appendix B). The categories and codes
regarding pre-service teachers' statements for these questions are presented below.

Table 1.
The Categories and Codes Related to Pre-service Teachers' Instructional Statements for the
Definition and Basic Properties of the Cylinder

Categories Codes Participants

Drawing the closed form of the Drawing a right circular cylinder T123,4567

cylinder

The reasons of being a cylinder Being circular region of the upper and lower T;3657
bases

Being circle of the upper and lower bases T

Being a part joints the upper and lower T;
circular region

Being base and lateral area Te
Rollable Ti,7
Being a height. Tae
Being of the bodiy’s' rectangle. T,
Being three-dimensional Ts 7
Volume cover Tse
Being such a concept. T,
Being a solid object. Ts 6,7
Daily life examples related to Pipe T34
cylinder An unopened pencil. Tss
Paste box. T,
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Money box. Te
Triangle cheese. Ts

Basic elements of cylinder. Height T1,23,467
Radius Ti347
Lateral edge Te
Parallel equal circular regions. Ty

When Table 1 is examined, it is observed that all of the pre-service teachers preferred to
use the right circular cylinder in the case of drawing the closed form of the cylinder. When
pre-service teachers were asked why the shapes they drew were a cylinder, it was observed
that they made statements in the forms that the lower and upper base is a circle, it is a
circular region, it is a three-dimensional shape, it is a shape that cannot be shown on the
plane, it is a closed object, it occupies a certain volume, it has a height, etc.

The statement of pre-service teacher Ts who explained why the right circular cylinder
drawn by him/her was a cylinder in this way is presented below.

“It should be R’, it should be a rigid body, it is a cylinder because it is a closed area the
upper and lower bases of which are a circular region.”

When the statement of the pre-service teacher was examined, it was observed that
he/she described the preconditions required for a shape to be a cylinder by superficial and
general expressions and did not make a statement only on the cylinder. It is observed that
the statements of “It should be R’, it should be a rigid body” made by the pre-service teacher
seem to be valid for all three-dimensional objects such as sphere, prism, cone. In this context,
the pre-service teacher was asked to give examples of cylinders from daily life for a more in-
depth analysis of the pre-service teacher's content knowledge about the definition and
properties of cylinder. The statement made by pre-service teacher Tsin this regard is exactly
presented below.

“..In other words, cylinders are generally circular shapes with closed lower and upper
bases. But let me say that lower and upper parts can also be triangular. The cylinder is
generally named according to the shape of the base it takes. For example, the base of a
triangular cylinder is a triangle. We cut cheese, and it takes the shape of a cylinder in the
shape of a triangle. Or we can cut it in the circle, rectangle, square form, etc., in other words,
all of these can be a cylinder. Because it's named according to the area of the base it will take

”

When the statement of the pre-service teacher was examined, it was observed that,
unlike his first statement, he stated that the cylinder was not just composed of a right circular
cylinder and that the cylinder could be named according to the shape of its bases. This
statement of the pre-service teacher seems to be a more appropriate answer to the question
of what the properties required for a shape to be a cylinder are. In this context, it was
observed that the pre-service teacher knew that the cylinder is not just composed of a right
circular cylinder; nevertheless, he could not fully explain the criteria required for a shape to
be a cylinder.

In addition to this, in line with the statements made by some pre-service teachers who
made superficial statements regarding the criteria required for a shape to be a cylinder, it was
observed that they had various misinformation. The statement made by T, among these pre-
service teachers is presented below.
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“..the lower and upper bases of a shape should be particularly composed of a circle in
order for me to call it a cylinder...”

When the statement of the pre-service teacher was examined, it was observed that he
used the term circle for the bases of the cylinder. In addition to this, it was observed that the
pre-service teacher used and interpreted the term circle instead of the term circular region in
all statements he/she made about the bases of the cylinder. The fact that the pre-service
teacher always used the term circle instead of the term circular region also attracted the
attention of the researcher, and the researcher repeated again and again whether it was a
circle or not. However, the pre-service teacher always emphasized that it was a circle. In this
context, it can be said that the pre-service teacher has a wrong knowledge about the
distinction between the circle and circular region or about the cylinder.

Besides all these, the statement of pre-service teacher T,, who could not put forward a
logical reason about why the shape drawn by him/her was a cylinder and made a statement
by heart, is exactly presented below.

“such a concept has been formed, in other words, because of my prior knowledge, the
teachers taught us like this, | drew this because there is such a shape in my concept image.”

When the statement of the pre-service teacher was examined, it was observed that
he/she could not make any statement about the logic or structure of the cylinder and he/she
stated that he/she drew the shape of a right circular cylinder because it was taught to
him/her. In this context, it can be said that the pre-service teacher's content knowledge about
the closed form of a cylinder and the properties of cylinderis quite incomplete and
insufficient.

Moreover, when the examples related to the concept of cylinder from daily life given by
the pre-service teachers were examined, it was observed that all pre-service teachers put
forward the examples included in the course books or workbooks. Therefore, the examples
related to the cylinder from daily life given by the pre-service teachers could not be
considered as rich examples, and they were found to be inadequate in this regard.

On the other hand, it was observed that pre-service teachers usually focused on the
concepts of radius and height while expressing the basic elements of the cylinder, besides,
they made statements that are not the basic elements of the cylinder in the form of lateral
edge and mutual identical circular regions. In this context, when it is considered that the basic
elements of cylinder are “base (lower base, upper base), side face, radius, height" (Tahan,
2013), it can be said that pre-service teachers' instructional statements about the basic
elements of the cylinder are missing and that their content knowledge is insufficient.

The examples of the pre-service teachers' drawings for the 2" guestion asked about the
development of the cylinder were examined, and the categories and codes created in relation
to these drawings are presented in Table 2.

Table 2.
The Categories and Codes Related to Pre-service Teachers' Instructional Statements for the
Development of the Cylinder

Categories Codes Participants

Drawing circular region of the upper and T;,s567

Surface development of lower base.
the cylinder Not drawing of the upper and lower bases. T34
Drawing a shape similar to a cylinder. Ts
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Showing the lack of different surface Ti;675
development of the cylinder.

Showing  fault of different surface T;4
development of the cylinder

Drawing disproportionality of circular region T,;
and side edges.

When Table 2 is examined, it is observed that four pre-service teachers did not have
difficulty in drawing the surface development of the cylinder, two pre-service teachers did not
draw the bases of the cylinder, one pre-service teacher drew a shape similar to cylinder for its
development, and two pre-service teachers disproportionately drew the perimeter and side
edge lengths of the circular region.

The example of drawing of pre-service teacher T, in this regard is presented below.

2. Please, draw the surface development of the cylinder.

Figure 1. The example of the disproportionate drawing made by pre-service teacher T, for the
surface development of the cylinder

When the example of the drawing in relation to the surface development of the cylinder
made by the pre-service teacher was examined, it was observed that he/she drew the circular
regions forming the upper and lower bases disproportionately with the lateral edges. Based
on this, it can be said that the pre-service teacher did not take into account that the
circumference of the lower and upper circular regions is equal to the length of the long edge
of the rectangle.

When the pre-service teachers' statements about the second question are examined, the
statements of pre-service teachers T; and T,, who could not correctly draw the surface
development of the cylinder, are exactly presented below.

Figure 2. The incorrect examples of the drawing made by pre-service teachers T; and T, for
the surface development of the cylinder
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It is observed in Figure 2 that pre-service teachers could not make a correct drawing for
the surface development of the cylinder and had wrong knowledge. Among these pre-service
teachers, T; made the following statement about the development he drew.

“Teacher, we would draw the opened form of the rectangular prism, is it something like
that? ... | guess | do not know it. In general, | do not know much about the development.”

When this statement of pre-service teacher T; was examined, it was observed that he/she
stated that he/she generally had problems about the development of all geometric objects. It
is worrisome that a pre-service teacher in the final year of mathematics teaching department
cannot draw the surface development of such a commonly known geometric object because
it is considered that these pre-service teachers have completed all field courses and have
been prepared to be appointed to schools as a teacher.

When the pre-service teachers' statements in relation to the second question were
examined, it was observed that they mostly showed the surface development of the cylinder
correctly. To be able to obtain more in-depth information in this regard, a question about
showing a different surface development of the cylinder the surface development of which
was drawn by them was posed to the pre-service teachers, and almost all pre-service teachers
stated that "we could slide the circular regions on the long edge of the rectangle". At this
point, the fact that no pre-service teacher put forward that the circular regions could be on
the short edge was considered a remarkable matter. Thus, it was observed that these pre-
service teachers focused on a single development and that their content knowledge about
this subject was limited to a single surface development. The categories and codes related to
the 3" question, which was prepared for pre-service teachers' problem-posing and problem-
solving skills concerning the surface area and volume of the cylinder the surface development
of which was drawn by them, are presented in Table 3.

Table 3.
The Categories and Codes Related to Pre-service Teachers' Instructional Statements for the
Third Question Concerning the Surface Area and Volume of the Cylinder

Categories Codes Participants

Posing and solving of the Posing the problem correctly and solving the problem Ts
problem related to surface correctly.

area. Posing the problem correctly but not solving the T,
problem correctly.
Posing the problem correctly but solving the problem T, ,

incorrectly.

Posing the problem incorrectly and solving the Tg4
problem.

Not posing the problem. T3

Posing and solving of the Posing the problem correctly and solving the problem  T; 35
problem related to correctly.
volume. Posing the problem correctly but not solving the T;
problem correctly.
Posing the problem correctly but solving the problem T, ¢
incorrectly.
Posing the problem incorrectly and solving the T,
problem.

When Table 3 is examined, it is observed that only four pre-service teachers are successful
in problem posing requiring finding the surface area of the cylinder. When the processes of
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solving problems posed by pre-service teachers were considered, it was observed that only
one pre-service teacher could correctly solve the problem posed by him/her. When Table 3
was examined again, it was observed that six pre-service teachers were successful in problem
posing requiring finding the volume of the cylinder and that only three of these pre-service
teachers could correctly solve the problem posed by them.In this regard, the problems posed
by T4, one of three pre-service teachers who incorrectly posed the problem requiring finding
both the surface area and volume of the cylinder, and their solutions are presented below.

Ytuzay Alarna Higkin Problem ve Coztinmt

2180 cmi® alana sahip bir kutuun icerisine borular yerlestirivoruz. Bu borularm: tabar
yarigap: 2 cm ve yiksekiigi 5 cmi'dir. Borular: kutuniurn icerisine yerlestirirker borularin bir
yiuztint keserek acilmiy olarak yerlestirilvor. Bu sekilde kuturur icerisine ka¢ tarne boru

yerlestrirebiliriz? (17t = 3)

= Webro~ e r== *’3“;" = & L

e h SO ~§-_‘_‘; -y - | DS

- D.22 13 .5

-t .S

- b

The Problem Related to the Surface Area and Its Solution

We place pipes in a box with an area of 180 cm®. These pipes have a base radius of 2 cm and a

height of 5 cm. While these pipes are placed in the box, a side of the pipes is cut and placed as

opened. How many pipes can we place in the box in this way?

The Problem Related to Finding Volume and Its Solution

How many pipes with a base radius of 2 cm and a height of 5 cm can we place in a cube-
shaped box, one edge of which has a length of 10 cm?

Hacim bulmaya fMlighkin Problem ve Cdzimi

Bir ayruvnn uzuwnlugu 10 cm olan kip geklmdels bir kurunurn icerisine tabarn yarigap: 2 cm,

yiiksekligi 5 cm olan borulardan kag tane yerilegrirebilirvim?( m = 3)

Kels " . . S lpmdic im Mmapem i = Tetan wlde o .i.'.'ktaln'-h
e T

- o™

- 1DEnD enm

Figure 3. The examples of the problems requiring finding the surface area and volume of the
cylinder and these problems’ solutions of pre-service teacher T,
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When the pre-service teacher's written statement is examined, it is observed that the
problem related to the concept of surface area is not meaningful and correct. It was observed
that the volume problem posed by the pre-service teacher was a correct problem, but he/she
achieved an incorrect result by dividing the volume of the cube into the volume of the
cylinder while placing cylindrical pipes in the cube-shaped box. It is observed that the pre-
service teacher was not aware that he/she used different geometric objects and used one of
the commonly used solution methods (dividing large volume by small volume) in such
problems through overgeneralization. This solution method would be correct if both objects
were a cube in the problem posed by him/her. However, since the object placed in the cube
was a cylinder, there will be space in the cube and eight cylinders can be placed in it.
Therefore, the pre-service teacher found the solution wrong because he/she neglected this
situation and could not get a full value. If the pre-service teacher embodied this problem
posed by him/her with the help of mathematical modelling and preferred to solve it in that
way, he/she would probably be able to solve the problem correctly.

The statement of the pre-service teacher in relation to the problems he/she posed is
presented below.

“Now, the surface area means base circumference multiplied by height. (...)] became
confused about finding the volume while saying area. The box is not three-dimensional when it
is opened, | think it takes up as much space as the area. It is similar in volume, this time the
pipes will be placed without opening the box. | proceeded by giving the area of the box, now |
will give its volume. Do | find the volume of the box by giving its dimensions?”

When this statement of the pre-service teacher is examined, it is observed that he/she has
problems with the distinction between the concepts of volume and surface area and with the
definitions of these concepts. Accordingly, it can be said that the pre-service teacher could
not pose the correct problem in relation to the surface area due to his/her lack of content
knowledge and could not interpret the solution of the problem he/she posed concerning the
concept of volume correctly. Similar to pre-service teacher T,, the statement made by pre-
service teacher T,, one of the pre-service teachers who could not meaningfully learn the
concepts of surface area and volume and adopted performing formula-weighted operations,
is exactly presented below.

Yiizev Alanma [ligkin Problem ve Coziimil

Ttifselligi ¥ om ve taban yvaricapt 2 cm olan wolart oapalt biv borwnw viizey alarnon bulurrss.
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Find the surface area of a closed-ended pipe with a height of 5 cm and a base radius of 2 cm.
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Find the space occupied by a closed-ended pipe with a height of 5 cm and a base radius of 2
cm.

Figure 4 The examples of the problems requiring finding the surface area and volume of the
cylinder and these problems’ solutions of pre-service teacher T,

When Figure 4 is examined, it is observed that the pre-service teacher posed a problem
that has no relation to daily life, that does not allow students to perform reasoning, and that
can be easily found directly with the surface area and volume formula. It was observed that
the pre-service teacher performed a teaching by heart by preferring to use the formula
directly in the solution of this problem that exactly required the use of direct information.
However, the pre-service teacher could pose problems emphasizing the meanings of the
concepts of volume and surface area rather than using a formula by heart, and he/she could
also develop solutions by emphasizing the meanings of the concepts and formulae. Because
when the solutions of the problems posed by the pre-service teacher were examined, the
importance of meaningful learning of formulae appeared once again. In this context, when
the pre-service teacher's solution related to the surface area was examined, it was observed
that he/she used the area formula of two circular regions instead of the cylinder's surface
area formula and found the wrong result. Similarly, it was observed that he/she used the
volume formula of the cone instead of the cylinder's volume formula and found the wrong
result.

In this context, it was observed that there was only one pre-service teacher who posed a
problem associated with daily life for the surface area and volume of the cylinder and who
could solve the problems posed by him/her in a meaningful and accurate way. In accordance
with all these results, it can be said that pre-service teachers are at a better level on volume
compared to the concept of surface area in problem posing and problem-solving for the
surface area and volume of the cylinder. In this context, the statement of pre-service teacher
Ts, who could correctly pose and solve the problem requiring finding the volume of the
cylinder, about the surface area is as follows.

“What does the surface area mean? Hmm. That is to say, is the surface area the area of all
surfaces we see? You know, its lower, upper base, something like that. | wonder whether 2
bases give the surface area? Teacher, | do not know it.”

When the pre-service teacher's statement is examined, it is observed that he/she is
confused about the concept of surface area and could not make sense of the surface area.
Therefore, the fact that the pre-service teacher was not able to pose and solve the problem
related to a concept, the meaning and logic of it are not known by him/her, can be shown as
an ordinary situation. In this context, it can be said that pre-service teachers have not
sufficient content and strategy knowledge about the concept of the volume and especially the
surface area of the cylinder, their knowledge about this subject cannot go beyond
memorization.

722



Meltem KOGAK, Burcin GOKKURT OZDEMIR, Yasin SOYLU— Gukurova Universitesi Egitim Fakiiltesi Dergisi, 46(2), 711-765

Findings and interpretation regarding pre-service teachers' knowledge of understanding
students about the concept of cylinder

During the interview conducted to examine pre-service teachers' knowledge of
understanding students about the concept of cylinder, two questions were posed to pre-
service teachers (Appendix B). Some wrong answers of students were given in these
questions, these answers of pre-service teachers were analyzed, and their knowledge of
understanding students with respect to being able to see the mistakes and to understand why
these mistakes are made was examined. The categories and codes regarding pre-service
teachers' statements for these questions are presented below.

Table 4.
The Categories and Codes Related to Pre-service Teachers' Instructional Statements for Their
Knowledge of Understanding Students

Categories Codes Participants
Student’s mistake related Confusing with sphere volume formula. T1234,7
to the cylinder volume Confusing with cone volume formula. Ts
formula. Showing incorrectly of the volume symbol. T,
Not seeing the mistake. Te
The reason of student's Confusing with the sphere volume formula and T,
mistake. the cylinder volume formula.
Not internalizing of the volume formula. Ts
Not being understood of the cylinder subject. Ta37
The similarities of sphere and cylinder shapes. T,
Being abstract of symbols. T,

When Table 4 was examined, it was observed that five pre-service teachers correctly
determined the mistake made by the student and stated that the student used the volume
formula of the sphere instead of the cylinder's volume in the solution. In addition to this, it
was observed that T,, one of the pre-service teachers who made such a statement, also
emphasized that the student incorrectly used the volume symbol. The statement of this pre-
service teacher is presented below.

“Here, the student did not do it correctly. First of all, the student does not know the volume
formula. Then, he called H while trying to find the volume. He does not know with what he
should symbolize the volume. And, he considered this cylinder like a sphere. Because, if |
remember it right, he wrote the volume formula of the sphere. Here, the student confused
sphere with the cylinder.”

Following this statement of the pre-service teacher, his/her statement about why a
student may have made such a mistake is exactly presented below.

“He was confused with the symbols; he may confuse at the beginning, this can be taken
normallybecause symbolization is a little more abstract for him. However, now I can think like
this in the volume formula. The shapes slightly resemble each other; you know, the cylinder
and sphere. Because the base of the cylinder is a circular region, the sphere is actually round,
but maybe the shapes are similar in the child's imaginary world. | mean, maybe what he
knows as cylinder could actually be a sphere. In other words, he may have confused the
shapes; this may be due to the similarity of shapes.”

When the pre-service teacher's statement was examined, it was observed that he/she
stated that the cylinder and sphere are similar and the student may have been confused with
the shapes. It was also observed that the pre-service teacher stated that the reason why
students used the volume symbol incorrectly might have been due to the abstractness of the
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symbols. This statement of the pre-service teacher is not sufficient in terms of finding out the
student's mistake and making a diagnosis.

Furthermore, there were a pre-service teacher (Tg) who could not see what the student's
mistake was and a pre-service teacher (T;) who misstated what the mistake was. The
statement of pre-service teacher Ts, who misidentified the mistake made by the student,
about this is presented below.

“This student has been quite confused. | mean, normally the volume of the cylinder is ITI"Zh,
but here, he said % nr’. He has made quite a lot of mistakes. He confused the formulae. But,
what this formula is for? | remember it for the cone.”

When the pre-service teacher's statement was examined, it was observed that he/she
stated that the student might have confused the formula given in question with the formula
of the cone. When this statement of the pre-service teacher is examined, it is observed that
he/she actually made the mistake that he/she thought it was made by the student and, that
he/she confused the formulae. When pre-service teacher Ts was asked for his/her opinions
about why the student might have made such a mistake, he/she made the following
statement.

“So, the reason for this mistake is that he memorized the formula. | mean he has not been
able to internalize it too much. | mean, he has not been able to gain it, he saw the figures
there. He tried to write it in its place in the formula and find it. Therefore, this mistake was
made. Normally, this student should know the area of the circular region and say that it
increases as much as it increases in every upward step to be able to solve this question.”

When the pre-service teacher's statement is examined, it is observed that he/she stated
that the student might have made such a mistake because of the memorization of the
formulae and could not learn the formulae meaningfully. In this context, it was observed that
the pre-service teacher emphasized the meaning of the general volume formula. However,
when the statements of the pre-service teacher are examined, it is observed that he/she also
confused the volume formulae of the sphere and the cone and made a similar mistake with
the student. Therefore, it can be said that this pre-service teacher has not been effective and
internalized his/her content knowledge in theory in implementing them in practice. When the
pre-service teachers' findings regarding the given question are examined, it can be said that
they mostly made more accurate determinations on what the mistake was compared to their
statements about why the student made the mistake. The categories and codes related to
pre-service teachers' statements about what the difficulties and misconceptions about the
subject of cylinder that students may mostly encounter could be are presented in Table 5.

Table 5.
The Categories and Codes Related to Pre-service Teachers' Instructional Statements for Their
Knowledge of Understanding Students

Categories Codes Participants
Basic elements and Ti2

The mostly encountering structural  properties

difficulties or misconceptions of of the cylinder.

students’ in learning of the concept Not imagining of the Tao7

of cylinder. three-dimensional
shape.
Confusing with T1,3,467

volume, surface area,
lateral area concepts
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or theirs’ formulae.

The development of Tss
the cylinder.
Confusing with Ts

cylinder and cone.

When Table 5 was examined, it was observed that pre-service teachers put forward that
the difficulties that students may mostly encounter in learning the concept of cylinder could
be the volume, surface area, lateral area concepts and formulae. It was also observed that
pre-service teachers stated that students could have learning difficulties in the development
of cylinder and imagining it three-dimensionally and emphasized that they may confuse
cylinder and cone and have misconceptions related to basic elements and structural
properties of the cylinder. Moreover, it was also observed that the pre-service teachers
argued that students may have problems especially when they have learning difficulties and
misconceptions. The statement of pre-service teacher T; in this regard is exactly presented
below.

“Teacher, | do not think that students will confuse the cylinder in shape. For example, when
you show a shape, they can easily call it a cylinder. But | think they may have problems in the
concepts of volume and surface area like me. Especially in terms of volume; teacher, there is
something concerning discharging something into another, | mean how much space is left,
they may fall into error in such matters. | do not know, whether or not there are such difficult
questions in primary education. What could be another misconception? For example, they
may have difficulty in the development. For example, | do not know, it seemed strange to me
after development, when | was in secondary school or high school. Not only for the cylinder,
but for example, a triangular became a prism, its development is something else, | mean, | feel
incompetent. | think students will likely have difficulty. Because | was not the only one who
had this difficulty, | mean, | remember from my friends that there were people who had some
difficulties.”

When the pre-service teacher's statement is examined, it is observed that pre-service
teacher T considered himself/herself inadequate, especially in the volume, surface area and
development of the cylinder, therefore, he/she emphasized that it was a strong possibility
that students would experience similar difficulties. It was observed that the pre-service
teachers touched on the points in which they had difficulties such as surface area, volume and
lateral area in terms of understanding students' mistakes, misconceptions and difficulties
related to the concept of cylinder and making comments, but they made similar and general
statements about why they thought so. In this context, it can be said that the pre-service
teachers made a more successful impression in finding out the student's mistake and
determining the cause of the mistake compared to their statements on what caused the
mistake. Nevertheless, it was observed that there were also pre-service teachers who
remained incapable of realizing the student's mistake and determining its causes, therefore,
had insufficient knowledge of understanding students.

Findings and interpretation regarding pre-service teachers' knowledge of instructional
strategy about the concept of cylinder

In the interview conducted to examine the pre-service teachers' knowledge of
instructional strategy about the concept of cylinder, four questions were posed to pre-service
teachers (Appendix B). In this context, firstly the mistakes of students were shown to the pre-
service teachers, and they were asked what they could ask students to understand the
mistake made by the student and what kinds of techniques and strategies they would use to
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correct the mistake. The categories and codes regarding pre-service teachers' statements for
this question are presented below.

Table 6.
The Categories and Codes Related to Pre-service Teachers' Knowledge of Instructional Strategy
Categories Codes Participants
Possible question / questions to Asking volume (sphere, cylinder T; ;36
student in order to understand or general volume); area (circular
student’s mistake. region) formulae.

Asking questions related to visual T, 4 ;

recognition of cylinder and

sphere.

Asking questions by comparing T;

sphere and cylinder materials.

Asking basic properties of the T,

cylinder
Methods and techniques for Teaching through conversion LW
overcoming of the student mistake. Teaching through question- T,

answer

Teaching through analysis Ts 7

Teaching through analogy Ts

Teaching through experiment Te

When Table 6 is examined, it is observed that the pre-service teachers often referred to
the volume formulae of sphere and cylinder, the area of a circular region, basic properties of
the cylinder, and the questions about visual recognition of objects to understand the mistake
made by the student. Furthermore, a pre-service teacher mentioned that he/she would
perform an application by using concrete materials to understand the student's mistake, and
the statement of this pre-service teacher is exactly presented below.

“I guess we would try. For example, it can be a material. We could compare it. So, for
example, what should normally be achieved there? If | had a material or an object, | would
compare two of them (sphere and cylinder). For example, | would put water into them, how
much space it takes up, have you done it correctly, | would tell him to remember the formula if
he did it wrong because it is a little bit related to the formula.”

When the pre-service teacher's statement is examined, it can be said that he/she made a
very contradictory statement because the pre-service teacher firstly stated that he would
benefit from the materials to understand the student's mistake and then asked him to
remember the formula. In this context, it can be said that the pre-service teacher did not
apply the method he adopted at the beginning and adopted a logic based on memorization.

On the other hand, it is observed that pre-service teachers mostly adopted the teaching
method through conversion and the teaching methods through analysis with respect to
correcting and overcoming the student's mistake. In the interviews conducted, pre-service
teachers stated that they would not directly say the correct answer in the face of such a
student’s mistake; otherwise, the student would not have permanent learning, and they
would ensure that the student would realize the mistake by himself based on the student's
prior knowledge. Regarding these statements, while some pre-service teachers made
superficial statements in the form of "I would make student find out the mistake, | would
ensure him to find it by himself, | would ensure him to realize his mistake by asking questions",
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some of them made detailed statements. The statement of T; among these pre-service
teachers is presented below.

“If I saw it first, | would ask what the volume of the sphere is. Then, he would probably say,
if he says that it is %nrs, | would ask why he used the same formula for the cylinder so that |

could understand where he made a mistake. | mean, where he simulated the sphere and
cylinder that he used it. Or maybe it's the only formula he knows. In other words, the child
might have written it just to give an answer. Or he might not have studied. What else would |
ask? For example, | could ask how the volume is found in general. | mean, | would say what
the general volume formula for rigid bodies is. | would ask such a question to get the answer
of TA.h. He would say, for instance, | would say okay, | would ask where its base is, | would ask
him to show. He would probably show the circular region. So, | would ask how the area of the
circular region is found. | would take it as a basis. That's the height here, | would ensure him to
find the truth by himself.”

When the statement of pre-service teacher T; is examined, it is observed that he/she was
not in favour of directly giving the formula, he/she tried to identify the source of why the
student made such a mistake. In this context, it is observed that he/she stated that he/she
would find the formula given by step-by-step together with students. In this context, the
answer of the pre-service teacher was included in the teaching method through analysis
because, in the teaching method through analysis, a subject or a concept is explained step by
step by dividing it into parts (Pesen, 2003).Furthermore, the statement of pre-service teacher
Te, who stated that the measures to be taken regarding the correction of the student mistake
would be different in each class and each level of learning, but he/she adopted an exploratory
teaching method instead of directly giving the formula, is presented below.

“For instance, as | have just said, instead of directly giving the formula, we would take r’in
one of them, we would take r in the other, we would multiply by % in one of them, we would

multiply by % in one of them. We do this to make the student comprehend where the formula

comes from. Or we can give something that he could indirectly measure the volume of the
cylinder and could control when he makes a mistake. For instance, | think we can divide 1 litre
of water into glasses and ensure them to find the volume of these glasses. And this way, we
can fully make them comprehend that the volume is base area. Height instead of
memorizing.”

When the pre-service teacher's statement is examined, it is observed that the pre-service
teacher was in favour of applying the information he/she gave in theory also in practice and
made statements about it. In this context, the statement of this pre-service teacher was
included in the teaching through experiment code because, in the method of teaching
through experiment, students mainly learn by performing experiments, in other words, by
transforming theory into practice (Pesen, 2003). Furthermore, this pre-service teacher stated
in his/her another statement that he/she could perform different interventions to understand
the mistakes of students in given situations by taking into account the student's level. In this
context, the statement of the pre-service teacher may be an appropriate statement in terms
of the knowledge of instructional strategy because it is accepted that the student's level has a
significant effect on the teacher's teaching and method.

It was observed that pre-service teachers usually preferred to ask the volume formula of
the sphere, that is considered to be confused by them, for the mistake made by the student,
and also they preferred to ask questions such as the area of the circular region, general
volume formula, what geometric object the given shape is, that have important roles in the
volume formula of the cylinder. When the pre-service teachers were asked about the
methods and techniques to correct students' mistakes, it was observed that they mostly
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adopted teaching method through conversion and the teaching methods through analysis.
When more in-depth questions were asked to the pre-service teachers accordingly, it was
observed that they still could not give up memorization logic. The categories and codes
generated based on the pre-service teachers' statements in relation to their knowledge of
instructional strategy related to the teaching the logic of the cylinder's surface area formula
are presented in Table 7.

Table 7.
The Categories and Codes Related to the Teaching of the Cylinder's Surface Area Formula

Categories Codes Participants
Finding the formula Ta6,7
incorrectly with the use of

Teaching of the cylinder's the development of the

surface area formula cylinder.

Finding the formula correctly Ty
with the use of the
development of cylinder

Making use of Ty
2 base area+lateral area

formula.

Not making a statement T3

When Table 7 was examined, it was observed that five pre-service teachers expressed that
they would benefit from the development of the cylinder in teaching the cylinder's surface
area formula. When the statements of the pre-service teachers, who stated that they would
benefit from the development of the cylinder in teaching the logic of the given cylinder's
surface area formula, were examined, it was observed that two pre-service teachers correctly
achieved the formula and three other pre-service teachers achieved incorrect results. The
statement of T,, one of the pre-service teachers who achieved incorrect results, is presented
below.

“This student certainly knows the perimeter of the sphere before finding the perimeter of
the cylinder. He also knows the perimeter of the rectangle. | would first develop the cylinder.
Then, | would ask what the perimeter of the rectangle is. Is it 2(a+b)? Based on it, | would
make them find the perimeter of the rectangle. | would then say that there are two circles,
what is asked here, the surface area formula is asked here. What is the area of the circle, it is
2nr. Surface area,..now, | have not been able to comprehend it. But we will do it by
developing.”

When the pre-service teacher's statement is examined, it is observed that he/she
emphasized that he/she would teach the cylinder's surface area formula by using the
development of cylinder, but he/she could not achieve the result as he/she mentioned due to
his/her lack of content knowledge. In this context, it can be said that the pre-service teacher
should first correct his/her lack of content knowledge to be able to teach the surface area
formula effectively. It was observed that the other two pre-service teachers who achieved an
incorrect result also had similar shortcomings. Moreover, similar to pre-service teacher T,, a
few more teachers also made a mistake by using the term circle instead of the circular region
for the bases of the cylinder.

When the pre-service teachers' statements in relation to teaching the logic of the given
surface area formula were examined, it was observed that one of the pre-service teachers
made no statement and that one of them stated that he/she would teach the logic of the
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given formula with the help of another formula. In line with all these statements, it was
observed that most of the pre-service teachers preferred the right path for the teaching of
the logic of cylinder's surface area formula, but they adopted the methods based on the
traditional approach both in terms of reaching the result and their knowledge of instructional
strategy. The categories and codes regarding pre-service teachers' statements in relation to
teaching the definition and properties of the cylinder, teaching the volume of the cylinder and
teaching the surface area of the cylinder are presented in Table 8.

Table 8.
The Categories and Codes Related to Teaching the Subject of Cylinder

Categories Codes Participants
Teaching the Giving examples from daily life T1,2,3,4,56.7
def""t'(_’n and Using concrete materials T3,4,5,6,7
properties of the . . .
. Emphasizing the basic elements of the cylinder Ta3 a5
cylinder concept. ~ " o . >
Giving the definition of the cylinder. T;
Using the development of cylinder T1,2,56
Teaching the Emphasizing the logical meaning of the concept of surface Ti,2,456
surface area of area.
the cylinder Using the expository teaching strategies. T,
Not making a statement. Ts
Using concrete materials. T1,2,46
Teaching Making the students memorize the volume formula directly. T,
the Explaining of the concept of volume. T1,3,467
volume Teaching by comparing with the concepts of volume and area. T;
of . Making use of the general volume formula. T34
cylinder. Y
Checking prior knowledge. T3,

When Table 8 was examined, it was observed that all of the pre-service teachers adopted
a method based on from the known to the unknown in teaching the definition and properties
of the concept of cylinder, and in this context, they particularly agreed on giving examples
from daily life. On the other hand, it was observed that pre-service teachers made
instructional statements such as using concrete materials, emphasizing the basic elements of
the cylinder. A pre-service teacher, who followed a path from the known to the unknown by
giving examples from daily life in this way, preferred to use concrete materials and
highlighted the basic elements of the cylinder, emphasized that the definition of the cylinder
should be given verbally and its properties should be explained through these definitions. In
this context, the statement of pre-service teacher T; is presented below.

“Teacher, | would probably bring rigid bodies to the class while teaching this lesson. |
would bring materials like a cylinder, etc. | would even bring the material that we use in daily
life. But | may also prepare it by myself and bring it because | think it will further arouse the
attention of students in this way. Personally, | would be very interested in what a teacher
prepares. Therefore, | would be engaged in it by myself, and | will make a cylinder. For
example, | would make its lower and upper bases in different colours. Besides, as | have
difficulty in understanding and I will see every student as myself, | think | will further focus on
this subject. | suppose | would first explain the elements of the cylinder while defining the
cylinder. Here we call radius, here we call height, etc. students know the radius, | think that
students should probably have learned the circle and circular region before the cylinder. For
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this reason, | do not think children will have much difficulty in elements. Nevertheless, | will
show, demonstrate them. Then, | would make them say its verbal description; teacher,
actually | do not like exploring with respect to definition, those kinds of things. | do not know,
maybe, it will be a classic method, | would make students write them. At first, | would show
the elements, then, | would make them write by telling that this is the definition of cylinder
with a radius, height and two circular regions on the bases.”

When the pre-service teacher's statement is examined, it is observed that he/she highly
placed importance on concrete materials and examples from daily life, but ultimately, he/she
could not give up conventional teaching. It was also observed that the pre-service teacher
emphasized that he/she disliked making students discover a property related to any concept
and he/she would not prefer such a way. However, when the statement of this pre-service
teacher in relation to the methods and techniques he/she would use to correct the student's
mistake is examined, it is observed that he/she adopted the discovery learning strategy. In
this context, it can be said that the pre-service teacher made contradictory statements. When
Table 8 was examined, it was observed that four pre-service teachers stated that they would
use the development of the cylinder, four pre-service teachers stated that they would
emphasize the meaning of the concept of surface area, one pre-service teacher stated that
he/she would directly give the formula based on the concept of area, and one pre-service
teacher made no statement, while teaching the surface area of the cylinder. When the pre-
service teachers' statements were examined in this context, it was observed that pre-service
teachers T, T, and T made enough instructional statements in teaching the surface area of
the cylinder, and pre-service teacher T, focused on directly giving the formula and preferred
the expository teaching method. The statement of this pre-service teacher is exactly
presented below.

“I would use the expository teaching approach while teaching the surface area. The
discovery learning technique may take too long time, in fact, they are secondary school
children. | would give its property, | have introduced the cylinder to the student, | would
explain it and give its formula. | would solve some examples related to it. | mean, | would use
expository teaching for meaningful learning.”

When the pre-service teacher's statement is examined, it is observed that he/she adopted
a traditional teaching method. In this context, it is observed that the pre-service teacher
aimed to introduce the properties of the cylinder, to give the surface area formula and then
to strengthen it with the help of examples. This statement of the pre-service teacher may be
due to the lack of content knowledge because, in the pre-service teacher's statement about
the logic of the cylinder's surface area formula, he/she could not achieve the formula
correctly although he/she stated that the formula could be obtained from the development of
the cylinder. For this reason, he/she may have been focused on directly giving the formula
while teaching the subject of the surface area of the cylinder. Moreover, it was observed that
this statement of the pre-service teacher about the teaching of the surface area of the
cylinder was very different from his/her statement about the teaching of the definition and
properties of the cylinder. Accordingly, it can be said that the pre-service teacher adopted a
different teaching method for all the sub-topics related to the cylinder.

When the methods, techniques and strategies that the pre-service teachers would use
while teaching the volume of cylinders were examined, it was observed that they usually
emphasized the meaning of the concept of volume and were in favour of using concrete
materials. Besides, it was observed that there were also pre-service teachers who supported
teaching the volume by checking students' prior knowledge or performing teaching by
comparing the concepts of volume and area with each other. On the other hand, it was also
observed that there were also pre-service teachers who argued that the general volume
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formula should be used while teaching the volume formula and pre-service teachers who
stated that the formula should be given directly. In this context, the statement of pre-service
teacher T,, who supported that the formula should be given directly while teaching the
volume formula although he/she stated that concrete material should be used while teaching
the volume, is exactly presented below.

“We cannot develop this while teaching the volume of the cylinder, we will make it again in
the form of a cylinder. We would say that (by folding the paper in the form of a roller) it is
solid. How much space does it take up? The child would already say that, teacher, the cylinder
takes up the whole place where it exists. Because it is solid, it has to be solid to find the
volume. What would | do then ... | would directly give the formula.”

When the pre-service teacher's statement is examined, it can be said that he/she made a
correct statement about the concept of volume in the general sense. However, it would be
more effective to perform teaching with a really filled cylinder instead of folding the paper in
the form of a roller and telling students that it is solid. In addition to this, it is observed in the
continuation of his/her statement that the pre-service teacher actually tried to express the
space occupied by the cylinder (occupied volume) by asking students "How much space does
it take up?" However, here, to ask the question "How much area does it take up?" instead of
"How much space does it take up?” may cause students to confuse the concepts of area and
volume, misunderstand the difference between them or have misconceptions.

Furthermore, the fact that the pre-service teacher said at the end of his/her statement
that he/she would directly give the formula shows that the approach used by him/her to
teach the volume formula was based on the traditional approach and that he/she could not
correctly use the mathematical language at the effective and desired level. The categories and
codes created based on the pre-service teachers' statements about the measures that they
could take to eliminate the learning difficulties and misconceptions of students regarding the
subject of the cylinder are presented in Table 9.

Table 9.
The Categories and Codes Related to Measures to Be Taken to Eliminate Students' Learning
Difficulties and Misconceptions

Categories Codes Participants
Emphasizing the basic concepts T1,4,7
related to the cylinder.

Possible precautions in Using concrete materials Ts 367

order to overcome the Making the student participate in T3

students’ Learning the course actively.

Difficulties and Making a design in order to be able Ts

Misconceptions to be seen the development of the
cylinder constantly.

Making the student Te

comprehend the logic of
the formulae.

When Table 9 was examined, it was observed that the pre-service teachers usually paid
attention to using concrete materials, to making students actively participate in the course
and to emphasizing the basic elements of the cylinder for the elimination of students' learning
difficulties and misconceptions about the cylinder. Besides, it was observed that pre-service
teacher Ts, who thought that students would have learning difficulties in the subject of
formulae, emphasized that students should be made comprehend the logic of the formulae.
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Furthermore, it was observed that pre-service teacher Ts emphasized that there was a need
for an application through which the opened form of the cylinder would be in front of the
eyes for students to overcome the learning difficulties or misconceptions that they may have
about the development of cylinder. The more detailed statement of pre-service teacher Tsin
this regard is presented below.

“The first thing | would ask from the student is to draw the opened form of the cylinder into his
notebook. However, it is a question mark in the minds whether or not all of them would do it. |
mean, after | teach it in the class, | would want it to be present in his notebook, in his room, in
other words, as a geometric figure anywhere. | mean | would ask it to be always kept in sight, |
also think it may attract attention in this way.”

When the pre-service teacher's statement is examined, it is observed that he/she wanted
to ensure that students would know it by sight with the opened form of the cylinder because
it is obvious that the strategy adopted by the pre-service teacher would lead students to a
logic based on memorization. For, with such a strategy, the student will learn by heart
without questioning why that development belongs to the cylinder. In this context, it can be
said that the pre-service teacher's strategy knowledge in this subject is not effective.

In the light of all these results, when the pre-service teachers' knowledge of instructional
strategies is evaluated, it can be said that the pre-service teachers’ knowledge of instructional
strategies is partially sufficient regarding the elimination of student mistakes and overcoming
the misconceptions and learning difficulties of students. However, it can be said that they
have serious shortcomings in their knowledge of instructional strategies related to the
teaching of surface area and volume formulae and the definition of the cylinder. Moreover,
although the pre-service teachers stated that they adopted the discovery learning strategy;
when their statements are examined, it can be said that they usually adopt the traditional
approach and that their knowledge of instructional strategies is not at the desired level.

Findings and interpretation regarding the pre-service teachers' assessment and evaluation
knowledge about the concept of cylinder

During the interview conducted to examine the pre-service teachers' assessment and
evaluation knowledge about the concept of cylinder, two questions were posed to pre-service
teachers (Appendix B). In this context, the categories and codes regarding the pre-service
teachers' statements for these questions are presented below.

Table 10.
The Categories and Codes Related to the Pre-Service Teachers' Assessment and Evaluation
Knowledge

Categories Codes Participants
Possible assessment Written exams T2,3,4,567
and evaluation Concept maps T;
instruments in the Performance assignments T,
teac.hing of cylinder Oral exams T,
subjects. Rubric usage Ts
How do you know Asking  emphasizing questions T,
whether students related to differences between
understand the cylinder and other geometric
subject of the shapes.
cylinder or not? The quality and correctness of the Ts6
examples given by the students.
Asking gap-filling questions. T,y
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Asking true-false questions. Ty

Asking questions related to T4 6
formulae.

Asking open-ended questions. T1,2,3567
The student’s willingness to Ts
answer.

When Table 10 was examined, it was observed that most of the pre-service teacher could
not give up traditional methods as assessment and evaluation instruments and usually
preferred written exams. While the majority of the pre-service teachers preferred to ask
open-ended questions in their written exams, it was observed that there were also pre-
service teachers who used the test technique, gap-filling and true-false techniques. Moreover,
the pre-service teachers emphasized that Bloom (1956)'s cognitive domain steps should
usually be taken into account while holding a written exam. Except this, the statement of pre-
service teacher T,, who made a different comment regarding the use of cognitive domain
steps in exams, is presented below.

“Perhaps, | do not think | will prepare a question by considering the knowledge step or
application step while preparing it. But even without considering these steps, it actually goes
there when we prepare the question. For instance, if | ask those gap-filling questions to find
out whether they understand the concepts, it is already the knowledge step. | have not
prepared the question to have a knowledge step, the knowledge step comes out while
preparing the question. What we already use in mathematics is the application step because
we usually perform operations through the given information. There may be analysis
questions, there may be questions that require thinking. Not only application-oriented but
also, for example, problem-style questions include analysis, but | think synthesis is high level. |
do not think there will be synthesis for written exams.”

When the pre-service teacher's statement is examined, it is observed that he/she stated
that he/she did not prepare questions especially considering the cognitive steps, but the
questions are automatically suited to these steps. This approach of the pre-service teacher is
not correct because it is a difficult possibility that randomly prepared questions are suited to
cognitive knowledge steps and appeal to all levels of students at all times. For this reason, it
cannot be said that the pre-service teacher's assessment and evaluation knowledge is
sufficient. When Table 10 was examined again, it was also observed that the pre-service
teachers usually applied the question-and-answer method to be able to determine whether
students had understood the subject of the cylinder. It was observed that the pre-service
teachers particularly focused on the questions about situations that they thought students
would have the most problems with the cylinder while choosing the questions they would
ask. On the other hand, unlike other pre-service teachers, it was observed that one of the pre-
service teachers stated that whether the subject is understood can be determined based on
student's willingness to participate in the lesson. However, this approach can be risky in that
the student may seem very eager to learn just to attract attention although he does not
understand in some cases.

In summary, when the pre-service teachers' statements summarized in Table 10 were
examined, it was observed that their assessment and evaluation knowledge was appropriate
according to the instructional strategies they adopted and that they adopted a process-
oriented evaluation rather than result-oriented. However, as in other types of knowledge
(knowledge of instructional strategy, knowledge of understanding student), it was observed
that their assessment and evaluation knowledge remained only intheory and that they usually
adopted the logic of exam in cases of assessment and evaluation. The fact that the pre-service
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teachers have adopted such logic may result from today's education system. In this context, it
can be shortly said that pre-service teachers' assessment and evaluation knowledge is limited
to holding an exam.

Conclusions, Discussion and Suggestions

In this study, the pre-service teachers' PCK on the subject of the cylinder was examined in
line with four components, including content knowledge, knowledge of understanding
students, knowledge of instructional strategies and assessment and evaluation knowledge. It
was observed that the pre-service teachers' content knowledge about drawing the closed
form of the cylinder and explaining the properties of the cylinder was limited to a right
circular cylinder. In this context, all pre-service teachers preferred to draw right circular
cylinder for the question of "draw a cylinder" and mentioned the properties of the right
circular cylinder. Similarly, Gokkurt and Soylu (2016b) determined in their study that most of
the teachers drew a right circular cone instead of a cone. Only one pre-service teacher in the
study also mentioned that the bases of the cylinder might differ from the circular region while
making a statement later on. Furthermore, the pre-service teachers again made quite general
statements through the right circular cylinder while they were making statements about what
the basic elements of the cylinder are. In this context, it was observed that there was no pre-
service teacher who could completely express the basic elements of the cylinder. With
respect to it, Tsamir, Tirosh and Levenson (2008) stated that while describing the basic
elements or properties of an object, the properties of that object that are not its basic
elements should also be stated. However, when the obtained findings were examined, it was
observed that no pre-service teacher made such a statement. Accordingly, it was observed
that the pre-service teachers made inadequate statements about drawing the closed form
and development of the cylinder and indicating the basic properties and elements of the
cylinder. When the literature was examined, it was also concluded in similar studies that
teachers and pre-service teachers were unable to make detailed statements about drawing
the shapes and development of geometric objects and explaining the properties and basic
elements of geometric objects (Gokbulut, 2010; Gokkurt, 2014; Gokkurt, Sahin, Erdem,
Basibliylik & Soylu, 2015). This may be due to the fact that the definitions of geometric
objects such as cylinder and cone that are included in many course books are explained by
special definitions (right circular cylinder, right circular cone, etc.) instead of general
definitions (Yemen-Karpuzcu & Isiksal-Bostan, 2013, p.277).

When the examples from daily life related to cylinder given by the pre-service teachers
were examined, it was observed that they usually focused on the examples included in the
course books and workbooks. Accordingly, it can be said that the pre-service teachers
remained inadequate to give rich examples. Furthermore, it was observed that the drawings
of the pre-service teachers related to the development of cylinder were usually uniform and
that they could not make an alternative example ofdevelopment. This result shares similarity
with the results of the studies in the literature (Cakmak, Konyalioglu & Isik, 2014; Gokbulut,
2010; Gokkurt & Soylu, 2016a; Tsamir, Tirosh & Levenson, 2008). In the light of all these
findings, it was concluded that the pre-service teachers' content knowledge about the
definition and properties of the cylinder was not at a sufficient level. However, pre-service
teachers, who will become mathematics teachers in the future, should know in depth the
concepts they will teach in mathematics and have the good content knowledge to give good
education because teachers should know and understand mathematics in depth to perform
mathematics teaching effectively (Aygiin, Baran-Bulut, &ipek, 2013). If teachers' content
knowledge is not sufficient, it is stated that they will transfer their imperfect knowledge to
their students, they may fail to change students' learning difficulties, mistakes or
misconceptions, and they will not be able to use written sources critically (Bukova-Guzel,
Ugurel, Ozgir & Kula, 2010; Hashweh, 1987; Kapyla, Heikkinen, & Asunta, 2009).
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As a result of the findings obtained in line with the pre-service teachers' knowledge of
instructional strategies and knowledge of understanding students, it was concluded that the
pre-service teachers' knowledge of understanding students was more adequate than their
strategy knowledge. In this regard, it was observed that most of the pre-service teachers
could correctly understand the student's mistake for the given questions. However, the
strategies used to overcome this mistake made by the student were inadequate. A similar
result is also available in the study of Gokkurt (2014). Furthermore, it was observed that the
pre-service teachers' strategy knowledge about the definition and properties of the cylinder
was more adequate than their knowledge of instructional strategies about the surface area
and volume of the cylinder. In this context, it was observed that pre-service teachers
especially emphasized the points of using concrete materials and making students explore the
formulae, but it was concluded that they could not give up traditional methods when more
specific questions were posed. Furthermore, although pre-service teachers stated that they
particularly adopted the discovery learning strategy to be able to overcome the
misconceptions and learning difficulties that students had about cylinders, it was observed
that they preferred traditional methods when more in-depth questions were asked. This
result is in parallel with the results of the study carried out by Bardak and Karamustafaoglu
(2016) with pre-service science teachers.

When the findings related to assessment and evaluation knowledge were examined, it
was concluded that the pre-service teachers' assessment and evaluation knowledge was not
at the desired level because it was observed that pre-service teachers did not give up
traditional methods and completely focused on holding an exam although they seemed to
have adopted different methods. It is stated by many researchers that traditional assessment
and evaluation approaches, which are also known as paper-and-pencil tests, are not sufficient
for the evaluation of students (Butler & McMunn, 2006). In this context, in recent years, it is
observed that evaluation has a great importance when it is considered that the decisions to
be made about students, teachers, curriculum and schools within the education system
should be valid and reliable (Mihladiz, 2007). In this context, in the study, the pre-service
teachers were expected to use the portfolio, structured grid, project, group or peer
assessment and self-assessment techniques, which are alternative assessment and evaluation
techniques adopted by the mathematics curriculum because, in addition to traditional
assessment and evaluation techniques, alternative assessment and evaluation techniques
that take into account the individual differences of students and allow for multi-perspective
evaluation have also been included in the revised primary education curriculum (Dokumaci
Sutcli & Bulut, 2015). In this context, it was concluded that pre-service teachers had
inadequate assessment and evaluation knowledge. For an effective assessment and
evaluation in education, the teacher should know what to teach, how to teach and what the
learning outcomes are in a clear and detailed manner (Baki, 2014, p.356). The fact that pre-
service teachers' assessment and evaluation knowledge is not at the desired level in this
regard may be due to the fact that they are not as experienced and knowledgeable as a
teacher in relation to the subject of cylinder they will teach.

Based on all these results, it is observed that pre-service teachers' PCK of the concept of
cylinder, which is one of the geometric objects, is not at the desired level in line with four
components (subject-matter knowledge, knowledge of instructional strategies, knowledge of
understanding students, assessment and evaluation knowledge). In this context, it can be
suggested to carry out studies on the development of pre-service teachers' PCK especially of
geometric objects and to evaluate and implement the ideas of experts in mathematics
education.
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Tiirkge Siirimii

Giris

Matematigin glinlik hayatta kullanilan 6nemli bir kolu olan geometri, 6grencilerin yasadigi
diinyayr daha yakindan tanimalarina, elestirel disiinme ve problem ¢ézme becerilerini
gelistirmelerine 6nemli katki saglar (Pesen, 2003, s. 330). Ayrica geometri, matematigin
onemli bir 6grenme alanidir ve ortaokul matematiginde de 6nemli bir yer tutar (Girbiliz &
Durmus, 2009). Geometri Ogretiminde asil amag, Ogrencinin yasadigl cevreyi, evreni
acitklamasi ve problem ¢ézme sirecinde geometriyi kullanabilmesidir (Terzi, 2010). Ancak
maalesef, yapilan bir¢cok calismada, 6grencilerin geometriyi anlamakta zorluk cektikleri ve
geometri basarisinin istenilen dizeyde olmadigi gorilmustir (Gonzales vd.2009’dan aktaran
Gurefe & Kan, 2013; Kilig, 2003; Mitchelmore, 1997; Prescott, Mitchelmore, & White, 2002;
Pusey, 2003; Ubuz, 1998). Bu dogrultuda, geometride 6zellikle geometrik cisimler konusu
llkemizde ve diger Ulkelerde 6grencilerin en ¢ok zorlandiklari konulardan biri olarak
gosterilmektedir (Accascina & Rogora, 2006; Avgoren, 2011; Battista & Clements, 1996; Ben-
Chaim, 1989; Gokdal, 2004; Olkun, 2001; Olkun& Sinoplu, 2008). Oysa geometrik cisimler ve
bunlarla olusturulan cisimler glnlik hayatimizin bir parcasidir (Baykul, 2014, s.423) ve
baktigimizda geometrik cisimlerle karsilasmadigimiz yer yok gibidir (Yemen-Karpuzcu & Isiksal-
Bostan, 2013).

Ogrencilerin geometrik cisimler konusunda yasadiklar zorluklarin tespit edilmesi ve
giderilmesi, 6grenme siirecinde 6grenciye yardimci olunmasi ve rehberlik edilmesi konusunda
O0gretmenlere 6nemli gorevler dismektedir (Ersoy & Ardahan, 2003). CUnki geometrinin
dogal gelisimi ve igyapisi, 6gretmenler tarafindan iyi anlasilirsa, 6gretmenler, 6grencilerin
karsilastiklari zorluklari anlamada ve bu zorluklarin giderilmesinde ¢6ziim Gretmede basarili
olabilirler (Durmus, Toluk & Olkun, 2002). Yani burada 6gretmenin bilgi, beceri ve yeterlikleri
on plana ¢ikmaktadir. Bu dogrultuda, 6gretmenin alanina hakim olabilmesinin 6tesinde dersini
nasil Ogretebilecegi, 6grencilere nasil aktarabilecegi, 6grenci seviyesine nasil inebilecegi
konusunda da bilgi sahibi olmasi gerekmektedir. Bu bilgi ise glinlimiiz alan yazininda Pedagojik
Alan Bilgisi (PAB) kavrami ile ifade edilmektedir (Batur & Balci, 2013). Shulman (1986),
pedagojik alan bilgisinin iki anahtar bileseni oldugunu ifade etmistir. Bu bilesenlerden biri
ogrencilerin anlamalarini bilme bilgisi (6grencileri anlama bilgisi), digeri ise 6gretim stratejileri
(6gretim sunumlar bilgisi) bilgisidir. Ogrencileri anlamalarini bilme bilgisi, dgrencilerin konuyla
ilgili 6n bilgilerini, 6grencilerin yapmis olduklari hatalari, 6grenme gigliiklerini ve bunlarin
arkasinda yatan nedenleri anlamay! icerir. Ogretim stratejileri bilgisi ise nasil 6gretirsiniz
sorusuna karsilik gelen ydntem ve teknikleri icerir. Matematik 6gretmeni adaylarinin
pedagojik alan bilgilerinin incelendigi ¢ogu ¢alisma, 6gretmen adaylarinin genelde kural ve
yontemlerin ne oldugunu ve nasil uygulanacagini bilmelerine ragmen, verilen durumlari
kavramsal olarak aciklayamadiklarini (Toluk-Ugar, 2011), teoride sahip olduklari bilgiler ile
uygulamalarinin farkh oldugunu (Aylar, 2017; Gokkurt, Kocak & Soylu, 2014; Kocak, Gokkurt &
Soylu, 2015) ve 6grenci hatalarini giderebilmek icin ileri sirdikleri 6gretimsel aciklamalarinin
yeterli olmadigini gostermistir (Gokkurt, Sahin, Soylu, & Soylu, 2013).Ayrica yapilan ¢alismalar,
o6gretmen adaylarinin teoride sahip olduklarn bilgileri pratikte uygulayamadiklarini ve teorik
bilgileri ile uygulamalari arasinda fark oldugunuortaya ¢ikarmistir (Aylar, 2017).

Yapilan c¢alismalarda PAB’Iin diger alt bilesenleri olan konu alan bilgisiyle 6l¢me-
degerlendirme bilgisine dikkat ¢ekilmis (Bastiirk & Dénmez, 2011; Cakmak, Konyalioglu & Isik,
2014), geometrik cisimler konusunda PAB’in diger alt bilesenleri(alan bilgisi, 6gretim program
bilgisi, 6lcme-degerlendirme bilgisi vb.) baglaminda incelenmesi gerektigi vurgulanmistir
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(Gokkurt, Sahin, Soylu & Dogan, 2015). Bu calismalar matematik 6gretmeni adaylarinin
PAB’larina 6nem verilmesine ve bu konunun etraflica irdelenmesine sebep olmustur.

ilgili alanyazin incelendiginde, geometrik cisimlerle ilgili daha ¢ok prizma(Gékkurt & Soylu,
2016a; Tekin-Sitrava & Isiksal-Bostan, 2013, 2014, 2016) ve koni ile ilgili (Gokkurt & Soylu
2016b) cahismalara yer verildigi gorilmektedir. Bu dogrultuda c¢alismada, ilkogretim
matematik 6gretmeni adaylarinin geometrik cisimler konusunda yer alan silindir kavramiyla
ilgili sahip olduklari pedagojik alan bilgileri; konu alan bilgisi, 6gretim strateji bilgisi, 6grenciyi
anlama bilgisi ve 6l¢me degerlendirme bilgisi alt bilesenleri dogrultusunda incelenmistir.

Arastirmanin Onemi

Silindir kavrami “uzayda verilen bir dogruya paralel olan dogrularin, verilen bir diizlemsel
egri boyunca, bu egri diizlemine paralel olmayan bir dogrultudaki sabit hareketinden olusan
ylizey” olarak tanimlanmaktadir. Bu kapsamda silindirin en genel anlamda sinirsiz bir yiizey
oldugu ve o6zelde ise tabanlari olan sinirh bir ylzeyle cevrilmis, kapali ve ici bos bir cisim
oldugu ifade edilmistir (Yemen Karpuzcu & Isiksal Bostan, 2013). Bu agiklamalar isiginda,
silindirin tabaninin herhangi bir egri (elips, ¢okgen, daire) olabilecegi soylenebilir. Ancak
Gokkurt (2014) calismasinda 6gretmenlerin ¢ogunun yaptiklar silindir tanimlarinin  dik
dairesel silindir tanimiyla sinirli kaldigini ifade etmistir. Nitekim silindir kavraminin genel
anlamda taniminin yapilmasi hem diger geometrik cisimlerin tanimlari ile iliskilendirilmesi
acisindan hem de silindirin hacim ve yilizey alani bagintisinin diger geometrik cisimler ile
iliskilendirilmesi agisindan 6nem arz etmektedir(Altun, 2015, s.401;Van de Walle, Karp & Bay-
Williams, 2014). Bu nedenle silindir kavrami, 6zel bir prizma olarak ele alinamayacak kadar
kapsamli bir kavram olup (Yemen Karpuzcu & lIsiksal Bostan, 2013) matematik ve geometri
egitiminde etkin bir rol Gstlenmektedir. Bu kapsamda galismada, 6gretmen adaylarinin silindir
konusuna iliskin pedagojik alan bilgilerinin belirlenmesinin ve bu konudaki eksiklerinin tespit
edilmesinin 6gretmen yetistirme programlarinin diizenlenmesine katki saglamasi agisindan
onemli oldugu soylenebilir. Ayrica ¢alisma kapsaminda, 6gretmen adaylarinin basta silindir
olmak lizere diger geometrik cisimlere yonelikte bilgilerini sorgulayacaklari ve bu dogrultuda
o6gretmen adaylarinin pedagojik alan bilgilerindeki gelisimlerine de katki saglayacagi
distintilmektedir.

Yontem

Bu calismada, nitel yaklagima dayali durum calismasi yontemi kullaniimistir. Durum
galismasi, nitelikli bir arastirma igin kullanilan en yaygin yontemlerden biridir (Stake, 2010).
Durum c¢alismasi bitini elde tutarak, gercek durum perspektifinden arastirmacinin duruma
derinlemesine odaklanmasina izin veren bir arastirma yéntemidir (Yin, 2014). Bu ¢alismada
da, 6gretmen adaylarinin geometrik cisimlerden biri olan silindir kavramina iliskin sahip
olduklari pedagojik alan bilgileri, derinlemesine odaklanarak incelendiginden dolayr durum
¢alismasi yontemi tercih edilmistir.

Katilimcilar

GCalismanin  katihmcilarini  belirlerken amach 6rnekleme yéntemi kullaniimistir. Bu
dogrultuda katilimcilar Tirkiye’de bir Gniversitenin Egitim Fakiltesinin ilkdgretim Matematik
Ogretmenligi Programi’nin son sinifinda &grenim goéren yedi matematik dgretmeni adayi
tarafindan olusturulmustur. ilkégretim Matematik Ogretmenligi programinin son senesinde
olan bu adaylar alan (Geometri, Diizlem Geometri-l vb.) ve matematik 6gretimi ile ilgili
derslerini (Ozel Ogretim Yéntemleri I-Il, Olcme ve Degerlendirme, Bilgisayar Destekli
Matematik Ogretimi, Matematik Ogretimi Semineri vb.) tamamlamis olup okul deneyimi
derslerine devam etmekte olduklarindan dolayl ¢alismanin amacina ulasmasi bakimindan
uygun bir gruptur.
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Caligmaya dahil edilen 6gretmen adaylarina etik kurallar geregi 04,0, ...,0; seklinde kodlar
verilmistir.

Veri Toplama Araci

Arastirmada veri toplama araci olarak ilk dnce ilkégretim matematik 6gretmeni adaylarinin
silindir kavramiyla ilgili PAB dizeylerini belirlemek igin iki arastirmaci tarafindan dokuz acik
uclu sorudan olusan Pedagojik Alan Bilgi Testi (PABT) (Ek A) hazirlanmistir. Bu test
olusturulurken, ortaokul ders kitaplarindan, diger yardimci ek kaynaklardan, literatir
taramasi sonucu ulasilan benzer galismalardan (Bastirk & Dénmez, 2011; Gokbulut, 2010;
Gokkurt, vd. 2015) faydalaniimistir. Ayrica testi gelistirme siirecinde Milli Egitim Bakanlhgi
[MEB] (2013) ortaokul matematik 6gretim programinda yer alan silindir kavramiyla ilgili amag
ve kazanimlar da dikkate alinmistir. Biitlin bu noktalar dikkate alinarak hazirlanan PABT'de yer
alan sorular, uzman gorusleri dogrultusunda benzer amaglari icermesi, mevcut g¢alismanin
amacini tam yansitmamasli, ¢ok genel ya da spesifik olmasi gibi gerekceler dogrultusunda
azaltilmistir. Revize edilen PABT, daha sonra MEB’de c¢alisan Ui¢ 6gretmene sunulmus
sorularda eksik kalan veya dizeltiimesi gereken noktalar dizeltilerek teste son sekli
verilmistir.

Galismanin verileri yari yapilandiriimis mulakat teknigi ile toplanmigtir. Miilakat esnasinda
katilimcilarin izni alinarak ses kayit cihazi kullanilmistir. Ancak silindire iliskin ¢izim sorularinda
ve 6gretmen adaylarindan problem kurarak ¢ozmeleri istenen soruda 6gretmen adaylarindan
yazili agiklama istenmistir. Milakatlar yaklasik 30-50 dakika stirmustir.

Verilerin Analizi

Calismada betimsel ve igerik analizi teknikleri kullaniimistir. Betimsel analizde, elde edilen
bulgularin dizenlenmis ve yorumlanmis bir sekilde okuyucuya sunulmasi amaglanmaktadir.
Bu siiregte, mulakat yapilan ya da gbézlemlenen bireylerin gorislerini dikkat gekici bir sekilde
yansitmak icin dogrudan alintilara sik sik yer verilir(Yildirnm & Simsek, 2011). Mevcut
calismada da, dogrudan alintilara sik sik yer verildigi ve arastirmanin bulgularini neden sonug
iliskisi icerisinde sunuldugu icin betimsel analiz teknigi kullanilmistir. Ayrica bazi veriler igin
Pesen (2003)’deki bazi 6gretim yontemleri (analiz yoluyla 6gretim yontemi, cevirmeler yoluyla
Ogretim yontemi vb.) kod olarak kullanildigi icin betimsel analiz teknigi kullaniimistir. Ancak
betimsel analizde 6zetlenen ve yorumlanan veriler, icerik analizinde daha derin bir isleme tabi
tutulur ve betimsel bir yaklasimla fark edilemeyen kavram ve temalar bu analiz sonucu
kesfedilebilir (Yildirnm & Simsek, 2011). Bu nedenle elde edilen nitel verilerin analizinde igerik
analizi ve betimsel analiz teknikleri birlikte kullaniimistir. Bu kapsamda, igerik analizinin
gerektirdigi sekliyle elde edilen veriler, belirlenen kodlar ve temalar altinda siniflandirilarak
okuyucu igin anlamli hale getirilmistir.

Arastirmanin Gegerligi ve Giivenirligi

Arastirmalarda en yaygin iki 6lglit olarak kullanilan gegerlik ve givenirlik, arastirma
sonuglarinin inandiricihgi agisindan biyik 6nem tasimaktadir. Dolayisiyla her arastirmacidan,
kullandigl veri toplama araglarinin gegerligi ve gilvenirligi ile ilgili 6nlemler almasi ve
okuyucuya rapor etmesi beklenir(Yildirrm & Simsek, 2011).

Calismanin glivenirligini artirmak amaci ile 6gretmen adaylari ile yapilan bireysel
miilakatlar esnasinda ses kayit cihazlari kullanilarak, olusacak olan herhangi bir veri kaybi
onlenmistir. Miulakatta yer verilen sorularin kapsam gecerliginin saglanmasi amaci ile
ogretmenlerin ve matematik egitimcilerinin gorusleri alinmis ve bu goérisler dogrultusunda
sorular revize edilmistir. Nitel arastirmalarda glivenirligi artirmanin bir yolu arastirmanin her
asamasini ve izlenen yollari ayrintili bir sekilde aktariimasidir(Cansiz Aktas, 2014, s.340). Bu
arastirmanin her asamasi da olabildigince ayrintili ve agik bir sekilde sunularak ve arastirmanin
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verileri, kayitlari saklanarak arastirmanin glivenirligi artirilmaya c¢ahlsilmistir. Arastirmanin
verileri analiz edilirken, yine bir uzman ve arastirmaci tarafindan 6gretmen adaylarinin
cevaplarina uygun kodlar olusturularak arastirmanin giivenirligi artirlmaya calisiimistir.

Ayrica arastirmaci, elde ettigi verileri analiz ederken olusturdugu kodlar ile ilgili uzman
goruslerinin tutarlihigl karsilastirlmis ve Miles ve Huberman (1994)'In uyusma hesabi
kullanilarak tutarhhk ylzdesi %83 olarak bulunmustur. Geriye kalan %17’lik farklilik
arastirmacilarin bir araya gelerek tartismalari sonucunda tam bir uzlagmaya varilmistir.

Bulgular ve Yorum

Bu bolimde, arastirmaya katilan ilkdgretim matematik 6gretmeni adaylarinin silindir
kavraminda sahip olduklari pedagojik alan bilgileri ile ilgili bulgular incelenen dort bilesen
dogrultusunda sunulmustur.

Ogretmen adaylarinin silindir kavrami ile ilgili alan bilgilerine yoénelik bulgular ve
yorumlar

Ogretmen adaylarinin silindir kavramu ile ilgili alan bilgilerinin incelenmesi amaciyla yapilan
miilakatta 6gretmen adaylarina, birinci ve lglnci soru iki sikh olmak lizere toplam (g soru
seklinde yoneltilmistir(Ek A). Asagida 6gretmen adaylarinin bu sorulara yonelik agiklamalarina
iliskin kategoriler ve kodlar sunulmustur.

Tablo 1.

Ogretmen Adaylarinin ~ Silindirin  Tanimina ve Temel Ozelliklerine Yénelik Odgretim
Aciklamalarina Ait Kategoriler ve Kodlar

Kategoriler Kodlar Katihmcilar
Silindirin Kapali Formunu Cizme Dik dairesel silindir gizme 01234567
Silindir Olmasinin Nedenleri Ust ve alt tabaninin daire olmasi 013657

Ust ve alt tabaninin gember olmasi 0,

Ust ve alt daireyi birlestiren bir kismin O,

olmasi
Taban ve yanal alanin olmasi 06
Yuvarlanabilir olmasi 04,5
Bir yiiksekliginin olmasi Ous
Govdesinin dikdortgen olmasi 04,4
Ug boyutlu olmasi Os7
Bir hacim kaplamasi Oss6
Oyle bir kavram olusmus 0,
Kati bir cisim olmasi Os67
Silindir ile ilgili Ginliikk Yasamdan Boru 0534
Ornekler Ucu agilmamis bir kalem O35
Salga kutusu 0,
Kumbara o
Uggen peynir 0s
Silindirin Temel Elemanlari Yiikseklik 01,2346,
Yaricap 01,3,4,7
Yanal ayrit 06
Karsilikli esit daireler 0,
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Tablo 1 incelendiginde, 6gretmen adaylarinin tamaminin silindirin kapah formunu gizme
durumunda, dik dairesel silindir cizmeyi tercih ettigi goriilmektedir. Ogretmen adaylarina
gizdikleri sekillerin neden bir silindir oldugu soruldugunda ise alt ve lst tabaninin gember
olmasi, daire olmasi, U¢ boyutlu bir sekil olmasi, diizlemde gosterilemeyen bir sekil olmasi,
kapali bir cisim olmasi, belli bir hacim kaplamasi, yiksekligin olmasi vs. seklinde agiklamalar
yaptiklari gérialmastir.

Cizdigi dik dairesel silindirin, neden silindir oldugunu bu sekilde acgiklayan Ogretmen
adaylarindan Os'in, yaptig aciklamaya asagida yer verilmistir.

“R’ te olmali, kati bir cisim olmall, iist taban alt tabani daire olan kapali bir alan oldugu igin
silindirdir.”

Ogretmen adayinin agiklamasi incelendiginde, bir seklin silindir olabilmesi icin gereken 6n
sartlari ylzeysel ve genel ifadelerle tanimladigi, sadece silindire 6zgl aciklamalarda
bulunmadig goérilmiistir. Ogretmen adayinin agiklamasinda belirttigi “R® te olmall, kati bir
cisim olmali” ifadelerinin, kire, prizma, koni gibi bitlin U¢ boyutlu cisimler icin gecerli
olabilecek nitelikte oldugu gorilmektedir. Bu kapsamda 6gretmen adayinin silindirin tanimi ve
ozellikleri ile ilgili alan bilgisinin daha derinlemesine incelenmesi igin 6gretmen adayindan
glinlik hayattan silindir érnekleri vermesi istenmistir. Bununla ilgili olarak Oségretmen
adayinin yaptig1 aciklama asagida aynen verilmistir.

“..Yani silindir alt ve (ist tabani kapali ve genelde daire olan sekillerdir. Ama séyle bir sey
séyleyeyim alt ve (ist kisimlar liggende olabilir. Silindir genel olarak aldi§i tabanin sekline gére
isimlendiriliyor. Mesela (i¢cgen silindir tabani licgendir. Bir peyniri keseriz iicgen seklinde bu bir
silindir seklini alir. Ya da bir cember seklinde kesebiliriz, dértgen, kare vs. yani bunlarin hepsi
bir silindir olabilir. Ciinki alacagi tabanin alanina gére isimlendiriyor...”

Ogretmen adayinin agiklamasi incelendiginde, ilk basta yaptigi aciklamanin aksine,
silindirin sadece dik dairesel silindirden ibaret olmadigini belirttigi, silindirin tabanlarinin
sekline gore isim alabildigini ifade ettigi gorilmiistiir. Ogretmen adayinin bu agiklamasi, bir
seklin silindir olabilmesi icin gereken 6zelliklerin ne oldugu sorusuna daha uygun bir cevap
olarak gozikmektedir. Bu kapsamda 06gretmen adayinin silindirin sadece dik dairesel
silindirden ibaret olmadigini bildigi ancak yine de bir cismin silindir olabilmesi i¢in gereken
oOlgitleri tam anlamiyla agiklayamadigi gortlmistir.

Bunun yani sira bir seklin silindir olmasi ile ilgili ylizeysel agiklamalar yapan bazi 6gretmen
adaylarinin yapmis oldugu aciklamalar dogrultusunda cesitli bilgi yanlislarina sahip olduklari
goérilmiistiir. Bu 6gretmen adaylarindan, O, e ait aciklamaya asagida yer verilmistir.

“..benim bir sekle silindir diyebilmem igin ézellikle alt ve (ist tabani bir cemberden olusmasi
gerekiyor...”

Ogretmen adayinin agiklamasi incelendiginde, silindirin tabanlari icin cember ifadesini
kullandigi gérulmastir. Buna ek olarak 6gretmen adayinin silindirin tabanlari ile ilgili yaptigi
biitin agiklamalarinda daire yerine ¢ember ifadesini kullandigi ve yorumladigi gérilmistir.
Ogretmen adayinin acgiklamalarinda siirekli daire yerine ¢ember ifadesini kullanmasi
arastirmacinin da dikkatini cekmis ve defalarca ¢ember mi diye yinelemistir. Ancak 6gretmen
aday! her defasinda ¢ember olduguna vurgu yapmistir. Bu kapsamda 6gretmen adayinin
cember ve dairenin ayrimiyla ilgili ya da silindir ile ilgili bir bilgi yanhsligina sahip oldugu
soylenebilir.

BUtln bunlarin yani sira gizdigi seklin neden silindir oldugu ile ilgili mantikli bir gerekge ileri
siiremeyen ve ezber bir agiklama yapan O, dgretmen adayina ait agiklamaya asagida aynen
yer verilmistir.
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“6yle bir kavram olusmus yani benim én bilgilerimden dolayi, 6gretmenler bize béyle
6gretti benim kavram imajimda béyle bir sekil oldugu i¢in bunu ¢izdim.”

Ogretmen adayinin agiklamasi incelendiginde silindirin mantigina veya yapisina iliskin
hicbir aciklamada bulunamadigi ve kendisine dyle 6gretildigi icin dik dairesel silindir seklini
cizdigini belirttigi gorilmektedir. Bu kapsamda 6gretmen adayinin silindirin kapal formuyla ve
silindirin 6zellikleri ile ilgili alan bilgisinin oldukga eksik ve yetersiz oldugu soylenebilir.

Ayrica 6gretmen adaylarinin silindir kavrami ile ilgili giinlik hayattan verdikleri 6rnekler
incelendiginde, butlin 6gretmen adaylarinin ders kitabinda veya ¢alisma kitaplarinda yer alan
ornekleri dne surdikleri gorilmustir. Bu nedenle, 6gretmen adaylarinin silindir ile ilgili glinliik
hayattan verdikleri 6rnekler yeterli olarak degerlendiriimemis, bu konuda sinirli 6rnek
bilgisine sahip olduklari ortaya ¢ikmistir.

Ote yandan 6gretmen adaylarinin silindirin temel elemanlarini ifade ederken ¢ogunlukla
yaricap ve yukseklik kavramina yogunlastiklari bunun yani sira yanal ayrit ve karsilikli es
daireler seklinde silindirin temel elemani olmayan agiklamalarda bulunduklari gérilmistir. Bu
kapsamda silindirin temel elemanlarinin“taban (alt taban, Ust taban), yan yiz, yarigap,
yukseklik” (Tahan, 2013) oldugu dikkate alinirsa 6gretmen adaylarinin silindirin temel
elemanlarina iliskin 6gretimsel agiklamalarinin eksik oldugu ve alan bilgilerinin yetersiz oldugu
soylenebilir.

Ogretmen adaylarinin silindirin aginimina iliskin sorulan 2. soruya yénelik ¢izim &rnekleri
incelenerek bu gizimler ile ilgili olusturulan kategori ve kodlar Tablo 2’de sunulmustur.

Tablo 2.
Ogretmen Adaylaninin Silindirin Acinimina Yénelik Ogretim Aciklamalarina Ait Kategoriler ve
Kodlar

Kategori Kodlar Katihmcilar
Alt ve (st tabani dairesel bolge cizme 012567
Alt ve Ust tabani ¢cizmeme Os,4
Silindire benzer bir sekil cizme 0,

Silindirin Yiizey Aginimi Silindirin farkli yiizey aginimini eksik gosterme. 01,675

Silindirin farkli yiizey aginimini yanhg gosterme. O34
Daireler ile yan kenarlari orantisiz gizme 0,7

Tablo 2 incelendiginde, dort 6gretmen adayinin silindirin ylizey aginimini gizerken
zorlanmadiklari, iki 6gretmen adayinin silindirin tabanlarini gizmedikleri, bir 6gretmen
adayinin acik hali icin silindire benzer bir sekil ¢izdigi ve iki 6gretmen adayinin ise dairenin
cevresi ile yan kenar uzunluklarini orantisiz ¢izdigi gériilmektedir.

Bununla ilgili olarak O, 6gretmen adayina ait gizim drnegi asagida verilmistir.
2. Silindirin yiizey aginimini yapiniz?

Sekil 1. 0,6gretmen adayinin silindirin ylizey acinimi icin ¢izdigi orantisiz ¢izim drnegi
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Ogretmen adayinin silindirin yiizey aginimina iliskin cizim drnegi incelendiginde alt ve iist
tabani olusturan daireleri yan ayritlar ile orantisiz gizdigi gorilmektedir. Buradan 6gretmen
adayinin, alt ve Ust dairelerin gevresinin dikdortgenin uzun kenarinin uzunluguna esit
oldugunu dikkate almadigi soylenebilir.

Ogretmen adaylarinin ikinci soru ile ilgili aciklamalari incelendiginde, silindirin yiizey
acinimini dogru cizemeyen dgretmen adaylarindan O ve O, ’e ait aciklamalara asagida aynen
yer verilmistir.

—_-.-._._.—T-._._._. e e e

| |

Sekil 2. 05 ve O,6gretmen adaylarinin silindirin ylizey aginimi igin ¢izdigi yanlis gizim érnekleri

Sekil 2’de 6gretmen adaylarinin silindirin ylizey aginimi igin dogru ¢izim yapamadiklari ve
bilgi yanlislarina sahip olduklari gériilmektedir. Bu 6gretmen adaylarindan O gizdigi aginim ile
ilgili asagidaki agiklamada bulunmustur.

“Hocam sey mi bu dikdértgenler prizmasinin ag¢ik seklini giziyorduk, éyle bir sey mi? ... Ben
bunu sanirim bilmiyorum yani. Zaten genelde de pek bilmem agilimlarini”

0O, 6gretmen adayinin bu aciklamasi incelendiginde genel olarak biitiin geometrik
cisimlerin aginimlari  konusunda sikinti yasadigini belirttigi goérulmektedir. Matematik
O0gretmenligi béliminin son sinifinda olan bir 6gretmen adayinin bu sekilde yaygin olarak
bilinen bir geometrik cismin ylzey aginimini yapamamasi endise vericidir. Ciinki bu 6gretmen
adayinin, biitiin alan dersleri tamamlanmis olup bir 6gretmen olarak atanmaya hazir oldugu
kabul edilmektedir.

Ogretmen adaylarinin ikinci soru ile ilgili agiklamalari incelendiginde, silindirin yiizey
acinimlarint  ¢ogunlukla dogru gosterdikleri gorilmastir. Bununla ilgili olarak daha
derinlemesine bilgi edinebilmek amaciyla, 6gretmen adaylarina ylzey acinimlarini cizdikleri
silindirlerin farkli bir yizey aginimini gésterme konusunda bir soru yoneltilmis ve 6gretmen
adaylarinin neredeyse tamami “daireleri dikdértgenin uzun kenari lzerinde kaydirabiliriz”
seklinde agiklama yapmislardir. Bu noktada higcbir 6gretmen adayinin, dairelerin kisa kenar
Uizerinde de olabilecegini ileri sirmemesi dikkat ¢ekici bir nokta olarak degerlendirilmistir. Bu
sayede, 6gretmen adaylarinin tek bir agcinim (izerinde odaklandiklari ve bu konudaki alan
bilgilerinin tek bir yiizey acinimla sinirh oldugu gériilmiistiir.Ogretmen adaylarinin aginimini
yaptiklari silindirin ylizey alani ve hacmiyle ilgili olarak problem kurma ve ¢6zme becerilerine
yonelik hazirlanan 3. soruya iliskin kategori ve kodlar Tablo 3’te sunulmustur.
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Tablo 3.

Ogretmen Adaylarinin Silindirin Yiizey Alani ve Hacmine Yénelik Hazirlanan Ugiincii Soruya
iliskin Ogretim Aciklamalarina Ait Kategoriler ve Kodlar

Kategori Kodlar Katihmailar
Yiizey alaniyla ilgili Problemi dogru kurar ve kurdugu problemi dogru Os
problem kurma ve c¢ozer.
¢dzme Problemi dogru kurar ve kurdugu problemi 0O,

¢bzemez.

Problemi dogru kurar ve kurdugu problemi yanhs 0,

¢cozer.

Problemi yanlis kurar ve kurdugu problemi ¢dzer. O,

Problemi kuramaz. 0;
Hacimle ilgili problem Problemi dogru kurar ve kurdugu problemi dogru O, ;5

kurma ve ¢ozme

¢Ozer.
Problemi dogru kurar ve kurdugu problemi 0O,
¢6zemez.

Problemi dogru kurar ve kurdugu problemi yanhs 02,6

¢cozer.
Problem yanlis kurar ve kurdugu problemi ¢cozer. O,

Tablo 3 incelendiginde, 6gretmen adaylarinin silindirin yiizey alanini bulmayi gerektiren
problem kurma konusunda, sadece dort 6gretmen adayinin basarili oldugu gorilmektedir.
Ogretmen adaylarinin kurduklari problemleri ¢ézme siiregleri dikkate alindiginda ise, sadece
bir 6gretmen adayinin kurdugu problemi dogru ¢ozebildigi gorilmistir. Yine Tablo 3
incelendiginde, ©6gretmen adaylarinin silindirin hacmini bulmayi gerektirecek problem
kurmada alti 6gretmen adayinin basarili oldugu ve bu 6gretmen adaylarindan sadece (g
tanesinin kurdugu problemi dogru ¢ozebildigi gorilmustdr.

Bununla ilgili olarak, silindirin hem ylizey alanini bulmayi gerektirecek hem de hacmini
bulmayi gerektirecek problemi yanlhs kuran ti¢ 6gretmen adayindan 0, iin kurdugu problemler
ve ¢0zUmlerine asagida yer verilmistir.

Yuzear Alarnina Higkin Problem ve Castirn

180 cm® alana sabip bir kutorws  igerisime borular yerfegtivivorss.
yarigapr 2 cm ve viksekligi 5 o div. Borular: kunstum igerisine yerlegrivivkers borular bir
Yz Urnel keserek acirmry olarak werlegririliver. Bu gekilde kurerwm icerisine kag rane boru

yeriestirebiliriz? (71 = 3)
L e e b = TWeokboo~ 4fwr== = __.3:_'.‘. e e A
= 2.3 a .. 5
=3 . S
- b

B30 "bor T oo
Hacim bulmaya Highkin Problem ve Cozimi

Bir ayrumun uzunlugu 10 cm olan kip jeklindeki bir kutunun igerisine tabarn yarigap: 2 cm,
yiiksekligi 5 om olan boerulardarn kag tane yerlegtirebilirim

Pl bpgir= a0 B
o= = %L xg

- 1OERD e~

B borwularo: tabon

e N >ir

(wm= 3)

S lmdicim Mmagee it = Telman sl L glosakik

-~ Lo crm3

Sekil 3. O, 6gretmen adayinin silindirin yiizey alani ve hacmini bulmayi gerektiren kurdugu
problem 6rnekleri ve bu problemlerin ¢éziimleri

Ogretmen adayinin yazili aciklamasi incelendiginde, yiizey alani kavrami ile ilgili
probleminin anlamli ve dogru olmadigi goriilmektedir. Ogretmen adayinin kurdugu hacim

743



Meltem KOGAK, Burcin GOKKURT OZDEMIR, Yasin SOYLU— Gukurova Universitesi Egitim Fakiiltesi Dergisi, 46(2), 711-765

probleminin ise dogru bir problem oldugu ancak kiip seklindeki kutunun igerisine silindir
seklinde borular yerlestirirken kipin hacmini silindirin hacmine bdlerek yanlis sonug elde
ettigi gorilmistir. Ogretmen adayinin farkli geometrik cisimler kullandiginin farkinda
olmadig ve asiri genelleme yaparak bu tir problemlerde ¢ogunlukla kullanilan ¢6zim
yontemlerinden (blylk hacmi kiigciik hacme bdlme) birini kullandigi gorilmektedir. Kurdugu
problemde her iki cisim de kiip olsaydi bu ¢dziim yontemi dogru olurdu. Ancak kipin igerisine
yerlestirilen cisim silindir oldugundan kiipln igerisinde bogluk kalacak ve sekiz adet silindir
yerlestirilebilecektir. Dolayisiyla 6gretmen adayr bu durumu ihmal ettigi icin ¢6zimu yanhs
bularak tam bir deger elde edememistir. Ogretmen adayi kurdugu bu problemi matematiksel
modelleme yardimiyla somutlastirip o sekilde ¢6zmeyi tercih etseydi muhtemelen problemin
¢6zUmini dogru bir sekilde yapabilecekti.

Ogretmen adayinin kurdugu bu problemlere iliskin agiklamasi asagida verilmistir.

“Simdi ytizey alani, taban cevresi ¢arpi ylikseklik demekti. (...) alan derken hacim mi
bulacagim diye kafam karisti. Kutuyu aginca lg¢ boyutlu olmuyor alan kadar yer kaplar diye
diistiniiyorum. Hacimde ayni sekilde bu seferde borulari kutuyu agmadan yerlestirecek.
Kutunun alanini vererek gecmistim simdi hacmini vereyim. Kutunun da boyutlarini verip
hacmini mi buldursam?”

Ogretmen adayinin bu acgiklamasi incelendiginde, hacim ve yiizey alani kavramlarinin
ayrimiyla ilgili ve bu kavramlarin tanimlariyla ilgili problem yasadigi gorilmektedir. Bu
dogrultuda 6gretmen adayinin alan bilgisindeki eksiklikten dolayi yiizey alani ile ilgili dogru
problem kuramadigi ve hacim kavrami ile ilgili kurdugu problemin ¢6ziminid dogru
yorumlayamadigi sdylenebilir. O, d6gretmen adayi ile benzer olarak yiizey alani ve hacim
kavramlarini anlamh 6grenememis ve formul agirlikli islemler yapmayi benimseyen 6gretmen
adaylarindan O,’e ait agiklamaya asagida aynen yer verilmistir.
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Sekil 4. O, Ogretmen adayinin silindirin yiizey alani ve hacmini bulmayi gerektiren kurdugu
problem 6rnekleri ve bu problemlerin ¢éziimleri

Sekil 4 incelendiginde 6gretmen adayinin giinlik hayatla higbir iliskisi olmayan, 6grencilere
muhakeme yapma firsati tanimayan, dogrudan ylizey alani ve hacim formill ile kolayca
bulunabilecek bir problem kurdugu gorilmektedir. Ogretmen adayinin tamamen bilgiyi
dogrudan kullanmayi gerektiren bu problemin ¢6zimiinde de, dogrudan formul kullanmayi
tercih ederek ezber bir 6gretim yaptigl gérilmistir. Oysa 6gretmen adayi, ezber bir sekilde
formil kullanmaktan ziyade hacim ve ylizey alani kavramlarinin anlamlarina vurgu yapici
nitelikte problemler kurabilir ve yine kavramlarin ve formdllerin anlamlarina vurgu yaparak
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¢6zim gelistirebilirdi. Clnkl 6gretmen adayinin  kurdugu problemlerin  ¢6ziimleri
incelendiginde formullerin anlamli 6grenilmesinin énemi bir kez daha ortaya ¢ikmistir. Bu
kapsamda 6gretmen adayinin yiizey alani ile ilgili ¢6ziim incelendiginde silindirin ylizey alani
formilunin yerine iki tane dairesel bolgenin alan formulinGa kullandigi ve yanls sonug
buldugu goérulmistiir. Benzer sekilde silindirin hacim formili yerine ise koninin hacim
formilund kullandigi ve yanlis sonug buldugu gorilmistr.

Bu kapsamda hem silindirin ylzey alani hem de hacmi icin glinlik hayatla iligkili problem
kuran ve kurdugu problemleri anlamli ve dogru bir sekilde ¢dziimleyen sadece bir 6gretmen
adayinin oldugu gorulmistir. Bitin bu bulgular dogrultusunda 6gretmen adaylarinin
silindirin ylizey alani ve hacmine yonelik problem kurmada ve ¢6zmede, ylizey alani kavramina
nazaran, hacim konusunda daha iyi dizeyde olduklari sdylenebilir. Bu kapsamda silindirin
hacmini bulmayi gerektiren problemi dogru bir sekilde kurabilen ve ¢6zebilen O3 égretmen
adayinin yizey alant ile ilgili agiklamasi su sekildedir.

“Yiizey alan ne demek? Himmm. Yani yiizey alan gérdiigimiiz biitiin yiizeylerin alani mi?
Hani dstiiniin altinin falan. 2 taban alan yiizey alani mi verir acaba? Ben bilmiyorum
hocambunu ya”

Ogretmen adayinin agiklamasi incelendiginde yiizey alan kavramina yénelik bir karmasa
yasadigl ve yilizey alaninin ne oldugunu anlamlandiramadigi goriilmektedir. Dolayisiyla
o6gretmen adayinin, anlamini ve mantigini bilmedigini bir kavramla ilgili problem kuramamasi
ve ¢bzememesi olagan bir durum olarak gosterilebilir.Bu kapsamda 6gretmen adaylarinin
silindirin hacmi ve 6zellikle ylzey alani kavrami konusunda alan ve strateji bilgilerinin yeterli
olmamakla beraber bu konudaki bilgilerinin ezberden 6teye gecemedikleri séylenebilir.

Ogretmen adaylarinin silindir kavrami ile ilgili 6grenciyi anlama bilgilerine yénelik bulgular
ve yorumlar

Ogretmen adaylarinin silindir kavrami ile ilgili 6grenciyi anlama bilgilerinin incelenmesi
amaciyla yapilan milakatta 6gretmen adaylarina iki soru yoneltilmistir (Ek A). Bu sorularda
ogrencilerin bazi hatali cevaplari verilmis ve 6gretmen adaylarinin bu cevaplari analiz edilerek
hatalari gorebilme ve bu hatalarin neden yapildigini anlayabilme konularindaki 6grenciyi
anlama bilgileri incelenmistir. Asagida Ogretmen adaylarinin bu sorulara yonelik
aciklamalarina iliskin kategoriler ve kodlar sunulmustur.

Tablo 4.
Ogretmen Adaylarinin Ogrenciyi Anlama Bilgilerine Yénelik Odretim Agiklamalarina Ait
Kategoriler ve Kodlar

Kategoriler Kodlar Katilimcilar
Kirenin hacim formiili ile karistirma 01,2,3,4,7
Koninin hacim formiili ile karistirma (o}

Silindirin hacim formiili  Hacim semboliinii yanlis gosterme 0,

ile ilgili 6grenci hatasi Hatayi gérememe O
Kirenin hacim formli ile silindirin hacim 0,
formalinin karistirilmasi

Ogrenci hatasinin nedeni  Hacim formuliintn i¢sellestirilmemesi (o
Silindir konusunun anlasilmamasi 02,3,7
Kirenin ve silindirin benzerligi 0,
Sembollerin soyut olmasi 0,

Tablo 4 incelendiginde, bes 6gretmen adayinin, 6grencinin yaptig hatayr dogru tespit
ederek 6grencinin ¢dziimiinde silindirin hacmi yerine kiirenin hacim formuliint kullandigini
ifade ettikleri gdérilmistiir. Bu sekilde aciklama yapan dgretmen adaylarindan O,’{in buna ek
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olarak 6grencinin hacim semboliini de yanlis kullandig§ina vurgu yaptigi goérilmustir. Bu
O0gretmen adayina ait agiklamaya asagida yer verilmistir.

“Ogrenci burada dogru yapmamis. Simdi ilk olarak Sgrenci hacim formiiliinii bilmiyor.
Ondan sonra da hacmini bulmaya ¢alisirken de H demis. Hacmi ne ile sembolize etmesi
gerektigini de bilmiyor. Ve bu silindiri kiire gibi diisiinmiis. Clinki kiirenin hacim formiiliinii
yazmis yanlhs hatirlamiyorsam. Burada 6grenci kiire ile silindiri karistirmis.”

Ogretmen adayinin bu aciklamasi {izerine, &grencinin neden béyle bir hata yapmis
olabilecegine iliskin agiklamasi asagida aynen verilmistir

“Sembolleri karistirmasi, ilk zamanlarda karistirilabilir, o normal olarak karsilanabilir.
Sembol olayi biraz daha soyut oldugu igcin. Ama hacim formiiliinde simdi séyle diisiinebilirim.
Sekiller biraz birbirini andiriyor gibi hani silindir ile kiire. Clinkii silindirinde tabani daire oldugu
icin kiire top seklinde aslinda ama belki ¢ocugun hayal diinyasinda o sekiller birbirine
benziyordur. Yani belki silindir diye bildigi sey aslhinda bir kiire olmus olabilir. Yani sekilleri
birbirine karistirmis olabilir bunun sebebi de sekillerin az da olsa birbirine benzemesi olabilir.”

Ogretmen adayinin agiklamasi incelendiginde, 6grencinin silindir ve kiirenin benzer
oldugunu ve sekilsel olarak karistirilabilecegini ifade ettigi gortlmustlir. Ayrica 6gretmen
adayinin, 6grencilerin hacim sembollini yanlis kullanmasinin nedenini de sembollerin
soyutlugundan kaynakli olabilecegini belirttigi goriilmustir. Ogretmen adayinin bu
actklamasinin 6grenci hatasinin kesfedilmesi ve tani koyulmasi agisindan yeterli degildir.Bunun
yani sira &grencinin yaptigl hatanin ne oldugunu géremeyen bir (Og) 6gretmen adayinin ve
hatanin ne oldugunu yanlis ifade eden bir (Os) 6gretmen adayinin oldugu gérilmistiir.
Ogrencinin yaptigi hatayi yanlis tespit eden Os 6gretmen adayinin bununla ilgili agiklamasina
asagida yer verilmistir.

“Bu bayad bir karistirmis. Yani normalde silindirin hacmi nr’h burada g nr demis. Bu baya
bir hata yapmis. Formdilleri karistirmis. Ama bu neyin formiiliiydii. Koni diye hatirliyorum.”

Ogretmen adayinin agiklamasi incelendiginde, dgrencinin soruda verilen formili koninin
formiilu ile karistirmis olabilecegini belirttigi goériilmustir. Ogretmen adayinin bu agiklamasi
incelendiginde aslinda 6grencinin yaptigini diisindigl hatayi kendinin de yaptigi ve formdilleri
karistirdigi goriilmektedir. Os 6gretmen adayina 6grencinin neden bdyle bir hata yapmis
olabilecegiyle ilgili distinceleri soruldugunda ise asagida verilen agiklamayi yapmistir.

“Yani bu hatayi yapmasinin sebebi formiil ezberlemis olmasi. Yani pek i¢csellestirememis.
Yani kendisine kazandiramamis orada rakamlari gérmiis. Formiilde yerine yazip bulmaya
calismis. O ylizden bu hata yapilmis. Normalde bu 6grencinin bu soruyu yapabilmesi icin
dairenin alanini bilip yukari dogru her ¢ikildiginda onun kadar arttigini séylemesi gerekiyor.”

Ogretmen adayinin yaptigi agiklama incelendiginde, &grencinin formiilleri ezberlemis
oldugundan kaynakli olarak boyle bir hata yapmis olabilecegini ve formiilleri anlamh
ogrenemedigini belirttigi gorilmektedir. Bu kapsamda 6gretmen adayinin genel hacim
formdlinin anlamina vurgu yaptigr gorilmuistir. Ancak 6gretmen adayinin agiklamalari
incelendiginde kendisinin de kiire ile koninin hacim formillerini kanstirdigi ve 6grenciyle
benzer bir hataya distigu gortilmektedir. Dolayisiyla bu 6gretmen adayinin teorikte var olan
alan bilgisini pratikte uygulayamadigi ve kiirenin formdlind i¢gsellestiremedigi sdylenebilir.

Ogretmen adaylarinin verilen soru ile ilgili bulgulari incelendiginde cogunlukla &grencinin
vaptigl hatanin neden yapilmis oldugu ile ilgili aciklamalarina nazaran yapilan hatanin ne
oldugu ile ilgili daha dogru tespitleri oldugu sdylenebilir.Ogretmen adaylarinin silindir konusu
ile ilgili 6grencilerin en ¢ok karsilasabilecekleri zorluklar ve kavram yanilgilarinin ne olabilecegi
konusunda yaptiklari agiklamalara iliskin kategori ve kodlar Tablo 5’te gosterilmistir.
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Tablo 5.
Ogretmen Adaylarinin Ogrenciyi Anlama Bilgilerine Yénelik Odretim Aciklamalarina Ait
Kategoriler ve Kodlar

Kategoriler Kodlar Katihmcilar
Silindirin yapisal 6zelliklerive 0,

Ogrencilerin silindir kavramini temel elemanlari

6grenirken en cok Ug boyutlu cismi hayal 0,7

karsilasabilecekleri zorluklar veya edememe

kavram yanilgilar Hacim, ylizey alan, 013467

yanal alan kavramlarini
veya formiillerini

karistirma

Silindirin aginimi O35
Silindir ile koniyi (o
karistirma

Tablo 5 incelendiginde, 6gretmen adaylarinin silindir kavraminin 6greniminde 6grencilerin
en ¢ok karsilasabilecekleri zorluklarin hacim, yuzey alan, yanal alan kavramlari ve formiilleri
olabilecegini ileri strdikleri gorilmustir. Ayrica 6gretmen adaylari 6grencilerin silindirin
acinimi ve {i¢ boyutlu olarak hayal edilmesi konularinda da 06grenme guglikleri
cekebileceklerini ifade ettikleri, silindirin ve koninin karistiriimasi ve silindirin temel elemanlari
ve yapisal 6zellikleri ile ilgili kavram yanilgilari yasayabileceklerini vurguladiklari géralmustar.
Bununla birlikte, 6gretmen adaylarinin 6zellikle kendilerinin 6grenme gliclGgl yasadigl veya
kavram yanilgisina sahip olduklari noktalarda, 6grencilerinde sorun yasayabileceklerini ileri
siirdiikleri gérilmistir. Bununla ilgili olarak O; 6gretmen adayinin agiklamasina asagida
aynen yer verilmistir.

“Hocam ben ddrencilerin silindiri sekil olarak karistiracaklarini zannetmiyorum. Mesela bir
sekli gésterdigin zaman ¢ok rahat silindir diyebilirler. Ama bence hacimde ve benim gibi yiizey
alan kavraminda cok sikintilari olabilir. Ozelliklede, hacimde hocam bir seyi bir seye bosaltma
vardi, ne kadar bosluk kalir falan yani o tarz seylerde yanilgiya diisebilirler. Bilmiyorum,
ilkégretimde o kadar zor sorular falan var mi, yok mu onu da bilmiyorum ama. Baska kavram
yanilgisi ne olabilir ki. Mesela agiiminda sikinti yasayabilirler. Mesela agtiktan sonra
bilmiyorum bana bir tuhaf gelirdi ortaokuldayken ya da lisedeyken. Sadece silindir igcin degil
mesela lg¢gen prizma olurdu, agihmi baska bir sey yani béyle kendimi eksik hissediyorum.
Muhtemelen dgrenciler de zorlanir diye diisiiniiyorum. Ciinkii sadece ben degildim yani bu
zorlugu yasayan, ben arkadaslarimdan da hatirliyorum cevremden biraz sikinti yasayanlar
oluyordu yani.”

Ogretmen adayinin agiklamasi incelendiginde, O; 6gretmen adayinin kendini 6zellikle
silindirin hacmi, ylizey alani ve acinimi konularinda yetersiz gérdigi dolayisiyla 6grencilerin
de benzer giigliikler yasamalarinin kuvvetli bir ihtimal oldugunu vurguladigi gériilmektedir.

Ogretmen adaylarinin silindir kavramina iliskin 6grenci hatalarini, kavram yanilgilarini ve
o6grenme glgliiklerini anlayabilme ve yorum yapabilme agisindan 6zellikle yiizey alan, hacim,
vanal alan gibi kendilerinin zorlandiklari noktalara temas ettikleri ancak neden bu sekilde
dislindikleri konusunda benzer ve genel agiklamalarda bulunduklari gorilmustir. Bu
kapsamda oOgretmen adaylarinin, 6grencinin hatasini kesfetmede ve hatanin nedenlerini
belirlemede, hatanin neden kaynakli olabilecegine yénelik yaptiklari agiklamalarindan daha
basaril bir profil cizdikleri s6ylenebilir. Buna karsin hem 6grencinin hatasini fark etme hem de
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nedenlerini belirleme konusunda yetersiz kalan dolayisiyla 6grenciyi anlama bilgisi yetersiz
olan 6gretmen adaylarinin da oldugu gorilmistir.

Ogretmen adaylarinin silindir kavrami ile ilgili 6gretim strateji bilgilerine yonelik bulgular ve
yorumlar

Ogretmen adaylarinin silindir kavrami ile ilgili 6gretim strateji bilgilerinin incelenmesi
amaciyla yapilan milakatta 6gretmen adaylarina dort soru yoneltilmistir (EkA). Bu kapsamda
ilk olarak 6gretmen adaylarina 6grencilerin yaptigi hata gosterilerek, 6grencinin yaptigi hatay!
anlayabilmek igin 6grenciye ne sorabilecekleri ve hatanin giderilmesi i¢in ne gibi yontem
teknik ve stratejiler kullanabilecekleri sorulmustur. Tablo 6’da, 6gretmen adaylarinin bu
soruya yonelik agiklamalarina iligkin kategoriler ve kodlar sunulmustur.

Tablo 6.
Ogretmen Adaylarinin Ogretim Strateji Bilgilerine Yonelik Kategoriler ve Kodlar
Kategoriler Kodlar Katilimcilar
Ogrenci hatasini anlamak icin Hacim (kiire, silindir veya genel 0,36
6grenciye sorulabilecek hacim); Alan (daire) formdllerini
soru/sorular sorma
Silindir ve kirenin gorsel sekline 0,47
iliskin sorular sorma
Kire ve silindir materyallerinden Os
kiyaslama yaparak sorular sorma
Silindirin temel dzelliklerini sorma O,
Ogrenci hatasinin giderilmesine Cevirmeler Yoluyla Ogretim 014
yonelik yontem ve teknikler Soru-Cevap Yoluyla Ogretim 0,
Analiz Yoluyla Ogretim 0s;
Benzetim Yoluyla Ogretim (o
Deney Yoluyla Ogretim O

Tablo 6 incelendiginde, 6gretmen adaylarinin 6grencinin yaptigl hatayi anlayabilmek igin
cogunlukla kire ve silindirin hacim formdllerini, dairenin alan formilin, silindirin temel
ozelliklerini ve gorsel olarak cisimleri tanima Uzerine yoneltilen sorulardan bahsettikleri
gorulmektedir. Ayrica bir 6gretmen adayi 6grencinin hatasini anlayabilmek i¢in somut
materyallerden faydalanarak bir uygulama yapacagini bahsetmis olup 6gretmen adayinin
actklamasi asagida aynen verilmistir.

“Denerdik herhalde. Mesela bir materyal olabilir. Onu kiyaslayabilirdik. Yani orada mesela
normalde ne ¢ikmasi gerekiyor. Elimde bir materyal olsaydi ya da bir cisim olsaydi alirdim
ikisini(kiire ile silindiri) karsilastirirdim. Mesela su koyardim ikisine de ne kadar yer kapliyor
dogru yaptin mi, yanlis yaptiysa da formiilii hatirlamasini séylerdim. Formiille alakali ¢linkdi
birazda.”

Ogretmen adayinin aciklamasi incelendiginde oldukga celiskili bir agiklamada bulundugu
soylenebilir. Clnkl 6gretmen adayi 6nce 6grencinin hatasini anlayabilmek icin materyallerden
faydalanacagini belirtip daha sonra 6grenciden formili hatirlamasini istiyor. Bu kapsamda
ogretmen adayinin ilk basta benimsedigi yontemi uygulamadigl ve ezber bir yaklasim
benimsedigi séylenebilir.

Ote vyandan 6gretmen adaylarinin 6grencinin hatali cevabinin dizeltilmesine ve
giderilmesine iliskin cogunlukla ¢evirmeler yoluyla 6gretim yontemi ve analiz yoluyla 6gretim
yontemlerini benimsedikleri goriilmektedir. Ogretmen adaylari, yapilan milakatlarda, béyle
bir 6grenci hatasi karsisinda dogrudan dogru cevabi soylemeyeceklerini, aksi takdirde
6grencide kalici 6grenme olmayacagini, 6grencinin on bilgilerinden hareketle 6grencinin
hatasini kendisinin farkina varmasini saglayacaklarini belirtmislerdir. Bu aciklamalarla ilgili
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bazi 6gretmen adaylan “Ogrencinin kesfetmesini saglardim, kendisinin bulmasini saglardim,
soru sorarak hatasinin kendisinin farkina varmasini saglardim” seklinde yiizeysel agiklamalar”
yaparken, bazilari da ayrintili agiklama yapmislardir. Bu 6gretmen adaylarindan Os’e ait
aciklamaya asagida yer verilmistir.

“Ben ilk bunu gérsem kiirenin hacmi nedir? derdim. Ondan sonra séylerdi muhtemelen
eger gnr3 derse, neden silindirde de ayni seyi kullandin derdim ki nerede hata yaptigini

anlayabileyim. Yani kiire ile silindiri nerede benzestirmis ki bunu kullanmis. Ya da belki tek
bildigi formil oda olabilir. Yani ¢cikmistir cocuk sirf cevap vermis olmak icin yazmis da olabilir.
Ya da ¢calismamis da olabilir. Baska ne sorardim. Mesela genel olarak hacim nasil bulunur diye
sorabilirdim. Yani kati cisimler de genel hacim formiilii nedir? derdim. TA.h cevabini almak igin
boyle bir soru sorabilirdim. Séylerdi mesela, tamam derdim simdi bunun tabani neresi derdim
glstermesini isterdim silindirde. Muhtemelen daireyi gdésterirdi. Peki, dairenin alani nasil
bulunur derdim. Oradan yola ¢ikardim. iste yiiksekligi de bu sekilde dogrusunu da kendisinin
bulmasini saglardim.”

0, 6gretmen adayinin agiklamasi incelendiginde dogrudan formiil verme taraftari olmadigi
ve 6grencinin neden bdyle bir hata yaptiginin kaynagini tespit etmeye calistigi gorilmektedir.
Bu kapsamda asama asama verilen formili o6grencilerle beraber bulacagini ifade ettigi
gorilmektedir. Bu kapsamda 6gretmen adayinin cevabi analiz yoluyla 6gretim yéntemine
dahil edilmistir. Cinki analiz yoluyla 6gretim yonteminde, bir konuyu ya da kavrami kisimlara
ayirarak adim adim agiklama yapma s6z konusudur (Pesen, 2003).Bunun yani sira verilen
o6grenci hatasinin dizeltiimesine iliskin alinabilecek tedbirlerin her sinifta ve her 6grenme
diizeyinde farkh olacagini belirten ancak kendisinin dogrudan formil vermek yerine
kesfettirici bir 6gretim yapmayi benimsedigini ifade eden O 6gretmen adayina ait agiklamaya
asagida yer verilmistir.

“Mesela demin séyledigim gibi direk formiilii vermek yerine birinde r* aliriz birinde r* aliriz,
birinde % ile carpariz birinde %i/e carpariz. Bunu ¢ocugun formiiliin nerden geldigini kavratmak

icin yapariz. Ya da dolayli yoldan silindirin hacmini 6lgebilecedi yanlis yaptigi zaman kontrol
edebilecedi tarzda bir seyler verebiliriz. Mesela 1 It suyu bardaklara bélerek, o bardaklarin
hacmini buldurabiliriz diye diisiiniiyorum. Ve bu sekilde hacmin taban alani.yiikseklik oldugunu
ezberlemek degil de tam olarak kavratabiliriz.”

Ogretmen adayinin agiklamasi incelendiginde, 6gretmen adayinin teorikte verdigi bilgileri
pratikte de wuygulama taraftari oldugu ve bununla ilgili agiklamalarda bulundugu
gorilmektedir. Bu kapsama bu 6gretmen adayinin agiklamasi deney yoluyla 6gretim koduna
dahil edilmistir. Clinkii deney yoluyla 6gretim yonteminde, 6grenciler bilgileri daha g¢ok
deneyler yaparak yani teorigi pratige donustiirerek Ogrenirler (Pesen,2003). Ayrica bu
o6gretmen adayl yaptigi baska bir agiklamada verilen durumlarda 6grencilerin hatalarini
anlamalari icin 6grenci diizeyini dikkate alarak farkli midahalelerde de bulunabilecegini ifade
etmistir. Bu kapsamda 6gretmen adayinin agiklamasi 6gretim strateji bilgisi acisindan uygun
bir agiklama olabilir. Clinkii 6grenci diizeyinin, 6gretmenin yapacagl 6gretim ve kullanacagi
yontem lzerinde 6nemli bir etkisi oldugu kabul edilmektedir.

Ogretmen adaylarinin, &grencinin yapti§i hata karsisinda 6grenciye cogunlukla
karistirdiklarini diistindiikleri kiirenin hacim formillinii sormayi tercih ettikleri, bunun yani sira
silindirin hacim formiliinde énemli bir rolii olan dairenin alani, genel hacim formiil, verilen
seklin hangi geometrik cisim oldugu gibi sorular yoneltmeyi tercih ettikleri gortlmustir.
Ogretmen adaylarina &grencilerin hatasinin giderilmesine yénelik yéntem ve teknikler
soruldugunda ise ¢ogunlukla gevirmeler yoluyla 6gretim yontemi ve analiz yoluyla 6gretim
yontemlerini benimsedikleri gorilmektedir. Bu dogrultuda Ogretmen adaylarina daha
derinlemesine sorular yoneltildiginde yine de ezber mantiktan vazgecemedikleri gorilmustdr.
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Ogretmen adaylarinin silindirin yiizey alani formiiliiniin mantiginin égretimine iliskin 6gretim
strateji bilgilerine yonelik agiklamalarindan hareketle olusturulan kategori ve kodlar Tablo
7’de sunulmustur.

Tablo 7.

Silindirin Yiizey Alani Formiiliiniin Ogretimine iliskin Kategori ve Kodlar

Kategori Kod Katilimcailar
Silindirin aginimindan 06,7
faydalanarak formila

Silindirin ylizey alan yanlis bulma

formiliiniin 6gretimi Silindirin aginimindan 01,5
faydalanarak formili dogru
bulma
2 taban alan + yanal alan 0,
formilinden faydalanma
Agiklama yapamama 0;

Tablo 7 incelendiginde, bes 06gretmen adayinin silindirin yizey alani formuilinin
o6gretiminde silindirin aginimindan faydalanacaklarini ifade ettikleri gérilmustdr. Verilen ylizey
alani formalinin mantigini  6gretirken silindirin  aginimindan faydalanacagini belirten
o6gretmen adaylarinin agiklamalari incelendiginde iki 6gretmen adayinin formili dogru bir
sekilde elde edebildigi, diger U¢ 6gretmen adayinin hatal sonuca ulastigl gorilmustir. Hatal
sonuca ulasan dgretmen adaylarindan 0,’ye ait aciklamaya asagida yer verilmistir.

“Muhakkak bu dgrenci silindirin falan gevresini bulmadan 6nce kiirenin ¢evresini biliyordur.
Dikdértgenin cevresini de biliyordur. Ben ilkénce silindiri agarim. Ardindan dikdértgenin gevresi
neydi diye sorarim. 2(a+b) degil mi? Buradan dikdértgenin gevresini buldururum. Ardindan
derim ki iki tane ¢cember var, burada neyi soruyor yiizey alan formiiliinii soruyor. Cemberin
alani neydi 2nr idi. Yiizey alan,...yaa suan bunu hi¢ kavrayamadim ya. Ama agarak yapacagiz.”

Ogretmen adayinin agiklamasi incelendiginde, silindirin yiizey alani formiliinin silindirin
acinimindan faydalanarak 6gretilebilecegini vurguladigi ancak alan bilgisinin eksik olmasindan
dolayi bahsettigi sekilde sonuca ulasamadigi goriilmektedir. Bu kapsamda 6gretmen adayinin
ylzey alani formiline dair etkili bir 6gretim yapabilmesi icin oncelikle alan bilgisindeki
eksiklikleri gidermesi gerektigi soylenebilir. Yanlis sonuca ulasan diger iki 68retmen adayinin
da benzer eksikliklere sahip olduklari gériilmistiir. Ayrica O,6gretmen adayi ile benzer olarak
birka¢ 6gretmenin daha silindirin tabanlari icin daire yerine cember ifadesini kullanarak hata
yaptiklari gorilmistir.

Verilen yizey alan formilinin mantiginin 6gretimine iliskin 6gretmen adaylarinin
aciklamalari incelendiginde, bir 6gretmen adayinin herhangi bir agiklamada bulunmadig, bir
O0gretmen adayinin ise baska bir formil yardimiyla verilen formiliin mantigini 6gretecegini
ifade ettigi gorilmustir. Batun bu acgiklamalar dogrultusunda, 6gretmen adaylarinin silindirin
ylzey alan formilinin mantiginin 6gretimine iliskin ¢cogu 6gretmen adayinin dogru bir yol
tercih ettigi ancak hem sonuca ulasma agisindan hem de 6gretim strateji bilgileri agisindan
geleneksel yaklasima dayali 8gretim ydntemlerini benimsedikleri gorilmistiir. Ogretmen
adaylarinin silindirin tanimi ve 6zelliklerinin 6gretimi, silindirin hacmi konusunun 6gretimi ve
silindirin ylizey alani konusunun 6gretimi tzerine yaptiklari agiklamalara iliskin kategoriler ve
kodlar Tablo 8'de verilmistir.
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Tablo 8.
Silindir Konusunun Ogretimine iliskin Kategoriler ve Kodlar
Kategoriler Kodlar Katilmcilar
Silindir kavraminin Gunllk hayattan 6rnekler verme 01234567
tanimi ve Somut materyal kullanma 034567
ozelliklerinin 6gretimi  Silindirin temel elemanlarina vurgu yapma 02345
Tanim yazdirma 0,
Silindirin aginimindan faydalanma 01 256
Silindirin yiizey Yilzey alan kavraminin mantigina vurgu yapma 01 246
alaninin 6gretimi Sunus yoluyla 68retim stratejisini kullanma 0,
Acgiklama yapamama 0,
Somut materyal kullanma 01246
Silindirin Hacim formilini dogrudan ezberletme 0,
hacminin Hacim kavramini anlatma 01,3,4,6,7
6gretimi Hacim ve alan kavramlarini kiyaslama 0,
Genel hacim formiiliinden faydalanma 03,45
On bilgileri yoklama Os4

Tablo 8 incelendiginde, 6gretmen adaylarinin tamaminin silindir kavraminin tanimi ve
ozelliklerinin 6gretiminde 6gretim ilkelerinden hayatilik ilkesini benimsedikleri ve bu
kapsamda giinlik hayattan ornekler segtikleri gériilmistiir. Bunun yani sira 6gretmen adaylari
somut materyal kullanma, silindirin temel elemanlarina vurgu yapma gibi Ogretici
actklamalarda bulunduklari gorilmistir. Bu sekilde hem gilinlik hayattan 6rnekler veren,
hem somut materyal kullanmayi tercih eden ve hem de silindirin temel elemanlarina vurgu
yapan bir 6gretmen adayinin ayni zamanda silindirin taniminin sézel bir sekilde de verilmesi
gerektigini ve 6zelliklerinin bu tanimlar izerinden de agiklanmasi gerektigini vurgulamistir. Bu
kapsamda O; 6gretmen adayinin yaptigi agiklama asagida verilmistir.

“Hocam ben bu dersi anlatirken muhtemelen kati cisimler gétiiriiriim sinifa. Silindir vs.
materyal gétiiriiriim. Hatta giinliik hayatimizda kullandigimizi da gétiiriiriim. Ama kendim
yapip da gétiirebilirim. Ciinkii 6grencilerin 6yle daha ¢ok dikkatini ¢ekecedini diisiiniiyorum.
Sahsen ben bir hocanin yaptigi seylerle cok ilgilenirdim. Bu ylizden kendim udrasirim, bir
silindir yaparim. Mesela tabanlarini, (stlerini altlarini farkli renk yaparim. Bir de ben
anlamakta zorluk cektigim icin her &grenciyi de kendim gibi gérecedim igin bu konunun
istiinde daha ¢ok duracagimi diisiiniiyorum agikgasi. Silindirin tanimini yaparken énce
elemanlarini anlatinm herhdlde. iste buraya yaricap, buraya yiikseklik diyoruz vs. zaten
cocuklar yarigapi falan bilir, silindire gelene kadar ¢emberi daireyi muhtemelen gésterilmis
olmasi lazim diye diisiiniiyorum. Bu yiizden ¢ocuklarin elemanlarda ¢ok zorlanacaklarini
sanmiyorum. Ama yine de tanitirim, gésteririm yani. Sonra tanimini sézel yaptirirrm hocam
ben agikcasi tanim konusunda ¢ok kesfetmeyi falan o tarz seyleri cok kendimde sevmiyorum
yani. Bilmiyorum biraz klasik bir yéntem olacak belki ama yani yazdirirm c¢ocuklara. Once
glsteririm elemanlarini falan, sonra silindirin tanimi derim iste yarigapi olan, yiiksekligi,
tabanlarinda iki tane daire falan o sekilde yazdirirnm.”

Ogretmen adayinin agiklamasi incelendiginde somut materyallere ve giinlik hayattan
orneklere oldukga 6nem verdigi ancak en sonunda yine geleneksel 6gretimden vazgecemedigi
gorilmektedir. Ayrica 6gretmen adayi 6grencilere herhangi bir kavram ile ilgili bir 6zelligi
kesfettirmekten hoslanmadigi ve boyle bir yolu tercih etmeyecegini vurguladigi gérilmdstir.
Ancak bu 6gretmen adayinin 6grenci hatasinin dizeltilmesine iliskin kullanacagi yoéntem ve
teknikler Gzerine vyaptigi aciklama incelendiginde bulus vyoluyla 6gretim stratejisini
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benimsedigi gorilmektedir. Bu kapsamda 6gretmen adayinin geliskili agiklamalar yaptigi
soylenebilir.

Tablo 8 incelendiginde 6gretmen adaylarinin silindirin ylizey alani konusunu anlatirken
dort 6gretmen adayinin silindirin aginimindan faydalanacaklarini ifade ettikleri, dort 6gretmen
adayinin da vyilzey alani kavraminin anlamina vurgu vyapacaklarini ifade ettikleri
gorilmektedir.Yine Tablo 8’deki bulgulardan bir 6gretmen adayinin herhangi bir agiklamada
bulunamadigi gorlilmistir. Bu kapsamda 6gretmen adaylarinin agiklamalari incelendiginde
0, 0, 0Os 6gretmen adaylarinin silindirin yiizey alaninin 8gretiminde yeterince &gretici
aciklamalarda bulunduklar, O, gretmen adayinin ise dogrudan formiil vermeye odaklandig
ve sunus yoluyla 6gretim stratejisini tercih ettigi gorilmustiir. Bu 6gretmen adayina ait
actklama asagida aynen verilmistir.

“Yiizey alanini anlatirken ben olsam sunus yéntemini kullanirdim. Bulus yéntemi ¢ok fazla
uzun zaman alabilir, sonugta ortaokul ¢ocugu. Ozelligini verirdim, silindiri tanitmistim ben
cocuda, alani agiklardim, formiiliini verirdim. Onunla ilgili 6rnekler ¢ézdiiriirdiim. Yani
anlamli 6grenme igin sunus yolunu kullanirdim.”

Ogretmen adayinin agiklamasi incelendiginde geleneksel bir 6gretim metodunu
benimsedigi gorilmektedir. Bu kapsamda 6gretmen adayi silindirin 6zelliklerini tanitip, ylizey
alani formilind verip daha sonra érnekler yardimi ile pekistirmeyi amacladigi gérilmektedir.
Ogretmen adayinin bu aciklamasi alan bilgisindeki eksiklikten kaynakl olabilir. Ciinki
o6gretmen adayi silindirin ylzey alani formilin mantigina iliskin agiklamasinda formiiliin
silindirin agcinimindan elde edilebilecegini belirtmesine ragmen formili dogru bir sekilde elde
edememistir. Bu nedenle silindirin ylizey alani konusunu anlatirken dogrudan formiil vermeye
odaklanmis olabilir. Ayrica 6gretmen adayinin silindirin ylzey alaninin 6gretimine iligkin
yaptigi bu agiklama silindirin tanimi ve 6zelliklerinin 6gretimine iliskin yaptigi agiklamadan ¢ok
farkh oldugu gorilmistlr. Bu dogrultuda 6gretmen adayinin silindir ile ilgili bitin alt konular
icin farkh bir 6gretim metodu benimsedigi séylenebilir.

Ogretmen adaylarinin silindirin hacmini anlatirken kullanacaklari ydéntem, teknik ve
stratejiler incelendiginde, cogunlukla hacim kavraminin anlamina vurgu yaptiklari ve somut
materyal kullanma taraftari olduklari gérilmistir. Bunun yani sira 6grencilerin 6n bilgilerinin
yoklanarak hacim konusunun anlatilmasi veya hacim ve alan kavramlarinin birbiri ile
kiyaslanarak bir 6gretim yapilmasini destekleyen 6gretmen adaylarinin oldugu gorilmistir.
Ote yandan hacim formiliniin &gretiminde genel hacim formiilinden faydalaniimasi
gerektigini savunan 6gretmen adaylari oldugu gibi dogrudan formiil verilmesi gerektigini ifade
eden 0Ogretmen adaylarinin da oldugu gorilmistir. Bu kapsamda hacim konusunun
ogretiminde somut materyal kullanilmasi gerektigini ifade etmesine ragmen, hacim
formilinin  &gretiminde  dogrudan formiil  verilmesini  destekleyen  Q,6gretmen
adayininagiklamasi asagida verilmistir.

“Silindirin hacmini anlatirken bunu agamayiz tabi bunu yine silindir seklinde getiririz. Deriz
ki bunun(kagidi rulo seklinde kivirir) ici dolu. Ne kadar alan kaplar? Cocuk zaten diyecek ki
hocam iste silindir bulundudu biitiin yeri kaplar. ici de dolu oldudu icin hacmini bulmasi igin
icinin dolu olmasi gerekiyor zaten. Ne yaparim buradan o zaman... formiiliinii direkt veririm.”

Ogretmen adayinin aciklamasi incelendiginde, hacim kavrami ile ilgili genel anlamda dogru
actklama yaptigi sdylenebilir. Ancak bir kagidin rulo seklinde kivrilmasi ve 6grenciye icinin dolu
oldugunun séylenmesi yerine gercekten ici dolu bir silindir ile 6gretim yapilmasi daha etkili
olabilirdi. Buna ek olarak 6gretmen adayinin 6grencilere yonelttigi “Ne kadar alan kaplar?”
sorusu ile aslinda silindirin kapladigi yeri (kapladigi hacmi) ifade etmeye galistigl agiklamanin
devaminda gorilmektedir. Ancak burada “Ne kadar yer kaplar?” sorusu yerine Ne kadar alan
kaplar?” sorusunun yoneltilmesi, 6grencilerde alan ve hacim kavraminin karistirilmasina
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aralarindaki farkin anlagiimamasina ya da kavram vyanilgisina sebebiyet verebilir. Ayrica
aciklamasinin sonunda formiili dogrudan vermesini sdylemesi, 6gretmen adayinin hacim
formilinu 6gretmek icin kullandigi yaklasimin geleneksel yaklasima dayali oldugunu ve
matematiksel dili etkili ve istenilen diizeyde dogru kullanamadigini géstermektedir. Ogretmen
adaylarinin silindir konusu ile ilgili olarak o6grencilerin 6grenme giglikleri ve kavram
yanilgilarini gidermeye yonelik alabilecekleri dnlemlere iliskin agiklamalari izerine olusturulan
kategori ve kodlar Tablo 9’da verilmistir.

Tablo 9.
Ogrencilerin Ogrenme Giicliikleri ve Kavram Yanilgilarini Gidermeye Yénelik Alinabilecek
Onlemlere liskin Kategoriler ve Kodlar

Kategoriler Kodlar Katilimcilar
Silindir ile ilgili temel 01,47
kavramlara(elemanlara) vurgu

Ogrencilerin 6grenme yapma

glicliikleri ve kavram Somut materyal kullanma ('52, 3,6,7

yanilgilarinin Ogrenciyi derse aktif katma 0123

giderilmesine y6nelik Silindirin aginimini stirekli (o

alinabilecek 6nlemler gorebilecekleri bir tasarim
Formillerin mantigini 06
kavratma

Tablo 9 incelendiginde 0Ogretmen adaylarinin, 6grencilerin silindir konusuna iliskin
ogrenme giclikleri ve kavram vyanilgilarinin giderilmesi icin ¢ogunlukla somut materyal
kullanmaya, 6grencileri derse aktif olarak katmaya ve silindirin temel elemanlarina vurgu
yapmaya 0Ozen gosterdikleri goralmustir. Bunun yanisira 6grencilerin formiller konusunda
dgrenme gicligli yasayacagini disiinen Og¢dgretmen adayi, formillerin  mantiginin
kavratiimasi gerektigine vurgu yaptig gériilmistiir. Buna ek olarak Os 6gretmen adayinin ise
ogrencilerin silindirin aginimi konusunda sahip olabilecekleri 6grenme giicliikleri veya kavram
yanilgilarini  asabilmeleri igin silindirin agik halinin sirekli 6grencilerin gozleri 6niinde
olabilecegi bir uygulama yapilmasi gerektigini vurguladigi gériilmastir. Bununla ilgili olarak
Os68retmen adayinin daha ayrintil aciklamasina asagida yer verilmistir.

“Ogrenciden ilk isteyecedim sey silindirin agik seklini defterinize ¢iziniz. Ama bunu herkes
yapar miydi yapmaz miydi o soru isareti. Yani sinifta kendim anlattiktan sonra ya defterinde,
ya odasinda bir kenarda yani béyle geometrik sekil olarak bir sekilde onun olmasini isterdim.
Yani siirekli géziiniin 6niinde olmasi icin bunu isterdim hem bu sekilde ilgide ¢cekebilecegini
diistiniiyorum.”

Ogretmen adayinin agiklamasi incelendiginde, silindirin agik hali ile ilgili 6grencilerde goz
asinaligl yaratmak istedigi gorilmektedir. Ogretmen adayinin benimsedigi stratejinin
ogrencileri ezberlemeye yonlendirecegi asikardir. Clinki Ogrenci bdyle bir strateji ile o
acinimin neden silindire ait oldugunu sorgulamadan 6nce ezbere 6grenecektir. Bu kapsamda
o6gretmen adayinin bu konudaki strateji bilgisinin etkili olmadigi séylenebilir.

BUtdn bu bulgular 1siginda 6gretmen adaylarinin 6gretim strateji bilgileri degerlendirilecek
olursa, ozellikle 6grenci hatalarinin giderilmesi ve 6grencilerin kavram yanilgilari ve 6grenme
gigcliklerinin asilabilmesi konularinda 6gretmen adaylarinin 6gretim strateji bilgilerinin
kismen yeterli oldugu soylenebilir. Ancak 6zellikle ylizey alan ve hacim formillerinin 6gretimi
ve silindirin tanitimiyla ilgili 6gretim strateji bilgilerinde ciddi eksikliklerin oldugu séylenebilir.
Ayrica 6gretmen adaylari her ne kadar bulus yoluyla 6gretim stratejisini benimsediklerini ifade
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etseler de vyaptiklari agiklamalar incelendiginde, ¢ogunlukla geleneksel yaklagimi
benimsedikleri ve 6gretim strateji bilgilerinin istenilen diizeyde olmadigi séylenebilir.

Ogretmen adaylarinin silindir kavramu ile ilgili 6lgme ve degerlendirme bilgilerine yénelik
bulgular ve yorumlar

Ogretmen adaylarinin silindir kavrami ile ilgili 6lgme ve degerlendirme bilgilerinin
incelenmesi amaciyla yapilan miilakatta 6gretmen adaylarina iki soru yoneltilmistir (EkA). Bu
kapsamda asagida 6gretmen adaylarinin bu sorulara yonelik agiklamalarina iliskin kategoriler
ve kodlar sunulmustur.

Tablo 10.
Ogretmen Adaylarinin Olgcme ve Degerlendirme Bilgilerine iliskin Kategoriler ve Kodlar
Kategoriler Kodlar Katihmcilar
Silindir konusunun Yazili sinav 023,4567
ogretiminde Kavram Haritalar 0,
kullanilabilecek Performans ddevleri 0,
olgrne- . S6zlii sinav 0,
degerlendirme Rubrik kullanma (o
araglari
Ogrencinin silindir Silindir ile diger geometrik 0,
konusunu anlayip cisimlerin farklarini  vurgulayan
anlamadigini nasil sorular sorma
anlarsiniz? Ogrencilerin  verdigi  6rneklerin O3 6
niteligi ve dogrulugu
Bosluk doldurma sorulari sorma 0,
Dogru yanlis sorulari sorma 0,
Formiillere yoénelik sorular sorma Ou 6
Acik uglu sorular sorma 01,2,3,5,6,7
Ogrencinin cevap vermeye istekli (o
olmasi

Tablo 10 incelendiginde, 6gretmen adaylarinin ¢ogunun 6lgme degerlendirme araglari
olarak geleneksel yontemlerden vazgecemedikleri ve genellikle yazili sinav tercih ettikleri
goriilmektedir. Ogretmen adaylarinin ¢ogunlugu yaptiklari yazili sinavlarda agik uglu sorular
sormay! tercih ederken, test teknigi, bosluk doldurma ve dogru-yanlis tekniklerini kullanan
o6gretmen adaylarinin da oldugu gortlmistir. Ayrica 6gretmen adaylari yazili sinav yaparken
Bloom (1956)" un bilissel alan basamaklarini ¢ogunlukla dikkate alinmasi gerektigini
vurgulamislardir. Bunun disinda sinavlarda bilissel alan basamaklarinin kullaniimasi ile ilgili
farkl bir yorum yapan O, égretmen adayina ait agiklamaya asagida yer verilmistir.

“Belki soruyu hazirlarken bilgi basamagi olsun, uygulama basamadi olsun seklinde
diistiniip soru hazirlayacagimi pek diisiinmiiyorum. Ama bu basamaklari diisinmeden bile
soru hazirlayinca aslinda oraya c¢ikiyor. Mesela ben kavramlari anlayip anlamadiklarini
6grenmek igcin o bosluk doldurma sorularini soruyorsam o zaten bilgi basamadidir. Bilgi
basamagi olsun diye soruyu hazirlamamisimdir ama soruyu hazirlarken bilgi basamagi
ctkiyordur. Matematikte zaten bizim kullandigimiz uygulama basamadidir. Genellikle verilenler
tizerinden islemler yaptigimiz igin. Analiz sorulari da olabiliyor diisiinmelerini gerektiren
sorularda olabilir. Sadece uygulama dedil de mesela problem tarzi sorularda analizde
olabiliyor ama sentez bence (st diizey. Yazililar igcin sentez basamadinin pek olacagini
diisiinmiiyorum.”
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Ogretmen adayinin agiklamasi incelendiginde, soru hazirlarken 6zellikle bilissel
basamaklari dikkate alarak hazirlamadigi ancak yine de sorularin kendiliginden bu
basamaklara uygun oldugunu ifade ettigi goriilmektedir. Ogretmen adayinin bu yaklasimi
dogru degildir. Clnki rastgele hazirlanan sorularin bilissel bilgi basamaklarina uygun olmasi ve
her defasinda bitlin 6grenci seviyesine hitap etmesi zor bir olasiliktir. Bu nedenle 6gretmen
ayinin bu konudaki 6lgme ve degerlendirme bilgisinin yeterli oldugu séylenemez.

Yine Tablo 10 incelendiginde, 6gretmen adaylarinin silindir konusunda 6grencilerin anlayip
anlamadigini belirleyebilmek icin genellikle soru-cevap yontemine basvurduklari gérilmustdr.
Ogretmen adaylari soracaklar sorular secerken 6zellikle silindir ile ilgili en fazla sorun
yasandigini diisiindiikleri durumlarla ilgili sorulara agirlik verdikleri gériilmistir. Ote yandan
diger 6gretmen adaylarindan farkh olarak bir 6gretmen adayinin 6grencinin derse istekli
olmasi durumdan hareketle konunun anlasilip anlasilmadiginin belirlenebilecegini ifade ettigi
gorulmistir. Ancak bu yaklasimin soéyle bir riski olabilir ki bazi durumlarda 6grenci konuyu
anlamadigi halde sadece dikkat cekmek amaciyla da derse ¢ok istekli gozikebilir.

Ozetle, 6gretmen adaylarinin Tablo 10’da 6zetlenen aciklamalari incelendiginde 6lgme-
degerlendirme bilgilerinin, benimsedikleri 6gretim stratejilerine gbére uygun oldugu ve
sonuctan ziyade slre¢ odakh bir degerlendirmeyi benimsedikleri gortlmustiir. Ancak diger
bilgi tirlerinde oldugu gibi(6gretim strateji bilgisi, 6grenciyi anlama bilgisi) 6lgme ve
degerlendirme bilgilerinin de sadece teoride kaldigi, 6lgme-degerlendirme durumlarinda
gogunlukla sinav mantigini benimsedikleri gorilmiistiir. Ogretmen adaylarinin béyle bir
mantik benimsemeleri gliniimiiz egitim sisteminden kaynakli olabilir. Sonug olarak, 6gretmen
adaylarinin 6lgme ve degerlendirme bilgilerinin sinav yapmakla sinirli oldugu séylenebilir.

Sonuglar, Tartisma ve Oneriler

Bu ¢alismada, 6gretmen adaylarinin silindir konusuna iliskin PAB’lari, alan bilgisi, 6grenciyi
anlama bilgisi, 6gretim stratejileri bilgisi ve 6lcme-degerlendirme bilgisi olmak Uzere dért
bilesen dogrultusunda incelenmistir. Ogretmen adaylarinin silindirin kapali formunu gizme ve
silindirin 6zelliklerini agiklayabilme konusundaki alan bilgilerinin dik dairesel silindir ile sinirli
oldugu gorilmustir. Bu kapsamda bitiin 6gretmen adaylari bir silindir ¢iziniz sorusu igin dik
dairesel silindir gizmeyi tercih etmis ve dik dairesel silindirin 6zelliklerinden bahsetmislerdir.
Benzer sekilde Gokkurt ve Soylu (2016b) ¢alismasinda, 6gretmenlerin gogunun koni yerine dik
dairesel koniyi gizdiklerini tespit etmislerdir. Calismada sadece bir 6gretmen adayi daha sonra
aciklama yaparken silindirin tabanlarinin daireden farkli olabilecegini de belirtmistir. Ayrica
6gretmen adaylari silindirin temel elemanlarinin ne oldugu ile ilgili agiklamalar yaparken yine
dik dairesel silindir Gzerinden ve oldukca genel acgiklamalar yapmislardir. Bu kapsamda
silindirin temel elemanlarini tam olarak ifade edebilen herhangi bir 6gretmen adayinin
olmadigi gorilmustir. Bununla ilgili olarak Tsamir, Tirosh ve Levenson (2008), bir cismin temel
elemanlarini veya 6zelliklerini agiklarken o cismin temel elemani olmayan 6zelliklerinin de
belirtilmesi gerektigini ifade etmislerdir. Ancak elde edilen bulgular incelendiginde higbir
o6gretmen adayinin boyle bir agiklamada bulunmadigr gérilmistir. Bu dogrultuda silindirin
kapali formunun ve ag¢iniminin ¢izilmesi, silindirin temel o6zelliklerinin ve elemanlarinin
belirtiimesi  konusunda Ogretmen adaylarinin yetersiz aciklamalarda bulunduklari
gorilmistir. Literatir incelendiginde de yapilan benzer c¢alismalarda 6gretmenlerin ve
6gretmen adaylarinin geometrik cisimlerin kapal formlarini, aginimlarini ¢cizme konusunda ve
geometrik cisimlerin  Ozelliklerini, temel elemanlarini agiklama konusunda detayli
actklamalarda bulunamadiklari sonucuna ulasilmistir (Gokbulut, 2010; Gokkurt, 2014;
Gokkurt, Sahin, Erdem, Basiblyik & Soylu, 2015). Bu durum 6&zellikle birgok ders kitaplarinda
ver alan silindir, koni gibi geometrik cisimlerin tanimlarinin, genel tanimlar yerine 06zel
tanimlar (dik dairesel silindir, dik dairesel koni vb.) lzerinden agiklanmasindan kaynakli
olabilir(Yemen-Karpuzcu & Isiksal-Bostan, 2013, 5.277).
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Ogretmen adaylarinin silindir ile ilgili giinliik hayattan verdikleri érnekler incelendiginde
ise, genellikle ders ve ¢alisma kitaplarinda yer alan 6rneklere agirhk verdikleri goérulmdistir. Bu
dogrultuda 6gretmen adaylarinin farkli 6rnekler sunmada yetersiz kaldiklari soylenebilir.
Bunun yani sira 6gretmen adaylarinin silindirin aginimi ile ilgili yaptiklari gizimlerin, cogunlukla
tek tip oldugu ve alternatif bir agcinim 6rnegi yapamadiklari gérilmistir. Bu sonug literatiirde
yer alan ¢alismalarin sonuglari ile benzerlik gostermektedir (Cakmak, Konyalioglu & Isik, 2014;
GOkbulut, 2010;Gokkurt & Soylu, 2016a; Tsamir, Tirosh & Levenson, 2008). Bitiin bu bulgular
Isinda 6gretmen adaylarinin silindirin tanimi ve 6zellikleri ile ilgili olarak alan bilgilerinin yeterli
diizeyde olmadigl sonucuna ulasilmistir. Ancak gelecegin matematik 6gretmeni olacak
adaylarin iyi bir 6gretim gerceklestirebilmeleri i¢in matematikte 6gretecekleri kavramlari
derinlemesine bilmeleri ve iyi bir alan bilgisine sahip olmalari gerekmektedir. Clnki
matematik 6gretiminin etkili bir sekilde yuratilebilmesi igin 6gretmenlerin  matematigi
derinlemesine bilmesi ve anlamasi gerekmektedir (Aygiin, Baran-Bulut, &ipek, 2013). Eger
ogretmenlerin  alan bilgisi yeterli dlzeyde degilse, eksik bilgilerini 6grencilerine
aktarabilecekleri, 6grencilerin 6grenme glgliklerini, hatalarini veya kavram yanilgilarini
degistirmede basarisiz olabilecekleri, yazili kaynaklari elestirel olarak kullanamayacaklari
belirtiimektedir (Bukova-Giizel, Ugurel, Ozgiir & Kula, 2010; Hashweh, 1987; Kipyla,
Heikkinen, & Asunta, 2009).

Ogretmen adaylarinin dgretim strateji bilgileri ve 6grenciyi anlama bilgileri dogrultusunda
elde edilen bulgular sonucunda, 6gretmen adaylarinin strateji bilgilerine nazaran 6grenciyi
anlama bilgilerinin daha yeterli oldugu sonucuna ulasiimistir. Bu baglamda, ¢cogu 6gretmen
adayinin, verilen soru i¢in 6grencinin yaptig hatanin ne oldugunu dogru anlayabildigi ancak
O0grencinin yaptigi bu hatanin asilabilmesi icin kullanilan stratejilerin yetersiz oldugu
gorilmustir. Benzer bir sonug Gokkurt (2014)’un galismasinda da mevcuttur. Ayrica 6gretmen
adaylarinin silindirin tanimi ve 6zellikleri konusunda strateji bilgilerinin, 6zellikle silindirin
ylzey alani ve hacmi konusunda 06gretim strateji bilgilerinden daha vyeterli oldugu
gorulmistir. Bu kapsamda 6gretmen adaylarinin somut materyal kullanma ve formillerin
ogrenciye kesfettirilmesi noktalarina 6zellikle vurgu yaptiklari gértilmis ancak daha spesifik
sorular yoneltildiginde geleneksel yontemlerden vazgecemedikleri sonucu elde edilmistir.
Ayrica 6gretmen adaylari 6grencilerin silindir konusunda edindikleri kavram yanilgilari ve
o0grenme giigliiklerini giderebilmek igin de 6zellikle bulus yolu stratejisini benimsediklerini
ifade etmelerine ragmen daha derinlemesine sorular yoneltildiginde geleneksel yontemleri
tercih ettikleri gorilmustiir. Bu sonu¢ Bardak ve Karamustafaoglu (2016)'nun fen bilgisi
o6gretmen adaylari ile yaptiklari calismanin sonuglariyla paralellik gostermektedir.

Olgme ve degerlendirme bilgilerine yénelik bulgular incelendiginde, 6gretmen adaylarinin
olgme degerlendirme bilgilerinin de istenilen diizeyde olmadigl sonucuna ulasiimigtir. Clnki
o6gretmen adaylari her ne kadar farkh yontemler benimsiyor gibi gozikseler de geleneksel
yontemlerden vazgecemedikleri ve tamamen sinav yapmaya yoneldikleri gortilmastir. Kagit-
kalem testleri olarak da bilinen geleneksel 6lgme ve degerlendirme vyaklasimlarinin
ogrencilerin  degerlendirilmesinde  yeterli olmadigi  bircok arastirmaci tarafindan
belirtiimektedir (Butler & McMunn, 2006). Bu baglamda, son yillarda, egitim sistemi icinde
ogrenciler, 6gretmenler, programlar ve okullar hakkinda verilecek kararlarin gecerli ve
glvenilir olmasinin gerekliligi géz ontne alindiginda, degerlendirmenin ne kadar buylik bir
oneme sahip oldugu goérilmektedir (Mihladiz, 2007). Bu kapsamda c¢alismada 6gretmen
adaylarindan beklenen, matematik dersi 6gretim programinin benimsedigi alternatif 6lgme
degerlendirme tekniklerinden olan portfolya, yapilandiriimis grid, proje, grup veya akran
degerlendirmesi ve 6z degerlendirme tekniklerini kullanmalariydi. Clinki yenilenen ilkdgretim
programlarinda geleneksel 6lgme ve degerlendirme tekniklerinin yani sira 6grencilerin
bireysel farkliliklarini géz 6niinde bulunduran, ¢ok yonli degerlendirmeye imkan taniyan
alternatif 6lgme ve degerlendirme tekniklerine de yer verilmistir (Dokumaci Sut¢l & Bulut,
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2015). Bu kapsamda 6gretmen adaylarinin 6lgme ve degerlendirme bilgisinin yetersiz oldugu
sonucuna ulasilmistir. Egitimde o6lgme ve degerlendirmenin etkili yapilabilmesi igin
o0gretmenin ne 6gretecegini, nasil 6gretecegini ve 6gretecegi kazanimlarin neler oldugunu agik
ve ayrintih bir sekilde bilmesi gerekir(Baki, 2014, s.356). Bu konuda 6gretmen adaylarinin
olgme ve degerlendirme bilgisinin istenildigi gibi olmamasi 6gretmen adaylarinin 6gretecekleri
silindir konusu ile ilgili tecribeli ve bilgi sahibi olmamalarindan kaynakh olabilir. Biitlin bu
sonuglar goéz 6nine alinilarak, 6gretmen adaylarinin geometrik cisimlerden biri olan silindir
kavrami ile ilgili PAB’larinin dort bilesen (konu alan bilgisi, 6gretim strateji bilgisi, 6grenciyi
anlama bilgisi, 6lgme ve degerlendirme bilgisi) dogrultusunda istenilen dizeyde olmadigi
gorilmektedir. Bu kapsamda 6gretmen adaylarinin 6zellikle geometrik cisimler konusunda
PAB’larinin gelistirilmesine yonelik calismalar yapilabilir ve matematik egitiminde uzman
kisilerin fikirleri degerlendirilerek uygulamaya dayali etkinliklerin koyulmasi énerilebilir.
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Ek-A Pedagojik Alan Bilgisi Testinin Pedagojik Alan bilgisi Alt Bilesenlerine iliskin Dagilimi

EKA

1. a. Birsilindir giziniz ve silindirin temel elemanlarini gizdiginiz silindir Gizerinde

gosteriniz.

2. Silindirin aginimini yapiniz.

3. Taban yarigapi 2 cm ve yiksekligi 5 cm olan dik dairesel bir silindir veriliyor.

a. Ylizey alani bulmayi gerektiren bir problem kurup bu problemi ¢6ziiniiz.
b. Silindirin hacmini bulmayi gerektiren bir problem bulup bu problemi ¢oziiniiz.

7. a. 6grencilerin silindir kavramini 6grenirken en ¢ok karsilasabilecekleri zorluklar veya
kavram yanilgilari neler olabilir?

1s13)19 uejy
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4. Asagida verilen dik dairesel silindirin hacmini bulunuz(n=3)

Ogrenci cevabi; o
0_‘;:

[

=}

(o)

<

Ogrenci cevabi: z

N [l 2 §

i H:— id d":T.t i El' " g

w

h=to. b4 -

- 186
a. Bu soruda égrencinin yaptigi hata nedir? Ogrencinin bu hatayi yapmasinin
sebebi ya da sebepleri neler olabilir?
b. Ogrencinin yaptig1 hatayr anlamak icin 6grenciye soracagin soru/sorular neler
olabilir?

4.c.Bu soruya 6grencinin dogru cevap verebilmesi icin kullanabilecegin 6nemli o:
matematiksel kavram ya da bilgi nedir? Bir sonraki 6gretim siirecinde 6grencinin E‘

yaptigi hatanin giderilmesine yonelik kullanabileceginiz 6gretim yontem, teknik §

ve stratejiler neler olabilir? Neden? v

5. Ahmet 6gretmen, silindirin ylzey alan formilini dogrudan 2rr (r + h) olarak §_
vermistir. Ogrencilerinden Elif, “Hocam, bu formiil nereden geldi?” seklinde soru &
yoneltmistir. Siz Ahmet 6gretmenin yerinde olsaydiniz Elif'in bu sorusuna karsilik 2

nasil cevap verirsiniz? %

6. Asagidaki konulari anlatirken hangi yontem ve teknikleri kullanirsiniz?

a. Silindir kavraminin tanimini ve 6zelliklerini anlatirken,

b. Silindirin ylizey alanini anlatirken,

c. Silindirin hacmini anlatirken
7.b. Bu zorluklarin veya kavram yanilgilarinin agilmasi icin ne gibi 6nlemler almay
distnirsiniz?

8. Silindir konusunu 6gretirken tercih edeceginiz 6lcme ve degerlendirme arag(lari)
nelerdir?
9. Size gore bir 6grencinin silindir konusunu anlayip anlamadigini nasil anlarsiniz?

1S18]1g awipud|433ap A dwd|Q
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Ek-B Pedagojik Alan Bilgisi Testi

EKB

1. a. Bir silindir ¢iziniz ve silindirin temel elemanlarini ¢izdiginiz silindir Uzerinde
gosteriniz.

b. Sizce cizdiginiz sekil neden bir silindir?

2. Silindirin aginimini yapiniz.

3. Taban yarigapi 2 cm ve yiksekligi 5 cm olan dik dairesel bir silindir veriliyor.

a. Yiizey alani bulmayi gerektiren bir problem kurup bu problemi ¢oziiniz.
b. Silindirin hacmini bulmayi gerektiren bir problem bulup bu problemi ¢oziiniz.
4. Asagida verilen dik dairesel silindirin hacmini bulunuz(n=3)

== i ppereii bl

h=t bl
h= 186

Ogrenci cevabi;

Ogrenci cevabi:

a. Bu soruda &grencinin yaptigl hata nedir? Ogrencinin bu hatayr yapmasinin
sebebi ya da sebepleri neler olabilir?

b. Ogrencinin yaptig1 hatayi anlamak icin 6grenciye soracagin soru/sorular neler
olabilir?

c. Busoruya 6grencinin dogru cevap verebilmesi i¢in kullanabilecegin 6nemli
matematiksel kavram ya da bilgi nedir? Bir sonraki 6gretim siirecinde
o6grencinin yaptigl hatanin giderilmesine yonelik kullanabileceginiz 6gretim
yontem, teknik ve stratejiler neler olabilir? Neden?

5. Ahmet 6gretmen, silindirin ylzey alan formilini dogrudan 2zr(r 4+ h) olarak vermistir.
Ogrencilerinden Elif, “Hocam, bu formiil nereden geldi?” seklinde soru ydneltmistir. Siz Ahmet
6gretmenin yerinde olsaydiniz Elif'in bu sorusuna karsilik nasil cevap verirsiniz?
6. Asagidaki konulari anlatirken hangi yontem ve teknikleri kullanirsiniz?

a. Silindir kavraminin tanimini ve 6zelliklerini anlatirken,

b. Silindirin ylizey alanini anlatirken,
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c. Silindirin hacmini anlatirken
7. a. Ogrencilerin silindir kavramini 6grenirken en cok karsilasabilecekleri zorluklar veya
kavram yanilgilari neler olabilir?
b. Bu zorluklarin veya kavram yanilgilarinin asiimasi icin ne gibi dnlemler almayi
dusindrsinaz?
8. Silindir konusunu 6gretirken tercih edeceginiz 6lcme ve degerlendirme arag(lari) nelerdir?
9. Size gore bir 6grencinin silindir konusunu anlayip anlamadigini nasil anlarsiniz?
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