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Investigation of pre-service elementary mathematics teachers’ problem posing
situations in dynamic geometry environment
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Introduction

Developments in mathematics education highlighted to train of individuals, who criticize, question
and know how to produce and use their own knowledge. Students are expected to support their existing
knowledge with their own learning by following technological developments. Based on this, the aim is
that students should experience problem solving process by reasoning and using their own thinking
according to Primary and Middle School Mathematics Curriculum (Ministry of National Education
[MONE], 2018).

Altun (2012, p. 7) explains that one of the main objectives of mathematics education is to gain
mathematical knowledge and skills used in daily life, to develop problem solving skills and to be able to
approach problems in problem solving attitude. An individual who can solve a problem has the ability of
understanding the problem and the relationships among data. The need for empowerment of problem
solving skills in individuals has been emphasized by researchers and has been particularly noted in
curricula. As stated in the Middle School Mathematics Curriculum, learning mathematics requires
solving problems and relating them to real life (MONE, 2013). Hence, it is essential that problems are
chosen carefully. Problems which are posed meticulously provide students to improve positive thinking
about mathematics and use problem solving skills by relating with daily life (Kirnap Dénmez, 2014, p.3).

Silver (1994), one of the pioneers of problem posing, defines problem posing as “generating new
problems or reorganizing the given problem”. Stoyanova and Ellerton (1996) interpreted the problem
posing as building mathematical experiences, constructing personal interpretations of concrete
situations, and using them to form meaningful mathematical problems. Researchers have pointed out
that problem posing has central importance in the mathematical discipline and nature of mathematical
thinking (Silver, Mamona-Downs, Leung, & Kenny, 1996). Silver (1994) notes that the creativity and
critical thinking skills of students who have created new problems have improved. The relevance of
mathematical concepts used in problem posing studies is also indicated by researchers. English (1997)
emphasizes that problem posing studies have developed mathematical thinking. In addition, improving
geometry knowledge has made it possible for students to relate mathematical concepts and reconstruct
previous knowledge (Moses, Bjork, & Goldenberg, 1990, cited in: Rosli, Copraro,& Copraro, 2014).
Hashimoto (1986) emphasizes that problem posing exercises are a mirror that allows students to
perceive and develop mathematical concepts. Since teachers are expected that students gain these
skills, it is essential that pre-service teachers are educated with this conscious. Isik, Kar, Yalgin, and Zehir
(2011) stated that problems posed by teachers are efficient for students to develop mathematical
thinking skills and comprehend mathematical concepts. Also they (2011) determined that individuals
who evaluate problems posed by students and guide students are definitely pre-service teachers.
Studies that aim to develop problem posing skills of pre-service teachers revealed that they
comprehend relationships between mathematical concepts very well while they experience problem
posing process with different problem posing strategies (Xie, 2016). Therefore, it is significant that the
university education should provide pre-service teachers to think and work independently in the
problem solving and problem posing environment (Polya, 1957,cited in: Aydin (2014, p. 27)).

Teachers are expected to provide this learning environment for their students by using technology.
Van Voorst (1999) indicated that technology ensures students to be more active about reasoning,
discovering, problem solving and asking new questions. Yevdokimov (2005) expressed that technology is
one of the important factors for students to understand the process of problem posing and observed
that students using dynamic geometry software have deep understanding between their drawings and
given problems. Hence, MONE (2013, p.7) stated that the effective use of dynamic geometry software in
the Geometry Learning Area in the Middle School Mathematics Curriculum is necessary for mathematics
education and teaching and has given its achievements. Also, Baki (2004) focused attention on that
mathematics pre-service teachers should experience problem posing according to new approaches in
curriculums so that they can prepare problem posing environments for their students in the future.
Hence, it is essential that mathematics teachers who are expected to provide good education for
students have knowledge about problem posing, mathematical concepts and educational technology.
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Because of this, it is expected that there are more studies about that, but studies (Cai & Hwang, 2002;
English, 1998; Silver & Cai, 1996) were generally related to elementary students and benefits (problem
solving, creativity, positive attitude toward mathematics) of problem posing on students. However,
contribution of studies conducted with pre-service teachers and whether there is essential and
necessary education for pre-service teachers in education faculties and mathematics education
undergraduate curriculums needs to be clarified. In addition, the international literature states that
Walter and Brown (2013) have tried to put problem posing skills on centre of the mathematics since the
end of 1960s. Despite the fact that the problem posing ability has been given before in the Mathematics
Curriculum in our country, it has been emphasized for the first time consciously and systematically in
the 2005 curriculum. According to these objectives in the curriculum, students are expected to pose
problems by using mathematics and in daily life conditions (MONE, 2005, p.13). Although problem
posing is included in the curriculum, teachers focused on that they do not have enough time to
implement and they do not have knowledge about problem posing due not to given necessary
education (Kilig, 2013). So, in our country, teacher education institutions and teachers do not have
enough knowledge and experience about what problem posing is, how problem posing work contributes
to mathematics education, how problem posing activities are designed and used in classrooms.
Therefore, studies about problem posing are needed in Turkey.

The aim of this study is to clarify problem posing situations of pre-service mathematics teachers in
dynamic geometry environment. It will also try to determine which concepts and topics pre-service
teachers tend to use while posing new problems.

Method
Research Design

The multiple case study of qualitative method has been approved for this study. Qualitative research
provide knowledge about people's lifestyles, behaviours or social changes (Strauss & Corbin, 1998). Yin
(2003, p. 13) described case study as scientific research which investigates current events in daily life.
There is more than one condition to be interpreted in the holistic multiple case study. Each condition is
interpreted within itself and compared with each other (Yildirm & Simsek, 2013). Therefore, in this
study, structured, semi-structured and free problem posing situations that are suggested by Stoyanova
and Ellerton (1996) are investigated within itself and compared with each other. Hence, the holistic
multiple case study is approved for this study.

Study Group

Criterion sampling that is purposeful sampling method was used in this study. Patton (1990) express
that criterion sampling is conditions that already ensure specific criterion. Criteria in the sampling are
that pre-service teachers took Geometry, Analysis I-ll, Linear Algebra I-1l and Computer Aided
Mathematics Education and they are taking Analysis Ill, Analytic Geometry and Special Teaching
Methods currently. Computer Aided Mathematics Education covers GeoGebra which is free, the easiest,
the most common and offers variety points of view. Hence, pre service teachers have knowledge about
GeoGebra and this software was seen appropriate. Participants who provide these criteria have
essential knowledge about mathematics, mathematics education and technology to pose mathematical
problems in dynamic geometry environment. According to these criteria, eight participants (six of them
are girl and two of them are boy) who are in third grade level of Elementary Mathematics Education
Department from a university in Central Anatolia Region attended this study voluntarily.
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Data Collection Tools

Structured, semi-structured and free problem posing situations which are suggested by Stoyanova
and Ellerton (1996) were used to examine problem posing conditions of pre-service mathematics
teachers. Various problem posing situations for each problem posing types were prepared in dynamic
geometry software and the opinions of two mathematics educators who worked on problem posing and
on doctoral thesis phase were consulted in terms of validity and reliability. According to opinions
problem posing situations in Figure 1, Figure 2 and Figure 3 were presented to pre-service teachers and
they were asked to produce their own problems by using given problems. Prepared problem posing
situations are examined by two mathematics education specialist. Also, data triangulation is used to
provide validity and reliability by using posed problems by participants, screen recording files and sound
recordings during lessons. Triangulation is a method for reliability and validity by using more than one
data (Yildirnm & Simsek, 2013).
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Resimdeki sekiller Japonya'da bulunan Art Street adi verilen sokakta kaldinmlarda
bulunmaktadir. Yegil ve mavi ile taral alanlarin arasindaki iligki nedir? Bu problemle
alakal bir problem kurunuz.

Figure 1. Structured problem posing.
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Figure 2. Semi-structured problem posing.
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Figure 3. Free problem posing.

Data Collection

Pre-service teachers studied in a class with projection and their personal computers. It was easy to
show problem posing situations and article examples in the class with projection. Data collection took
two hours for each six weeks. In the first three weeks of six weeks, participants were informed about
what problem posing is and given some articles about problem posing. In the last three weeks, they
studied on structured, semi-structured and free problem posing situations prepared by the researcher
by using the examples of problem posing situations of Stoyanova and Ellerton (1996). They tried to pose
new problems in the dynamic geometry environment by using given problem posing situations about
two hours per three weeks. Problems posed by participants were saved by a screen saved program
during their studies. Table 1 reveals duration used by pre-service teachers during problem posing.
Names in the table are nicknames of the participants.

Table 1.
Duration of Problem Posing of Pre-service Teachers.

Structured Semi-Structured Free
Hakan 1h8min51s 41 min6s 1h7min47s
Ramazan 9minds 40 min 16 s 34 min34s
Kevser 40 min 54 s 1h4min37s 1h10min24s
Tugba 30min30s 50 min 26 s 1h2min34s
Zehra 26 min35s 39min17s 1h14min35s
Cemre 57 min52s 40 min 15 s 54 min15s
ipek 23min9s 28 min4s 38min10s
Melike 1h35min20s 22 min31s 44 min42s

Data Analysis

Frame analysis method, which was developed by Karadag (2009) during his doctoral study, was used
to analyse screens including posed new problems by pre-service teachers. According to Karadag (2009),
the first stage is pre-analysis stage including first analysis of data. In this stage, screen records are
quickly investigated and necessary and important points are noted for the next stage. The second step is
microanalysis stage including detailed review. The aim is to obtain detailed knowledge by examining
what each participant did in each frame. At the last stage that is tree-to-forest stage, investigated each
detailed data is put together and a general conclusion is obtained. In this study, the screen recordings of
the problems posed by the pre-service mathematics teachers were examined in detail and the concepts
were analysed. Data were first analysed by the researcher and then by one of the experts interpreted
problem posing situations. During the analysis, it was examined whether the concepts in posed
problems were related to the concepts given to the participants. In the first stage, the records were
looked at quickly and were paid to attention to the existence of different or similar concepts to the

129



Birnaz Kanbur TEKEREK, Ziya ARGUN — Pegem Egitim ve Ogretim Dergisi, 9(1), 2019, 125-148

concepts given to them, in the second stage all the moments were examined one by one and which
concepts were used respectively. In the last stage, the concepts used and the posed problems are put
together and interpreted. As a result of the analysis of the researcher and the expert, it is seen that
there is a common decision on the concepts used in each frame.

Results

The aim is to reveal the relationship between posed problems by pre-service teachers and the given
problem posing situations, which concepts were used and the variety of concepts in terms of problem
posing situations. According to methodology, each condition was evaluated within itself and compared
with each other.

Structured Problem Posing

The main concepts in structured problem posing situation in Figure 1 are polygon, circular sector and
area. It was observed that 15 different geometric concepts were used in the new posed problems for
the structured problem posing situation. The most used concept was the point concept with 26.50%.
Then, the concepts of polygon with 17.95% and circular sector with 8.55% are among the most used
concepts. Pre-service teachers also used area, circle and arc concepts. There were pre-service teachers
used “what if not?” strategy developed by Brown and Walter (1969). It was observed that they used
hexagon instead of square or circle instead of circular sector. Also, they posed different problems by
using question root. An example from posed problems is given in Figure 4.

Dosya Dizenle Gorinim Secenekler Araglar Pencere Yardim Gturum Ag
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Figure 4. Show that the area of the EFGH quadrilateral formed by joining the midpoints of an ABCD
quadrilateral is equal to half of the area of the ABCD quadrilateral.

According to Figure 4, the participant posed a problem included the ratio between the areas of
quadratic regions. Given problem contains a ratio between square and circular sector and posed
problem contains ratio between the areas of quadratic regions. Also Table 2 shows concepts that pre-
service teachers used while posing problems.

According to the Table 2, the pre-service teachers mostly posed problems by using the concepts of
the problem given to them. However, there are also participants who tend to use different concepts
from these concepts.
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Table 2.

Concepts in Structured Problem Posing.

Concepts Frequency Percent
Point 31 26.50
Polygon 21 17.95
Circle sector 10 8.55
Segment 8 6.84
Circle 7 5.98
Perpendicular line 7 5.98
Area 6 5.13
Intersect 6 5.13
Tangent line 5 4.27
Line 4 3.42
Vector 4 3.42
Arc 4 3.42
Reflection 2 1.71
Angle 1 .85
Length 1 .85
Total 117 100.00

Semi-Structured Problem Posing

The main concepts in semi-structured problem posing situation in Figure 2 are polygon and circle. It
was observed that 16 different geometric concepts were used in the new posed problems for the semi-
structured problem posing situation. The most used concept was circle concept with 14,49%. This was
followed by 13.08% point, 12.15% segment, 11.21% angle and 10.28% polygon concepts. Also,
participants used ellipse, conic and bisector concepts while posing their problems. Pre-service teachers
identified that there are not many limitations for this problem posing situation in class. There is a
problem posed by a participant in Figure 5.

“] was more relaxed in semi-structured problem posing when compared to others since structured
problem posing is more restricted. It was like a complete question and that the thing to change was
very limited.”
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Figure 5. Plot two circles intersecting each other at two points within a 5 cm Radius sphere. Then, draw

two triangles belong to two circles so that the line segment passing through two intersecting points will

be common. Please comment the area and the volume of the shape which will be formed when one of
the triangles is rotated around the other circle.
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According to Figure 5, the participant tried to pose a problem on 3D plane by using circle and triangle
on given problem posing situation. Table 3 shows concepts that pre-service teachers used while posing
problems.

Table 3.

Concepts in Semi-Structured Problem Posing.

Concepts Frequency Percent
Circle 31 14.49
Point 28 13.08
Segment 26 12.15
Angle 24 11.21
Polygon 22 10.28
Intersect 13 6.07
Length 12 5.61
Parallel line 11 5.14
Arc 11 5.14
Ellipse 9 4.21
Bisector 8 3.74
Perpendicular line 7 3.27
Area 6 2.80
Perpendicular bisector 4 1.87
Line 1 47
Conic 1 47
Total 214 100.00

According to Table 3, pre-service teachers can use variety of concepts and tend to use concepts in 3D
plane.

Free Problem Posing

There is no restriction in free problem posing situation in Figure 3 and pre-service teachers were
asked to pose any problem they desire. It was observed that 28 different geometric concepts were used
in the new posed problems for the free problem posing situation. The most used concept was segment
with 15.60%. The other concepts frequently used are point with 15.20%, polygon with 10.40% and
intersect concepts with 9.20%. Participants also used sequence, plane, curve, function, volume,
hyperbola, prism and pyramid concepts in their problems. Pre-service teachers suggested that dynamic
geometry software facilitates thinking on 3D shapes. There is a problem posed by a participant in Figure
6.

“Dynamic Geometry Software can show 3D problems very easily. It can make us feel more
comfortable and think about 3D shapes.”

According to Figure 6, the participant used the advantage of dynamic geometry software and posed
a problem by generating many polygons in a circle. Table 4 shows concepts that pre-service teachers
used while posing problems.

According to Table 4, variety of concepts was increased more. Pre-service teachers realized that they
can pose problems independently from 2D plane and they started to work more on 3D plane.
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Figure 6. Take polygons from dodecagon to twentygon. What is the number of triangles which is formed

by diagonal of these polygons? What are the minimum and maximum values of the area of these

triangles?

Table 4.

Concepts in Free Problem Posing.

Concepts Frequency Percent
Segment 39 15.60
Point 38 15.20
Polygon 26 10.40
Intersect 23 9.20
Conic 15 6.00
Line 13 5.20
Area 12 4.80
Function 8 3.20
Length 8 3.20
Perpendicular line 7 2.80
Volume 7 2.80
Sequence 6 2.40
Rotation 5 2.00
Parallel line 5 2.00
Hyperbola 4 1.60
Parabol 4 1.60
Prism 4 1.60
Arc 4 1.60
Angle 3 1.20
Bisector 3 1.20
Cone 3 1.20
Pyramid 3 1.20
Tangent Line 3 1.20
Plane 2 .80
Ellipse 2 .80
Curve 1 .40
Hyperbolic paraboloid 1 .40
Cone 1 .40
Total 250 100.00
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Discussion, Conclusion & Implementation

The aim of this study is to investigate problem posing situations of pre-service mathematics teachers
in dynamic geometry environment. For this purpose, participants were given structured, semi-
structured and free problem posing situations in dynamic geometry environment. Works of participants
were recorded via screen saving program and concepts in problems posed by pre-service teachers were
examined by screens.

In the structured problem posing situation, pre-service teachers used polygon and circular sector
mostly while posing new problems. The reason is that given problem included these concepts and it is
thought given problem posing situation was guided so that they made relationship between problems
and the concepts.

Moreover, they used the “what if not?” strategy developed by Brown and Walter (1969) that reveals
they focused on the problem itself instead of the solution of the problem. This conclusion supports that
WIN strategy provides to think about the problem and focus the meaning of the problem instead of the
solution by focusing on different ideas (Brown & Walter, 2005).

In the semi-structured problem posing situation, the circle concepts which were used mostly, is
related with that the given problem includes circle and its properties. Also, more using of segment,
angle and polygon concepts is related with the given problem. It was observed that different concepts
were used such as ellipse, coni and bisector in semi-structured problem posing when compared to
structured problem posing. This shows that pre-service teachers can vary concepts while posing
problems. In fact, pre-service teachers said that there was no much limitation in the semi-structured
problem posing during dialogues in the class.

Pre-service teachers diversify concepts they used in free problem posing when compared to others.
For example, they used sequence, plane, curve, function, volume, hyperbola, prism and pyramid while
posing problems. Also, there is special attention on that they lean on 3D geometric shapes. Argiin,
Arikan, Bulut, and Halicioglu (2014, p. 199) said studies in 3D space are very significant and students
generally have trouble with this, therefore computer software is useful to generate these concepts.

As it is seen, pre-service teachers used the most various concepts in free problem posing situation.
When limitations in problem posing situations decrease, participants can think about different concepts
on a broader perspective.

The point concept is used frequently in every problem posing situation. The reason of this is any
geometric shape is generated from points. Gluven and Karatas (2005) identified that basic conditions
related with geometry start with the point and it expands to line, segment, curve and 3D shapes.

From structured problem posing to free-problem posing situation, participants posed problems by
using different concepts without depending on given problems. In the literature review, it is seen that
research supports this conclusion. Leung and Silver (1997) emphasized that problems posed by pre-
service teachers can improve mathematical concepts and pose more rational and multi-step problems.
Also, teaching in dynamic geometry software provides increasing of different geometric concepts and
enrichment of geometry by students who use different properties of geometric concepts (Gomes &
Vergnaud, 2004).

Moreover, studies about problem posing have focused only one of these problem posing situations.
On the other hand, this research provides different findings about comparisons of used concepts and
multiple case study between three problem posing situations. Therefore, a broader interpretation can
be made about concepts in three problem posing situations as it was seen from broader perspective. In
addition, unlike other research, there was no topic restriction so mathematical thinking ability of pre-
service teachers was not limited. Even when they were given problem posing situations included certain
concepts, they could think about problems in different contexts and pose problems in 3D plane thanks
to no topic restriction.
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The literature shows that pre-service teachers should be educated well to educate students who
have problem posing skills. Thus, it is essential that problem posing lessons are given importance
besides problem solving lessons. That these lessons are compulsory courses instead of elective is useful
for not only people taking these courses but also all pre-service teachers. Academicians who give these
courses should also have enough knowledge about this. In addition, in this research only strategies of
Stoyanova and Ellerton (1996) were used. Hence, process of problem posing of pre-service teachers can
be traced with different approaches..
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Tiirkge Siiriim

Girig
Matematik egitimindeki gelismeler; elestiren, sorgulayan ve kendi bilgisini tretip kullanmayi bilen
bireylerin yetistirilmesinin gerekliligine dikkat cekmektedir. Ogrencilerden teknolojik gelismelerden
haberdar olarak bilgilerini kendi 6grenmeleriyle desteklemeleri beklenmektedir. Buna dayanarak
Matematik Dersi Ogretim Programinda 6grencilerin akil yiiriiterek ve kendi disiincelerini kullanarak

problem ¢6zme sireglerini tecribe etmeleri gerektigi amaglanmaktadir (Milli Egitim Bakanligi [MEB],
2018).

Matematik 6gretiminin temel amaglari arasinda bireylere gilinliik hayatta kullanilan matematiksel
bilgi ve becerileri kazandirmak, problem ¢6zme becerisini gelistirmek ve sorunlara problem ¢ézme
yaklasimi icinde yaklasma becerisini edindirmek yer almaktadir (Altun, 2012, p. 7). Problem ¢o6zebilen
kisi problemi anlama yetenegine sahip ve veriler arasinda iliski kurabilen bir bireydir. Problem ¢6zme
becerisinin bireylerde gigclendirilmesi gerekliligi arastirmacilar tarafindan vurgulanmis ve 0Ogretim
programlarinda da &zellikle dikkat cekilmistir. Ortaokul Matematik Dersi Ogretim Programinda
belirtildigi gibi Matematik 6grenmek problem ¢dzmeyi ve bunu gergek hayatla iliskilendirmeyi gerektirir
(MEB, 2013). Bunun igin ise dzenle segilmis problemlere ihtiya¢ vardir. Ozenle kurulan problemler
o6grencilerin Matematige karsi olumlu disiinceler gelistirmelerini ve problem ¢ézme becerilerini giinliik
hayatla da iliskilendirerek kullanabilmelerini saglayacaktir (Kirnap Donmez, 2014, p. 3).

Problem kurmanin 6ncilerinden olan Silver (1994) problem kurmayi “verilen problemden yeni
problemler Gretmek veya verilen problemi yeniden dizenlemek” seklinde tanimlamaktadir. Stoyanova
ve Ellerton (1996) ise problem kurmayi, matematiksel deneyimler temelinde, somut durumlarin kisisel
yorumlarinin insa edilmesi ve bunlari kullanarak anlamli matematiksel problemler olusturulmasi olarak
yorumlamiglardir. Arastirmacilar problem kurmanin Matematik disiplininde ve matematiksel diisiincenin
dogasinda merkezi bir 6neme sahip oldugunu belirtmislerdir (Silver, Mamona-Downs, Leung & Kenney,
1996). Silver (1994) yeni problemler kuran 6grencilerin yaraticiliklari ve elestirel diisinme becerilerinin
gelistigini belirtmistir. Problem kurma calismalarinin kullanilan matematiksel kavramlar ile iliskisi de
arastirmacilar tarafindan belirtilmistir. English (1997), problem kurma calismalarinin matematiksel
distinmeyi gelistirdiginin Gzerinde durmustur. Ayrica geometri bilgisini gelistirmeyi, O6grencilerin
matematiksel kavramlar arasinda iliskiler kurabilmelerini ve 6nceki bilgilerini yeniden yapilandirarak
kullanmalarini sagladigi ortadadir (Moses, Bjork, & Goldenberg, 1990, cited in: Rosli, Copraro & Copraro,
2014). Hashimoto (1986), problem kurma g¢alismalarinin 6grencilerin matematiksel kavramlari
algilamalarini ve gelistirmelerini saglayan bir ayna oldugunu vurgulamistir. Ogrencilerin bu becerileri
kazanmalarini saglayacak olan kisiler de 6gretmenler oldugundan o6gretmen adaylarinin bu bilingle
yetistirilmesi gerekmektedir. Isik, Kar, Yalcin ve Zehir (2011), Ogretmenler tarafindan kurulan
problemlerin 6grencilerin matematiksel dislinme becerilerinde ve matematiksel kavramlari
anlamalarinda etkili oldugunu ifade etmekle birlikte, 6grencilerin kurdugu problemleri degerlendirecek
ve yol gosterici olmasi beklenen kisilerin de 6gretmen adaylari oldugunu belirtmislerdir. Ogretmen
adaylarinin da problem kurma becerilerini gelistirmek amaciyla yapilan ¢alismalarin, onlarin farkh
stratejiler kullanarak problem kurma siiregleri yasamalari, matematiksel kavramlar arasindaki iliskileri
daha iyi anlamalarini sagladigi ortaya konulmustur (Xie, 2016). Dolayisiyla 6gretmen egitiminin problem
¢ozme ve kurma gibi c¢esitli 6grenme ortamlarinda, 6gretmen adaylarinin bagimsiz sekilde
dislinebilecekleri ve vyaratici c¢alismalar ortaya koyabilecekleri sekilde olmasinin 6nemli oldugu
arastirmacilar tarafindan ifade edilmistir (Polya, 1957, cited in: Aydin (2014, p. 27).

Ogretmenlerden 6grenciler icin giinimiiz teknolojisinin getirdigi olanaklardan da faydalanarak bu
o6grenme ortamlarini saglamalari beklenmektedir. Teknoloji, 6grencilerin muhakeme, kesfetme, problem
¢6zme ve yeni sorular sorma yetenekleri konusunda daha aktif olmalarini saglamaktadir (Van Voorst,
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1999). Yevdokimov (2005), teknolojinin 6grencilerin problem kurma sirecini anlamalarinda 6nemli
faktorlerden biri oldugunu belirterek dinamik geometri yazilimi kullanan 6grencilerin gizimleri ile verilen
sorular arasinda derin bir anlayis icine girdiklerini gézlemlemistir. MEB (2013, p. 7), Ortaokul Matematik
Dersi Ogretim Programinda Geometri Ogrenme Alaninda dinamik geometri yazilimlarinin etkin
kullaniminin da Matematik egitimi ve 6gretimi icin gerekli oldugunu belirtmis ve buna yoénelik
kazanimlara yer vermistir. Baki (2004) de Matematik 6gretmen adaylarinin, gelecekteki 6grencilerine
problem kurma ortamlari hazirlamalari igin 6gretim programlarindaki yeni yaklasimlarla uyumlu problem
kurma deneyimlerini tecriibe etmeleri gerektigini vurgulamistir. Dolayisiyla 6grencilere gelecekte iyi bir
Matematik egitimi saglamalari beklenen Matematik 6gretmen adaylarinin, problem kurma, gerekli
matematiksel kavram bilgisi ve teknolojiyi kullanma becerileri hakkinda yeterli bilgi birikimine sahip
olmalari gerektigi ortadadir. Yapilan ¢alismalar (Cai & Hwang, 2002; English, 1998; Silver & Cai, 1996)
cogu zaman ilkégretim dizeyinde bulunan 6grencilerle yapilmis ve bu calismalarda problem kurma
calismalarinin 6grenciler tzerinde meydana getirdigi faydalar (problem ¢ézme, yaraticilik, matematige
karsi olumlu tutum gelistirme) ortaya konulmustur. Ancak, 6gretmen adaylariyla yapilacak calismalarin
getirecegi katkilar, egitim fakiltelerinde, Matematik egitimi lisans programlarinda adi gecen problem
kurma calismalarini yuritebilecek 6gretmen adaylari icin yeterli ve gerekli egitimin verilip verilmedigini
ortaya gikaracaktir. Bunun yani sira uluslararasi literatiir, Walter ve Brown’in (2013, p. 9) 1960’larin
sonundan beri problem kurma becerisini Matematigin merkezine koyma ¢abasi icinde olduklarini ifade
etmektedir. Ancak, iilkemizde Matematik Dersi Ogretim Programi’nda problem kurma becerisine daha
once yer verilmesine ragmen ilk kez bilingli ve sistematik olarak 2005 yili 6gretim programinda 6zellikle
vurgulanmaya baslanmistir. Bu kazanimlara gore 6grencilerden Matematik ve glinlik yasam durumlarini
kullanarak problem kurmalari beklenmektedir (MEB, 2005, p. 13). Problem kurma her ne kadar
programa dabhil edilse de, 6gretmenler uygulanmasi icin yeterli zamanlarinin olmadigindan ve nasil
uygulanacagi konusunda gerekli egitimin verilmediginden bu konuda yeterince bilgi sahibi olmadiklarini
vurgulamiglardir (Kilig, 2013). Dolayisiyla Ulkemizde, 6gretmen yetistiren kurumlar ile 6gretmenler
problem kurmanin ne olduguna, problem kurma g¢alismalarinin Matematik egitimine ne olglide katki
sagladigina, problem kurma etkinliklerinin nasil tasarlandigina ve siniflarda nasil kullandigina yonelik
yeterince bilgi ve deneyime sahip degildir. Bundan dolayi, bu calisma ile bu alana bir nebze de olsa katki
saglanacagli umulmaktadir.

Buna gore, bu arastirmanin amaci Matematik 6gretmen adaylarinin dinamik geometri yazilimi
ortaminda problem kurma becerilerini ortaya cikarmaktir. Ayrica 6gretmen adaylarinin problem
kurarken hangi kavram ve konulari kullanmaya meyilli olduklari belirlenmeye ¢alisilacaktir.

Yontem
Arastirmanin Deseni

Bu calismada, nitel arastirma yontemleri icinde yer alan ¢oklu durum galismasi kullanilmistir. Nitel
arastirmalar insanlarin yasam tarzlari, davranislari veya toplumsal degisimleri hakkinda bilgi sahibi
olmayi saglar (Strauss & Corbin, 1998). Yin (2003, p.13), durum calismasini giinlik hayattaki giincel
olgulari inceleyen bilimsel bir arastirma olarak ifade etmistir. Bltlincil ¢oklu durum galismasinda ise
birden fazla kendi icinde yorumlanacak durum séz konusudur. Her durum kendi icinde bitlincil olarak
ele alinir ve daha sonra birbirleri ile karsilastirilir (Yildinnm & Simsek, 2013). Bu ¢alismada da Stoyanova
ve Ellerton (1996) tarafindan ortaya atilan yapilandirilmis, yari yapilandirilmis ve serbest problem kurma
durumlari 6ncelikle kendi icinde ele alinmis ve sonuglar birbirleriyle karsilastiriimistir. Bu nedenle, bu
arastirmada butiincill goklu durum deseni benimsenmistir.

Calisma Grubu

Katihmcilar, amagsal 6rnekleme yéntemlerinden 6lgiit 6rnekleme yontemi kullanilarak belirlenmistir.
Patton (1990) olgut 6rnekleme igin belirli kriterleri 6nceden saglayan durumlar ifadesini kullanmistir.
Buradaki 6rnekleme o6lgutleri, katihmcilarin Geometri, Analiz I-Il, Lineer Cebir I-1l ve Bilgisayar Destekli
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Matematik Egitimi derslerini almis ve Analiz lll, Analitik Geometri ve Ozel Ogretim Yéntemleri derslerini
aliyor olmalaridir. Bilgisayar Destekli Matematik Egitimi dersi GeoGebra’yr kapsamaktadir. Ayrica
GeoGebra ulasiimasi en kolay, Ucretsiz, en bilinen ve gesitli araylizleriyle ¢ok yonli bakis agisi sunan bir
dinamik geometri yaziimidir. Bu sebeple 6gretmen adaylarinin GeoGebra bilgisi vardir ve bu yazilimin
secilmesi uygun gorilmistir. Bu olgltleri saglayan adaylarin dinamik geometri yazilimi ortaminda
problem kurmak icin gerekli Matematik, Matematik egitimi ve teknoloji bilgisine sahip olduklar
diistinilmektedir. Bu 6lgiitlere gore arastirma icin génilli olan ve i¢ Anadolu Bélgesi'nde bulunan bir
tiniversitenin Egitim Fakiiltesi’nde ilkégretim Matematik Ogretmenligi Programi’nda 3. Sinif diizeyinde
O6grenim goren 8 6gretmen adayi (6 kiz ve 2 erkek 6grenci) ile calisiimistir.

Veri Toplama Araglari

Bu calismada 6gretmen adaylarinin problem kurma durumlarini incelemek amaciyla, Stoyanova ve
Ellerton (1996) tarafindan onerilen yapilandirilmis, yari yapilandirilmis ve serbest problem kurma
durumlarindan yararlanilmistir. Dinamik geometri yazilimi ortaminda her problem kurma tiriinden
cesitli problem kurma durumlari olusturulmus ve gegerlik ve glivenirlik agisindan incelemeleri amaciyla
problem kurma hakkinda g¢alisan ve doktora tez asamasinda olan iki matematik egitimcisinin uzman
goruslerine basvurulmustur. Uzmanlar Sekil 1, Sekil 2 ve Sekil 3’te bulunan problem kurma durumlarini
yeni problemler Uretilmesi icin kavramsal olarak daha yol gosterici bularak uygun gérmdslerdir. Bundan
dolayi, bu problem kurma durumlari 6gretmen adaylarina sunulmus ve bu durumlardan yola g¢ikarak
kendi problemlerini Gretmeleri istenmistir. Ayrica 6gretmen adaylarinin kurdugu problemler, ekran
kayitlari ve calisma sirasinda alinan ses kayitlari araciligiyla veri tiggenlemesi yapilmistir. Ucgenleme,
birden fazla veri kullanarak gecerlik ve giivenirligi saglayan bir yontemdir (Yildirnm & Simsek, 2013).

€7 yeplandnimisggb [E=S(EeE =)
Dosya Dizenle GorinOm Segenekler Araglar Pencere Yaraim Oturum Ag.
DEEDSOERANCEL 2

fCv

Resimdeki sekiller Japonya'da bulunan Art Street ad: verilen sokakta kaldinmlarda
bulunmaktadir. Yegil ve mavi ile taral alanlanin arasindaki iligki nedir? Bu problemle
alakal bir problem kurunuz.

Sekil 1. Yapilandirilmig problem kurma durumu.

Verilerin Toplanmasi

Ogretmen adaylari, projeksiyonu olan bir sinifta kisisel bilgisayarlari ile calismislardir. Projeksiyonun
olmasi uygulama boyunca onlara sunulan problem kurma durumlarinin ve 6rnek makalelerin
verilmesinde kolayhk saglamistir. 6 hafta boyunca ikiser saat siiren uygulamanin ilk g haftasi boyunca
o6gretmen adaylarina problem kurmanin ne oldugu aktarilmis ve érnek makaleler verilmistir. Sonraki li¢
haftada O0gretmen adaylarina Stoyanova ve Ellerton (1996) tarafindan sunulan yapilandiriimis, yari
yapilandiriimis ve serbest problem kurma durumlarindan yararlanilarak hazirlanan problem kurma
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durumlari verilmis ve kendi problemlerini kurmalari istenmistir. Katiimcilar ¢ haftanin her birinde her
hafta yaklagik iki saat boyunca g¢alismislar ve dinamik geometri yazilimi Gzerinde kendi problemlerini
retmislerdir. Ogretmen adaylarinin problem kurma calismalari, ekran kaydetme programi vasitasiyla
anhk olarak kaydedilmistir. Tablo 1’de 6gretmen adaylarinin problem kurarken kullandiklari siireler
verilmistir. Bu tabloda adaylar i¢in takma isimler kullanilmistir.

2 yan yapilandinimig.ggb (=3[0 =

Dosya Dizenle Gorinim Secenekler Araglar Pencere Yardim oturum Ag

Agsagidaki sekille ilgili bir problem Kurunuz.

Girig @

Sekil 2. Yari yapilandiriimis problem kurma durumu.

7 Geolebra (==

Dosya Diizenle Gorinim Secenekler Araclar Pencere Yardim Oturum Ac

=

- @lo

TEENEE =

=

Serbest problem kurma tiirii: Size gore zor gelen istediginiz bir problem kurunuz.

Sekil 3. Serbest problem kurma durumu.

Tablo 1.
Ogretmen Adaylarinin Problem Kurarken Kullandiklari Siireler.

Yapilandiriimig Yari yapilandiriimig Serbest
Hakan 1sa.8dk.51sn. 41 dk. 6 sn. 1sa. 7 dk.47 sn.
Ramazan 9 dk. 4 sn. 40 dk. 16 sn. 34 dk. 34 sn.
Kevser 40 dk. 54 sn. 1sa. 4 dk.37 sn. 1sa. 10 dk. 24 sn.
Tugba 30 dk. 30 sn. 50 dk. 26 sn. 1sa.2dk. 34 sn.
Zehra 26 dk. 35 sn. 39 dk. 17 sn. 1sa. 14 dk. 35 sn.
Cemre 57 dk. 52 sn. 40 dk. 15 sn. 54 dk. 15 sn.
ipek 23 dk. 9 sn. 28 dk. 4 sn. 38 dk. 10 sn.
Melike 1sa. 35 dk. 20 sn. 22 dk. 31 sn. 44 dk. 42 sn.
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Verilerin Analizi

Ogretmen adaylan tarafindan kurulan problemleri iceren ekran kayitlarinin analizi icin Karadag'in
(2009) doktora ¢alismasi sirasinda gelistirdigi kare inceleme metodu kullaniimistir. Karadag’a (2009) gore
ilk asamada, ekran kaydetme verilerinin 6n analizi (pre-analysis stage) yapilir. Bu sirada ekran kayitlarina
hizl bir sekilde gz atilir. Bir sonraki adim igin gerekli ve 6nemli gériilen yerler not alinir. ikinci asamada,
ekran kayitlari ayrintil sekilde incelenir (microanalysis stage). Bunun icin kare kare detayl bir inceleme
yapilir. Her katihmcinin her karede ne yaptigi ayrintili sekilde incelenerek olabildigince ayrintili bilgi elde
etmek amaglanir. Son asamada ise detayli incelenen veriler toparlanir (tree-to-forest stage). Bu
arastirmada da Ogretmen adaylan tarafindan kurulan problemlerin ekran kayitlari bu yontemle
incelenmis ve kullandiklari kavramlar analiz edilmistir. Veriler 6nce arastirmayi yiriten kisi, daha sonra
problem kurma durumlari igin géris alinan uzmanlardan biri tarafindan analiz edilmistir. Analiz boyunca
problem kurma calismalarina 6zgi olarak her problem kurma tiriinde kullanilan kavramlarin adaylara
verilen durumlardaki kavramlarla iliskili olup olmadigina bakilmistir. Birinci asamada kayitlara hizlica goz
atilmis ve onlara verilen durumlardaki kavramlara benzer ya da farkli kavramlarin varligina, ikinci
asamada bitin anlar tek tek incelenip sirasiyla hangi kavramlarin kullanildigina dikkat edilmistir. Son
asamada ise kullanilan kavramlar ve ortaya konan problemler bir araya getirilmis ve yorumlanmistir.
Arastirmaci ve uzmanin analizi sonucunda her karede kullanilan kavramlar konusunda ortak karara
vardigi gorilmustir.

Bulgular

Bu calismada o6gretmen adaylarinin kurduklari problemler ile onlara verilen problem kurma
durumlari arasinda kullanilan kavramlar agisindan bir iliski olup olmadigini ortaya ¢ikarmak
amaglanmistir. Arastirmanin yontemine uygun olarak her durum kendi icinde degerlendirilmis ve
birbirleri ile karsilastirmalar yapiimistir.

Yapilandirilmis Problem Kurma

Ogretmen adaylarina Sekil 1’de verilen yapilandiriimis problem kurma tiiriinde baslica cokgen,
dairesel dilim ve alan gibi kavramlar yer almaktadir. Ogretmen adaylarinin yapilandirilmis problem
kurma tlra icin kurduklari problemlerde 15 farkli kavram kullandiklari gérilmistiir. En fazla kullanilan
kavram, % 26.50 oranla nokta kavramidir. Arkasindan % 17.95 oranla ¢okgen ve % 8.55 oranla daire
dilimi kavramlari en ¢ok kullanilan diger kavramlardir. Ayrica 6gretmen adaylari alan, gember ve yay
kavramlarini da kullanmislardir. Ogretmen adaylarindan Brown ve Walter (1969) tarafindan gelistirilen
“what if not?” (WIN, ya Oyle degilse?) stratejisini kullananlar olmustur. Yapilandiriimis problem kurma
tirinde onlara verilen problemde kare yerine altigen veya dairesel dilim yerine cember kullandiklari ya
da soru kokiinden yola ¢ikarak baska problemler kurduklari gérilmistir. Buna ornek teskil eden bir
problem Sekil 4’te verilmistir.

Sekil 4’e gore 6gretmen adayi dortgensel bdlgelerin alanlari arasindaki oranin kullanildigi bir problem
kurmustur. Onlara verilen yapilandiriimis problem kurma durumunda kare ve dairesel dilimlerin alanlari
arasinda bir oran varken bu problemde de doértgenlerin alanlari arasindaki oran s6z konusudur. Tablo 2’
de ise adaylarin problem kurarken kullandiklari kavramlar verilmistir.
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Sekil 4. Bir ABCD dortgeninin orta noktalarinin birlestirilmesiyle olusan EFGH dértgeninin alani ABCD

dortgeninin alaninin yarisina esittir. Gosteriniz.

Tablo 2.
Yapilandirilmis Problem Kurma Tiiriinde Kullanilan Kavramlar.
Kullanilan Kavramlar Frekans Yiizde
Nokta 31 26.50
Cokgen 21 17.95
Daire dilimi 10 8.55
Dogru pargasi 8 6.84
Cember 7 5.98
Dik dogru 7 5.98
Alan 6 5.13
Kesisim 6 5.13
Teget 5 4.27
Dogru 4 3.42
Vektor 4 3.42
Yay 4 3.42
Yansima 2 1.71
1 .85
Uzunluk 1 .85
Toplam 117 100.00

Tablo 2’ye gore 6gretmen adaylari cogunlukla onlara verilen problem kurma durumundaki kavramlari

kullanarak problem kurmuslardir. Ancak, durumdaki kavramlardan farkh kavramlara yonelen adaylar da
vardir.

Yari Yapilandirilmis Problem Kurma

Ogretmen adaylarina Sekil 2’de verilen yari yapilandirilmis problem kurma tiiriinde baslica bulunan

kavramlar cokgen ve ¢emberdir. Ogretmen adaylarinin yari yapilandiriimis problem kurma tiirii igin
kurduklari problemlerde 16 farkli kavram kullandiklari gérilmistiir. % 14.49 oranla ¢ember kavrami en
¢ok kullanilan kavramdir. Bunu % 13.08 oranla nokta, % 12.15 oranla dogru pargasi, % 11.21 oranla agl
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ve % 10.28 oranla ¢okgen kavramlari izlemistir. Ayrica, 6gretmen adaylar elips, konik ve acgiortay gibi
cesitli kavramlar kullanarak da problem kurmuslardir. Ogretmen adaylari sinif ici konusmalarda ise bu
problem kurma turiinde fazla sinirlama olmadigini ifade etmislerdir. Sekil 5’te kurulan problemlerden bir
ornek verilmistir.

“Yari yapilandirilmista ben en rahat ettim. Clinkii yapilandirilmis boyle ¢ok sinirhydi zaten. Hani soru
gibi bir seydi hani tizerinde oynayacak sey ¢ok sinirliydi.”

Dosya Dizenle Gérinim Segenekler Araglar Pencere Yardim Oturum Ac.
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Sekil 5. 5 cm yaricapl bir kiire icerisinde birbirini iki noktada kesisecek iki adet cember cizelim. Kesisen
iki noktadan gecen dogru parcasi ortak olacak sekilde iki cembere ait iki licgen cizelim. Bu lGggenlerden
birini diger cember etrafinda dondiriliince olusacak sekil ve bu seklin alani ve hacmi hakkinda yorumda
bulununuz.

Sekil 5’e gére 6gretmen adayi verilen problem kurma durumundaki gember ve lggenden yola gikarak
lic boyutlu dizlemde bir problem kurmaya cgalismistir. Tablo 3’te ise adaylarin problem kurarken
kullandiklari kavramlar verilmistir.

Tablo 3.

Yari Yapilandiriimis Problem Kurma Tiiriinde Kullanilan Kavramlar.

Kullanilan Kavramlar Frekans Yiizde
Cember 31 14.49
Nokta 28 13.08
Dogru pargasl 26 12.15
Agl 24 11.21
Cokgen 22 10.28
Kesisim 13 6.07
Uzunluk 12 5.61
Paralel dogru 11 5.14
Yay 11 5.14
Elips 9 4.21
Aclortay 8 3.74
Dik dogru 7 3.27
Alan 6 2.80
Orta dikme 4 1.87
Dogru 1 A7
Konik 1 A7
Toplam 214 100.00
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Tablo 3’e gore kullanilan kavramlarin gesitlendirilmesiyle birlikte 6gretmen adaylari verilen kavramlar
disina ¢ikabilmis ve hatta U¢ boyutlu kavramlara da egilim gostermislerdir.

Serbest Problem Kurma

Ogretmen adaylarindan Sekil 3’te verilen serbest problem kurma tiiriinde herhangi bir sinirlama
olmaksizin istedikleri bir problem kurmalari istenmistir. Ogretmen adaylarinin serbest problem kurma
tlrd icin kurduklari problemlerde 28 farkli kavram kullandiklari gérilmustir. En ¢ok kullanilan kavram %
15.60 oranla dogru pargasidir. % 15.20 oranla nokta, % 10.40 oranla ¢cokgen ve % 9.20 oranla kesisim
kavramlari sik kullanilan diger kavramlardir. Katihmcilar dizi, diizlem, egri, fonksiyon, hacim, hiperbol,
prizma ve piramit gibi kavramlari da problem kurarken kullanmiglardir. Ayrica 6§retmen adaylarindan
dinamik geometri yazihminin {i¢ boyutlu sekiller Gzerinde diisiinmeyi kolaylastirdigini ifade edenler
olmustur. Sekil 6’da kurulan problemlerden bir 6rnek verilmistir.

“GeoGebra 3 boyutlu problemleri ¢cok rahat gosterebiliyor. Hani onlari daha rahat algilamamizi
saglayabilir. 3 boyutluda diisiinmeyi.”
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Sekil 6. Onikigenden yirmigene kadar olan ¢okgenleri alalim. Bu ¢okgenlerin kdsegenleri yardimiyla
olusan li¢ggen sayisi onikigenden yirmigene kadar olan ¢okgenler igin kagtir? Bu olusan liggenler iginde
alani minimum ve maksimum olan degerler nelerdir?

Sekil 6’ya gore 6gretmen adayi dinamik geometri yazilimin avantajini kullanarak bir cemberin icinde
cok sayida c¢okgenler olusturarak problem kurmustur. Tablo 4’te ise kullanilan diger kavramlar
verilmistir. Tablo 4’e gore kavram cesitliliginin daha da arttigi gorilmustir. Ayrica adaylar iki boyutlu
dizleme bagh kalmadan da problem kurabileceklerini fark etmisler ve l¢ boyutlu dizlemde daha ¢ok
calismalar yapmaya baslamislardir.

Tartisma, Sonug ve Oneriler

Bu arastirmada, 6gretmen adaylarinin dinamik geometri yazilmi ortaminda problem kurma
durumlarinin incelenmesi amaglanmistir. Bu amagla 6gretmen adaylarina yapilandiriimis, yari
yapilandiriimis ve serbest problem kurma durumlari verilmistir. Katihmcilarin ¢alismalari ekran kaydetme
programi ile kayda alinmis ve goérintiiler ayrintih sekilde incelenerek 6gretmen adaylarinin problem
kurarken kullandiklari kavramlar arastirilmistir.
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Tablo 4.

Serbest Problem Kurma Tiiriinde Kullanilan Kavramlar.

Kullanilan Kavramlar Frekans Yiizde
Dogru pargasl 39 15.60
Nokta 38 15.20
Cokgen 26 10.40
Kesisim 23 9.20
Cember 15 6.00
Dogru 13 5.20
Alan 12 4.80
Fonksiyon 8 3.20
Uzunluk 8 3.20
Dik dogru 7 2.80
Hacim 7 2.80
Dizi 6 2.40
Dondirme 5 2.00
Paralel dogru 5 2.00
Hiperbol 4 1.60
Parabol 4 1.60
Prizma 4 1.60
Yay 4 1.60
Agl 3 1.20
Aglortay 3 1.20
Konik 3 1.20
Piramit 3 1.20
Teget 3 1.20
Dizlem 2 .80
Elips 2 .80
Egri 1 .40
Hiperbolik paraboloit 1 .40
Koni 1 .40
Toplam 250 100.00

Yapilandiriimis problem kurma tirinde, 6gretmen adaylarinin problem kurarken en ¢ok ¢okgen,
dairesel dilim gibi kavramlari kullanmalari, onlara verilen problem bu kavramlari icerdiginden problem
durumunun yol gosterici oldugu distintlmustir.

Ogretmen adaylarinin Brown ve Walter (1969) tarafindan gelistirilen “what if not?” (WIN, ya oyle
degilse?) stratejisini kullanmalari problemin ¢éziimiine degil kendisine odaklandiklarini géstermektedir.
Bu da Brown ve Walter (2005) tarafindan vurgulanan, problem lzerinde diisiinmeyi saglayan ve daha
farkh fikirler Gizerinde yogunlasarak problemin ¢6ziminden ziyade problemin anlamina odaklanmayi
saglayan WIN stratejisini desteklemektedir.

Yari yapilandiriimis problem kurma tiiriinde, en sik kullanilan gember kavrami, 6gretmen adaylarina
sunulan problem kurma durumunun ¢ember ve oOzellikleri ile ilgili olmasiyla iliskili oldugu gérilmustir.
Yine nokta kavrami da en sik kullanilan kavramlardan biridir. Dogru pargasi, acl ve ¢okgen kavramlarinin
da en c¢ok kullanilmasi, 6gretmen adaylarina verilen problem kurma durumu ile iliskili oldugu
distnilmektedir. Elips, konik ve acgiortay kavramlarinin da kullanilmasi; 6gretmen adaylarinin yari
yapilandiriimis problem kurma tiirinde yapilandiriimis problem kurma tirine goére kullandiklari
kavramlari daha ¢ok cesitlendirebildiklerini gostermektedir. Bununla ilgili olarak, ders sirasinda gegen
konusmalarda, 6gretmen adaylari bu tirde sinirlama daha az oldugu icin baska kavramlar da
kullandiklarini ifade etmislerdir.
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Ogretmen adaylari diger problem kurma tiirlerine gore serbest problem kurma durumunda
kullandiklari kavramlari gesitlendirmiglerdir. Dizi, duzlem, egri, fonksiyon, hacim, hiperbol, prizma ve
piramit gibi kavramlari da kullanarak diger iki problem kurma tiriine goére daha farkli kavramlara da yer
vermiglerdir. Burada 6zellikle dikkat geken durum, 6gretmen adaylarinin t¢ boyutlu sekiller Gzerinde de
calismis olmalaridir. Arglin, Arikan, Bulut ve Halicioglu (2014, p. 199) tarafindan yapilan arastirmada Ug
boyutlu uzaydaki c¢alismalarin ¢ok onemli oldugu, 6grencilerin gliclukler yasadigi ve bilgisayar
yazilimlarinin bu kavramlarin olusmasinda faydali oldugu ifade edilmistir.

Goruldugi gibi 6gretmen adaylarina sunulan problem kurma tirleri arasinda kullanilan kavramlarin
en fazla serbest problem kurma durumunda gesitlendirildigi ortadadir. Problem kurma durumlarindaki
sinirlamalar azaldik¢a 6gretmen adaylari da sadece dar bir alan iginde diisinmek yerine farkli kavramlara
yonelmislerdir.

Her (¢ problem kurma tlrinde de nokta kavraminin sik¢a kullanildigi gérilmustir. Bunun sebebi,
herhangi bir geometrik seklin noktalarin birlesmesinden olusmasi seklinde yorumlanabilir. Dolayisiyla,
katilimcilar bir problem kurarken nokta ile ise baslamislardir. Gliven ve Karatas (2005) da geometri ile
ilgili en temel durumlarin nokta ile basladigini, dogru, dogru parcasi, egriler ve li¢c boyutlu sekillere dogru
genigledigini vurgulamistir.

Yapilandirilmis problem kurma tiriinden serbest problem kurma tiriine dogru, katilimcilar sadece
onlara verilen problemlerdeki kavramlara bagl kalmayarak daha cesitli kavramlar kullanarak problem
kurmuslardir. Arastirmalar da bu sonucu destekler niteliktedir. Leung ve Silver (1997) problem kuran
6gretmen adaylarinin kullandiklari matematiksel kavramlarin gelisme gosterdigini, daha mantikli ve ¢ok
adimh problem kurmalarini sagladigini vurgulamislardir. Gomes ve Vergnaud (2004) ise dinamik
geometri yazilimlari ortaminda yapilan 6gretimin, farkli geometrik kavramlarin kullaniminin arttirdigini
ve Ogrencilerin geometri kavramlarinin farkli 6zelliklerini kullanmalari ile geometrinin zenginlesmesini
sagladigini ifade etmislerdir.

Ayrica, problem kurma Uzerinde yapilan ¢alismalar bu durumlardan sadece birine odaklanmaktadir.
Ancak bu arastirma, yapilandiriimis, yari yapilandiriimis ve serbest problem kurma tirlerinin birlikte
oldugu coklu durum cgalismasinin yapilmasi ve problem kurma durumlari arasinda kavramlar arasi
karsilastirmanin gorilebildigi bir arastirma olmasi nedeniyle farkh nitelikte bulgular da saglamistir.
Boylece ayni anda ¢ problem kurma tiiri arasinda kullanilan kavramlarin nasil gelistigi hakkinda daha
genis bir perspektiften bakildigi icin daha kapsamli bir yorum yapilmistir.

Diger arastirmalardan farkli olarak konu sinirlamasi getiriimemesi de 6gretmen adaylarinin
matematiksel disiinme becerisini kisitlamamig, onlara belli kavramlarin oldugu bir problem kurma
durumu verilse de problemi istedikleri farkli baglamlarda diisinmelerini ve hatta l¢ boyuta varan
problemler kurmalarini saglamistir.

Bu c¢alisma, literatlir taramasinda oldugu gibi problem kurma becerisine sahip 0Ogrenciler
yetistirilebilmesi icin gelecegin 6gretmenlerinin bu konuda iyi egitilmesi gerektigini gdstermektedir.
Ogretmen egitimi programlarinda Problem Cézme derslerinin yani sira Problem Kurma derslerine de
gereken 6nemin verilmesi tavsiye edilmektedir. Bu derslerin segmeli degil zorunlu olarak verilmesi de
sadece dersi alanlarin degil tim 6gretmen adaylarinin faydasina olacaktir. Bu dersleri verecek olan
o6gretim elemanlarinin bu konuda donanimli olmalari 6nemlidir.

Bu arastirmada sadece Stoyanova ve Ellerton (1996) tarafindan tavsiye edilen problem kurma
vaklasimlari ele alinmis olup katihmcilarin farkli yaklasimlar kullanarak problem kurma siregleri
izlenebilir.

Uygulama sirasinda 6gretmen adaylari tarafindan dinamik geometri yazilimi ile (¢ boyutlu sekillerin
hayal edilmesinin daha kolay oldugu ifade edilmistir. U¢ boyutlu sekillerin daha iyi algilanmasini
saglamak icin dinamik geometri yazilimlari daha sik kullanilabilir.
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