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Abstract: This study aims to examine the effect of computer-assisted geometry activities developed to improve the problem-
solving skills on problem-solving achievements of pre-service mathematics teachers. This study, in which the researcher
teacher method was used, was carried out with 14 pre-service mathematics teachers studying at a state university in the 2020-
2021 academic year. Through the Microsoft Teams program, 15 different activities designed for pre-service teachers have
been implemented in an online learning environment during a semester. The data of the study were obtained from 10
geometry problems developed by the researchers and applied before and after the application and the field notes of the
researcher. The results of the study showed that there was a positive and significant difference in the problem-solving
achievement of the pre-service teachers after the application compared to the pre-application. Based on the results of the
study, it is among the recommendations of the study that the educational results can be examined by working with students at
different levels with the pre-test-post-test control and experimental groups for similar designs.
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Oz: Bu calismada problem ¢6zme becerilerini gelistirmeye yonelik gelistirilen bilgisayar destekli geometri etkinliklerinin
matematik 0gretmeni adaylarinin problem ¢ézme basarilarina etkisinin incelenmesi amaglanmistir. Arastirmaci 6gretmen
yonteminin kullamldigr bu calisma, 2020-2021 Egitim Ogretim yilinda bir devlet iiniversitesinde 6grenim goren 14
matematik dgretmeni adayi ile ylritilmistiir. Microsoft Teams programi araciligiyla bir donem boyunca online 6grenme
ortaminda Ogretmen adaylarina tasarlanan 15 farkli etkinlik uygulanmistir. Caligmanin verileri, arastirmacilar tarafindan
gelistirilen, uygulama 6ncesi ve sonrasinda uygulanan 10 geometri problemi ile arastirmacinin siireg igerisinde tuttugu alan
notlarindan elde edilmistir. Calismadan elde edilen sonuglar, uygulama 6ncesine gore 6gretmen adaylarinin problem ¢dzme
basarilarinda uygulama sonrasinda pozitif ve anlamli bir fark oldugunu gostermistir. Calismanin sonuglarindan hareketle
benzer tasarimlar igin 6n test-son test kontrol ve deney grubu ile farkli kademedeki 6grencilerle galigilarak egitimsel sonuglar
irdelenebilecegi ¢alismanin 6nerileri arasinda yer almaktadir.

Anahtar Kelimeler: Problem ¢dzme, problem ¢ozme basarisi, bilgisayar destekli geometri, geometri

Tiirkge sitirlim i¢in tiklayiniz

1. Introduction

Mathematics in general and geometry lessons, in particular, are considered by students to be difficult and
confusing. One of the main reasons for this is that students try to transfer some formulas to the shape by
memorizing them in school environments. One of the methods to overcome this situation is to continue
mathematics and geometry lessons by focusing on problem-solving. Mathematics and geometry curricula, which
are accepted in both national and international literature, express the necessity of creating content that focuses on
problem-solving in order for students to understand mathematics and geometry courses on a conceptual level
(Ministry of Education, 2018; National Council of Teachers of Mathematics, 2000).

Schoenfeld (1992) argued that teaching based on problem-solving will give students a deep knowledge of
mathematics, and problem-solving will allow students to do their own math. In this context, Schoenfeld (1992)
classified the factors affecting students' problem-solving skills as resources, teaching strategies, control, and
beliefs. Schoenfeld described these factors as follows: resources: the knowledge that an individual has about a
subject belonging to the concepts of mathematics or geometry; strategies: methods and strategies used by the
individual when solving a non-routine problem; control: metacognitive knowledge on how to direct resources
and discoveries, or the check of the solution of a problem by the individual and, accordingly, self-interpretation.
Schoenfeld expressed beliefs as the individual's beliefs in solving a problem. Since the individuals who do not
know how to overcome the problem they face will be incapable of solving the problem, strategies are of great
importance among the factors affecting problem-solving stated by Schoenfeld (1992). At this stage, it is of great
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importance to have a wide range of strategies used to increase the problem-solving achievement of individuals.
The diversity and variety of strategies used to solve a problem can help the individual reach the correct solution.
Today, the use of computer software in mathematics and geometry teaching comes into play as helpful strategies
that affect the problem-solving achievement of students (Baki, 2002; Cetin, Erdogan & Yazlik, 2015; Kawabata
& Itoh, 2009; Wong, Yin, Yang & Cheng, 2011). Computer-Assisted Teaching is presenting the concepts to be
taught to students in a computer environment (Bintag & Akilli, 2008; Tapan-Broutin, 2010). In this study, since
the effect of computer-assisted geometry teaching on problem-solving achievement was examined, this topic was
focused on in the theoretical structure.

1.1. Computer-Assisted Geometry Teaching and Problem-Solving

Computer-assisted problem-solving is defined as a method used in improving students' problem-solving
skills and making problem-solving activities enjoyable (Baki, 2008). The intertwining of computer-assisted
mathematics and geometry teaching with problem-solving allows individuals to make an unlimited number of
trials and errors by bringing their previous work with pen and paper to the computer environment. Similarly,
with dynamic geometry and mathematical software, mathematical expressions can be visualized, abstract
concepts can be concreted, and complex and difficult calculations can be easily made by controlling the solutions
(Biilbiil, Giiler, Giirsoy & Giiven, 2020). Wong et al., (2011) expressed the role and importance of dynamic
geometry software in geometry problems as shown in Figure 1.
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Figure 1. The role and importance of dynamic geometry software in the geometry problem-solving process
(Wong et al., 2011)

As can be seen in Figurel, dynamic geometry software is intertwined with the problem-solving process.
Students can easily embody abstract concepts by drawing a given geometric shape in software. Also, the drawn
shapes help to easily analyze the structure of the geometric shape by manipulating the shape such as drag-
extension-pull-transformation through software (Kawabata& Itoh, 2009). Dynamic geometry software is
important in enabling students to learn by manipulating geometric shapes.

There are studies in the literature showing that the use of software affects students' problem-solving
achievement (Acikgiil & Aslaner, 2014; Bayturan, 2011; Bintags & Bagcivan, 2007; Christou, Mousolides,
Pittalis & Pitta-Pantazi, 2005; Geng & Oksiiz, 2016; Giiven, 2012; Karadag, 2019; Kuzle, 2013; Organli &
Organli, 2016; Roza, 2017). In the study of Karadag (2019), the effect of mathematics lessons taught with
technology-related activities and problems on the problem-solving achievement of primary school 4th-grade
students and their attitudes towards mathematics lessons was examined. As a result of the study using a pretest-
posttest control group quasi-experimental design, one of the quantitative research methods, it was stated that the
problem-solving achievement of the experimental group differed significantly from the success of the control
group. Karadag (2019) stated that the problem-solving achievement of the experimental group increased.
Similarly, Christou et al. (2005) focused on understanding how students use dynamic geometry software in
problem-solving. The data of the study conducted with six pre-service teachers were obtained through two-stage
interviews, and the data obtained from these interviews revealed that the software helps pre-service teachers in
modeling processes, to make assumptions, achieve generalizations through experiments, and encourages pre-
service teachers. Also, it has been determined that the drag and measurement functions of the software support
problem-solving processes by creating cognitive conflicts. The software has supported the problem-solving
processes of the students considering the special situations that the pen-paper environment could not offer.
Another study examining the effect of computer-assisted instruction on students 'academic achievement is the
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study conducted by Giiven (2012) on the effect of dynamic geometry software to improve the comprehension
levels of 8th-grade students for transformational geometry. Giiven (2012) conducted an experimental study with
a total of 68 8th grade students, 36 in the experimental group and 32 in the control group; while explaining the
transformation geometry to the experimental group students using dynamic geometry software, the control group
students carried out the same application using isometric and dotted papers. Giiven (2012) concluded that there
were only positive changes in academic achievement in favor of the experimental group.

As a result, the literature reveals that researchers generally focus on the effects of computer-assisted
education on problem-solving success and academic achievement of primary school students. However, pre-
service teachers in the mathematics teaching program of education faculties teach in the same way they learn
(Baki, 2008). Considering this situation, teachers must first acquire these skills at university in order to teach
problem-solving with computer-assisted software in their lessons. Before acquiring these skills, it is necessary to
investigate whether geometry courses processed with the help of computer-assisted activities have an impact on
problem-solving achievements. Therefore, this study aims to determine the effect of computer-assisted geometry
activities on the problem-solving achievements of pre-service mathematics teachers.

2. Method

This study was carried out within the scope of the "Computer-Assisted Mathematics Teaching" course in the
Primary Education Mathematics teaching Department. Since the first author is both the instructor of the course
and one of the researchers of the study, the researcher-teacher method was used in this study. The researcher
teacher method is generally defined as a method developed to detect a problem that occurs at a particular
moment of the education process, or to implement a new strategy (Cohen & Manion, 1994; Cepni, 2001). The
main feature of this method is that the teacher takes part in the classroom environment as a researcher and is
directly effective against any problem that may arise in the classroom environment.

2.1. Participants

This study was carried out with 14 Elementary Mathematics Teaching Department students in a state
university who enrolled in the "Computer-Assisted Mathematics Teaching" course in the Fall Semester of the
2020-2021 Academic Year. Since the aim is to investigate the effect of computer-assisted geometry activities on
problem-solving achievement, it was deemed appropriate to conduct this study with pre-service teachers who
enrolled in the “Computer-Assisted Mathematics Teaching” course. In this respect, the purposeful sampling
method was used.

2.2. Data collection tools

The problem-solving achievement test developed by Biilbiil (2021) and researcher field notes were employed
as data collection tools. The subject and scope of the problem-solving achievement test are presented in Table 1.

Table 1. Content of Problems included in the Problem-Solving Achievement Test

Problem No Content of Problems

1 Relation between angle and side of a triangle

Quadrilaterals (Trapezoid and its properties)

Quadrilaterals (Square and its properties)

Median properties in a triangle

Quadrilaterals (Rectangle and its properties)

Quadrilaterals (Parallelogram and its properties)

Equilateral triangle and its properties

Area-side-length relation in a triangle

OO N[O g B|lW|N

Right triangle and its properties

=
o

Circle and its properties

As shown in Table 1, there are a total of 10 problems in the pre-test and post-test (the same problems were
asked). The topics included in the problems were triangles, quadrilaterals, and circles. The selected topics are
suitable for the contents of the "Geometry Teaching and Measurement™ course to be taken at the undergraduate
level and for the contents of the activities prepared within the scope of this project.

In the first problem, a triangle and some edge lengths and angles for this triangle are given. Pre-service
teachers are expected to find a relationship between the desired two edge lengths using these features. In the
second problem, some side lengths and angles of a perpendicular trapezoid are given, and it was expected to find
the desired side length. In the third problem, a triangle is placed in the square. According to the given, it was
expected to show that the two triangles are identical. In this problem, pre-service teachers need to know both the
characteristics of the square as well as the similarity rule in triangles and use these features in problem-solving.
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In the fourth problem, the area of the new shape formed by rotating the center of the sides of a triangle 1800
from the cutting point (center of gravity) is asked. In order to solve this problem, pre-service teachers need to
know the properties of the medians of the triangle and be able to apply the edge length and area relationship in
the triangle. In the fifth problem, a rectangle is given. Pre-service teachers are expected to find the desired side
length by making applications on the shape formed as a result of folding from one corner of the rectangle. In
order to solve this problem, pre-service teachers need to know both the characteristics of the rectangle and the
similarity rule in triangles. The sixth problem is a question involving parallelogram and its properties. In order to
solve this problem, pre-service teachers should master the properties of angles between two parallel lines and the
similarities in triangles. The seventh problem is related to reach similar triangles by using the properties of the
equilateral triangle. After solving this problem, pre-service teachers are expected to apply the same feature for
the square and regular pentagon. After solving this problem, pre-service teachers are expected to apply the same
feature for the square and regular pentagon. The eighth problem is about establishing a relationship between area
and side length in a triangle. In the ninth problem, pre-service teachers are asked to prove the accuracy of the
proposition that "The median length of the hypotenuse in the right triangle is equal to half the length of the
hypotenuse.” Finally, in the tenth problem, the solution stages of a problem made by a teacher by considering the
extreme situations of the circle are given. The expected behavior of the pre-service teachers is to examine these
stages and make comments on their right or wrong.

The validity and reliability analysis of the problem-solving achievement test was carried out by Biilbiil
(2021). The person reliability coefficient of the problem-solving achievement test was found to be .69, and the
item reliability index was found to be .82. Biilbiil (2021) consulted experts on the question of whether the
problems in the measurement tool are suitable for the purpose and whether they represent the area to be
measured to ensure the validity of the achievement test.

Since the study was carried out with the Microsoft Teams program, the recording feature of the program was
used. Afterward, the course was re-watched by the researchers, and notes were taken. Therefore, researcher field
notes were used as the second data collection tool of this study.

2.3. Data analysis

In this study, the "Problem Solving Achievement Test" developed by Biilbiil (2021) was used. The
achievement test was administered to pre-service teachers over a period of 2 hours as pre-test and post-test
through Microsoft Teams. After the application, the responses of the pre-service teachers were examined to
determine whether the problem was solved correctly using the appropriate strategy. The data obtained from the
achievement test were analyzed based on the scoring system developed by Biilbiil (2021) by ensuring their
reliability. The scoring system in question is as follows:

0 Points: Problems left blank, misused mathematical expressions, answers without logical justification
1 Point: Answers that contain accurate, logical inferences but do not offer a complete solution
2 Points: Answers with correct inferences and completed solutions.

The sample solution and analysis phase of a pre-service teacher for the scoring system given above are given
below.

A M B As seen in the figure ABCD is a square. M is the
midpoint of edge AB. Since [KM] and [MC] are
K perpendicular, what is the relationship between
the BCM triangle and the KCM triangles in
terms of similarity? Explain your solution by

D supporting it with mathematical expressions.

Figure 2. The 3rd Problem in the problem-solving achievement test

As can be seen in Figure 2, the ABCD square is given, and M is the midpoint. In addition, since KM LMC,
the relationship between the BCM triangle and the KCM triangles in terms of similarity was asked. Figure 3
shows the solution given by the T5 coded participant to the 3rd problem.

60



Examining the Effect of Computer-Assisted Geometry Activities on Problem Solving Achievements of Pre-service Mathematics T...

lARI= we  we [Ba) =2k golsan,

~ L
MCBLMI =l YL mu_r‘\’l}] =R osun
MAMO = ve mlAM= g 0wl

o, s R f [N
MR ve MBL Bugeningt  act—ci 04y erurliyls
Al = 1Al = [Pl =k bawner,

'S i

é\#\’-l:u_ ise iepl =3\ & . B
YLb misqaer; O alwdls Gl = el =S
NMBe plsager: bt o’ MO = = 2=
AN Psqoar ) ute W= eM) T Wl = v

D T uk

a = .
AL v ML Sepgenkfinan

MLLME) = tCtice) = 2w =y o ae= IS
MARCMY = mMlMOic) = o= = s e fSe b

mLMBLY = mllemd) = 20

£ - 1
cromary Dlop  BMC ¢ L o7 Suspaieran,

Figure 3. The solution given by the T5 coded participant to the 3rd problem

When the above solution is examined, it can be seen that the pre-service teacher placed the angles and
lengths on the shape and then reached the correct result by using the similarity of the triangles and Pythagorean
correlation. However, BCM~KCM should be written when showing the similarity between triangles. Although
the pre-service teacher with the code T5 reached the correct result, since he/she wrote BMC~KMC, he/she
received 1 point due to his/her association habit. In this form of writing, since the measures of different angles
will be equal to each other, an incorrect association has been made. After the responses of pre-service teachers
were scored, they were analyzed using SPSS 21.1 software, and the pre-test post-test person map and Wilcoxon
signed ranks test were examined.

2.4. Process

This study aims to examine the effect of computer-assisted geometry activities developed to improve the
problem-solving skills on problem-solving achievements of pre-service mathematics teachers. For this purpose,
after the pre-test, the activities were applied in each course for 15 weeks. The application process of the activities
is given in Figure 4.

1. The activities are given top re-service teachers two days in advance.

4

2. Pre-service teachers are enabled to work on the activity using GeoGebra software.

4

3. During the lesson phase, each pre-service teacher explains his/her solutions to the class with screenshare.

4

4. The correct solution is reached by discussing with the researcher conducting the course.

4

5. If someone has a different solution strategy, his/her solution method is listened.

4

6. The researcher ends the lesson by collecting the solutions after the pre-service teachers have finished all the
activities.

Figure 4. The implementation process of the activities

As shown in Figure 4, computer-assisted geometry activities were given to pre-service teachers two days
before each course is implemented through Microsoft Teams. During the lesson phase, each pre-service teacher
is allowed to show their solution via the "Screen Sharing" tab. In this way, GeoGebra software is also used in the
discussion environment with the pre-service teachers, and the correct solutions are focused on. After the
solutions are finished, the researcher conducting the course asks the class, "Does anyone have a different
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solution and strategy?" If there are pre-service teachers with different solutions, those solutions are also
evaluated. After all the activities are over, the researcher, who is the lecturer of the course, collects the solutions
and finishes the lesson.

The implementation phase lasted a total of 15 weeks. In the first week, pre-service teachers were met, and
pre-test problems were applied. In the second week, GeoGebra was introduced to prospective teachers, and
simple examples of software were given. For ten weeks, computer-assisted activities aimed at problem-solving
skills prepared for geometry subjects mentioned during the design phase were implemented embedded in the
course. At the end of the 10-week application, the problem-solving achievement test was re-applied as a post-
test. An example of the activity and application process is given below.

In the figure KLM is a triangle, points P and Q are two
random points on the edge KM and ML, respectively.
The line segment KF is the bisector of the angle MKQ
and LF is the bisector of the angle MLP.

Q a) Try to find a relationship between the angles of the
P s(KPL), s(KQL), and s(KFL).
b) How do the angles s(KPL), s(KQL) and s(KFL)
change if you coincide point P with point M in the
given way? Explain your solutions by supporting them
K — L with mathematical expressions.

M

Figure 5. Sample activity problem from the sixth week

An example activity problem from the sixth application week is given in Figure 5. While this problem is
being solved by students, it contains instructions according to Polya's steps. In addition to these steps, pre-
service teachers were asked to draw the shape in GeoGebra software and use this software by supporting it with
mathematical reasons. As stated above, the activities were carried out using the Microsoft Teams platform (See
Figure 4).
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Figure 6. Screenshot of the pre-service teachers' solution to the problem in the sixth-week event

As can be seen in Figure 6, pre-service teachers used GeoGebra software and explained the solution they
made to the whole class by screen sharing. One of the important issues here is that two days before the activities
each week, the lecturer has made assignments to the system in the form of homework. Thus, each pre-service
teacher made their own solutions, and different solution strategies were shared in the classroom when it was time
for the lesson. It was aimed to positively affect the problem-solving achievement of the pre-service teachers with
the lessons taught in this way.

3. Findings

The answers given by the pre-service teachers to the pre-test and post-test problems were analyzed to decide
how the problem-solving achievement of the pre-service teachers was affected by the computer-assisted
geometry activities. In this context, computer-assisted activities were carried out with the pre-service teachers
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during a semester. Pre-test and post-test that include the same problems were applied to pre-service teachers
before and after the application. The individual data of pre-test and post-test scores of pre-service teachers are
shown in Figure 7.

—o— On-test

m— Son-test

Figure 7. Individual distribution of pre-test and post-test scores

As can be seen in Figure 7, most of the pre-service teachers have higher post-test scores compared to the pre-
test scores. While only one pre-service teacher's score did not change (T13), it was observed that there was a
slight decrease in the post-test score of one pre-service teacher (T4). General statistics of these scores obtained
individually are presented in Table 2.

Table 2. Pre-test and Post-test Descriptive Statistics

Evaluation N Mean Standard deviation Lowest score Highest score
Pre-test 14 11.3571 3.65023 5.00 17.00
Post-test 15.3571 2.06089 12.00 19.00

As can be seen in descriptive statistics before and after the application presented in Table 2, the pre-service
teachers have a higher average in the post-test compared to the pre-test. The gaps between the scores also
indicate an increase in the pre-service teachers' scores after the application. In order to examine whether this
increase is statistically significant, the Wilcoxon signed-ranks test was applied. The results obtained are
presented in Table 3.

Table 3. Wilcoxon Signed-Ranks Test Result

Measurement N Sequence average Sequence sum VA p
Negative Sequence 1 2.00 2.00
Positive Sequence 12 7.42 89.00 -3.050 .002
Equal Sequence 1

As can be seen in Table 3, there was a significant difference between the pre-test and post-test scores of pre-
service teachers. When the average scores are examined, it can be stated that this difference is in favor of the
post-test scores. As a result, it was determined that the effect of the intervention was statistically significant and
positively affects the problem-solving achievement of the pre-service teachers.

Considering the above explanations, the problem-solving achievement of most of the pre-service teachers in
the post-test was higher than their achievement in the pre-test. The solution made by the T5 coded pre-service
teacher in the pre-test and post-test data can be shown as an example of this situation (See Figure 8).
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Figure 8. The answer of the T5 coded pre-service teacher towards the ninth problem in the pre-test.

As can be seen in Figure 8, the T5 coded pre-service teacher drew a figure for the problem. However, since
the pre-service teacher did not make an explanation or logical inference regarding the solution, this solution was
not considered correct. The answer of the same pre-service teacher for the same problem in the post-test is given
in Figure 9.
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Let K be the midpoint of edge AC. If the D point and the K point are
combined, [DK] will be the midsole, so DK // BA will be. This means
(IDK))/(JAC]).. Because it is the middle point, it divides it into two equal
parts. It divides at 90 degrees. It can also be seen from the figure that
the right sides of the DKC and DKA right triangles are the same.
Hypotenuses are the same, as required by the Pythagorean Theorem.
Since ADC is an isosceles triangle | AD | = | DC | = | BD |. The
requested proof is made.

Figure 9. The answer of the T5 coded pre-service teacher towards the ninth problem in the post-test.

When the answer given by the T5 coded pre-service teacher in the post-test was examined, it was observed
that the candidate first demonstrated the accuracy of the desired proposition on the software and then explained
the solution again based on logical justifications as follows:

Let K be the midpoint of edge AC. If the D point and the K point are combined, [DK] will be the
midsole, so DK // BA will be. This means 22—5: . Because it is the middle point, it divides it into two
equal parts. It divides at 90 degrees. It can also be seen from the figure that the right sides of the
DKC and DKA right triangles are the same. Hypotenuses are the same, as required by the
Pythagorean Theorem. Since ADC is an isosceles triangle | AD | = | DC | = | BD |. The requested
proof is made.

Since this solution was expressed mathematically with its justifications, it got two points in terms of
problem-solving achievement. As a result, when the solutions in Figure 8 and Figure 9 are compared, the
positive change in the problem-solving process of pre-service teacher T5 can be clearly seen. Similarly, the T6
coded pre-service teacher left the fifth problem blank in the pretest. The T6 coded pre-service teacher response
to the fifth problem in the post-test is given in Figure 10.
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Figure 10. The answer of the T6 coded pre-service teacher towards the fifth problem in the posttest

As can be seen in Figure 10, the T6 coded pre-service teacher made the solution with computer-assisted
software. Also, the pre-service teacher created a similarity between the triangles as a result of the folding made
in the given problem and wrote the similarity rate correctly. In short, while the T5 coded pre-service teacher
could not answer this problem in the pre-test, he/she reached the correct result with the logical justifications in
the post-test.

Another finding obtained from the study was that although the implementation of the activities during a
semester generally increased the problem-solving achievement of the pre-service teachers, no change was
observed in the achievement of one pre-service teacher. Although there was no change in the problem-solving
achievement of the T13 coded pre-service teacher, when his/her answers were examined in detail, it was
determined that he/she benefited from computer-assisted software in the problems in the posttest. The detailed
structure of this process is given in Figure 11.

Figure 11. The response of the T13 coded pre-service teacher to the sixth problem in the pre-test

As can be seen in Figure 11, the answer of T13 coded pre-service teacher to the sixth problem in the pretest
was correct. The pre-service teacher reached the correct result by hierarchically continuing the solution process.
In Figure 12, the answer of the same pre-service teacher for the same problem in the post-test is given.

AG= 245
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Figure 12. The response of the T13 coded pre-service teacher to the sixth problem in the post-test
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As can be seen in Figure 12, the T13 coded pre-service teacher used the GeoGebra software and explained
his/her solution with the mathematical expressions. As a result, it can be stated that although there was no
change in the problem-solving achievement of the T13 coded pre-service teacher, he/she gained the ability to use
the GeoGebra software in problem-solving.

4. Discussion, Conclusion and Suggestions

In this study, the effect of computer-assisted geometry activities developed for problem-solving skills on the
problem-solving achievement of pre-service mathematics teachers was examined. In this context, computer-
assisted activities aimed at problem-solving skills were implemented with pre-service mathematics teachers for
15 weeks. Pre-test and post-test were applied before and after the application.

The result of the study was that computer-assisted geometry activities aimed at problem-solving skills
applied to pre-service teachers increase the problem-solving achievement of pre-service teachers. As a result of
the comparison of pre-test and post-test results of pre-service teachers, it was observed that most of the pre-
service teachers had higher post-test scores compared to the pre-test scores. When the descriptive statistics
before and after the application were examined in terms of average scores, pre-service teachers have a higher
average in the post-test compared to the pre-test. The study of Karadag (2019) supports the result of this study.
In the study of Karadag (2019), the effect of mathematics lessons taught with technology-related activities and
problems on the problem-solving achievement of primary school 4th-grade students and their attitudes towards
mathematics lessons was examined. As a result of the study using a pretest-posttest control group quasi-
experimental design, one of the quantitative research methods, it was stated that the problem-solving
achievement of the experimental group differed significantly from the achievement of the control group.
Karadag (2019) stated that the problem-solving achievement of the experimental group increased.

The differences between the scores obtained by the pre-service teachers also indicate an increase in the pre-
service teachers' scores after the application. It can be stated that computer-assisted activities positively affect the
problem-solving achievement of pre-service teachers. Numerous studies in the literature, which concluded that
computer-assisted mathematics teaching positively affects students' problem-solving and academic achievement,
supports the result of this study (Apari, 2019; Bayturan, 2011; Bintas & Bagcivan, 2007; Christou et al., 2005;
Geng & Oksiiz, 2016; Giiven, 2012; Ipek & Malas, 2013; Orcanli & Organli, 2016; Roza, 2017). One of these
studies is the study of Christou et al. (2005), which examines the effect of computer-assisted software on
students' problem solving and problem posing processes. Christou et al. (2005) focused on understanding how
students use dynamic geometry software in problem-solving. The data of the study conducted with six pre-
service teachers were obtained through two-stage interviews, and the data obtained from these interviews
revealed that the software helps pre-service teachers in modeling processes, to make assumptions, achieve
generalizations through experiments, and encourages pre-service teachers. Also, it has been determined that the
drag and measurement functions of the software support problem-solving processes by creating cognitive
conflicts. The software has supported the problem-solving processes of the students considering the special
situations that the pen-paper environment could not offer.

The study conducted by Kuzle (2013) supports the conclusion of this study regarding the effect of computer-
assisted geometry teaching on students' problem-solving achievement. Kuzle (2013) aimed to define the
processes that two pre-service teachers put forward while solving non-routine geometry problems through
Geometer's Sketchpad software, one of the dynamic geometry software. The theoretical framework of the study,
in which the meta-cognitive processes of the pre-service teachers were tried to be described, formed Schoenfeld's
framework of the changes in cognitive and metacognitive actions. Accordingly, the pre-service teachers have
performed different behaviors such as drawing diagrams and using available resources in the reading,
comprehension, and analysis sections. During the research, planning, implementation, and verification stages,
participants made decisions to access information and strategies, evaluate them, make assumptions, test these
assumptions, monitor progress, evaluate the effectiveness of activities and strategies, and the accuracy of the
response achieved. Another interesting finding of the study was the cognitive problem-solving activities of the
pre-service teachers were lead to inefficient efforts where appropriate metacognitive actions should be followed.
Similarly, Acikgiil (2012) examined the effect of Cabri, one of the dynamic geometry software, in the process of
solving geometric location problems of the pre-service teachers in her study with 36 pre-service mathematics
teachers. The application process, enriched with activities, was enriched with dynamic geometry software in
addition to the activities carried out in a pencil and paper environment. The results obtained from the study
showed that the solutions made by the pre-service teachers in the pencil-paper environment contained errors, and
in the software, findings were found from the pre-service teachers' missing field information. When both
approaches were compared (pencil-paper and dynamic geometry software), it was determined that teachers had
the opportunity to form hypotheses, to test and generalize these hypotheses in the dynamic geometry software
environment. The pencil-paper environment, on the other hand, offered opportunities to use mathematical
knowledge, determine the dependent-independent points, visualize and make correct predictions. The qualitative
data obtained show that pre-service teachers develop a positive attitude towards these technological tools.
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Another study examining the effect of computer-assisted instruction on students ‘academic achievement is the
study conducted by Giiven (2012) on the effect of dynamic geometry software to improve the comprehension
levels of 8th-grade students for transformational geometry. Giiven (2012) conducted an experimental study with
a total of 68 8th grade students, 36 in the experimental group and 32 in the control group; while explaining the
transformation geometry to the experimental group students using dynamic geometry software, the control group
students carried out the same application using isometric and dotted papers. As a result of the study, Giiven
(2012) stated that the experimental group performed better than the control group not only in academic
achievement but also in learning levels of transformation geometry. This result obtained by Giiven (2012) is
similar to the parts of the project that positively affect the success of problem-solving and support the formation
of dragging and turning skills in pre-service teachers.

In this study, it was concluded that computer-assisted geometry activities for problem-solving skills
developed by Biilbiil (2021) positively affect the problem-solving achievement of the pre-service teachers. In
this study, the "Problem Solving Achievement Test" was used as a tool to measure the problem-solving
achievement of pre-service teachers. If teachers want to determine the problem-solving achievement of their
students, they can use this test. It is among the recommendations of the study that the educational results can be
examined by working with students at different levels with the pretest-posttest control and experimental groups.

Ethics Committee Approval Information

Ethics committee approval was obtained from Manisa Celal Bayar University, Committee of Social Sciences and
Humanities for the research, with the date of 06 February 2020 and protocol number 2020/03.
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Bilgisayar Destekli Geometri Etkinliklerinin Matematik Ogretmeni Adaylarinin
Problem Cozme Basarilarina Etkisinin Incelenmesi

1. Giris

Genelde matematik o6zelde ise geometri dersleri, Ogrenciler tarafindan anlasilmasi gilig, zor olarak
diistiniilmektedir. Bunun temel sebeplerinden birisi 6grencilere okul ortamlarinda birtakim formiillerin
ezberletilerek sekil iizerine aktarilmaya ¢aligilmasindan kaynaklanabilmektedir. Bu durumun iistesinden gelme
yontemlerinden biri de matematik ve geometri derslerinin problem ¢dzmeyi merkeze alarak siirdiiriilmesi
seklinde olabilmektedir. Gerek ulusal gerekse uluslararasi literatiirde kabul géren matematik ve geometri 6gretim
programlari, 6grencilerin kavramsal boyutta matematik ve geometri derslerini anlamasi igin, problem ¢ézmeyi
merkeze alan igerikler olusturulmasmin gerekliligini ifade etmistir (Milli Egitim Bakanligi, 2018; National
Council of Teachers of Mathematics, 2000).

Schoenfeld (1992) problem ¢dzmeye dayali 6gretim sayesinde dgrencilerin derin matematik bilgisine sahip
olacagini ve problem ¢dzmenin Ogrencilere kendi matematigini yapma firsati verecegini savunmustur. Bu
baglamda Schoenfeld (1992) 6grencilerin problem ¢ézme becerilerini etkileyen faktorleri; kaynaklar, 6gretim
stratejileri, kontrol ve inanglar olarak siiflandirmistir. Schoenfeld’in bahsettigi kaynaklari; matematik veya
geometri kavramlarina ait bir konu hakkinda bireyin sahip oldugu bilgiler, stratejileri; bireyin rutin olmayan bir
problemi ¢ozerken kullandig1 yontem ve stratejiler, kontrolii; kaynaklarin ve kesiflerin nasil yonlendirilecegine
dair iist bilissel bilgiler ya da yapilan bir problemin ¢dziimiiniin birey tarafindan kontrol edilmesi ve buna bagl
olarak kendi kendine yorumlar yapmasi seklinde tanimlamistir. Schoenfeld inanglari ise bireyin bir problemin
¢ozlimiine yonelik inanglar1 olarak ifade etmistir. Schoenfeld (1992) tarafindan ifade edilen problem ¢dzmeyi
etkileyen faktorlerden stratejiler bilyiik 6neme sahiptir. Ciinkii karsilastigi problemin iistesinden ne sekilde
gelecegini bilemeyen bireyler, soruna ¢dziim iiretmede yetersiz kalacaktir. Iste bu asamada bireylerin problem
¢Ozme basarisint artirmada, kullanilan strateji yelpazesinin genis olmasi biiyiilk 6nem tasimaktadir. Cilinkii bir
problemin ¢6ziimiinde kullanilan stratejilerin farkliligi ve g¢esitliligi, bireyi o problemin dogru sonucuna
ulagtirmada yardimci olabilmektedir. Giiniimiizde ise bilgisayar yazilimlarinin matematik ve geometri
ogretiminde kullanilmasi 6grencilerin problem ¢ézme basarisint etkileyen yardimc stratejiler olarak devreye
girmektedir (Baki, 2002; Cetin, Erdogan & Yazlik, 2015; Kawabata & Itoh, 2009; Wong, Yin, Yang & Cheng,
2011). Bilgisayar destekli 6gretim; bilgisayar programlari aracilifiyla 6grencilere 6gretilmek istenen kavramlarin
verilmesidir (Bintag & Akilli, 2008; Tapan-Broutin, 2010). Bu ¢alismada bilgisayar destekli geometri
Ogretiminin problem ¢6zme basarisina etkisi incelendiginden, teorik yapida bu konuya odaklanilmistir.

1.1. Bilgisayar Destekli Geometri Ogretimi ve Problem C6zme

Bilgisayar destekli problem ¢6zme; 6grencilerin problem ¢dzme becerilerinin gelistirilmesinde ve problem
¢ozme etkinligini zevkli hale getirmede kullanilan bir yontem olarak tanimlanmaktadir (Baki, 2008). Bilgisayar
destekli matematik ve geometri 6gretiminin problem ¢ézme ile ig ige olmasi, bireylerin 6nceden kagit kalem ile
yaptig1 ¢aligmalar: bilgisayar ortamina tasiyarak sinirsiz sayida deneme yanilma yapmasina imkan vermektedir.
Benzer sekilde dinamik geometri ve matematik yazilimlari ile matematiksel ifadeler gorsellestirilebilmekte,

Problem Durumu
Gorsel Temsiller
: g Garsel Kontrol :
| verilen kogultar Hedef kogullar | jum—
3 : 3 Sabit Sekil
4* Dognulara 3 o
] Somug Cikarma
] Gérsel Kontrol : b, Genel
Formal Ispatlama/Problemi Corme el Ron :
X Dinamik geometri ekl
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soyut kavramlar somut hale getirilebilmekte, yapilan ¢dziimlerin kontrolii saglanarak karmasik zor hesaplamalar
kolaylikla yapilabilmektedir (Biilbiil, Giiler, Giirsoy & Giiven, 2020). Wong vd (2011) geometri
problemlerindeki dinamik geometri yazilimlarinin yeri ve dnemini Sekil 1’°deki gibi ifade etmistir.Sekil 1°de
goriildiigii gibi dinamik geometri yazilimlar1 problem ¢dzme siireci ile i¢ icedir. Ogrenciler, verilen bir
geometrik sekli yazilimlarda cizerek soyut kavramlari kolaylikla somutlastirabilmektedir. Ayn1 zamanda ¢izilen
sekiller de yazilimlar aracilifiyla siiriikleme-uzatma-¢ekme-doniistiirme gibi seklin manipiile edilme yontemleri
ile kolaylikla geometrik seklin yapisini analiz etmede yardimci olmaktadir (Kawabata & Itoh, 2009).
Ogrencilerin geometrik sekilleri manipiile ederek 6grenmesini saglamada dinamik geometri yazilimlariin 6nemi
bilyiiktiir.

Literatiirde bilgisayar destekli yazilimlarin farkli sekillerde kullaniminin 6grencilerin problem ¢dzme
basarilari tizerinde etkili olduguna dair ¢alismalara rastlanmaktadir (Agikgiil & Aslaner, 2014; Bayturan, 2011;
Bintas & Bagcivan, 2007; Christou, Mousolides, Pittalis & Pitta-Pantazi, 2005; Geng & Oksiiz, 2016; Giiven,
2012; Karadag, 2019; Kuzle, 2013; Or¢anli & Org¢anli, 2016; Roza, 2017). Bunlardan biri olan Karadag (2019)
calismasinda teknoloji ile iligkilendirilmis etkinlik ve problemlerle islenen matematik dersinin ilkokul dordiincii
smif 6grencilerinin problem ¢ézme basarilarina ve matematik dersine yonelik tutumlarina etkisi incelenmistir.
Nicel arasgtirma yontemlerinden 6n test-son test kontrol gruplu yari deneysel desen kullandigi galigmasinin
sonucunda, deney grubunun problem ¢dzme basarisi, kontrol grubunun basarisindan anlamli bir sekilde
farklilagtig1 ifade edilmistir. Karadag (2019) deney grubunun problem ¢dzme basarisinin arttigini belirtmistir.
Benzer sekilde Christou vd. (2005) calismasinda 6grencilerin problem ¢ézme ortamlarinda dinamik geometri
yazilimlarini nasil kullandiklarin1 anlamaya odaklanmiglardir. 6 6gretmen aday1 ile yiiriitiilen ¢alismanin verileri
iki asamali miilakatlarla elde edilmis ve bu miilakatlardan elde edilen veriler yazilimin adaylarin modelleme
stireclerini, varsayimda bulunmalarini, deneyler yaparak genellemelere ulasabilmelerine yardimer oldugunu ve
adaylar1 cesaretlendirdigini ortaya koymustur. Ayrica yazilimin siiriikleme ve 6lgme fonksiyonlarinin biligsel
catismalar olusturmak suretiyle problem ¢ozme siireglerini destekledigi saptanmustir. Bilgisayar destekli
yazilimlar kalem-kagit ortaminin sunamadigi 6zel durumlart géz Oniinde bulundurma, yazilim araciligiyla
ogrencilerin problem ¢ézme siireglerini desteklemistir. Bilgisayar destekli 6gretimin dgrencilerin akademik
basarilarina etkisin i inceleyen c¢aligmalardan bir digeri de Giiven (2012) tarafindan yiiriitiilen, sekizinci sinif
ogrencilerinin doniisiim geometrine yonelik anlama diizeylerini gelistirmek i¢in dinamik geometri yaziliminin
etkisine yonelik ¢aligmadir. Giiven (2012) 36 deney grubu 32 kontrol grubu olmak iizere toplam 68 sekizinci
smif dgrencisi ile deneysel desende yiiriittiigii ¢aligmasinda, deney grubu &grencilerine doniisiim geometrisi
dinamik geometri yazilimlarini kullanarak anlatirken kontrol grubu &grencilerine ayni uygulamayi izometrik ve
noktali kagitlar kullanarak gergeklestirmistir. Calismanin sonucunda Giiven (2012) deney grubunun lehine
sadece akademik basarisinda olumlu degisimler oldugunu ifade etmistir.

Sonug olarak ilgili literatiir incelendiginde, arastirmacilarin genellikle ilkdgretim kademesindeki 6grencilerin
bilgisayar destekli egitim-problem ¢6zme basarisi, akademik basari iligkisine odaklandigi goriilmektedir. Oysa
egitim fakiiltelerinin matematik 6gretmenligi programindaki 6gretmen adaylar1 nasil 6greniyorsa o sekilde
ogretim gerceklestirmektedir (Baki, 2008). Bu durum g6z 6niine alindiginda, 6gretmenlerin derslerinde problem
¢Ozme ile birlikte bilgisayar destekli yazilimlart kullanabilmesi i¢in dncelikle tiniversite siralarinda bu becerileri
kazanmalar1 gerekir. S6z konusu becerileri kazandirmadan once de adaylarin bilgisayar destekli etkinlikler
yardimiyla islenen geometri derslerinin, problem ¢6zme basarilar1 {izerinde etkisinin olup olmadigmin
arastiritlmasi gerekir. Dolayistyla bu ¢aligmanin amaci problem ¢ézme becerilerine yonelik gelistirilen bilgisayar
destekli geometri etkinliklerinin matematik 6gretmeni adaylarinin problem ¢ézme basarilari iizerindeki etkisinin
belirlenmesidir.

2. Yontem

Bu calisma ilkogretim Matematik Ogretmenligi Boliimii’nde goriilen “Bilgisayar Destekli Matematik
Ogretimi” dersi kapsanmunda yiiriitiilmiistiir. Birinci yazar hem dersin yiiriitiiciisi hem de g¢alismanin
arastirmacilarindan biri oldugundan bu calismada arastirmaci Ogretmen yontemi kullanilmistir. Arastirmaci
O0gretmen yontemi; genel olarak egitim-6gretim siirecinin 6zel bir aninda ortaya ¢ikan sorunun tespit edilmesinde
ya da yeni bir yontem stratejinin uygulanmasi i¢in gelistirilen yontemler olarak tanmimlanmistir (Cohen &
Manion, 1994; Cepni, 2001). Bu yontemin esas 6zellikleri; 6gretmenin arastirmact olarak sinif ortaminda yer
almasi ve sinif ortaminda ¢ikabilecek herhangi bir probleme kars1 dogrudan etkili olmasi 6nemlidir.

2.1. Katilimcilar

Bu caligma bir devlet iiniversitesinde 2020-2021 Ogretim Yili Giiz Dénemi “Bilgisayar Destekli Matematik
Ogretimi” dersini alan ve ilkdgretim Matematik Ogretmenligi programu ikinci smifta dgrenim géren 14
Ogrenciyle yiiriitilmistiir. Amag problem ¢ézme becerilerine yonelik bilgisayar destekli geometri etkinliklerinin
problem ¢dzme basarilarina etkisini arastirmak oldugundan bu calismanin “Bilgisayar Destekli Matematik
Ogretimi” dersini alan dgretmen adaylar ile yiiriitiilmesi uygun gériilmiistiir. Bu yoniiyle amacli érneklemeye
gidilmistir.
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2.2. Veri Toplama Araclan

Calismada veri toplama araglar1 Biilbiil (2021) tarafindan gelistirilen problem ¢dzme basar1 testi ve
aragtirmact alan notlaridir. Tablo 1’de problem ¢6zme basari testinin i¢erdigi konu ve kapsamlara yer verilmistir.

Tablo 1. Problem Cézme Basar1 Testinde Yer Alan Problemlerin Igerigi

Problem Numarasi Problemlerin Icerikleri

Ucgende aci1-kenar uzunlugu iliskisi

Dortgenler (Yamuk ve 6zellikleri)

Dértgenler (Kare ve 6zellikleri)

Uggende kenarortayin zellikleri

Dértgenler (Dikdortgen ve 6zellikleri)

Dortgenler (Paralelkenar ve 6zellikleri)

Eskenar ticgen ve 6zellikleri

Uggende alan-kenar uzunlugu iliskisi

OO N[O bW N -

Dik tiggen ve ozellikleri

[EY
o

Cember ve 6zellikleri

Tablo 1’de goriildiigli gibi 6n test ve son testte (Ayni problemler sorulmustur.) toplam 10 tane problem yer
almaktadir. Problemlerin i¢erdigi konular {iggenler, dortgenler ve ¢ember seklindedir. Segilen bu konular hem
lisans diizeyinde goriilecek olan “Geometri Ogretimi ve Olgme” dersinin iceriklerine hem de bu proje
kapsaminda hazirlanan etkinliklerin iceriklerine uygundur.

Birinci problemde bir iicgen ve bu iicgene ait bazi kenar uzunluklari ve agilar verilmistir. Ogretmen
adaylarindan beklenen davranis bu oOzellikleri kullanarak istenilen iki kenar uzunlugu arasinda bir iliski
bulmasidir. Ikinci problemde bir dik yamugun bazi kenar uzunluklar1 ve agilar1 verilmistir, istenilen uzunlugun
bulunmas: beklenmektedir. Ugiincii problemde kare icerisine bir iiggen yerlestirilmistir. Verilenlere gére iki
liggenin birbirine es oldugunun gosterilmesi adaylardan beklenmektedir. Aslinda burada 6gretmen adaylarinin
hem tiiggenlerde eslik hem de karenin &zelliklerini bilmesi ve bu ozellikleri problem ¢6ziimiinde kullanmasi
gerekir. Dordiincii problemde bir {iggenin kenarortaylarinin kesim noktasindan (agirlik merkezi) 1800
dondiiriilmesi ile olusan yeni seklin alani sormaktadir. Adaylarin bu problemi ¢ézebilmesi igin hem iiggenin
kenarortaylarinin 6zelliklerini bilmesi hem de tiggende kenar uzunlugu ve alan iliskisini uygulayabilmesi gerekir.
Besinci problemde bir dikdortgen verilmistir. Ogretmen adaylarindan dikdortgenin bir kdsesinden katlama
yapilmast sonucu olusan sekil iizerinde uygulamalar yapilarak istenilen kenar uzunlugunun bulunmasi
beklenmektedir. Adaylar bu problemi ¢ézerken hem dikdortgenin Gzelliklerini hem de {iggenlerde benzerlik
kuralint bilmesi gerekir. Altinct problem paralelkenar ve 6zelliklerini igeren bir soru niteligindedir. Bu problemi
¢ozerken adaylar iki paralel dogru arasinda kalan agilarin 6zelliklerini ve iiggenlerde benzerlik konularina hakim
olmalidir. Yedinci problem eskenar iiggenin 6zelliklerini kullanarak es tiggenlere ulagsmaya yoneliktir. Bu
problemi yaptiktan sonra adaylardan aynmi 6zelligi kare ve diizgiin besgen igin uygulamalart beklenir. Biitiin
islemleri yaptiktan sonra ise genel bir kural olusturmalar1 beklenmektedir. Sekizinci problem {iggende alan ve
kenar uzunlugu iliskisi kurmaya yoneliktir. Dokuzuncu problemde 6gretmen adaylarindan “Dik iiggende
hipoteniise ait kenarortay uzunlugunun hipoteniis uzunlugunun yarisa esittir.” Onermesinin dogrulugunu
ispatlamalar1 istenir. Son olarak onuncu problemde bir 6gretmenin ¢embere ait u¢ durumlari diisiinerek yaptigi
bir problemin ¢dziim asamalar1 verilmistir. Ogretmen adaylarindan beklenen davranis bu asamalari inceleyerek
dogru veya yanliglig1 iizerinde yorum yapmalaridir.

Biilbiil (2021) problem ¢dzme basari testinin gegerlik ve giivenirlik analizlerini yapmustir. Problem ¢ézme
basar1 testine ait kisi giivenirlik katsayisini1 .69, madde giivenirlik gdstergesini ise .82 bulan Biilbiil (2021) basari
testine ait gegerligi saglamak icin 6lgme aracinda bulunan problemlerin dl¢gme amacina uygun olup olmadigi,
Olemek istenen alani temsil edip etmedigi sorunu ile ilgili uzman goriislerine bagvurmustur.

Calisma Microsoft Teams programu ile gerceklestirildiginden, programin kaydetme 6zelligi kullanilmistir.
Daha sonra aragtirmacilar tarafindan ders tekrar izlenerek, notlar alimmistir. Dolayisiyla bu ¢aligmanin ikinci veri
toplama arac1 olarak aragtirmaci alan notlar1 kullanilmastir.

2.4. Verilerin analizi

Bu c¢alismada daha oOnceden Biilbiil (2021) tarafindan gelistirilen ‘“Problem Cozme Basar1 Testi”
kullanilmstir. Basari testi uygulama oncesinde ve uygulama sonrasinda Microsoft Teams programu lizerinden 2
saatlik bir siire zarfinda Ogretmen adaylarmin uygulamasi istenmistir. Uygulama sonrasinda ogretmen
adaylarmin verdigi yanitlar, uygun strateji kullanarak problemin dogru ¢oziiliip ¢oziilmedigini belirlemek igin
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incelenmistir. Basar1 testinden elde edilen veriler Biilbiil (2021) tarafindan giivenirlikleri saglanarak gelistirilen
puanlama sistemi esas aliarak analiz edilmistir. S6z konusu puanlama sistemi asagidaki gibidir:

0 Puan: Bos birakilmis problemler, yanlis kullanilmig matematiksel ifadeler, mantiksal gerek¢elendirme
yapilmamis yanitlar

1 Puan: Dogru mantiksal ¢ikarimlar iceren ancak tamamlanmis bir ¢6ziim sunmayan yanitlar

2 Puan: Dogru ¢ikarimlar ve tamamlanmamis ¢oziimler igeren yanitlar seklindedir.

Yukarida verilen puanlama sistemine yonelik bir 6§retmen adayinin drnek ¢oziimii ve analiz asamasi asagida
verilmigtir.

A N g || Sekilde gérildGgi gibi ABCD bir karedir. M, AB
kenarinin orta noktasidir. [KM] ile [MC] dik

K olduguna gére BCM (iggeni ile KCM Uggenleri
eslik bakimindan nasil bir iliskiye sahiptir?
Cozimiiniizi matematiksel ifadelerle

D destekleyerek agiklayiniz.

Sekil 2. Problem ¢6zme basar testinde yer alan 3. Problem

Sekil 2 incelendiginde ABCD karesinin verildigi ve M’nin orta nokta oldugu goriilmektedir. Ayrica
KMLMC ise BCM ti¢geni ile KCM tiggenlerinin eslik bakimindan nasil bir iligkiye sahip oldugu sorulmustur.
Sekil 3’de O5 kodlu 6gretmen adayinin 3. Probleme verdigi ¢6ziim yer almaktadir.
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Sekil 3. O5 kodlu 6gretmen adayinin 3. Probleme verdigi ¢ziim

Yukaridaki ¢6ziim incelendiginde O5 kodlu &gretmen adaymmmn sekil igerisine acilar1 ve uzunluklari
yerlestirdigi sonra da tggenlerin benzerligini ve Pisagor bagintisini kullanarak dogru sonuca ulastig
goriilmektedir. Ancak {iggenler arasinda benzerlik kurulurken BCM~KCM yazilmasi gerekir. O5 kodlu
Ogretmen aday1 her ne kadar dogru sonuca ulagsa da BMC~KMC yazdigindan iliskilendirme aligkanligindan 1
puan almistir. Ciinkii bu yazim seklinde farkli agilarin 6l¢iisii birbirine esit olacagindan yanlis iliskilendirme
yapilmistir. Ogretmen adaylarindan elde edilen veriler puanlandiktan sonra SPSS 21.1 yazilim kullanilarak
analiz edilmis ve On test son test kisi haritasina, Wilcoxon isaretli siralar testine bakilmuistir.

2.4. Siirec

Bu calismada problem ¢6zme becerilerine yonelik gelistirilen bilgisayar destekli geometri etkinliklerinin
matematik 0gretmeni adaylarinin problem ¢dzme bagarilar1 {izerindeki etkisinin incelenmesi amaglanmaktadir.
Bu amag dogrultusunda 6gretmen adaylarina on test sorular1 verildikten sonra 15 haftalik bir siirecte etkinlikler
her derste uygulanmistir. Etkinliklerin uygulanma siireci Sekil 4’te yer verilmistir.
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1. Etkinlikler iki glin 6nceden 6gretmen adaylarina verilir.

=

2. Ogretmen adaylariin GeoGebra yazilimim kullanarak etkinlik iizerinde ugragmasi saglanr.

3. Ders asamasinda her 6gretmen aday1, yaptigt ¢dziimleri ekran paylagimiyla sinifa anlatir.

Qc

=

4. Dersi yiiriiten aragtirmaciyla birlikte dogru ¢6ziime tartigilarak ulagilir.

=

5. Farkli ¢6ziim stratejisi olan biri varsa onun ¢dziim yontemi dinlenir.

4

6. Aragtirmact 6gretmen adaylarin biitiin etkinlikleri bittikten sonra ¢éziimleri toplayarak dersi sonlandirir.

Sekil 4. Etkinliklerin uygulanma siireci

Sekil 4’te goriildiigli gibi bilgisayar destekli geometri etkinlikler her ders Microsoft Teams iizerinden
uygulamadan iki giin 6nce dgretmen adaylarina verilmistir. Ders asamasinda her d6gretmen adayima ¢oziimiinii
“Ekran Paylagimi” sekmesi ile gosterebilmesi igin firsat taninir. Bu sekilde 6gretmen adaylar ile tartigma
ortaminda GeoGebra yazilimi da kullanilarak dogru ¢dziimlere odaklanilir. Coziimler bittikten sonra dersi
yiirliten arastirmaci tarafindan sinifa “Farkli ¢6ziim ve stratejisi olan var mi1?” sorusu yoneltilir. Eger farkli
¢Oziim yolu olan 6gretmen adayi varsa, sinifla birlikte o ¢oziimler de degerlendirilir. Biitiin etkinlikler bittikten
sonra dersin yiiriitiiciisii konumundaki arastirmaci ¢oziimleri toparlayarak dersi bitirir.

Uygulama asamasi toplam 15 hafta siirmiistiir. Ilk hafta Ogretmen adaylarn ile tamsilarak 6n test
problemlerinin uygulanmas1 yapilmustir. Ikinci hafta 6gretmen adaylarina GeoGebra tanitilarak, yazilim ile ilgili
basit ornekler yapilmistir. 10 hafta boyunca da tasarim asamasinda bahsedilen geometri konularina yonelik
hazirlanan problem ¢6zme becerilerine yonelik bilgisayar destekli etkinlikler, ders igerisine gomiilii olarak
uygulanir. 10 haftalik uygulama sonunda problem ¢6zme basari testi son test olarak tekrar uygulanmustir.
Asagida 6rnek bir etkinlik ve uygulama siirecine yer verilmistir.

Sekilde KLLM bir tiggen, P ve Q noktalari
sirastyla KM ve ML kenart {lizerinde rastgele
iki noktadir. KF dogru pargast MKQ agisinin,
LF ise MLP agisinin agiortayidir.

0 a) s(KPL), s(KQL) ve s(KFL) agilarinin
olgiileri arasinda bir iligki bulmaya calisiniz.
b) Verilen sekilde P noktasin1 M noktasi ile
cakistirirsaniz s(KPL), s(KQL) ve s(KFL)
acilarmin Slgiileri nasil degisir? Coziimlerinizi
matematiksel ifadelerle destekleyerek

K¥ - aciklaymiz.

M

Sekil 5. Altinc1 uygulama haftasindan 6rnek etkinlik problemi

Sekil 5’te altinci uygulama haftasindan 6rnek bir etkinlik problemi verilmistir. Bu problem 6grencilere
¢ozdirtilirken Polya’nin basamaklarma gore yonergeler icermektedir. Bu basamaklara ek olarak &gretmen
adaylarindan sekli GeoGebra yaziliminda ¢izmesi ve bu yazilimi matematiksel gerekgeler ile destekleyerek
kullanmas: istenmistir. Etkinlikler ise yukarida da ifade edildigi gibi Microsoft Teams programi kullanilarak
yiiriitiilmiistiir (Bknz. Sekil 4).
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Sekil 6. Ogretmen adaylarmin altinci hafta etkinlikte yer alan probleme ydnelik ¢oziimiiniin ekran goriintiisii

Sekil 6°da goriildiigii gibi 6gretmen adaylari GeoGebra yazilimini kullanip, yaptigt ¢6ziimii ekran paylagimi
yaparak tiim smifa agiklamistir. Burada 6nemli konulardan biri de her hafta etkinlikler uygulamadan iki giin
once dersi yliriiten 6gretim liyesi tarafindan sisteme ddev seklinde atama yapilmistir. Boylece her aday kendi
¢coziimlerini yapmis ve ders saati geldiginde farkli ¢oziim stratejileri sinifta paylasilmistir. Bu sekilde islenen
dersler ile 6gretmen adaylarinin problem ¢dzme bagarilarinin olumlu yonde etkilenmesi de amaglanmustir.

3. Bulgular

Ogretmen adaylarmin problem ¢ézme basarilarinin problem ¢ézme becerilerine yonelik bilgisayar destekli
geometri etkinliklerinden nasil etkilendigine karar verebilmek i¢in adaylarin 6n test ve son test problemlerine
verdigi cevaplar analiz edilmistir. Bu baglamda adaylar ile bir ddnem boyunca bilgisayar destekli etkinliklere
yonelik uygulama yapilmistir. Uygulama Oncesinde ve uygulama sonrasinda Ogretmen adaylarina ayni
problemlerde olusan 6n test ve son test problemleri verilmistir. Bireysel olarak 6gretmen adaylarinin 6n test ve
son test puanlarina ait veriler Sekil 7°de gosterilmistir.

—o—On-test

m— Son-test

Sekil 7. On test ve son test puanlarinin bireysel dagilimi

Sekil 7’deki veriler, 6gretmen adaylarinin biiyiikk bir kisminin uygulama Oncesinde toplanan On-test
puanlarina gore son-test puanlarmin daha yiiksek oldugunu gdstermektedir. Yalnizca bir 6gretmen adayinin
puan1 degismezken (O13), bir dgretmen adaymn ise uygulama sonrasi puaninda az da olsa diisiis oldugu
goriilmiistiir (O4). Bireysel olarak elde edilen bu puanlara ait genel istatistikler ise Tablo 2’de sunulmustur.
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Tablo 2. On Test ve Son Test Betimsel Istatistikleri

Olciim N Ortalama Standart Sapma En diisiik En yiiksek
On test 14 11,3571 3,65023 5,00 17,00
Son test 15,3571 2,06089 12,00 19,00

Tablo 2’de sunulan uygulama 6ncesi ve sonrasina ait betimsel istatistikler incelendiginde ortalama puanlarin
acisindan On teste gore dgretmen adaylarinin son testte daha fazla ortalamaya sahip olduklart goriilmektedir.
Puanlar arasindaki agikliklar da uygulama sonrasinda 6gretmen adaylarinin puanlarinda yiikselme olduguna
isaret etmektedir. Bu artisin istatistiksel olarak anlamli olup olmadigini incelemek amaciyla Wilcoxon isaretli
stralar testi uygulanmistir. Elde edilen sonuglar Tablo 3’te sunulmustur.

Tablo 3. Wilcoxon Isaretli Siralar Testi Sonucu

Ol¢iim N Stra ortalamasi Stra toplami z p
Negatif Sira 1 2,00 2,00
Pozitif Sira 12 7,42 89,00 -3,050 ,002
Esit Sira 1

Tablo 3 incelendiginde uygulama dncesinde katilimc1 grubunda yer alan gretmen adaylarinin 6n-test ve son-
test puanlart arasinda anlamli bir fark oldugu goériilmektedir. Ortalama puanlar incelendiginde bu farkin son-test
puanlar1 lehine oldugu sdylenebilir. Sonug olarak yapilan miidahalenin etkisinin istatistiksel olarak anlamli
oldugu ve d6gretmen adaylarinin problem ¢6zme basarilarint olumlu yonde etkiledigi goriillmektedir.

Yukarida agiklananlar dikkate alindiginda 6gretmen adaylarinin ¢ogunun son testteki problem ¢6zme basarisi
On testteki basarisina oranla yiiksek ¢ikmistir. OS5 kodlu 6gretmen adayinin 6n test ve son test verilerinde yaptigi
¢Oziim bu duruma 6rnek gosterilebilir (Bknz. Sekil 8).

Hem agrdan

Hern Gem -)“’"’{’l\

Sekil 8. O5 kodlu 6gretmen adaymin 6n testte dokuzuncu probleme ydnelik cevabi

Sekil 8 incelendiginde O5 kodlu dgretmen adaymin probleme yonelik bir sekil ¢izdigi goriilmektedir. Ancak
aday ¢Oziime yonelik bir agiklama ve mantiksal ¢ikarimda bulunmadigindan yaptigr bu ¢ézim dogru kabul
edilmemistir. Ayn1 adayin son testte ayni probleme yonelik cevabina Sekil 9°da yer verilmistir.
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Sekil 9. O5 kodlu 6gretmen adayinin son testte dokuzuncu probleme yonelik cevabi
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Sekil 9°da O5 kodlu 6gretmen adaymin son testte verdigi cevap incelendiginde, adaymn &nce istenilen
onermenin dogrulugunu yazilim iizerinde gosterdigi goriilmektedir. Daha sonra yaptig1 ¢6ziimii yine mantiksal
gerekgelendirmelere dayanarak:

AC kenarimin orta noktasi K olsun. D noktasi ile K noktasi birlestirilirse [DK] orta taban

olacagindan DK//BA olur. Bu da % demektir. Ciinkii tam orta nokta oldugundan iki es par¢aya

ayirwr. 90°ar derece olarak béler. DKC ve DKA dik iiggenlerinin dik kenar uzunluklarinin ayni
oldugu sekilden de goriilmektedir. Pisagor teoremi geregi hipoteniisler de aymi olur. ADC
ikizkenar ii¢gen oldugundan |AD|=|DC|=|BD| olur. Istenilen ispat yapilmis olur.

seklinde agiklama yaptig1 goriilmektedir. Yapilan bu ¢oziim gerekceleriyle birlikte matematiksel olarak ifade
edildiginden problem ¢dzme basarisi baglaminda iki puan almistir. Sonug¢ olarak Sekil 8 ve Sekil 9°daki
coziimler karsilastirildiginda O5 kodlu 6gretmen adayinin problem ¢dzme siirecindeki olumlu degisimi acik bir
sekilde goriilmektedir. Benzer sekilde O6 kodlu 6gretmen aday1 &n test uygulanirken besinci problemi bos
biraknustir. Son test uygulanirken ise O5 kodlu dgretmen adaymin besinci probleme yénelik cevabina Sekil
10°da yer verilmistir.
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Sekil 10. O6 kodlu 6gretmen adayinin son testte besinci probleme ydnelik cevabi

Sekil 10 incelendiginde O6 kodlu dgretmen adaymin ¢dziimiinii bilgisayar destekli yazilimla birlikte yaptigi
goriilmektedir. Ayrica 6gretmen adayi verilen problemde yapilan katlama sonucunda {iggenler arasinda benzerlik
olusturmus ve benzerlik oranini dogru yazmustir. Kisacast 0n testte yer alan bu probleme herhangi bir cevap
veremezken, son test asamasinda mantiksal gerekcelendirmeler yardimiyla O5 kodlu dgretmen adayr dogru
sonuca ulagmistir.

Calismadan elde edilen bir diger bulgu da genel etkinliklerin bir dénem boyunca uygulanmasi genel olarak
Ogretmen adaylarinin problem ¢6zme basarilarini artirmasina ragmen bir adayin basarisinda herhangi bir degisim
gozlenmemistir. O13 kodlu oOgretmen adaymin problem ¢dzme basarisinda herhangi bir degisim
gozlenmemesine ragmen verdigi cevaplar ayrintili incelendiginde, son testte yer alan problemlerde bilgisayar
desteginden yararlandig1 goriilmektedir. Bu siirecin ayrintili yapisina Sekil 11°de yer verilmistir.

[

Sekil 11. 013 kodlu 6gretmen adayinin én testte altinci probleme ydnelik cevabi
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Sekil 11°de O13 kodlu &gretmen adaymin 6n testteki altinci probleme yoénelik cevabimin dogru oldugu
goriilmektedir. Ogretmen adayr ¢6ziim siirecini hiyerarsik bir sekilde siirdiirerek dogru sonuca ulagmustir. Sekil
12°de ise ayni adayin son testte yer alan ayni probleme yonelik cevabi verilmistir.

Sekil 12. 013 kodlu 6gretmen adaymnin son testte altinci probleme ydnelik cevabi

Sekil 12°de verilen 013 kodlu dgretmen adayinin son testteki altinci probleme ydnelik cevabinda adaym hem
GeoGebra yazilimimi kullandigi hem de matematiksel ifadeler ile kendi ¢oziimiinii agikladigi goriilmektedir.
Sonug olarak her ne kadar O13 kodlu dgretmen adayimin problem ¢dzme basarisinda degisim goriilmese de
problemlerin ¢dziimiinde GeoGebra yazilimini kullanma becerisi kazandig1 soylenebilir.

4. Tartisma, Sonuc ve Oneriler

Bu calismada problem ¢6zme becerilerine yonelik gelistirilen bilgisayar destekli geometri etkinliklerinin
matematik Ogretmeni adaylarmmin problem ¢ézme basarilart iizerindeki etkisi incelenmistir. Bu kapsamda
matematik Ogretmen adaylariyla 15 hafta boyunca problem ¢bézme becerilerine yonelik bilgisayar destekli
etkinlikler uygulanmistir. Uygulama Oncesinde ve uygulama sonrasinda 6n test ve son test kapsaminda
problemler adaylara uygulanmaistir.

Calismanin sonucunda Ogretmen adaylarina uygulanan problem ¢6zme becerilerine yonelik bilgisayar
destekli geometri etkinliklerinin 6gretmen adaylarinin problem ¢dzme basarilarini artirdigi yoniindedir.
Ogretmen adaylarinin &n test ve son test verilerinin karsilagtirilmasi sonucunda dgretmen adaylarmin gogunun
uygulama 6ncesinde toplanan on-test puanlarina gére son-test puanlarinin daha yiiksek oldugu gozlemlenmistir.
Yine uygulama Oncesi ve sonrasina ait betimsel istatistikler incelendiginde ortalama puanlarin agisindan 6n teste
kiyasla 6gretmen adaylarinin son testte daha fazla ortalamaya sahiptir. Karadag’in (2019) ¢aligsmasi projeden
elde edilen bu sonucu destekler niteliktedir. Karadag (2019) ¢alismasinda teknoloji ile iliskilendirilmis etkinlik
ve problemlerle iglenen matematik dersinin ilkokul dordiincii sinif 6grencilerinin problem ¢ézme basarilarina ve
matematik dersine yonelik tutumlarina etkisi incelenmistir. Nicel arastirma ydntemlerinden 6n test-son test
kontrol gruplu yar1 deneysel desen kullandigi ¢aligmasinin sonucunda, deney grubunun problem ¢dzme basarisi,
kontrol grubunun basarisindan anlamli bir sekilde farklilagtig ifade edilmistir. Karadag (2019) deney grubunun
problem ¢6zme basarisinin arttigini belirtmistir.

Caligmadan elde edilen veriler 6gretmen adaylarinin aldigi puanlar arasindaki agikliklar da uygulama
sonrasinda Ogretmen adaylarmin puanlarinda yiikselme olduguna isaret etmektedir. Bilgisayar destegi ile
gelistirilen etkinliklerin, 6gretmen adaylarinin problem ¢dzme basarilarini olumlu etkiledigi sdylenebilir. Ilgili
literatiirde pek ¢ok caligma bilgisayar destekli matematik 6gretiminin 6Zrencilerin problem ¢ézme basarilarini ve
akademik basarilarint olumlu etkiledigi yoniindeki sonuglar bu ¢aligmadan elde edilen bu sonucu destekler
niteliktedir (Apar1, 2019; Bayturan, 2011; Bintas & Bagcivan, 2007; Christou vd., 2005; Geng¢ & Oksiiz, 2016;
Giiven, 2012; Ipek & Malas, 2013; Orcanl1 & Organli, 2016; Roza, 2017). Bu calismalardan biri olan Christou
vd. (2005) tarafindan yiiriitiilen ve &grencilerin problem ¢6zme ve problem kurma siireglerinde bilgisayar
destekli yazilimlarin etkisini incelemistir. Christou vd. (2005) oncelikle ogrencilerin problem ¢ézme
ortamlarinda dinamik geometri yazilimlarini nasil kullandiklarini anlamaya odaklanmislardir. 6 6gretmen aday1
ile yliriitiilen ¢calismanin verileri iki asamali miilakatlarla elde edilmis ve bu miilakatlardan elde edilen veriler
yazilimin adaylarin  modelleme siirecleri, varsayimda bulunmalari, deneyler yaparak genellemelere
ulagabilmelerine yardimeci oldugunu ve adaylar1 cesaretlendirdigini ortaya koymustur. Ayrica yazilimin
stirikleme ve Olgcme fonksiyonlarimin biligsel ¢atigmalar olusturmak suretiyle problem ¢6zme siireclerini
destekledigi saptanmustir. Diger bir ifade kalem-kagit ortaminin sunamadigi 6zel durumlar1 goz Oniinde
bulundurma, yazilim araciligryla 6grencilerin problem ¢6zme siireglerini desteklemistir.
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Kuzle (2013) tarafindan vyiriitilen ¢alisma bu c¢aligmanin bilgisayar destekli geometri Ggretiminin
ogrencilerin problem ¢ézme basarisina etkisine yonelik sonucu destekler niteliktedir. Kuzle (2013) dinamik
geometri yazilimlarindan biri olan Geometer’s Sketchpad yazilimi araciligiyla iki 6gretmen adaymin rutin
olmayan geometri problemlerini ¢dzerken ortaya koyduklart siirecleri tanimlamayi amaglamistir. Adaylarin meta
bilissel siireglerinin resmedilmeye caligildig1 calismanin kuramsal catisi, Schoenfeld’in bilissel ve iist bilissel
eylemlerde degisimler catist olusturmustur. Buna gore adaylar okuma, anlama ve analiz boliimlerinde diyagram
cizme, mevcut kaynaklari kullanma gibi farkli davranimlarda bulunmuslardir. Katilimcilar; aragtirma, planlama,
uygulama ve dogrulama asamalarinda ise bilgi ve stratejilere erismek ve bunlar1 degerlendirme, varsayimlarda
bulunma ve bu varsayimlar1 test etme, ilerlemeyi goriintilleme ile faaliyetlerin ve stratejilerin etkililigi ve
ulasilan yanitin dogrulugunu degerlendirmek i¢in kararlar almislardir. Calismada erisilen diger ilging bir bulgu
ise adaylarin uygun stbiligsel eylemlerin izlenmedigi biligsel problem ¢dzme faaliyetlerinin verimsiz ¢abalara
yol agtigidir. Benzer sekilde Acikgiil (2012) 36 matematik dgretmeni adayi ile yiiriittigii caligmasinda adaylarin
geometrik yer problemlerini ¢oziimleri siirecinde dinamik geometri yazilimlarindan Cabri’nin etkisini
incelemistir. Etkinliklerle zenginlestirilen uygulama siireci kalem kagit ortaminda yiiriitiilen etkinliklerin yaninda
dinamik geometri yazilimlari ile zenginlestirilmistir. Caligmadan elde edilen sonuglar, adaylarin kalem kagit
ortaminda yaptiklar1 ¢ozlimlerin hatalar igerdigini, yazilimda ise adaylarin eksik alan bilgilerinden bulgulara
rastlandigi gorilmiistiir. Her iki yaklasim kargilastirildiginda (kalem-kagit ve dinamik geometri yazilimi),
Ogretmenlerin dinamik geometri yazilimi ortaminda hipotez kurma ve bu hipotezleri test etme, genelleme yapma
firsat1 yakaladiklar1 goriilmiistiir. Kalem — kagit ortami ise adaylarin sahip olduklart matematiksel bilgiyi
kullanma, bagimli-bagimsiz noktayr belirleme, zihinde canlandirma ve dogru tahminlerde bulunma gibi
noktalarda Ogretmen adaylarma firsatlar sunmustur. Elde edilen nitel veriler ise Ogretmen adaylarinin bu
teknolojik araglara kargt olumlu tutum gelistirdikleri yoniindedir.

Bilgisayar destekli 6gretimin 6grencilerin akademik basarilarina etkisini inceleyen ¢aligsmalardan bir digeri
de Giiven (2012) sekizinci siif 6grencilerinin doniisiim geometrine yonelik anlama diizeylerini gelistirmek i¢in
dinamik geometri yaziliminin etkisine yonelik ¢alismadir. Giiven (2012) 36 deney grubu 32 kontrol grubu olmak
lizere toplam 68 sekizinci sinif 6grencisi ile deneysel desende yiiriittiigii calismasinda, deney grubu dgrencilerine
doniigiim geometrisi dinamik geometri yazilimlarini kullanarak anlatirken kontrol grubu o6grencilerine ayni
uygulamay1 izometrik ve noktali kagitlar kullanarak gerceklestirmistir. Calismanin sonucunda Giiven (2012)
deney grubunun sadece akademik basarida degil, ayn1 zamanda doniisiim geometrisini 6grenme diizeylerinde de
kontrol grubundan daha iyi performans gdsterdigini ifade etmistir. Giiven (2012) tarafindan elde edilen bu sonug,
projenin problem ¢dzme basarisint olumlu etkilemesi ve ogretmen adaylarinda siiriikkleme, dondiirme
becerilerinin olusumuna destek olmasi kisimlart ile benzerlik gostermektedir.

Bu ¢aligsmada Biilbiil (2021) tarafindan gelistirilen problem ¢ézme becerilerine yonelik bilgisayar destekli
geometri etkinliklerinin, adaylarin problem ¢dzme basarilarii olumlu etkiledigi sonucuna ulasilmistir. Bu
calismada “Problem Cozme Basar1 Testi” 6gretmen adaylarinin problem ¢ézme basarilarini 6lgme araci olarak
kullanilmistir. Eger Ogretmenler Ogrencilerinin problem ¢6zme basarilarini belirlemek istiyorsa bu testi
kullanabilirler. On test son test kontrol ve deney grubu ile farkli kademedeki dgrencilerle ¢alisilarak egitimsel
sonuglar irdelenebilecegi caligmanin dnerileri arasinda yer almaktadir.

Etik Kurulu Raporu

Manisa Celal Bayar Universitesi Sosyal ve Beseri Bilimler Arastirma ve Yayin Egiti Kurulu’ndan 06.02.2020
tarihli 2020/03 say1l etik kurulu belgesi alinmistir.
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