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Abstract: In this study, it was aimed to evaluate the GeoGebra activities developed for teaching the 7th-grade mathematics
course geometry learning domain within the scope of teacher opinions. In this direction, 13 GeoGebra activities prepared for
teachers were presented in detail and teachers' opinions about each activity were taken. The sample of the study, in which the
case study method was used, consisted of 16 elementary mathematics teachers with different years of working in the
profession. GeoGebra Activities Review Form prepared by the researcher on Google Forms was used as a data collection tool
in the study. The GeoGebra Activities Review Form consists of 5 rating questions to examine the GeoGebra activities
developed in the dimensions of suitability to the subject, suitability to the student level, suitability for application in the
classroom environment, encouraging active participation and contribution to the development of meaningful learning, and 3
open-ended questions about whether there are missing, excessive or aspects that should be changed. According to the data
obtained from the research, it was concluded that the prepared GeoGebra activities were effective and the use of the activities
in the lessons would contribute to the increase in students' mathematics achievement. In line with the results obtained from
the research, it is recommended that the prepared activities be implemented in classroom environments in order to obtain
permanent results for the effect of GeoGebra activities that are found effective by teachers.
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Oz: Bu calismada 7. Simf matematik dersi geometri 6grenme alanmin Ogretimine yonelik gelistirilen GeoGebra
etkinliklerinin 6gretmen goriisleri kapsaminda degerlendirilmesi amaglanmistir. Bu dogrultuda 6gretmenlere hazirlanan 13
GeoGebra etkinligi ayrmtili olarak sunulmus olup 6gretmenlerin her bir etkinlige yo6nelik goriigleri alinmistir. Durum
calismast yonteminin kullanildigi ¢aligmanin 6rneklemi meslekteki calisma yillari birbirinden farkli olan 16 ilkdgretim
matematik 6gretmeninden olugmaktadir. Caligmada veri toplama araci olarak arastirmaci tarafindan Google Forms iizerinde
hazirlanan GeoGebra Etkinlikleri Inceleme Formu kullanilmistir. GeoGebra Etkinlikleri Inceleme Formu, gelistirilen
GeoGebra etkinliklerini kazanima uygunluk, 6grenci seviyesine uygunluk, smif ortaminda uygulamaya uygunluk, aktif
katilima tesvik ve anlamli 6grenme gelistirmeye katki boyutlarinda incelemeye yonelik 5 derecelendirme sorusu ile eksik,
fazla veya degistirilmesi gerektigi diisliniilen yonler olup olmadigina yonelik 3 ag¢ik uclu sorudan olusmaktadir. Arastirmadan
elde edilen verilere gore hazirlanan GeoGebra etkinliklerinin etkili oldugu ve etkinliklerin derslerde kullanilmasinin
Ogrencilerin matematik basarilarinin artmasina katkida bulunacagi sonucuna varilmistir. Arastirmadan elde edilen sonuglar
dogrultusunda 6gretmenler tarafindan etkili bulunan GeoGebra etkinliklerinin etkisine yonelik kalic1 sonuglar elde edebilmek
i¢in hazirlanan etkinliklerin sinif ortamlarinda uygulanmasi dnerilmektedir.

Anahtar Kelimeler: Etkinlik, GeoGebra, Matematik, Ortaokul, Teknoloji

Tiirkge siirtim i¢in tiklayiniz

1. Introduction

The use of technology in educational processes is important in terms of both adapting to the requirements of
the age and meeting the needs (Baki, 2002; Caena, 2013; Kaleli-Y1lmaz, 2012). When the studies are examined,
it is seen that the importance of technology use in education in general and in the mathematics education process,
in particular, is emphasized (Baki & Giiven, 2009; Baki & Oztekin, 2003; Demirbilek & Ozkale, 2014; Glazer,
2001; Giiven, 2002; Gluven & Kaleli-Yilmaz, 2012; Juan, 2015; Kaleli-Yilmaz, 2012). When these studies on
mathematics education are examined, it is noticed that they frequently focus on issues such as the benefits of
technology use in mathematics teaching and the effects of technology use on students' mathematics experiences
(Ardig & Isleyen, 2018; Delice & Karaaslan, 2016; Dikovic, 2009; Glazer, 2001; Hangiil & Devrim, 2010). As a
matter of fact, the positive effects of the use of technology in mathematics teaching on both teachers and students
have been demonstrated by studies (Baki, 1996; Glazer, 2001; Giiven & Kaleli-Y1lmaz, 2016; National Council
of Teachers of Mathematics [NCTM], 2000; Ruthven, 1996). Baki (1996) also underlined the importance of
concretizing abstract concepts in school mathematics with the help of computers and stated that mathematical
thinking should be accessible to each student with the active use of technology in mathematics education. The
appropriate and effective use of technology in mathematics lessons contributes to students' skills such as
analytical thinking, problem-solving and mathematical thinking in the educational window (Ersoy, 2003; Glazer,
2001; Peker, 1985). In addition, it can be said that the use of technology in mathematics education contributes to
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the positive development of students' affective characteristics towards mathematics (Higgins, Huscroft-
D'Angelo, & Crawford, 2019; Kaleli-Yilmaz, 2012). In this context, the use of technology in mathematics
lessons is essential.

There are some competencies that teachers should have in order to use technology effectively in lessons.
These competencies are named as Technological Pedagogical Content Knowledge (TPACK) by Koehler and
Mishra (2009). TPACK is a combination of content knowledge, pedagogical knowledge and technological
knowledge and can be defined as the knowledge of using technology in accordance with the subject to be taught
(Koehler, Mishra, Kereluik, Shin, & Graham, 2014). Among these components, technology knowledge is
perhaps the most important one. When the studies emphasising the importance of technology integration in
mathematics education in the literature are examined, it is seen that effective technology use is emphasised
(Alhumaid, 2009; Ardi¢ & Isleyen, 2018; Baccaglini-Frank, 2021; Baki, Kosa, & Giiven, 2011; Giiven & Kaleli-
Yilmaz, 2012; Harter & Ku, 2007; Kaleli-Yilmaz, 2015; Giiven & Kaleli-Yilmaz, 2016; Laurillard, 2002;
McFarlane, 1997). In this direction, it is obvious that mathematics teachers should have knowledge about the
software that they can use in their lessons in order for teachers to use technology correctly and appropriately in
mathematics teaching.

Software such as Cabri, Derive, GeoGebra, SketchPad are frequently used in mathematics education. It is
seen that the use of these and similar dynamic software, which allow the abstract concepts encountered in
teaching processes to be concretized and the relationships between concepts to be shown by concretizing them
with different forms of representation, support students' understanding of the relationships between concepts and
provides more opportunities for students to work on abstract structures compared to traditional methods (Baki &
Giiven, 2009; Marraddes & Gutierrez, 2000). Dynamic geometry software generally helps students develop
various skills by enabling the creation of teaching environments where concepts can be visualized, concepts can
be associated with each other, discoveries, generalizations and various proofs can be made for concepts
(Acikgiil, 2017; Chan & Leung, 2014; Samur, 2015).

GeoGebra software, which is one of the most preferred software among the dynamic software used in
mathematics teaching, is an open-source software that has various features in categories such as geometry,
algebra, statistics and mathematics (GeoGebra, n.d.). Introduced in 2004, GeoGebra software is frequently
preferred in teaching processes with its features such as automatic proof, adding images, supporting different
world languages, the option to save files in different formats rather than a single type, and having an
international user community. (Escuder & Furner, 2011; Majerek, 2014; Velichova, 2011). These and similar
features of GeoGebra software help students discover new ways of mathematical thinking and enable students to
perform mathematical modeling, manipulations and analyses (Bu, Spector, & Haciémeroglu, 2011; Jarvis,
Hohenwarter, & Lavicza, 2011). The fact that GeoGebra contains so many features and can be used for many
different purposes causes it to be frequently preferred in the educational process. At the same time, technology-
supported activities are designed using GeoGebra software.

It is seen that the concept of activity is associated with the concept of task, which Brousseau (1997) defines
as problems that require discovery processes by containing complex structures. The relationship between task
and activity is evaluated within a framework that includes the stages of selecting the tasks to be used, organizing
the selected tasks to be applied by teachers in their classrooms and using them by students in lessons (Smith &
Stein, 1998; Stein & Smith, 1998). Instructional activities are defined by Stein and Lane (1996) as activities used
to develop concepts, skills and ideas in teaching processes, while Northcote, Kendle, Ingram and Thompson
(2001) define instructional activities as tasks prepared to contribute to the development of learning. When the
features that should be considered in the selection of activities to be preferred for use in teaching processes are
examined, it can be said that the activities should have features such as attracting both students' interest and
attention, enabling the construction and deepening of concepts, being suitable for implementation by students,
helping multidimensional thinking and not aiming to reach a single answer (Stenmark, 1991).

When the literature is analyzed, there are studies that reveal the benefits of mathematics lessons conducted
with technology-supported activities (Berger, 2011; Igel, 2011; Kutluca & Zengin, 2011). When these studies are
examined, it is thought that the activities prepared to be used in the lessons should be preferred in mathematics
lessons because they support students' conceptual learning by making students active in the lesson and support
the development of skills such as problem-solving, mathematical reasoning and association. When the
contributions of technology use to the learning and teaching process are considered together with the benefits
provided by the activities, it is thought that the preparation of technology-supported activities to be used in
mathematics lessons is of great importance.

When the studies investigating the effects of the lessons carried out with the support of dynamic mathematics
software on students were examined, it was seen that the materials prepared for use in the designed teaching
processes were carefully prepared (Giindiiz, Emlek, & Bozkurt, 2008; McClain & North, 2021; Robotti &
Baccaglini-Frank, 2017; Viberg, Gronlund, & Andersson, 2020). Looking at these processes from the teacher's
perspective, it was seen that teachers expressed the process of preparing technology-supported materials as a
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time-consuming process and evaluated this situation as a negative in terms of using GeoGebra software in
mathematics lessons (Zengin, Kagizmanl, Tatar, & Isleyen, 2013). In line with this evaluation made by teachers,
it is thought that it is important for teachers to have ready-made GeoGebra activities in order to increase the use
of technology in their lessons. Specifically for this purpose, it is essential to develop GeoGebra activities that
teachers can use in their lessons and to examine them before they are used in lessons, since it is thought that the
number of studies aiming to prepare technology-supported activities prepared for the teaching of subjects at any
grade level that will constitute a resource for mathematics teachers is insufficient.

1.1. Aim of the Study

In this study, it was aimed to examine the effectiveness of the activities prepared in the dynamic mathematics
software GeoGebra for the geometry learning area of the 7th-grade mathematics course in the context of teacher
opinions. The research problem determined in line with this purpose is "What are the views of mathematics
teachers on the effectiveness of GeoGebra activities?".

2. Method
2.1. Research Model

This study, which aims to examine the GeoGebra activities prepared for the 7th-grade mathematics course
geometry learning area within the scope of teacher opinions, was organized according to the case study method,
which is one of the qualitative research designs. Case studies are a research method used to find answers to how
and why questions by examining the situation in its natural environment (Yin, 1984). Cepni (2007) stated that
case studies give researchers the opportunity to concentrate on specific issues or situations. In this study, the case
study method was preferred in order to examine the activities prepared based on the opinions of mathematics
teachers without worrying about generalization and to obtain comprehensive information about the activities and
the possible contributions they can provide to both teaching processes and students if they are used in the
lessons.

2.2. Participants

The participants of the study were determined by purposive sampling method. The purposive sampling
method was preferred in determining the participants because it provides access to people rich in information by
focusing on understanding the power and logic of the method in depth (Patton, 2002). Determining the
participants, was primarily based on the participants' volunteering to participate in the study, following the
changes and developments in the field of technology, being enthusiastic about technology applications in
mathematics education, having basic knowledge and skills about the dynamic mathematics software GeoGebra
and the use of other technological tools frequently used in mathematics education.

Table 1. Information on Participants

Teacher Code Years of Experience
01, 02, 03, 04, 06, 07, 07, 08, 09 010, 012, 0-5 years

013, 015, 016

05,011,014 5-10 years

The participants of the study consisted of 16 mathematics teachers. Eleven of the participant mathematics
teachers are actively working and 5 teachers are not actively working. While 13 of the participants have teaching
experience between 0-5 years, 3 of them have teaching experience between 5-10 years. Due to the essence of the
study, there is a need for mathematics teachers who have positive views on the use of technology in mathematics
education and who have a tendency to integrate the knowledge they have acquired by following the changes and
developments in this field into their lessons, and since this need can be met, teachers with 10 years or less of
experience in the profession have been preferred because they are more likely to experience technology-
supported processes since their undergraduate education.

2.3. Data Collection Tools and Collection of Data

The data collection tool of the study was the GeoGebra Activities Review Form prepared by the first
researcher on Google Forms. The GeoGebra Activities Review Form consists of 5 rating questions for the
evaluation of the developed GeoGebra activities in the dimensions of suitability to the subject, suitability to the
student level, suitability for application in the classroom environment, encouraging active participation,
contribution to the development of meaningful learning, and 3 open-ended questions about whether there are
missing, excessive or aspects that should be changed. GeoGebra Activities Review Form was filled in separately
by the teachers for each GeoGebra activity developed.
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Table 2. Evaluation Dimensions

Evaluation Dimensions Explanations

The dimension of relevance to the subject refers to the suitability of
Suitability to the Subject the examined activity to the subject it is related to.

The dimension of suitability to the student level refers to the
Suitability to the Student Level suitability of the examined activity to the 7th-grade level.

The dimension of suitability for application in the classroom
environment refers to the suitability of the examined activity for use
in the classroom during the mathematics lesson

The dimension of encouraging active participation refers to the fact
that if the examined activity is used in the teaching process, it
encourages students to actively

participate in the lesson.

The dimension of contribution to the development of meaningful
Contribution to Developing learning refers to the contribution of the examined activity to the
Meaningful Learning development of meaningful learning of the students if it is used in the
teaching process.

Suitability for Application in the
Classroom Environment

Encouraging Active Participation

All of the developed activities were made available to all users through the researcher's GeoGebra profile.
Related GeoGebra activities can be accessed from https://www.GeoGebra.org/u/byzklc36 or by scanning the QR

code below.
[=] 3% =]
2

Figure 1. GeoGebra Activities Access Adress

A meeting was organized via Google Meet to examine the prepared GeoGebra activities. The meeting was
organized in two sessions, one on weekdays and one on weekends, depending on the availability of the
participants. In both sessions, the same activities were presented sequentially. Teachers coded 04, 05, 010,
013, O15 and 016 participated in the weekday meeting, while teachers coded O1, 02, 03, 06, 07, 08, 09,
011, 012 and 014 participated in the weekend meeting. Before the introduction of the activities, 2 hours of
GeoGebra training was given to the participants who did not know how to use GeoGebra. Participants filled in
the GeoGebra Activities Review Form during the meeting. Each of the meetings lasted two class hours and the
details about the outcomes of the GeoGebra activities examined in the meeting are given in Table 3.

Within the scope of the research, GeoGebra activities were prepared to be used in teaching 12 objectives
within the scope of the 7th-grade mathematics course geometry and measurement learning area. M.7.3.2.2.
numbered "Determines the diagonals, interior and exterior angles of polygons; calculates the sum of the
measures of interior angles and exterior angles." and M.7.3.2.4. numbered "Forms the area relations of rhombus
and trapezoid, solves related problems.” Two activities for the outcome M.7.3.3.2. "Calculates the length of the
circle and the length of the circle segment." and M.7.3.3.3.3. "Calculates the area of the circle and the circle
segment."; one activity was prepared for each of the remaining 8 outcomes.

The activities were prepared to be suitable for use in mathematics lessons by supporting the dynamic
structure of GeoGebra software in accordance with the nature of the learning outcomes. One of the prepared
GeoGebra activities is presented in Figure 2 as an example.
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Table 3. Learning Outcomes of the Developed GeoGebra Activities

Topic
Activit Number to
Learning Area y which the Topic Content
Number i,
Activity
Belongs
Activity 1 M.7.3.1.1. Determines the bisector by dividing an angle into two
equal angles.
Analyses the properties of two parallel lines and their
intersections by determining the congruent, opposite,
Activity 2 M.7.3.1.2. interior opposite, and exterior opposite angles;
determines the congruent or complementary angles of
the angles formed; solves related problems.
Activity 3 M.7321 Explains the side and angle properties of regular
polygons.
Activity 4 Determines the diagonals, interior and exterior angles
ity M.7.3.2.2. of polygons; calculates the sum of the measures of
Activity 5 o .
interior and exterior angles.
Geometry and Activity 6 M.7.3.2.3. Rhecogbnls.eg rtectarjgle, parlallelogratm, trapezoid and
Measurement rhombus; determines angle properties.
Activity 7 Form the area relations of rhombus and trapezoid, and
L M.7.3.2.4.
Activity 8 solve related problems.
Activity 9 M.7.3.2.5. Solves problems related to the field.
Activity 10 M.733.1 Determines the relatlonsr_ups betyveen center angles,
arcs and angle measures in the circle.
. Calculate the length of the circle and the length of the
Activity 11 M7.33.2.  circle segment.
M.7.3.3.3. Calculate the area of the circle and circle slice.
Activity 12 M7341 Dr_aws two—dlrr_lensmnal_wev_vs of three-dimensional
objects from different directions.
Activity 13 M.7.34.2. Forms the structures whose drawings are given for

their views from different directions.

Yamugun Alanini Nasil Hesaplayacagint Biliyor Musun? Haydi Ogrenelim!

The activity prepared for the area calculation of the trapezoid has a dynamic structure with 5 stages and 3
sliders. At each stage, there are reminder notes that are thought to be required by the stage and these reminders

A X

Figure 2. Activity 7

are included in the activity to be used when necessary.
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Yamugun Alanint Nasil Hesaplayacagim Biliyor Musun? Haydi Ogrenelim!

Kosegen cizelim ve ekrandaki yamugu iki Uggene ayialim

Figure 3. Example of Reminder Notes in Activity 7

By creating different trapezoids using the sliders in activity, it was possible to examine and test the process
carried out on different trapezoids.

Yamugun Alanim Nasil Hesaplayacagim Biliyor Musun? Haydi Ogrenelim!

iy / \
o o ’," B \\\
/ R
. / N
i i \
-
=
.
.
5
P X
9 - A

Figure 4. Example of Dynamic Structure in Activity 7

At the end of the process, generalization is made and the activity is terminated.

Yamugun Alamni Nasil Hesaplayacagint Biliyor Musun? Haydi Ogrenelim!

1. ASAMA [ Kesegen Nedir?
Kosegen cizelim ve ekrandaki yamugu iki (ggene ayirahim. =
2. ASAMA [ vaksekik Nedir?
6

AB = 13

>
3. Asama (] Uggenin Atan: Nasil Hesaplanir? EG|=8
ABE ve EGB iggenlerinin alanlarini hesaplayalim. -

(<}
4 4 Asama "
] SONUG
Yamugun alanini bulmak igin Uggenlerin alanlarini toplayalim. =
Alt Taban + Ust Taban

o) ABLSER] . <R ) " <[EH e Yamuggun Alam = :

5. ASAMA [ ortak Garpan Parantezine Aima Nedir?
4. Asamada yaptigimiz toplama islemini ortak carpan

parantezine alarak yapalim.

AB|+ |BH|  |EG||E EH
\(ABGE + #1148+ |BC 1

Figure 5. Completed Version of Activity 7
2.4. Data Analysis

Two different methods, content analysis and descriptive analysis, are used to analyze qualitative data. While
content analysis reveals themes and dimensions as a result of an in-depth examination of the collected data,
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descriptive analysis requires working on predetermined conceptual structures with the support of literature
(Cepni, 2007). The descriptive analysis method can be expressed as summarising and interpreting the data
obtained from the research according to predetermined themes (Yildirim & Simsek, 2013). In this study, the data
were presented descriptively with the help of tables.

The rating questions in the GeoGebra Activities Review Form for evaluating the GeoGebra activities in the
dimensions of suitability to the subject, suitability to the student level, suitability for application in the classroom
environment, encouraging active participation, and contribution to the development of meaningful learning were
evaluated by the participant teachers between 1 (not at all appropriate) and 5 (highly appropriate). In the
evaluations made, not suitable at all represents 1 point, suitable at a low level represents 2 points, suitable at a
medium level represents 3 points, suitable at a good level represents 4 points, and suitable at a high level
represents 5 points.

incelediginiz GeoGebra etkinligi sizce kazanima uygun hazirlanmig mi? *

1 2 3 4 5

Hig Uygun Degil @ Cok Uygun

Figure 6. Sample Teacher Response to Rating Questions

For each GeoGebra activity, a general score was determined by considering the arithmetic averages of the
scores given in each dimension. As a result of the scoring, scores of 4 and above were categorized as high scores,
scores between 2.5 and 4 as average scores and scores of 2.5 and below as low scores.

The validity of qualitative research is that the researcher presents the research findings without any changes
(Yildinm & Simsek, 2013). The open-ended answers of the teachers regarding the missing or excessive parts of
the activities in the GeoGebra Activities Review Form were used exactly without any changes. What kind of
change was wanted to be made in which activity was explained by making direct quotations from teacher
opinions. Reliability is the consistency of the research results with the data obtained from the research (Merriam,
2009). In order to ensure reliability, the data were carefully examined by the researcher and re-analyzed
approximately one month after the first analysis. It was seen that there was 96% agreement between the codings.

2.5. Research Ethics

The authors declared that the research has been approved by Bursa Uludag University Social and Human
Sciences Publication and Ethics Committee on 29 September 2023 with the protocol code 14.

3. Findings

In this section, findings related to teachers' opinions about the activities are presented. Within the scope of
the research, firstly, the scores of each of the activities prepared for the acquisitions in the geometry learning
domain in line with the teachers' opinions were calculated from the dimensions of appropriateness to the
acquisition, suitability to the student level, suitability for application in the classroom environment, encouraging
active participation, and contribution to the development of meaningful learning and are presented in Table 4.

Table 4. Scores of the Prepared GeoGebra Activities From Different Dimensions

o pere Suitability  Suitability for . Contribution
.. Suitability s Encouraging R
Activity to the Application in . to Developing  Average
to the Active .
Number . Student the Classroom c . . Meaningful Score
Subject . Participation R
Level Environment Learning

Activity 1 4.9375 5 5 4.875 4.75 49125
Activity 2 4.9375 4.875 4.9375 4.6875 4.8125 4.85
Activity 3 4.9375 4.9375 4.9375 4.75 4.6875 4.85
Activity 4 5 4.9375 5 4.75 4.8125 4.9
Activity 5 5 4.9375 5 4.75 4.8125 4.9
Activity 6 5 4.9375 4.9375 4.6875 4.875 4.8875
Activity 7 4.8125 4.4375 4.625 4.4375 4.875 4.6375
Activity 8 4.75 4.5625 4.5625 4.5 4.75 4.625
Activity 9 4.9375 4.9375 4.9375 4.8125 4.9375 4.9125
Activity 10 4.9375 4.875 4.9375 4.6875 4.875 4.8625
Activity 11 5 5 5 4.8125 4.875 4.9375
Activity 12 5 5 4.9375 4.75 4.8125 4.9
Activity 13 4.8125 4.75 4.625 4.6875 4.8125 4.7375

Average 4.9279 4.8606 4.8798 4.7067 4.8221 4.8394
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When the responses of the participants were analyzed, it was seen that all of the prepared GeoGebra activities
received high scores in the dimensions of suitability to the subjects, suitability to the student level, suitability for
application in the classroom environment, encouraging active participation and contribution to developing
meaningful learning. As a result of the examination made by the participants, it was seen that the activity with
the highest score was Activity 11. Activity 11 is an activity prepared to be used in processes for calculating the
length of a circle and a circle segment and the area of a circle and a circle segment, and one part of the activity is
associated with a circle and a circle segment, while the other part is associated with a circle and a circle segment.
As a result of the participants' examination, it was seen that the activity with the lowest score was Activity 8.
Activity 8 is an activity for calculating the area of a rhombus with six stages.

Each prepared GeoGebra activity was analyzed by the participants and the missing and excessive aspects of
the activities were evaluated. The table for the evaluation results of the prepared GeoGebra activities is given
below.

Table 5. Teachers' Opinions on Evaluations of GeoGebra Activities Prepared

Incomplete Information More Information The Activity is Suitable as
Activity Number Available at the Activity  Available at the Activity Is
f % f Y% f Y%

Activity 1 0 0% 0 0% 16 100%
Activity 2 0 0% 0 0% 16 100%
Activity 3 0 0% 0 0% 16 100%
Activity 4 0 0% 0 0% 15 93.75%

. 2 o 1 N o
Activity 5 (04.016) %12,5 (63) 6.25% 13 81.25%
Activity 6 0 0% 0 0% 16 100%

. 0% 1 o o
Activity 7 0 (03) 6.25% 15 93.75%

. 0% 1 N o
Activity 8 0 (O3) 6.25% 16 100%

. 1 o 0% o
Activity 9 (O14) 6.25% 0 14 87.5%

. 1 o 0% 100%
Activity 10 (05) 6.25% 0 16
Activity 11 0 0% 0 0% 16 100%
Activity 12 0 0% 0 0% 14 87.5%
Activity 13 1 o 0% o

O12) 6.25% 0 13 81.25%

When the answers given by the participants were analyzed, it was seen that some participants thought that
there were some deficiencies in 4 activities and some excesses in 3 activities. There were two teachers who
stated that there was missing information in Activity 5 (O4, O16) and one teacher who stated that there was
excess information (O3). Activity 5 aims to explore the sum of interior angle measures of polygons. Triangle,
quadrilateral and pentagon were used as examples in the activity. These polygons allow different polygons to be
formed by moving the corner points. For example, different triangles can be formed by moving the vertices A, B
and C of triangle ABC. Although the interior angle measures of these different triangles are different from each
other, it can be observed that the sum of the interior angle measures does not change. In addition, the internal
angle measures and the sum of the internal angle measures of the polygons can be displayed on the screen by
using the tick boxes. With the input box at the bottom of the activity, it is possible to calculate this value by
typing the number of sides of the polygon for which the sum of the internal angle measures is to be calculated.
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ABC Uggeninin I Agilan EFG Dorlg HIJKL Besgeninin I Agilari
vinin lg Agt Olgalerinin Toplar EFG Dértgen Agi ( : HIJKL Besgeninin I¢ Agi Olcalerinin Toplami

m(ABC) + m(BCA) + m(CAB) = 180 m(DEF) + EF + m(F( + DE € m(HI) + m(IJK) + m(JKL) + m(KLH) + m(LHI) = 540

Kenar Sayisi| 10 ‘

10 kenarli bir gokgenin i¢ agi dlgtleri toplami = (10-2)*180 =1440
Figure 7. Activity 5

The teacher coded 04, who thought that there were some deficiencies in Activity 5, expressed this opinion as
follows:

"[ think it would be a much more effective structure if there were commands to divide the other two
polygons into triangles to show the proof of the sum of interior angle measures and why the sum of
interior angles is calculated with the number of triangles*180."

The teacher coded 016, who thought that there were some deficiencies in Activity 5, expressed this opinion
as follows:

"It could only have been attached to the bolt."

The teacher coded O3, who thought that there were some redundancies in Activity 5, expressed his/her
opinion as follows:

"It could be simplified a bit."

In Activity 5, quadrilateral and pentagon were divided into different triangles in order to calculate the sum of
the internal angle measures of polygons in line with the teacher's opinions, and the rationale for the process steps
performed while calculating the sum of the internal angle measures was reflected. In addition to this, the input
box and the text about which polygon's internal angle measures how many degrees on the screen were connected
to the tick box and made to appear on the screen optionally. Changing the polygons depending on the slider was
not realized as it was not possible within the possibilities of the software. The finalized activity is presented
below.

10 kenarli bir gokgenin i¢ agi dlgUleri toplami = (10-2)*180 =1440

Figure 8. Corrections Made in Activity 5

When Table 5 is analyzed, another activity requested to be corrected is Activity 9. Activity 9 aims to analyze
the perimeter lengths of different rectangles with the same area and the areas of different rectangles with the
same perimeter length. In this direction, the activity was divided into two separate sections using tick boxes. In
the first part, the areas of different rectangles with the same perimeter length and in the second part, the
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perimeters of different rectangles with the same areca were analyzed. A rectangle is created by typing the desired
perimeter length/area measure in the input box on the screen. By moving the |AB] slider, different rectangles are
created so that the perimeter length/area measure remains constant. For each rectangle created, there is a text box
so that the area size/perimeter length can be seen on the screen. In both parts of the activity, the mathematical
sentence of the desired generalization can be displayed on the screen by using the tick box at the bottom right of
the screen.

Figure 9. Activity 9

The teacher coded 014, who thought that there were some deficiencies in Activity 9, expressed this opinion
as follows:

"The slider value in area calculation should be limited to positive integers only. It can be adapted for
grades 5-6."

In the activity prepared in line with the views of O14, it was ensured that the sliders took integer values
provided that the area and perimeter were written first as the software allowed.

As can be seen from Table 5, another activity requested to be corrected is Activity 10. Activity 10 aims to
explore the relationship between the measure of the center angle and the measure of the arc in a circle. Different
center angles and BC arcs are created by moving the B and C points on the screen. By using the checkboxes, it is
ensured that the measure of the BAC center angle and BC arc appear or not on the screen.

Figure 10. Activity 10

The teacher coded OS5, who thought that there were some deficiencies in Activity 10, expressed this opinion
as follows:

"No, it is good work, only the visual aspect can be added."

Due to the structure of the prepared activity, it was requested that there should be no distracting elements
during the use of the activity, so no changes were made to increase the visual elements in this context.

Another activity requested to be corrected is Activity 13. Activity 13 aims to construct a three-dimensional
structure whose views are given from different directions. On the left side of the screen, there are views of the
object from different directions. On the right side of the screen is the GeoGebra 3D window. The structure,
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whose views from different directions are given on the left side of the screen, will be constructed using the cube

command in the window on the right side of the screen.

1 ACS : @ | ADCSR : B

ONDEN GORUNUM ARKADAN GORUNUM

SAGDAN GORUNUM SOLDAN GORUNUM

— —

- —a

Figure 11. Activity 10

The teacher coded 012, who thought that there were some deficiencies in Activity 10, expressed this
opinion as follows:

"Different colours could have been used, so that it would be easier to distinguish the views."

The activity aims to create a structure based on the views of the same object from different directions.
The fact that the view of the structure from different directions is shown with different colors requires the
structure to be created to have this coloring. The information about the software required for this formal
arrangement in the structure to be created is not suitable for the student level. For this reason, no change
was made in the activity in this context.

When Table 5 is analyzed, it is seen that another activity requested to be corrected is Activity 7.
Activity 7 aims to explore the area calculation of a trapezoid by following a simple proof process. On the
screen, there is a trapezoid whose side lengths can be changed dynamically with sliders and there are tick
boxes to control the stages of the proof process required for the area calculation of the trapezoid. The
stages of the proof process also include checkboxes with reminders for the information required by the
stage. The control for displaying the reminders on the screen is provided by the tick boxes just like the
stages. The checkbox at the bottom right of the screen controls the display of the text for generalization on
the screen.

Yamugun Alamm Nasil Hesaplayacagim Biliyor Musun? Haydi Ogrenelim! 2 @

[ Kosogon Nedi

<

<
<

SONU

Alt Taban + Ust Taban
2

lanfanini toplayalim.

Yamugun Alan =

ada yaptigimz toplama iglemini ortak garpan
parantezine alarak yap:

Figure 12. Activity 7

The teacher coded O3, who thought that there were some redundancies in Activity 7, expressed her opinion

as follows:

"They may not have reminder information, they take up a lot of space and get in the way of the shape."

Since the choice of whether or not to display the reminder information on the screen in the prepared activity

can be controlled with the buttons on the activity, no change was made in this context in the activity.

The last activity requested to be corrected is Activity 8. Activity 8 aims to explore the area calculation of a
rhombus by following a simple proof process. On the screen, there are a thombus with side lengths and tick
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boxes to control the stages of the proof process required for the area calculation of a rhombus. The stages of the
proof process also include checkboxes with reminders for the information required by the stage. The control for
displaying the reminders on the screen is provided by the tick boxes just like the stages. In addition, different
rhombuses can be analyzed with sliders that allow changing the side length and angle measure of the rhombus.
The check box at the bottom right of the screen controls the display of the generalization text on the screen.

Eskenar Dortgenin Alamimi Nasil Hesaplayacagim Biliyor Musun? Haydi Ogrenelim!
.

3. ASAMA 5. ASAMA
ABCD egkenar dortgeninin alanim
b BC ve ADC Gggenlerinin

her zaman

toplayalim
A[ABCD) = A{ABC)+A(ADC)

1. ASAMA 6. ASAMA
Gl © ir?
Kosegenleri gizelim ve 4. ASAMA A(ABCD)= 2. (1/2.JAC|.|BE|) yazabilecegimizi gordak.
Haydi bu islemi biraz dizenleyel
ekrandaki eskenar dortgeni ABCe ADC S Akt aydi bu islemi biraz dazenleyelim ve
Gggenlere ayiralim. A(ABCD)=1/2./AC}.(2.|BE]) yazalim.
degigimini incelemek igin strgaleri
S suns 2.[BE|=|BD) oldugunu fark ettin degil mi?
SEC R ullanmaya ne dersin
KOSEGENLER 0] 0 zaman bu eskenar dértgenin alanini
AB| = 8 A(ABCD)=1/2.|AC|.|BD| olarak ifade edebiliriz
-
2. ASAMA Oggenin Alani Nasil Hesaplanir? A SONUG

ABC ve ADC dggenlerinin

alanlarini hesaplayalim

Eskenar dortgenin alam kisegen

uzunluklarumn ¢arprmimin yarisina

Figure 13. Activity 8

The teacher coded O3, who thought that there were some redundancies in Activity 8, expressed her opinion
as follows:

"Too much information and instructions may cause confusion in students."

Since the reminder information in the prepared activity and the texts containing the information for each
stage can be controlled by the buttons on the activity, no change was made in this context of the activity.

4. Conclusion, Discussion and Suggestions

In this section, the results obtained in line with the research problem are presented and discussed in light of
the existing literature. Each prepared GeoGebra activity was evaluated by the participants in terms of its
suitability to the subjects, suitability to the student level, suitability for application in the classroom environment,
encouraging active participation, contribution to developing meaningful learning, and whether there were any
missing, excess, objects, commands or stages that needed to be changed/corrected in each prepared GeoGebra
activity, and their preferences whether to use it in their lessons were stated. In this section, the results of the
GeoGebra activities are presented holistically.

Each prepared GeoGebra activity received high scores from the participants in their suitability to the subject.
From this point of view, it can be concluded that the GeoGebra activities were prepared in accordance with the
learning outcome. All of the prepared GeoGebra activities received high scores from the participants in the
dimension of suitability to the student level. The activities that received low scores compared to the other
activities were the activities that included proof processes for constructing the area relation of the rhombus and
trapezoid. These activities were designed to reach the knowledge during the teaching process with proof
processes instead of the teaching process for the acquisition being taught, first giving the necessary information
and then working on examples where this information will be used. Participants thought that these activities
would be complex activities for classes where students with low achievement are the majority. For these
activities involving proof processes, there are also teachers who think that presenting the proof processes to
students gradually will facilitate students' understanding of these processes. Brousseau (1997) emphasized that
the problem should not be solvable immediately and should include more than one stage, and stated that
increasing the complexity of the problems allows students to learn by exploring. From this point of view, it can
be concluded that the prepared GeoGebra activities are suitable for the student level.

All of the prepared GeoGebra activities received high scores from the participants in the dimension of
suitability for application in the classroom environment. Delice and Karaaslan (2016) stated that the use of
dynamic geometry software in lessons saves time. It is thought that these and similar activities are important for
students to express themselves by using the language of mathematics and to improve their ability to
communicate using the language of mathematics. Zengin (2017) stated that GeoGebra software is of great
importance in mathematical communication. From this point of view, it can be concluded that the prepared
GeoGebra activities are suitable for implementation in the classroom environment.

53



B. Kili¢ & G. Kaleli Yilmaz

All of the prepared GeoGebra activities received high scores from the participants in the dimension of
encouraging active participation. Vasquez (2015) stated that students actively participated in the lessons in
mathematics lessons conducted using GeoGebra software. When the literature is examined, it is seen that there
are studies supporting the view that teachers' classroom practices are affected by their beliefs. (Forgasz & Leder,
2008).

All of the prepared GeoGebra activities received high scores from the participant mathematics teachers in the
dimension of contribution to the development of meaningful learning. When the evaluations made by the
participants regarding the contribution of the activities to the development of meaningful learning were analyzed,
it was seen that the activities designed to be used as the first stage in the teaching of the subject received higher
scores than the activities designed to be used in the stages after the teaching of the subject. Stein and Lane (1996)
stated that both the activities and the way teachers implement the activities have an effect on the students'
learning.

As a result of the evaluations made by the participants, it was seen that the missing, excessive, objects,
commands or stages that needed to be changed/corrected in the GeoGebra activities prepared by the participants
were generally made negative criticisms only about the formal features of the prepared activities, and the
participant mathematics teachers thought that there were no missing, excessive, objects, commands or stages that
needed to be changed/corrected for the knowledge dimension of any activity. The necessary corrections were
made by the researcher in line with the opinions of the participants about the formal features of the activities by
applying the expert opinion.

It was concluded that all of the prepared GeoGebra activities were activities that the participants would prefer
to use in their lessons. Kabaca, Aktiimen, Aksoy, and Bulut (2010) also stated that the frequency of use of
GeoGebra in the Geometry learning domain may be higher. It is thought that the fact that all of the participant
mathematics teachers have positive views on the use of technology in mathematics education is directly related
to the fact that they would prefer to use the activities examined in their lessons. In a similar study, Swan (2007)
concluded that the way mathematics teachers apply mathematical activities in their lessons is affected by their
beliefs about teaching and learning mathematics. From this point of view, it is thought that examining whether
the prepared activities will be preferred by teachers who have negative views about the use of technology in
mathematics education and evaluating whether they will provide a change in these views of teachers will support
researchers in the dissemination of technology use in mathematics education.

Even if it is concluded that the GeoGebra activities prepared within the scope of this research are effective
within the scope of teacher opinions, it does not give results regarding the contributions of the prepared
GeoGebra activities to the mathematical lives of the students. In order to reach realistic results in this regard, it is
of great importance to examine the effectiveness of the prepared GeoGebra activities by applying them in a real
classroom environment.

Although most of the mathematics teachers have received training on technology-supported mathematics
education during their undergraduate years, they need in-service training on the introduction of GeoGebra and
similar dynamic software, preparation of materials and teaching the use of these software in mathematics
lessons. Providing these and similar field-specific trainings to mathematics teachers, can contribute that they can
both use technology effectively in their lessons and become educators who follow the developments in the field,
keep up with innovations, and are open to professional development and change.
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7. Simif Matematik Dersi Geometri Ogrenme Alamna Yoénelik Hazirlanan GeoGebra
Etkinlikleri Hakkinda Ogretmen Goriisleri

1. Giris

Egitim Ogretim siireglerinde teknoloji kullanimi hem cagin gerekliliklerine uyum saglanmasi hem de
ihtiyaclarin giderilebilmesi noktasinda 6nem teskil etmektedir (Baki, 2002; Caena, 2013; Kaleli-Yilmaz, 2012).
Yapilan calismalar incelendiginde genelde egitimde Ozelde ise matematik egitim siirecinde teknoloji
kullaniminin teknoloji kullaniminin &neminin vurgulandigi goriilmektedir (Baki ve Giliven, 2009; Baki ve
Oztekin, 2003; Demirbilek ve Ozkale, 2014; Glazer, 2001; Giiven, 2002; Giiven ve Kaleli-Y1lmaz, 2012; Juan,
2015; Kaleli-Yilmaz, 2012). Matematik egitimi 6zelinde yapilan bu ¢alismalar incelendiginde siklikla matematik
ogretiminde teknoloji kullaniminin faydalar ve teknoloji kullanimmin &grencilerin matematik yasantilarina
etkileri gibi konulara odaklanildigi fark edilmektedir (Ardig ve Isleyen, 2018; Delice ve Karaaslan, 2016;
Dikovic, 2009; Glazer, 2001; Hangiil ve Devrim, 2010). Nitekim matematik 6gretiminde teknoloji kullaniminin
gerek ogretmenlere gerekse dgrencilere sagladigi olumlu etkiler, yapilan calismalar ile gozler oniine serilmigtir
(Baki, 1996; Glazer, 2001; Giiven ve Kaleli-Y1lmaz, 2016; National Council of Teachers of Mathematics
[NCTM], 2000; Ruthven, 1996). Baki (1996) de okul matematiginde bulunan soyut kavramlarin bilgisayarlar
yardimryla somutlastirilabilmesinin 6éneminin altin1 gizerek teknolojinin matematik egitiminde aktif kullanimu ile
matematiksel diisiincenin her bir 6grenci icin ulasilabilir olmasi gerektigini ifade etmistir. Teknolojinin
matematik derslerinde yerinde ve etkin kullanilmasi, dgrencilere egitsel pencerede analitik diisiinme, problem
¢Ozme ve matematiksel diisiinme gibi becerilerde katki saglamaktadir (Ersoy, 2003; Glazer, 2001; Peker, 1985).
Bunun yani sira teknolojinin matematik egitiminde kullaniminin &grencilerin matematige karsi gelistirdikleri
duyussal 6zelliklerin olumlu yonde gelismesine katkida bulundugu sdylenebilir (Higgins, Huscroft-D'Angelo ve
Crawford, 2019; Kaleli-Y1lmaz, 2012). Bu baglamda matematik derslerinde teknolojinin kullanimi elzemdir.

Ogretmenlerin derslerde teknolojiyi etkili kullanabilmeleri igin sahip olmasi gereken baz1 yeterlilikler vardr.
Bu yeterlilikler Koehler ve Mishra (2009) tarafindan Teknolojik Pedagojik Alan Bilgisi (TPAB) olarak
isimlendirilmektedir. TPAB, icerik bilgisi, pedagoji bilgisi ve teknoloji bilgisinin birlesiminden olugmakta olup
Ogretimi yapilacak olan konuya uygun olacak bicimde teknolojiyi kullanabilme bilgisi olarak tanimlanabilir
(Koehler, Mishra, Kereluik, Shin ve Graham, 2014). Bu bilesenlerin icinde belki de en basta olmasi gereken
teknoloji bilgisidir. Literatiirdeki matematik egitiminde teknoloji entegrasyonunun Onemini vurgulayan
calismalar incelendiginde de etkili teknoloji kullanimi vurgusu yapildigi goriilmektedir (Alhumaid, 2009; Ardig
ve Isleyen, 2018; Baccaglini-Frank, 2021; Baki, Késa ve Giiven, 2011; Giiven ve Kaleli-Y1lmaz, 2012; Harter ve
Ku, 2007; Kaleli-Yilmaz, 2015; Giiven ve Kaleli-Yilmaz, 2016; Laurillard, 2002; McFarlane, 1997). Bu
dogrultuda matematik 6gretiminde 6gretmenlerin dogru ve yerinde teknoloji kullanabilmeleri igin matematik
ogretmenlerinin derslerinde kullanabilecekleri yazilimlar konusunda bilgi sahibi olmalari gerektigi asikardir.

Matematik egitiminde Cabri, Derive, GeoGebra, SketchPad gibi yazilimlar siklikla kullanilmaktadir.
Ogretim siireclerinde karsilasilan soyut kavramlarin somutlastirilabilmesine ve kavramlarin birbirleri ile
iligkilerinin farkli temsil bigcimleri ile somutlastirilarak gosterilebilmesine imkan veren bu ve benzeri dinamik
yazilimlarin kullanilmasimin 6grencilerin kavramlar arasindaki iligkileri anlamalarini destekledigi ve 6grencilerin
soyut yapilar iizerinde ¢aligmasina geleneksel yontemlere kiyasla daha fazla imkan sundugu goriilmektedir (Baki
ve Giiven, 2009; Marraddes ve Gutierrez, 2000). Dinamik geometri yazilimlari genel olarak kavramlarin
gorsellestirilebildigi, kavramlarin birbirleri ile iliskilendirilebildigi, kavramlara yonelik kesifler, genellemeler ve
cesitli ispatlarin yapilabildigi 6gretim ortamlar1 olusturulmasina imkan tantyarak dgrencilerin gesitli becerilerinin
gelistirilmesine yardimer olur (A¢ikgiil, 2017; Chan ve Leung, 2014; Samur, 2015).

Matematik 6gretiminde kullanilan dinamik yazilimlar arasinda en sik tercih edilen yazilimlardan biri olan
GeoGebra yazilimi, icerisinde geometri, cebir, istatistik ve matematik gibi kategorilerde ¢esitli 6zelliklere sahip
olan bir agik kaynak yazilimidir (GeoGebra, n.d.). 2004 yilinda kullanicilarin erisimine sunulan GeoGebra
yazilimi, sahip oldugu otomatik ispat, goriinti ekleme, farkli diinya dillerini destekleme, dosyalar1 tek bir tiirde
degil farkli formatlarda kaydetme segenegi ve uluslararas1 kullanici topluluguna sahip olma gibi o6zellikleri ile
Ogretim stireclerinde siklikla tercih edilmektedir. (Escuder ve Furner, 2011; Majerek, 2014; Velichova, 2011).
GeoGebra yazilimmin sahip oldugu bu ve benzeri 6zellikler 6grencilerin matematiksel diistinmeye dair yeni
yollar kesfetmesine yardimda bulunarak matematiksel modellemelerin, manipiilasyonlarin ve analizlerin
ogrenciler tarafindan yapilabilmesini saglar (Bu, Spector ve Haciomeroglu, 2011; Jarvis, Hohenwarter ve
Lavicza, 2011). GeoGebra’nin bu kadar c¢ok 0Ozelligi icinde barindirmasi ve bir¢cok farkli amag¢ icin
kullanilabilmesi egitim siirecinde siklikla tercih edilmesine neden olmaktadir. Ayni zamanda GeoGebra yazilimi
kullanilarak teknoloji destekli etkinlikler tasarlanmaktadir.

Etkinlik kavrami Brousseau’nun (1997) icerisinde karmasik yapilar bulundurarak kesif siiregleri gerektiren
problemler olarak tanimladigi gorev kavramu ile iliskilendirildigi goriillmektedir. Gorev ile etkinlik iliskisi,
kullanilacak gorevlerin segilmesi, secilen gorevlerin 6gretmenler tarafindan smiflarinda uygulanacak bi¢imde
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diizenlenmesi ve derslerde Ogrenciler tarafindan kullanilmasi asamalarini igeren bir gergeve kapsaminda
degerlendirilmektedir (Smith ve Stein, 1998; Stein ve Smith, 1998). Ogretim etkinlikleri Stein ve Lane (1996)
tarafindan kavramlar, beceriler ve fikirlerin 6gretim siirecleri icerisinde gelistirilmesi i¢in kullanilan etkinlikler
olarak tanimlanirken Northcote, Kendle, Ingram ve Thompson (2001) 6gretim etkinliklerini 6grenmenin
gelismesine katkida bulunmast igin hazirlanan gérevler olarak tanimlamaktir. Ogretim siireclerinde kullanilmak
tizere tercih edilecek etkinliklerin se¢iminde dikkat edilmesi gereken ozellikler incelendiginde etkinliklerin,
ogrencilerin hem ilgilerini hem de dikkatlerini ¢ekebilme, kavramlarin insasina ve derinlestirilmesine olanak
tanima, 6grenciler tarafindan uygulanmaya uygun olma, ¢ok yonlii diisiinmeye yardimct olma ve tek bir cevaba
ulagma amac1 icermeme gibi dzelliklere sahip olmasi gerektigi soylenebilir (Stenmark, 1991).

Literatiir incelendiginde teknoloji destekli etkinlikler ile yiiriitilen matematik derslerinin faydalarini ortaya
koyan caligmalara rastlanmaktadir (Berger, 2011; Icel, 2011; Kutluca ve Zengin, 2011). Bu ¢alismalar
incelendiginde derslerde kullanilmak amaciyla hazirlanan etkinliklerin 6grencileri derste aktif kilarak
ogrencilerin kavramsal 6grenmelerini desteklemekle birlikte problem ¢dzme, matematiksel akil yiirlitme ve
iliskilendirme gibi becerilerin gelisimine fayda sagladigi i¢in matematik derslerinde tercih edilmesi gerektigi
diistiniilmektedir. Teknoloji kullaniminin 6grenme ve 6gretme siirecine katkilari, etkinliklerin sagladig1 faydalar
ile birlikte disiiniildigiinde matematik derslerinde kullanilmak {izere teknoloji destekli etkinliklerin
hazirlanmasinin biiyiik 6nem teskil ettigi diistiniilmektedir.

Dinamik matematik yazilimlarinin destegiyle yiiriitiilen derslerin etkilerinin 6grenciler 6zelinde arastirildig:
calismalar incelendiginde, tasarlanan 6gretim siireclerinde kullanilmak iizere hazirlanan materyallerin 6zenle
hazirlandig1 goriilmiistiir (Gilindiiz, Emlek ve Bozkurt, 2008; McClain ve North, 2021; Robotti ve Baccaglini-
Frank, 2017; Viberg, Gronlund ve Andersson, 2020). Bu siire¢lere 6gretmen penceresinden bakildiginda
Ogretmenlerin teknoloji destekli materyal hazirlama siirecini zaman alic1 bir siire¢ olarak ifade ettikleri ve bu
durumu matematik derslerinde GeoGebra yazilimint kullanma hususunda bir olumsuzluk olarak
degerlendirdikleri goriilmiistiir (Zengin, Kagizmanli, Tatar ve Isleyen, 2013). Ogretmenler tarafindan yapilan bu
degerlendirme dogrultusunda 6gretmenlerin hazir GeoGebra etkinliklerine sahip olmasinin derslerinde teknoloji
kullanimmi arttirmalar1 agisindan 6nemli oldugu diisiiniilmektedir. Ozel olarak bu amac¢ dogrultusunda
matematik 6gretmenlerine kaynak teskil edecek nitelikte herhangi bir sinif seviyesindeki konularin 6gretimine
yonelik hazirlanan teknoloji destekli etkinlikler hazirlamay1 amaglayan ¢alismalarin sayica yetersiz oldugunun
diisiiniilmesi sebebiyle 6gretmenlerin derslerinde kullanabilecekleri GeoGebra etkinlikleri gelistirilmesi ve
derslerde kullanilmadan 6nce incelenmesi elzemdir.

1.1. Arastirma Amaci ve Problemi

Bu caligmada 7. Sinif matematik dersi geometri grenme alanina yonelik dinamik matematik yazilimi
GeoGebra’ da hazirlanan etkinliklerin etkililiginin 6gretmen goriisleri baglaminda incelenmesi amaglanmustir.
Bu amag¢ dogrultusunda belirlenen arastirmanin problemi “Matematik 6gretmenlerinin hazirlanan GeoGebra
etkinliklerinin etkililigine yonelik goriisleri nasildir?” seklindedir.

2. Yontem
2.1. Arastirma Deseni

7. Smif matematik dersi geometri 6grenme alanina yonelik hazirlanmis olan GeoGebra etkinliklerini
Ogretmen goriisleri kapsaminda incelemeyi amaglayan bu ¢alisma nitel arastirma desenlerinden biri olan durum
calismasi yontemine goére diizenlenmistir. Durum ¢aligmalari arastirmacinin  durumu dogal ortaminda
inceleyerek, nasil ve ni¢in sorularina cevap bulmak amactyla kullanilan bir aragtirma yontemidir (Yin, 1984).
Cepni (2007) durum calismalarinin arastirmacilara 6zel konu veya durumlar iizerinde yogunlagsma firsati
verdigini ifade etmistir. Bu ¢alismada matematik 6gretmenlerinin goriislerinden yola ¢ikarak genelleme kaygisi
giitmeksizin hazirlanan etkinliklerin derinlemesine incelenmesi ve yapilan inceleme sonucunda etkinliklere ve
derslerde kullanilmalar1 durumunda gerek Ogretim siireclerine gerekse Ogrencilere saglayabilecekleri olasi
katkilar hakkindaki biitiinciil bir inceleme yapilarak kapsamli bir bigimde bilgi edinilebilmesi amaciyla durum
caligmas1 yontemi tercih edilmistir.

2.2. Katilimcilar

Caligmanin katilimcilari amagli 6rnekleme yontemi ile belirlenmistir. Katilimcilarin belirlenmesinde amagh
ornekleme yontemi, yontemin giiclinii ve mantigini derinlemesine anlamaya odaklanarak bilgi bakimindan
zengin kisilere ulasilmasini saglamast (Patton, 2002) sebebiyle tercih edilmistir. Katilimcilarin belirlenmesinde
oncelikli olarak katilimeilarin ¢aligmaya katilmaya goniillii olmalari, teknoloji alanindaki degisim ve gelisimleri
takip ediyor olmalari, matematik egitiminde teknoloji uygulamalari konusunda istekli olmalari, dinamik
matematik yazilimi GeoGebra hakkinda ve matematik egitiminde siklikla kullanilan diger teknolojik araglarin
kullanimi konusunda temel bilgi ve becerilere sahip olmalari esas alinmustir.
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Tablo 1. Katilimcilara Yonelik Bilgiler

Ogretmen Kodu Meslekteki Tecriibe Yili
01, 02, 03, 04, 06, 07, 08, 09 010, 012, 013, 015, O16 0-5 yil
05,011,014 5-10 y1l

Caligmanin katilimcilart 16 matematik 6gretmeninden olugmaktadir. Katilimer matematik 6gretmenlerinden
11°1 aktif olarak gdrev yapmakta olup 5 6gretmen aktif olarak gorev yapmamaktadir. Katilimcilar 13’ 0-5 yil
arasinda Ogretmenlik tecriibesine sahipken 3’ 5-10 yil arasinda 6gretmenlik tecriibesine sahiptir. Yapilan
calismanin 6zii geregi matematik egitiminde teknoloji kullanimina yonelik olumlu goriiglere sahip olan ve bu
alandaki degisim ve gelisimleri takip ederek edindikleri bilgileri derslerine entegre etme egilimine sahip
matematik 6gretmenlerine ihtiyag duyulmasi ve bu ihtiyacin karsilanabilmesi sebebiyle lisans egitiminden bu
yana teknoloji destekli siirecleri deneyimleme ihtimali daha yiiksek olmasi sebebiyle meslekteki tecriibe yili 10
yil ve daha az olan &gretmenler tercih edilmistir.

2.3. Veri Toplama Araclari ve Veri Toplama Siireci

Yapilan c¢alismanin veri toplama araci ilk arastirmaci tarafindan Google Forms iizerinde hazirlanan
GeoGebra Etkinlikleri Inceleme Formu’dur. GeoGebra Etkinlikleri inceleme Formu, gelistirilen GeoGebra
etkinliklerinin kazanima uygunluk, 6grenci seviyesine uygunluk, sinif ortaminda uygulamaya uygunluk, aktif
katilima tesvik, anlamli 6grenme gelistirmeye katki boyutlarinda degerlendirilmesine yonelik 5 derecelendirme
sorusu ile eksik, fazla veya degistirilmesi gerektigi diisliniilen yonler olup olmadigina yonelik 3 agik uglu
sorudan olugmaktadir. GeoGebra Etkinlikleri inceleme Formu gelistirilen her bir GeoGebra etkinligi icin
Ogretmenler tarafindan ayr1 ayr1 doldurulmustur.

Tablo 2. Degerlendirme Boyutlari

Degerlendirme Boyutlari Aciklamalar

Kazanima uygunluk boyutu incelenen etkinligin ilgili oldugu kazanima
uygun olma durumunu ifade etmektedir.
Ogrenci seviyesine uygunluk boyutu incelenen etkinligin 7. simif
seviyesine uygun olma durumunu ifade etmektedir.
Sinif ortaminda uygulamaya uygunluk boyutu incelenen etkinligin
matematik dersi esnasinda sinif i¢erisinde kullanimina uygun olma
durumunu ifade etmektedir.
Aktif katilima tegvik boyutu incelenen etkinligin 6gretim siirecinde
Aktif Katilima Tegvik kullanilmast durumunda 6grencileri derse aktif katilmaya tesvik
etmesini ifade etmektedir.
Anlamli 6grenme gelistirmeye katki boyutu incelenen etkinligin
Anlamli Ogrenme Gelistirmeye Katk1  gretim siirecinde kullanilmas1 durumunda &grencilerin anlaml
6grenme gelistirmesine katkida bulunmasini ifade etmektedir.

Kazanima Uygunluk
Ogrenci Seviyesine Uygunluk

Sinif Ortaminda Uygulamaya
Uygunluk

Geligtirilen etkinliklerin tamami arastirmacinin GeoGebra profili iizerinden tiim kullanicilarin erigimine
actlmustir. flgili GeoGebra etkinliklerine https://www.GeoGebra.org/u/byzklc36 adresinden veya asagidaki QR

kod okutularak ulasilabilir.
-

Sekil 1. GeoGebra etkinlikleri erisim adresi

Hazirlanan GeoGebra etkinliklerini incelemek amaciyla Google Meet iizerinden bir toplanti
diizenlenmistir. Toplant1 katilimcilarin miisaitlik durumuna gore hafta i¢i ve hafta sonu olmak iizere iki oturum
halinde uygulanmistir. Her iki oturumda da ayni1 etkinlikler sirasi ile sunulmustur. 04, 05, 010, 013, O15 ve
016 kodlu dgretmenler hafta ici yapilan toplantiya; O1, 02, 03, 06, 07, 08, 09, O11, 012 ve O14 kodlu
Ogretmenler hafta sonu yapilan toplantiya katilmistir. Etkinliklerin tanitimindan 6nce GeoGebra kullanmay1
bilmeyen katilimcilara 2 saatlik GeoGebra egitimi verilmistir. Katilimcilar GeoGebra Etkinlikleri Inceleme
Formu’nu toplant1 esnasinda doldurmustur. Toplantilarin her biri iki ders saati siirmiis olup toplantida incelenen
GeoGebra etkinliklerinin ait olduklar1 kazanimlara yonelik detaylar Tablo 3’te verilmistir.
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Tablo 3. Gelistirilen GeoGebra Etkinliklerinin Ait Oldugu Kazanimlar

Etkinligin
Ogrenme Etkinlik Ait Oldugu Kazamm icerisi
Alam Numarasi Kazanim serig
Numarasi

Etkinlik 1 M.7.3.1.1. Bir a1y iki es agiya ayirarak agiortayi belirler.

Etkinlik 2 M.7.3.1.2. Iki paralel dogruyla bir keseninin olusturdugu yondes, ters, i ters,
dis ters acilar belirleyerek 6zelliklerini inceler; olusan agilarin es
veya biitiinler olanlarini belirler; ilgili problemleri ¢ozer.

Etkinlik 3 M.7.3.2.1. Diizgiin ¢okgenlerin kenar ve ac1 6zelliklerini agiklar.

Etkinlik 4 M.7.3.2.2. Cokgenlerin kosegenlerini, i¢ ve dis acilarini belirler; i¢ agilarinin

Etkinlik 5
Etkinlik 6 M.7.3.2.3.

Geometri Etkinlik 7 M.7.3.2.4.
ve Ol¢cme Etkinlik 8

Etkinlik 9 M.7.3.2.5.
Etkinlik 10 M.7.3.3.1.

Etkinlik 11 M.7.3.3.2.
M.7.3.3.3.
Etkinlik 12 M.7.3.4.1.

Etkinlik 13 M.7.3.4.2.

ve dis acilarimin dlgiileri toplamini hesaplar.

Dikdortgen, paralelkenar, yamuk ve eskenar dortgeni tanir; agi
Ozelliklerini belirler.

Eskenar dortgen ve yamugun alan bagintilarini olusturur, ilgili
problemleri ¢ozer.

Alan ile ilgili problemleri ¢ozer.

Cemberde merkez agilari, gordiigii yaylart ve a¢1 6lgiileri
arasindaki iligkileri belirler.

Cemberin ve ¢ember pargasinin uzunlugunu hesaplar.
Dairenin ve daire diliminin alanim hesaplar.

Ug boyutlu cisimlerin farkli yonlerden iki boyutlu gériiniimlerini
gizer.

Farkli yonlerden goriiniimlerine iliskin ¢izimleri verilen yapilar1
olusturur.

Arastirma kapsaminda GeoGebra etkinlikleri 7. siif matematik dersi geometri ve 6lgme &grenme alani
kapsaminda bulunan 12 kazanimin Ogretiminde kullanilmaya yonelik hazirlanmigtir. M.7.3.2.2. numarali
“Cokgenlerin kosegenlerini, i¢ ve dis agilarini belirler; i¢ acilarinin ve dis agilarinin dl¢iileri toplamini hesaplar.”
kazanimi ile M.7.3.2.4. numarali “Eskenar dortgen ve yamugun alan bagmntilarini olusturur, ilgili problemleri
¢ozer.” Kazanimina yonelik ikiser etkinlik; M.7.3.3.2. numarali “Cemberin ve ¢ember parcasinin uzunlugunu
hesaplar.” kazanimi ile M.7.3.3.3. numarali “Dairenin ve daire diliminin alanini hesaplar.” kazanimlarina yonelik
ortak bir etkinlik; geri kalan 8 kazanimin her biri i¢in bir etkinlik hazirlanmstir.

Etkinlikler kazanimlarin dogasina uygun olacak sekilde GeoGebra yaziliminin dinamik yapisi ile
desteklenerek matematik derslerinde kullanilmaya uygun olacak sekilde hazirlanmigtir. Hazirlanan GeoGebra
etkinliklerinden biri 6rnek olarak asagida sunulmustur.

Yamugun Alanim Nasil Hesaplayacagim Bilivor Musun? Haydi Ogrenelim!
E

[] 1. Asama

[ 4. asama

[[] 5. Asama

Sekil 2. Etkinlik 7

Yamugun alan hesabina yonelik hazirlanan etkinlik 5 agama ve 3 siirgii ile dinamik bir yapiya sahiptir. Her
bir asamada, asamanin gerektirdigi diisiiniilen hatirlatma notlar1 bulunmakta olup bu hatirlatmalar gerektigi
durumlarda kullanilmak iizere etkinlikte yer almaktadir.

58



7. Sunif Matematik Dersi Geometri Ogrenme Alanmina Yonelik Hazirlanan GeoGebra Etkinlikleri Hakkinda Ogretmen Goriisleri

Yamugun Alamin: Nasil Hesaplayacagin: Bilivor Musun? Haydi Ogrenelim! B

1. ASAMA [ Kosegen Nedi?

Kagegen gizelim ve ekrandaki yamugu iki Uggene aywalim.

[ 2 asawa
A B
A8y =7
-
[ 5 Asema -2
-
°
[ 4 asama [ somue
Yamugun Alanint Nasil Hesaplayacagmm Biliyor Musun? Haydi Ogrenelim!
:
1. ASAMA

Kogegen cizelim ve ekrandaki yamugu ki iggene ayiralm.

[ z asama
£ S

AB = 7

-
[ 3 asama EGI=2

-
°

[0 +. asama [ sonue

Sekil 3. Etkinlik 7'de bulunan hatirlatma notlar1 rnegi

Etkinlikte bulunan siirgiiler kullanilarak farkli yamuklar olusturularak yiiriitiilen siirecin farkli yamuklar
iizerinde incelenerek sinanmasina imkan saglanmistir.

Yamugun Alanint Nasil Hesaplayacagun Bilivyor Musun? Haydi Ogrenelim! )
JE

1. ASAMA (] Kesegen Nedir?

Kosgegen gizelim ve ekrandaki yamugu iki Uggene ayiralim.

2. ASAMA [ vaksekiik Nedir? h=d

ABE Uggeninin AB kenarina ait yUksekligi ve EGB (ggeninin
EG kenarnaai t yiikseklikleri gizelim,
Unutma, AB dogru pargasi ile EG dogru pargasi paralel oldugu igin A

bu iki dogru pargas: arasindaki uzakiik her zaman esit olacaktir! A8l j?
-
3, Agama [ 0cgenin Alani Nasi Hesaplanir? EG|=2
ABE ve EGB iggenlerinin alanlanini hesaplayalm.
h=4
°

4. ASAMA [ sonwg
Yamugun alanini bulmak igin Ggenlerin alanlarini toplayalim.

A(ABE) = ABL*IEH iiEcR) = O IE A(ABGE) — A(ABE) + A(EGE) — B = EH) | [EGI+ EHI _ g

5. ASAMA [[] ortak Garpan Parantezine Alma Nedir?

4. Asamada yaptigimiz toplama iglemini ortak garpan

parantezine alarak yapalim.

aaBeE) - WBLIEAL | JEG -]m EH1, 451+ 150) = 18

Yamugun Alarmm Nasil Hesaplayacagim Biliyor Musun? Haydi Ogrenelim!

1. ASAMA [ xasegen Nedir?

Kdsegen sizelim ve ekrandaki yamugu iki iggene ayiralim. . ] -
2. ASAMA [ vaksekiik Nedir?
ABE liggeninin AB kenarina ait ylksekligi ve EGB Gggeninin .
EG kenannaai t yiikseklikleri gizelim L 7 8
Unutma, AB dogru pargasi ile EG dogru pargasi paralel oldugu igin
bu iki dogru pargas arasindaki uzaklik her zaman esit olacaktir! AB - 13
3. Asama [ Uggenin Alan: Nasil Hesaplani? |EG|=8
ABE ve EGB iiggenlerinin alantanni hesaplayalim. -
4 ASAMA (] sonug
Yamugun alanmni bulmak igin Gggenlerin alantarini toplayalim.

Bl B2 61+ EL 5] - 6l

siape - ABLIEI 1y Atgon) = - s A(ABGE) = A(ABE) + A(EGE) — ABL=IEHI , EGI~|EH| _,,

5. ASAMA [[] ortak Garpan Parantezine Alma Nedir>

4. Asamada yaphgimiz toplama iglemini ortak garpan

parantezine alarak yapalim

AB|» |EH| |EC|+|EH| EH
0 + 7 B

A[{ABGE) - +(l48] + |BC)) = 21

Sekil 4. Etkinlik 7'deki dinamik yap1 6rnegi

Siirecin sonunda genelleme yapilarak etkinligin sonlandirilmasi saglanir.
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Yamugun Alanint Nasil Hesaplayacagim Biliyor Musun? Haydi Ogrenelim!

1. ASAMA [ Kosegen Nedir?
Kosegen gizelim ve ekrandaki yamugu iki dggene ayiralim. E 8
2. ASAMA [ voksekiik Nedir?
ABE iiggeninin AB kenarina ait yiiksekligi ve EGB diggeninin i -
EG ken: seklik zelim = 3 -
Unutma, AE pargasi ile EG dogru pargasi pa Hugu igir
bu 1 dak kI man I AB| =13
s 2
3. Agama [ Ucgenin Alani Nasil Hesaplanir? EG|=8
ABE ve EGB iiggenlerinin alanlanmi hesaplayahim, -
]
4. ASAMA

$ SONUG
Yamugun alanini bulmak igin ggenlerin alanlarini toplayalim. .

_ Alt Taban + Ust Taban

o, - F Hl o ; - AB| = [EH| = [EG| + [EF Yamugun Alam = 2

5. ASAMA [] ortak Garpan Parantezine Aima Nedir?

4. Asamada yaptigimiz toplama iglemini ortak carpan
parantezine alarak yapalim.

A{ABCE AB|« |EH| | |EG|=|BH Sl 4B + |EG

Sekil 5. Etkinlik 7'nin tamamlanmis hali
2.4. Verilerin Analizi

Nitel verilerin analizinde igerik analizi ve betimsel analiz olmak iizere iki farkli yontem kullanilmaktadir.
Icerik analizi, toplanan verilerin derinlemesine incelenip yapilan inceleme sonucunda temalar ve boyutlar1 ortaya
cikarirken betimsel analiz daha yiizeysel olarak literatiir destegiyle onceden belirlenmis olan kavramsal yapilar
tizerinde ¢alismay1 gerektirir (Cepni, 2007). Betimsel analiz yontemi, arastirmadan elde edilen verilerin 6nceden
belirlenen temalara gore Gzetlenerek yorumlanmasi seklinde ifade edilebilir (Yildirnrm ve Simsek, 2013). Bu
calismada veriler tablolar yardimiyla betimsel olarak sunulmustur.

GeoGebra Etkinlikleri Inceleme Formunda bulunan, GeoGebra etkinliklerini kazanima uygunluk, dgrenci
seviyesine uygunluk, sinif ortaminda uygulamaya uygunluk, aktif katilima tesvik, anlamli 6grenme gelistirmeye
katk: boyutlarinda degerlendirmeye yonelik derecelendirme sorulari, katilimer 6gretmenler tarafindan 1 (hig
uygun degil) — 5 (yiiksek diizeyde uygun) arasinda degerlendirilmistir. Yapilan degerlendirmelerde hi¢ uygun
degil 1 puan, diisiik diizeyde uygun 2 puan, orta diizeyde uygun 3 puan, iyi diizeyde uygun 4 puan ve yiiksek
diizeyde uygun 5 puani temsil etmektedir.

incelediginiz GeoGebra etkinligi sizce kazanima uygun hazirlanmig mi? *

1 2 3 4 5

Hig Uygun Degil @ Cok Uygun

Sekil 6. Derecelendirme Sorularina Yénelik Ornek Ogretmen Yanitt

Her bir GeoGebra etkinligi i¢in belirlenen her bir boyutta verilen puanlarin aritmetik ortalamalar1 dikkate
alinarak genel bir puan belirlenmistir. Yapilan puanlama sonucunda 4 ve {izeri puanlar yiiksek puan, 2,5 ile 4
arasindaki puanlar ortalama puan ve 2,5 ve asagisindaki puanlar diisiik puan olarak simiflandirilmustir.

Nitel aragtirmalarin gecerli§i aragtirmacinin, aragtirma bulgularini herhangi bir degisiklik yapmadan
sunmasidir (Yildirim ve Simsek, 2013). GeoGebra Etkinlikleri Inceleme Formunda bulunan etkinliklerin eksik
ya da fazla kisimlarina yonelik 6gretmenlerin acik uglu cevaplari hicbir degisiklik yapilmadan aynen
kullanilmustir. Hangi etkinlikte ne tiir bir degisiklik yapilmak istendigi 6gretmen goriislerinden dogrudan alintilar
yapilarak agiklanmistir. Giivenirlik ise arastirma sonuglarinin arastirmadan elde edilen veriler ile olan
tutarhiligidir. (Merriam, 2009). Giivenirligin saglanmasi adina veriler arastirmaci tarafindan 6zenle incelenerek
ilk analiz yapildiktan yaklagik bir ay sonra tekrar analiz edilmistir. Kodlamalar arasinda %96 uyum oldugu
gorilmiistiir.

2.5. Arastirmanin Etik izinleri

Yazarlar, arastirmanin Bursa Uludag Universitesi Sosyal ve Beseri Bilimler Yayin ve Etik Kurulu tarafindan
29 Eyliil 2023 tarihinde 14 protokol kodu ile onaylandigini beyan etmiglerdir.

3. Bulgular

Bu boliimde etkinliklere yonelik 6gretmen goriislerine dair bulgular sunulmusgtur. Arastirma kapsaminda
oncelikle 6gretmen goriisleri dogrultusunda geometri 6grenme alaninda yer alan kazanimlara yonelik hazirlanan
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etkinliklerin her birinin kazanima uygunluk, Ogrenci seviyesine uygunluk, simif ortaminda uygulamaya
uygunluk, aktif katilima tesvik, anlamli 6grenme gelistirmeye katki boyutlarindan aldiklar1 puanlar hesaplanmis
ve Tablo 2’de sunulmustur.

Tablo 4. Hazirlanan GeoGebra Etkinliklerinin Farkli Boyutlardan Aldiklari Puanlar

- Ogrenci Simf Aktif Anlaml
Etkinlik Kazamima . Ortaminda Ogrenme Ortalama
Seviyesine Katilima o
Numarasi Uygunluk Uygunluk Uygulamaya Tesvik Gelistirmeye Puan
Uygunluk Katki
Etkinlik 1 4,9375 5 5 4,875 4,75 4,9125
Etkinlik 2 4,9375 4,875 4,9375 4,6875 4,8125 4,85
Etkinlik 3 4,9375 4,9375 4,9375 4,75 4,6875 4,85
Etkinlik 4 5 4,9375 5 4,75 4,8125 4,9
Etkinlik 5 5 4,9375 5 4,75 4,8125 4,9
Etkinlik 6 5 4,9375 4,9375 4,6875 4,875 4,8875
Etkinlik 7 4,8125 4,4375 4,625 4,4375 4,875 4,6375
Etkinlik 8 4,75 4,5625 4,5625 4,5 4,75 4,625
Etkinlik 9 4,9375 4,9375 4,9375 4,8125 4,9375 4,9125
Etkinlik 10 4,9375 4,875 4,9375 4,6875 4,875 4,8625
Etkinlik 11 5 5 5 4,8125 4,875 4,9375
Etkinlik 12 5 5 4,9375 4,75 4,8125 4,9
Etkinlik 13 4,8125 4,75 4,625 4,6875 4,8125 4,7375
Ortalama 4,9279 4,8606 4,8798 4,7067 4,8221 4,8394

Katilimeilarin verdikleri yanitlar incelendiginde hazirlanan GeoGebra etkinliklerinin tiimiiniin kazanima
uygunluk, 6grenci seviyesine uygunluk, sinif ortaminda uygulamaya uygunluk aktif katilima tesvik ve anlamli
ogrenme gelistirmeye katki boyutlarinda yliksek puan aldigr goriilmistiir. Katilimeilar tarafindan yapilan
inceleme sonucu en yliksek puan alan etkinligin Etkinlik 11 oldugu goriilmiistiir. Etkinlik 11, cember ve ¢gember
pargasinin uzunlugu ile daire ve daire diliminin alanini hesaplamaya yonelik siireglerde kullanilmak iizere
hazirlanan bir etkinlik olup etkinligin bir boliimii gember ve ¢cember pargast ile iliskiliyken diger boliimii daire ve
daire dilimi ile iliskilendirilmistir. Katilimcilarin incelemesi sonucunda en diisiik puani alan etkinligin ise
Etkinlik 8 oldugu goriilmistiir. Etkinlik 8, icerisinde bulundurdugu alt1 agama ile eskenar dortgenin alaninin
hesabinin yapilmasina yonelik bir etkinliktir.

Hazirlanan her bir GeoGebra etkinligi katilimcilar tarafindan incelenerek etkinliklerdeki eksik ve fazla yonler
degerlendirilmistir. Hazirlanan GeoGebra etkinliklerinin degerlendirme sonuglarina yonelik tablo asagida
verilmistir.

Tablo 5. Hazirlanan GeoGebra Etkinliklerine yénelik Degerlendirmelere Dair Ogretmen Gériisleri

Etkinlikte Eksik Bilgiler ~ Etkinlikte Fazla Bilgiler Etkinlik Bu Haliyle Uygun

Etkinlik Numarasi Mevcut Mevcut
f % f % f %
Etkinlik 1 0 %0 0 %0 16 %100
Etkinlik 2 0 %0 0 %0 16 %100
Etkinlik 3 0 %0 0 %0 16 %100
Etkinlik 4 0 %0 0 %0 15 %293,75
inh 2 0, 1 0, 0,
Etkinlik 5 (04.016) %12,5 (03) 96,25 13 081,25
Etkinlik 6 0 %0 0 %0 16 %100
Etkinlik 7 0 %0 (33) 96,25 15 993,75
Etkinlik 8 0 %0 ((--)13) %6,25 16 %100
.y 1 0 0 0,
Etkinlik 9 O14) %6,25 0 %0 14 %087,5
Etkinlik 10 (()15) %6,25 0 %0 16 %100
Etkinlik 11 0 %0 0 %0 16 %100
Etkinlik 12 0 %0 0 %0 14 %87,5
Etkinlik 13 1 0 0 o
012) 906,25 0 060 13 681,25
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Katilimeilarin verdigi yanitlar incelendiginde bazi katilimcilarin 4 etkinlikte birtakim eksikler ve 3 etkinlikte
birtakim fazlaliklar oldugunu diisiindiigii goriilmistiir. Etkinlik 5°te eksik bilgiler oldugunu belirten iki 6gretmen
bulunmaktadir (04, O16),fazla bilgiler oldugunu belirten ise bir 6gretmen bulunmaktadir (O3). Etkinlik 5,
cokgenlerin i¢ ag1 Olciileri toplaminin kesfedilmesini amaglamaktadir. Etkinlikte 6rnek olarak tiggen, dortgen ve
besgen kullanilmistir. Bu ¢okgenler, kdse noktalart hareket ettirilerek farkli ¢okgenler olusturulmasina imkan
tamimaktadir. Ornegin ABC iiggeninin A, B ve C koseleri hareket ettirilerek farkli iiggenler olusturulabilir.
Olusturulan bu farkli tiggenlerin i¢ ac1 olgiileri birbirinden farkli olmasina karsin i¢ ac1 dlgtileri toplaminin
degismedigi gozlemlenebilir. Bunun yani sira igaret kutular1 kullanilarak g¢okgenlerin i¢ ac1 olgiileri ve i¢ ac1
Olgiileri toplaminin ekranda goriinmesi tercihi diizenlenebilmektedir. Etkinligin alt kisminda bulunan girdi
kutusu ile ise i¢ a¢1 dlgiilerinin toplamimin hesaplanmasi istenen ¢okgenin kenar sayisi yazilarak bu degerin
hesaplanmasi saglanmaktadir.

£ §I66.2
v ™
“=73.81
¥

¥ =; 84.83

ABC Uggeninin Ig Agila EFG Dértgeninir \ HIJKL Beggeninin I Agilan
ABC Uggeninin Ig Agi Olgalerinin Toplam JEFG Dértgeninin Ig Agi Olgalerir HIJKL Besgeninin Ig Agi Olgalerinin Toplami
m(ABC) + m(BCA) + m(CAB) = 180 m(DEF n(EFG) + Gl m(GDE L m(HIJ) + m(lJK) + m{JKL) + m(KLH) + m(LHI) = 540
Kenar Sayisi| 10 }

10 kenarli bir gokgenin i¢ agi dlglleri toplami = (10-2)*180 =1440
Sekil 7. Etkinlik 5

Etkinlik 5°de baz1 eksiklikler oldugunu diisiinen O4 kodlu 6gretmen bu gériisiinii asagidaki gibi ifade
etmistir:

“I¢ a1 dl¢iileri toplamimin ispatim gostermek icin diger iki cokgeni iicgenlere ayiracak komutlar yer
alsayd ve i¢ agilar toplaminin neden ii¢gen sayisix180 ile hesaplandig yer alsaydi ¢ok daha etkili bir
yaprt olurdu diye diigtintiyorum.”

Etkinlik 5°de baz1 eksiklikler oldugunu diisiinen O16 kodlu 6gretmen ise bu gériisiinii asagidaki gibi ifade
etmigtir:

“Stirgiiye bagl olabilirdi yalnizca.”

Etkinlik 5°de bazi fazlaliklar oldugunu diisiinen O3 kodlu 6gretmen ise goriisiinii asagidaki gibi ifade
etmistir:

s

“Biraz sadelestirilebilir.’

Etkinlik 5’te 6gretmen goriisleri dogrultusunda ¢okgenlerin i¢ ag1 dlgiileri toplaminin hesaplanmasi igin
dortgen ve besgen farkli tiggenlere ayrilarak i¢ ac1 dlgiileri toplami hesaplanirken yapilan islem asamalariin
gerekgesi yansitilmig oldu. Bunun yani sira ekranda bulunan hangi ¢okgenin i¢ ag1 dlgiisiiniin kag derece
olduguna yonelik girdi kutusu ve metin igaret kutusuna baglanarak ekranda istege bagli olarak goriinmesi
saglandi. Cokgenlerin siirgiiye bagli olarak degistirilmesi yazilimin imkanlar1 dahilinde miimkiin olmadigi i¢in
gergeklestirilmedi. Son haline getirilen etkinlik asagida sunulmustur.
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10 kenarli bir gokgenin ig agl 8lgileri toplami = (10-2)*180 =1440
Sekil 8. Etkinlik 5'te yapilan diizeltmeler
Tablo 3 incelendiginde diizeltilmesi talep edilen bir diger etkinlik, Etkinlik 9’dur. Etkinlik 9, ayn1 alana sahip
farkli dikdortgenlerin gevre uzunluklari ile ayni c¢evre uzunluguna sahip farkli dikdértgenlerin alanlarim
incelemeyi amaglamaktadir. Bu dogrultuda isaret kutular1 kullanilarak etkinlik iki ayr1 boliime ayrilmistir. ilk
bdlimde ayni ¢evre uzunluguna sahip farkli dikdortgenlerin alanlarinin; ikinci boliimde ayni alana sahip farkli
dikdortgenlerin  gevrelerinin incelenmesi amaglanmistir. Ekranda bulunan girdi kutusuna istenen g¢evre
uzunlugu/alan Ol¢iisii yazilarak dikdortgen olusturulur. |AB| siirgiisii hareket ettirilerek ¢evre uzunlugu/alan
Olciisii sabit kalmak {iizere farkli dikdortgenler olusturulmasi saglanir. Olusturulan her bir dikdortgen i¢in alan
oOl¢iisti/cevre uzunlugu ekranda goriilecek sekilde metin kutusu bulunmaktadir. Etkinligin her iki béliimiinde de
ekranin sag alt tarafinda bulunan isaret kutusu kullanilarak ulasilmak istenen genellemenin matematik ctimlesi
ekranda gosterilebilmektedir.
-
\

Sekil 9. Etkinlik 9

Etkinlik 9°da baz1 eksiklikler oldugunu diisiinen O14 kodlu gretmen bu gériisiinii asagidaki gibi ifade
etmistir:

“Alan hesabinda olusan stirgii degerini sadece pozitif tam sayilari kapsayacak sekilde siirlandirmali.
5-6 siniflar i¢inde uyarlanabilir.”

O14’iin goriisleri dogrultusunda hazirlanan etkinlikte yazilimm imkan verdigi bi¢imde once alan ve cevre
Ol¢iisiinii yazmak sartiyla siirgiilerin tamsay1 degeri almasi saglanmuistir.

Tablo 3’den goriildiigii gibi diizeltilmesi talep edilen bir diger etkinlik, Etkinlik 10°dur. Etkinlik 10,
¢emberde merkez acinin 6lgiisii ile gordiigli yaym o6lgiisti arasindaki iliskinin kesfedilmesini amaglamaktadir.
Ekranda bulunan B ve C noktalar1 hareket ettirilerek farkli merkez agilar ve BC yaylar1 olusturulmaktadir. Isaret
kutulart kullanilarak BAC merkez agisinin ve BC yaymin dlgiisiiniin ekranda goriinmesi veya goriinmemesi
saglanmaktadir.
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(<

Sekil 10. Etkinlik 10
Etkinlik 10°da baz1 eksiklikler oldugunu diisiinen O5 kodlu dgretmen bu gériisiinii asagidaki gibi ifade
etmistir:

“Hayrr, giizel bir ¢calisma olmus sadece gérsel yani eklenebilir.”

Hazirlanan etkinligin yapis1 geregi etkinligin kullamimi esnasinda dikkat dagitict bir unsur bulunmamasi
istendigi i¢in etkinlikte bu kapsamda gorsel unsurlarin arttirilmasina yonelik bir degisiklik yapilmamustir.

Diizeltilmesi talep edilen bir diger etkinlik, Etkinlik 13°diir. Etkinlik 13, farkli yonlerden goriiniimleri verilen
yapmin {i¢ boyutlu olarak insa edilmesini amaglamaktadir. Ekranin sol tarafinda cismin farkli yonlerden
goriiniimleri bulunmaktadir. Ekranin sag tarafinda ise GeoGebra 3D penceresi bulunmaktadir. Ekranin sol
tarafinda farkli yonlerden goriiniimleri verilmis olan yapi, ekranin sag tarafinda bulunan pencerede kiip komutu
kullanilarak insa edilecektir.

L acd: e ADDCR :

ONDEN GORUNUM ARKADAN GORUNUM

SAGDAN GORUNUM SOLDAN GORUNUM

Sekil 11. Etkinlik 10

Etkinlik 10°da baz1 eksiklikler oldugunu diisiinen O12 kodlu dgretmen bu goriisiinii asagidaki gibi ifade
etmistir:

5

“Farkl renkler kullanilabilirdi, goriiniimleri ayirt edebilmenin kolay olabilmesi icin.’

Etkinlik, ayni cismin farkli yonlerden goriiniimlerinden yola ¢ikarak yapim olusturulmasini
amaglamaktadir. Yapinm farkli yonlerden goriiniimiiniin farkli renkler ile gdsterilmesi, olusturulacak yapinin da
bu renklendirmeye sahip olmasini gerektirmektedir. Olusturulacak olan yapidaki bu bigimsel diizenleme i¢in
sahip olunmasi gereken yazilima yonelik bilgiler 6grenci seviyesine uygun olmamaktadir. Bu sebeple etkinlikte
bu kapsamda bir degisiklik yapilmamistir.

Tablo 3’e bakildiginda diizeltilmesi talep edilen bir diger etkinligin Etkinlik 7 oldugu goriilmektedir. Etkinlik
7, yamugun alan hesabmin basit bir ispat siireci izlenerek kesfedilmesini amaglamaktadir. Ekranda kenar
uzunluklar siirgiiler ile dinamik olarak degistirilebilen bir yamuk ve yamugun alan hesabi i¢in gerekli ispat
siirecine yonelik asamalarinin kontroliiniin saglandig1 isaret kutular1 bulunmaktadir. Ispat siireci asamalari,
asamanin gerektirdigi bilgilere yonelik hatirlatmalarin  bulundugu isaret kutularimi da igermektedir.
Hatirlatmalarin ekranda goriinmesine yonelik kontrol tipki asamalarda oldugu gibi isaret kutulari ile
saglanmaktadir. Ekranin sag alt tarafinda bulunan isaret kutusu ile de genellemeye ydnelik metnin ekranda
goriinmesine yonelik kontrol saglanmaktadir.
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Yamugun Alamnt Nasil Hesaplayacagin Biliyor Musun? Haydi Ogrenelim! B *
E

1. ASAMA

Kogegen gizelim ve ekrandaki yamugu iki iggene ayiralim,

AB)

-
EG| =
-

SONUG

Yamugun Alam = 1t Taban *2' Ust Taban

5. ASAMA
4. Asamada yaphgimiz toplama iglemini ortak garpan
parantezine alarak yapahm.

aB v Em) (B

minde. a
ce toplama veya cikarma

Sekil 12. Etkinlik 7

Etkinlik 7°de bazi fazlaliklar oldugunu diisiinen O3 kodlu 6gretmen goriisiinii asagidaki gibi ifade etmistir:

>

“Hatirlatma bilgileri olmayabilir ¢ok yer kapliyorlar seklin oniine gegiyor.’

Hazirlanan etkinlikte bulunan hatirlatmaya yonelik bilgilerin ekranda goriiniip goriinmeme tercihi etkinlik
iizerinde bulunan diigmeler ile kontrol edilebilir oldugu igin etkinlikte bu kapsamda bir degisiklik yapilmamuistir.

Diizeltilmesi talep edilen son etkinlik Etkinlik 8’dir. Etkinlik 8, eskenar dortgenin alan hesabinin basit bir
ispat siireci izlenerek kesfedilmesini amaglamaktadir. Ekranda kenar uzunluklari bir eskenar dortgen ve eskenar
dortgenin alan hesabi igin gerekli ispat siirecine yonelik asamalarinin kontroliiniin saglandigi isaret kutular
bulunmaktadir. Ispat siireci asamalar1, asamanin gerektirdigi bilgilere yonelik hatirlatmalarin bulundugu isaret
kutularmi da igermektedir. Hatirlatmalarin ekranda goriinmesine yonelik kontrol tipki asamalarda oldugu gibi
isaret kutulari ile saglanmaktadir. Bunun yani sira eskenar dortgenin kenar uzunlugu ve agi1 Olgiisiiniin
degistirilmesini saglayan siirgiiler ile farkli eskenar dortgenler incelenebilmesi saglanmaktadir. Ekranin sag alt
tarafinda bulunan isaret kutusu ile de genellemeye yonelik metnin ekranda goriinmesine yonelik kontrol
saglanmaktadir.

25 . r § ope P . R é &
Eskenar Dirtgenin Alanimi Nasil Hesaplayacagim Biliyor Musun? Haydi Ogrenelim! =

1. ASAMA
Kosegenleri izelim ve

ekrandaki eskenar dortgeni
tggenlere ayiralim.

ir késesinden
koselerine

KOSEGENLER

2. ASAMA

ABC ve ADC dggenlerinin
alanlanini hesaplayalim

taba

4. ASAMA

ABC ve ADC tiggenlerinin alanlarinin
degigimini incelemek igin sUrgdleri
kullanmaya ne dersin?

AB| = 8

Sekil 13. Etkinlik 8

4 3. ASAMA 5. ASAMA
ED =369 EC=7.1
ABCD egkenar dorigeninin aianim ABC ve ADC Gggenlerinin alanlaninin her zaman
a0 bulmak igin ABC ve ADC dggenlerinin birbirine esit oldugunu fark ettin degil mi?
alanlarini toplayalim © halde
h\ A(ABCD) = A(ABC)+A(ADC) A(ABCD)=A(ABC)+A(ADC)=2.A(ABC) = 2.A(ADC)
BE = 3.60 oldugunu da fark etmigsindir!

6. ASAMA

A(ABCD)= 2. (1/2.|AC|.|BE|) yazabilecegimizi gordik.
Haydi bu islemi biraz dizenleyelim ve
A(ABCD)=1/2.|AC|.(2.|BE]) yazalim.

2.|BE|=|BD) oldugunu fark ettin degil mi?

0 zaman bu eskenar dortgenin alanini
A(ABCD)=1/2.|AC|.|BD| olarak ifade edebiliriz.

SONUG

Eskenar dortgenin alam kisegen

Q,

uzunluklartmn carpummn yansima — Q

esittir

Etkinlik 8°de bazi fazlaliklar oldugunu diisiinen O3 kodlu 6gretmen goriisiinii asagidaki gibi ifade etmistir:

»

“Cok fazla bilgi ve yonerge var biraz ogrencilerde kafa karisikligina neden olabilir.’

Hazirlanan etkinlikte bulunan hatirlatmaya yonelik bilgileri ile her bir agsamaya yonelik bilgilerin bulundugu
metinlerin ekranda gériiniip gériinmeme tercihi etkinlik tizerinde bulunan diigmeler ile kontrol edilebilir oldugu
icin etkinlikte bu kapsamda bir degisiklik yapilmamustir.

4. Sonug, Tartisma ve Oneriler

Bu boliimde arastirma problemi dogrultusunda yonelik elde edilen sonuglar sunulmus ve mevcut literatiir
1s181nda tartigilmistir. Hazirlanan her bir GeoGebra etkinligi katilimceilar tarafindan kazanima uygunluk, 6grenci
seviyesine uygunluk, sinif ortaminda uygulamaya uygunluk, &grencileri aktif katilima tesvik etme durumu,
ogrencilerin anlamli 6grenme gergeklestirmesine katkida bulunma durumu boyutlarindan degerlendirmis olup
hazirlanan her bir GeoGebra etkinliginde eksik, fazla, degistirilmesi/diizeltilmesi gereken nesne, komut veya
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asama olup olmadigini degerlendirilmis; derslerinde kullanip kullanmama tercihleri belirtilmistir. Bu bdliimde
hazirlanan GeoGebra etkinliklerine yonelik sonuglar biitlinciil olarak sunulmustur.

Hazirlanan her bir GeoGebra etkinligi kazanima uygunluk boyutunda katilimcilardan yiiksek puan almistir.
Buradan hareketle hazirlanan GeoGebra etkinliklerinin kazanima uygun hazirlandig1 sonucuna varilabilir.

Hazirlanan GeoGebra etkinliklerinin tamami dgrenci seviyesine uygunluk boyutunda katilimeilardan yiiksek
puan almistir. Diger etkinliklere kiyasla diisiik puan alan etkinlikler eskenar dortgen ve yamugun alan bagintisini
olusturmaya yonelik ispat siiregleri iceren etkinliklerdir. Bu etkinlikler, 6gretimi yapilan kazanima yonelik
Ogretim siireci, once gerekli bilgiler verilip ardindan bu bilginin kullanilacagi 6rnekler {izerinde ¢alisilmasi
yerine bilgiye ispat siiregleri ile 6gretim siireci esnasinda ulasilmasina yonelik tasarlanmistir. Katilimcilar
tarafindan bu etkinliklerin diisiik basariya sahip 6grencilerin ¢ogunlukta oldugu siniflar i¢in karmasik etkinlikler
olacag diisiiniilmektedir. Ispat siireclerini iceren bu etkinlikler igin ispat siireclerini dgrencilere asamal1 olarak
sunmanin Ogrencilerin bu siiregleri anlamlandirmasini kolaylastiracagi goriisiinde olan &gretmenler de
mevcuttur. Brousseau (1997) etkinliklerin sahip olmas1 gereken 6zellikler arasinda, problemin hemen ¢dziilebilir
olmamasi, birden fazla agsama icermesi gerektigini vurgulayarak problemlerin karmasikligini arttirmanin
ogrencilerin kesfederek 6grenmesine imkén tanidigini ifade etmistir. Buradan hareketle hazirlanan GeoGebra
etkinliklerinin 6grenci seviyesine uygun oldugu sonucuna varilabilir.

Hazirlanan GeoGebra etkinliklerinin tamami sinif ortamina uygunluk boyutunda katilimcilardan yiiksek puan
almistir. Delice ve Karaaslan (2016), dinamik geometri yazilimlarinin derslerde kullanilmasimin zamandan
tasarruf sagladigimni ifade etmistir. Ogrencilerin matematik dilini kullanmak suretiyle kendini ifade edebilmesi ve
matematik dilini kullanarak iletisim kurma becerisini gelistirilebilmesi igin bu ve benzeri etkinliklerin 6nem
teskil ettigi diisiiniilmektedir. Zengin (2017) GeoGebra yaziliminin matematiksel iletisim kurmada biiyiik dnem
teskil ettigini ifade etmistir. Buradan hareketle hazirlanan GeoGebra etkinliklerinin sinif ortaminda uygulamaya
uygun oldugu sonucuna varilabilir.

Hazirlanan GeoGebra etkinliklerinin tamamu aktif katilima tesvik boyutunda katilimcilardan yiiksek puan
almistir. Vasquez (2015) GeoGebra yazilimi kullanilarak yiiriitilen matematik derslerinde dgrencilerin derslere
aktif katilim sagladiklarini ifade etmistir. Literatiir incelendiginde 6gretmenlerin siniftaki uygulamalarin sahip
olduklar1 inanglardan etkilendigi goriisiinii destekleyen calismalar oldugu goriilmektedir. (Forgasz ve Leder,
2008).

Hazirlanan GeoGebra etkinliklerinin tamami 6grencilerin anlamli 6grenme gelistirmesine katki boyutunda
katilimc1 matematik O6gretmenlerinden yiiksek puan almistir. Katilimeilar tarafindan etkinliklerin anlamli
O0grenme gelistirmesine katki boyutuna yonelik yapilan degerlendirmeler incelendiginde konunun 6gretiminde
ilk asama olarak kullanilmaya yonelik tasarlanan etkinliklerin, konunun Ggretiminden sonraki asamalarda
kullanilmaya y6nelik tasarlanan etkinliklere gore daha yiiksek puanlar aldig1 gortilmiistiir. Stein ve Lane (1996),
hem etkinliklerin hem de 06gretmenlerin etkinlikleri uygulama bicimlerinin &grencilerin gergeklestirdigi
o6grenmeler tizerinde etkisi oldugunu ifade etmistir.

Katilimcilar tarafindan yapilan degerlendirmeler sonucunda hazirlanan GeoGebra etkinliklerindeki eksik,
fazla, degistirilmesi/diizeltilmesi gereken nesne, komut veya asamalarin genellikle hazirlanan etkinliklerin
yalnizca bigimsel 6zelliklerine dair olumsuz elestirilerde bulunuldugu, katilimer matematik 6gretmenlerinin
higbir etkinligin bilgi boyutuna yonelik eksik, fazla degistirilmesi/diizeltilmesi gerekli gordiikleri bir nesne,
komut veya agama olmadigini diisiindiikleri goriilmiistiir. Aragtirmaci tarafindan katilimcilarin etkinliklerde
bulunan bi¢imsel 6zellikler hakkindaki goriisleri dogrultusunda etkinliklerde uzman goriisiine basvurularak
gerekli diizeltmeler yapilmustir.

Hazirlanan GeoGebra etkinliklerinin tamaminin, katilimcilarin derslerinde kullanmayi tercih edecekleri
etkinlikler oldugu sonucuna varilmistir. Kabaca, Aktiimen, Aksoy ve Bulut (2010) da katilimcilar ile benzer bir
egilimi, GeoGebra’nin Geometri 6grenme alaninda kullanim sikliginin daha fazla olabilecegini belirtmistir.
Katilime1 matematik dgretmenlerinin tiimiiniin matematik egitiminde teknoloji kullanimi konusunda olumlu
goriislere sahip olmasinin, incelenen etkinlikleri derslerinde kullanmay1 tercih edecek olmalari ile dogrudan
iligkili oldugu diigiiniilmektedir. Swan (2007) da benzer sekilde yiiriittiigii bir ¢alisma sonucunda matematik
Ogretmenlerinin  derslerinde matematiksel etkinlikleri uygulama sekillerinin, matematigi o&gretmeye ve
o0grenmeye dair sahip oldugu inanglardan etkiledigi sonucuna varmistir. Buradan hareketle hazirlan etkinliklerin
matematik egitiminde teknoloji kullanimi konusunda olumsuz goriislere sahip olan 6gretmenler tarafindan tercih
edilip edilmeyeceginin incelenmesi, Ogretmenlerin sahip olduklari bu goriislerde bir degisiklik saglayip
saglamayacaginin degerlendirilmesinin matematik egitiminde teknoloji kullaniminin yayginlastiriimasi
hususunda aragtirmacilara destek olacagi diistiniilmektedir.

Bu arastirma kapsaminda hazirlanan GeoGebra etkinliklerinin dgretmen goriisleri kapsaminda etkili oldugu
sonucuna varilmis olsa dahi hazirlanan GeoGebra etkinliklerinin 6grencilerin matematik hayatlarina sagladigi
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katkilara yonelik sonu¢ vermemektedir. Bu hususta gercek¢i sonuglara ulagilmasi adina hazirlanan GeoGebra
etkinliklerinin ger¢ek simif ortaminda uygulanarak etkililiklerinin incelenmesi biiyiik nem tagimaktadir.

Matematik 6gretmenlerinin bir¢ogu lisans donemlerinde teknoloji destekli matematik egitimine ydnelik
egitim almis olmalarima ragmen, GeoGebra ve benzeri dinamik yazilimlarin tanitimlari, materyal hazirlamalari
ve matematik derslerinde bu yazilimlarin kullanimmin 6gretimine yonelik hizmet ici egitimlere ihtiyag
duymaktadir. Matematik Ogretmenlerinin bu ve benzeri alana 6zgii egitimler almalari ile hem derslerinde
teknolojiyi etkin kullanabilen hem de alandaki gelismeleri takip eden, yeniliklere ayak uydurabilen, mesleki
gelisime ve degisime agik egiticiler olmalarina katkida bulunulabilir.
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