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In this study, it is aimed to examine the subjects of pattern, symmetry, geometric
shapes and objects, and concepts of these subjects through artworks of Escher and
Kandinsky. The research was carried out with 15 fourth grade students for five weeks
in accordance with the teaching experiment method. Various activities have been
designed for each topic covered in the research. The documents based on the
activities, observation form and> the open-ended questionnaire form were used as a
data collection tool. In addition, lessons based on concrete and virtual materials were
taught to reinforce the concepts covered in the teaching experiment. A questionnaire
form was used to measure the affective status of the students. It was determined that
the motivation of the students increased as a result of the lessons carried out with the
interaction of mathematics and arts, there was a positive development in their
attitudes towards the mathematics lesson, they had meaning confusion about pattern
and symmetry and they had difficulty in geometric objects. Finally it is recommended
to conduct studies based on art interaction with students at different grade levels,
with different subjects and concepts in elementary school mathematics lessons.
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Bu arastirmada matematik ve sanatin bir araya getirildigi buttincil bir 6gretimin bir
denencesi olarak 4. Sinif 6grencilerinin 6rinti, simetri, geometrik sekiller ve cisimler
konulari ile bu konulara ait kavramlari sanat eserleri araciligiyla islenmesi
amaglanmistir. Arastirmada etkinlikler Escher ve Kandinsky’'nin sanat eserleri
araciligyla uygulanmis ve incelenmistir. Arastirma 6gretim deneyi modeline uygun
olarak 15 dordunct sinif 6grencisi ile toplam bes haftada gergeklestirilmistir. Veri
toplama araci olarak, tasarlanan etkinliklere dayali 6grenci yanit formlari, arastirmaci
gozlem formu ve etkinliklere yonelik hazirlanan agik uglu sorulardan olusan anket
formu kullaniimistir.  Arastirmada ele alinan her bir konuya iliskin etkinlikler
tasarlanarak 6gretim deneylerine dayal dersler yurGtilmistir. Buna ek olarak 6gretim
deneyinde ele alinan kavramlari pekistirmek icin somut ve sanal materyallere dayali
dersler islenmistir. Ogrencilerin duyussal durumlarini 6lgmek amaciyla ise anket formu
kullanilmistir. Arastirmada matematik ve sanat etkilesimi ile yuritilen dersler
sonucunda Ogrencilerin  motivasyonlarinin  arttigi, matematik dersine iliskin
tutumlarinda olumlu gelisme oldugu, 6riinti ve simetri konularinda anlam karmasasi
yasadiklari ve geometrik cisimler konusunda zorlandiklari belirlenmistir. Bu sonuglar
1isiginda ilkokul matematik derslerinde bu arastirmada ele alinandan farkh konu ve
kavramlarifarkh sinif diizeylerindeki 6grenciler ile calisiimasi 6nerilmektedir.
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Introduction

Art is an expression of the humane feelings and thoughts by means of various instruments in order
to make the life meaningful (Cakir ilhan, 1994). It is an area the purpose of which is not only to invent
something or to ensure aesthetic satisfaction, but also which is integrated with human being and which
ensures the interaction with human being. In addition to this, art is one of the forms of self-expression
for the human being notwithstanding the age and development; in short it is a tool for communication.
Art plays a significant role also during the childhood period with regard to meeting the need of self-
expression (Ayaydin, 2011). Taking into consideration the fact that the personality starts to develop
beginning from the childhood period and art is a component of the daily life just like mathematics, it is
quite important for the children to be together with art. Because of this reason, in order to indicate that
mathematics and art are integrated components of the real world, we have worked with the primary
school students and the art-based mathematical applications of the students pertaining to the
symmetry, patterns, geometrical forms and objects have been examined in this study.

Teaching mathematics by means of ensuring its integration with art is a subject which needs to be
emphasized and developed beginning from the early childhood period. To the extent that, the children
think about the phenomena which attract the interests of the mathematicians and artists throughout
the history, beginning from their very minor ages, they ask questions such as; “Why the flowers do have
only some number of leaves, why the snowflakes have symmetrical shapes, why the patterns on the
skins of the leopards are so regular, why and how the shape of the honeycombs of bees are hexagon?”.
These questions and experiences direct the students towards the mathematical concepts, lines, forms,
patterns and designs (Brezovnik, 2015). One of the general purposes which the Mathematic Course
Educational Program intends to attain in accordance with the General Purposes and Fundamental
Principles is to ensure that the student is able to realize the relation of mathematics with arts and
aesthetics. Discovering the formations of mathematics on earth and in nature and realizing the
symbolism in mathematics and the aesthetic nature of language by the students in mathematical
education could make mathematics much more pleasant and understandable. In addition to this, one of
the 8 key competencies which are specified in Turkey Competencies Framework is to reveal the feeling
of aesthetics with the student (Ministry of National Education (MoNE), 2018). The National Council of
Teacher of Mathematics [NCTM, 2000)] which is an educational organization which is situated in USA,
while it declares its principles and standards, it has stated that art should take part in the process of
teaching of mathematics and taking into consideration the relation of mathematics with the other areas
such as social studies, sciences, arts and physics education and particularly the place of geometry in art
should be carefully emphasized. In this manner, educating the individuals who are able to perceive the
relation between art and mathematics and who can realize the relation of mathematics with daily life
becomes the final target.

Relation between Mathematics and Art

The reason of considering art and mathematics as the areas which are completely different from
each other is that mathematics is an area which has clear rules and limits, not open to change and
carried out with numerical calculations and, art, on the other hand, is the interpretation of the aesthetic
values and feelings into the audiovisual world through imagination. However, whenever we look at the
characteristics of mathematics and art, the situations of affecting each other and being affected by each
other could be easily understood. Although art is the expression of the feelings or emotional things, the
studies which are carried out in the cognition and neurocognition areas show that art reinforces the
cognitive power as well (Rabkin & Redmond, 2006). The interpenetration of these two areas enhances
the richness and productivity of both of them (Hart, 2006). In addition to this, both of the areas are
shown as the isolation, interpretation and representation of nature (ipek et al., 2010). While art serves
getting together the abstract characteristics, mathematics can do the same through numbers. Because
the mathematical information which requires mental thinking and targets at loading meanings could
become much more understandable and permanent thanks to art (Konyalioglu, 2005).
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The artistic activities are considered leisure activity and the educational benefits of art are
disregarded in the developing and underdeveloped countries (Burnaford, 2013). However, the studies
carried out put forward that art developed lots of positive skills and capabilities as a result of the
integration of art with the fundamental courses like mathematics. The children at younger ages start
mathematical thinking by means of giving meanings to the objects which they encounter in their daily
lives. The children think about, observe and classify the images, equality, similarity or difference of the
objects. Thus, they start to comprehend the mathematical concepts basically; they just focus on the
images of the objects and then design a visual image in their minds. According to this image, they may
label the units such as weight and length intuitionally (Bristow et al.,2001; Root-Bernstein, 2013).
Another advantage of integrating art into mathematical lessons is to discover the children with much
more developed intelligences on different areas at the class and to involve them into the process in
compliance with the multiple intelligence theory of Gardner (Baird, 2015). In addition, the courses which
are integrated with art may pose an unprecedented opportunity for the students with lower social-
economical levels or with physical handicaps that are considered at risk (Jeronimo, 2019). The school
curriculums which accommodate artistic activities are important not only for increasing the motivations
of the students but also for keeping them at school and ensuring them to do this voluntarily.

Teaching of Mathematics and Art

A lot of subjects which take part in the mathematical teaching schedules constitute an effective
environment for the contribution of art to the education. Symmetry which is divided into different types
such as displacement, reflection and rotation is one of these subjects. The students at the primary
school level learn the reflectional symmetry, that is to say the symmetrical objects which are made by
means of a mirror or symmetrical line (Van De Walle, 2007). Because of the fact that proportion and
symmetry which are considered among the determinant factors of aesthetics could show the perception
of beauty, order and proportion, it is also widely used in the art of painting (Pesen, 2002). It is normal
that human needs order and the patterns which are fed by the order in order to perceive the world in a
better way. Symmetry is a universal principle which addresses to all of the livings and present in
everywhere from the microscopic world of the substance to the mysterious behaviors of the galaxies in
compliance with that order totally (Hall & Pais, 2018). The studies in which the subject of symmetry is
taken as basis as used in the works of Escher indicate that the students can internalize the knowledge,
can transfer it to the other subjects and positive development is ensured both socially and cognitively
and they develop their creativity in this manner as well (Gullat, 2008; Hall &Pais, 2018; Heally, 2004).
Another subject which is taken up in the research is that it is proven that comprehending the patterns
properly provides easiness not only arithmetically but also in transition to the algebra subjects at the
advanced levels(Van De Walle, 2007; Zazkis &Liljedahl, 2002). In addition to this, it also found out that
the students with the developed skill of making and discovering patterns have also skills to make
mathematical reasoning and to give meanings to the mathematical associations (Papic &Mulligan,
2005). Because of this reason, the subject of patterns is quite important in the mathematics lesson.

The visual arts naturally accommodate arithmetic, geometry and perspective (Alyesil Kabak¢i&
Demirkapi, 2016). Geometry is one of the areas of mathematics which takes part in the visual arts. The
area of learning geometry has an important place in the mathematics teaching programs because of the
reasons such as reasoning, critical thinking, problem solving skill, aesthetics and development of the
artistic feelings (Baykul, 2005). Making decorations with the geometric forms is an artistic way of seeing
that the forms constitute other forms and designs as well as examining the patterns in the forms by the
students beginning from the preschool period (Van De Walle, 2007). Similarly, the fractals which are
frequently used in the today’s architecture and in many branches of art are taken up in the coverage of
patterns at the primary school and it plays an important role in changing the points of view of the
students towards mathematics in a positive way (inci et al., 2017). Looking for patterns, describing
them, transferring them into other situations and extending them are considered most significant
components of arithmetic and algebra (Van De Walle, 2007). In addition to this, it is considerably
influential in interpreting the mathematical skills and relations, generalizing them and developing the
reasoning skills (Papic & Mulligan, 2005). The geometrical objects and forms, spatial relations,
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geometrical patterns and the fundamental concepts in symmetry and geometry which are taken up in
this study take part in the educational schedule ranging from the first grade to the fourth grade. While
teaching the subjects and concepts, it is necessary to give some examples from the objects which could
be related with nature and art. Thus, the students can feel the concepts which are used in art and taken
up in mathematics through concretization at first (MEB, 2018).

It is observed that the spatial capabilities of the students develop whenever the subjects such as the
drawings of the forms which take part in the educational schedule in mathematics and which the
students are having difficulties in their minds, their projections and the proportions in the three-
dimension images are associated with the area of visual arts and taught together with the artistic
applications (Alyesil Kabakgi&Demirkapi, 2016). In addition to this, it is further determined in the studies
carried out that the students become much more creative in problem solving activities, they can think
more imaginarily and they can interpret the concepts in a much better way in case of teaching
mathematics together with art (Hickman &Huckstep, 2003; Silverstein &Layne, 2010). In addition,
teaching an artistic content by means of integrating it with mathematical subject increases the
motivation of the students and helps them to adapt into the course process in much intensive manner
(Gustlin, 2012; Posner et al., 2008; Priolo, 2009). The students have inclination to remember the
theoretical concepts and knowledge in a better way by means of perceiving the art as a game (Gelineau,
2012). According to the results which are obtained by the researchers who argue for teaching
mathematics by means of integrating it with art at the primary school level, the artistic activities which
are carried out in primary schools develop the mathematical thinking skills with the students, there is a
certain progress in the cognitive skills such as academic achievement, critical and fluent thinking
capabilities and they develop much better on the subjects such as self-assessment, self-arrangement,
imaginary power, collaboration and taking responsibilities as well (Brezovnik, 2015; Burton et al., 2000;
Cornett & Smithrim, 2000; Mason et al., 2005; Rabkin & Redmond, 2004).

Whenever we examine the mathematics coursebooks and educational schedules, it can be claimed
that relating the primary school mathematics with art mostly appear on the subjects of patterns,
symmetry and geometry in particular. This study is considered important in terms of increasing the
developments of the students on the subjects stated with the help of art of painting and emphasizing
the relation of mathematics with art. In addition to this, we encountered some researches in the local
literature which relate the mathematics at the primary school level with art. On account of this reason,
it is believed that this study shall fill the gap in literature and shall also constitute examples for the other
similar studies. The activities and applications which are being utilized in the study are considered
prominent for the teachers, teacher candidates and the trainers working on the area of mathematics as
well. The examples are used from the works of Escher in particular and from those of famous painter
Wassily Kandinsky in the study. The reason of choosing the works of these both painters is that they
make emphasis on the mathematical concepts in their works and their works are considered precious by
both the mathematic teachers and researchers. It is aimed in this study to teach the subjects of
patterns, symmetry, geometrical forms and objects and the concepts pertaining to these mentioned
subjects by means of the art works with the 4" Grade students as a hypothesis of a holistic education in
which mathematics and art are brought together. In this regard, the study is carried out in the coverage
of the below-stated research questions:

1. How do the students interpret the subject of symmetry which is taught by means of using
the artistic paintings?

2. How do the students interpret the subject of patterns which is taught by means of using the
artistic paintings?

3. How do the students interpret the subject of geometrical forms and objects which is taught
by means of using the artistic paintings?

4. What are the thoughts of the students about the activities which are carried out at the basis
of artistic paintings?
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Research Model

The educational experiment model in which the mathematics teaching activities are being applied in
this study based on the art in the coverage of the subjects of symmetry, patterns, geometrical forms and
objects which are frequently used in the works of famous painters Escher and Kandinsky. The teaching
experiment is a research design which is evaluated in the coverage of the qualitative research and which
appears in teaching of mathematics. The researchers of mathematics teaching target at revealing the
mathematical thoughts and processes which are formed in the minds of the students. Because of this
reason, the researches which are shaped with the design of educational experiment which is a cyclical
process are considered important with regard to the researches of mathematics (Cobb & Steffe, 1983).

Participants

The study is performed with 15 students in total as 7 of whom are males and 7 of who are females at
the 4% Grade of a public school in Istanbul, in the Spring semester of the Academic Year 2019-2020. The
students have various academic achievements and interpreted in the findings according to the
achievement situations which are stated by the teacher. No additional process is carried out in order to
specify the academic achievements of the students in this research process. At this point, the current
academic levels of the students have been evaluated based on their performances in the previous
lessons based on the fact that the teacher already knows the students. The students have been encoded
by means of assigning the students participant (K) and specific numbers according to the name list. The
random sampling method is applied in determining and choosing the participants. This method is used
for the purpose of increasing the persuasiveness of the study by means of reaching richer and more
detailed data through specifying the randomly selected sample in accordance with the intended purpose
of the study. First of all, a random region or school is chosen and then a smaller group which satisfies
the certain criteria which comply with the intended purpose is chosen within this community (Marshall
& Rossman, 2014). The reason of choosing the fourth-grade students is that it is much more possible to
relate the subjects of symmetry, patterns and geometrical forms which are taught till this grade level
with art. The preference of a teacher who is familiar with the process of educational experiment and
having graduate degree has become influential in making this decision as well.

Collection and Analysis of the Data

The study is taken up separately in the coverage of each subject as before and after the activities and
then carried out in compliance with the educational experiment model. In the educational experiment
researches, the researcher plays the role of an observer and thereupon the educational and experiment
process could be carried out by the teacher of that class. At the same time, the researches can carry out
the process on her own in the character of teacher (Cobb & Steffe, 1983). In this study, the researcher
took part at the class as an observer during the educational experiment, observed how the students
structure the mathematical knowledge concerning the specific subject or concepts and recorded his/her
own observations concerning not only individual but also social dimensions of the educational process.
The entire educational experiments and education process have been designed and planned by the
researcher in a cyclical manner and then the opinion of the teacher is obtained. No major differences of
opinions have occurred between the teacher and the researcher throughout the process and only the
minor arrangements were made with regard to making the content richer and more understandable for
the students involved.

It is expected to have a relationship of respect and confidence between the researcher and the
participants due to the nature of the qualitative researches (Doiron & Asselin, 2015). On account of this
reason, the introductory lesson which is classified as a warming-up lesson is performed before the
educational experiences. First of all, the researcher introduced herself in the warming-up lesson which is
performed at first instance and then announced to the group that she shall also attend the courses
during the subsequent lessons. The entire process which includes the educational experiences is briefly
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summarized to the students by the researcher. It is clearly stated that the participation in the study is
fully on a volunteer basis and the activities which are carried out during the study and the study outputs
shall not be assessed with grades in any manner and entertainment as well as learning is one of the
fundamental targets of this study as well. At the same time, the students are informed that this study
gives rise to mutual benefits for everybody, the meaning of participating in a scientific study is explained
and the role of the students in this process is specified in the framework of the intended purpose of the
study. Besides, the participant students stated that they are quite exciting and happy for making
valuable contributions to this scientific research.

Following each lesson, the researcher made some comments based on the lecture of the teacher
within the process and made opinion exchange with the teacher in order to do better in the next lesson.
The applications are carried out and performed by the class teacher for 5 weeks and in 16 course hours
in total through the lesson design and activities which are developed by the researcher. The educational
experiments lasted for four course hours and the final reinforcement lesson lasted for two hours. The
educational experiments have been carried out in two separate days and by means of putting 2-3 days
of interval (usually on Tuesdays and Fridays). The researcher got prepared for approximately 4 weeks for
the educational experiment and activities before the process. In the study, the class teacher undertook
the role of applier and saw the pictures and activities which are used in the study and discussed with the
researcher about the lesson designs in details and became well-familiar with the entire process in this
manner.

The application process of the study is summarized in the following model and then explained in full
details afterwards.

Pilot study  I. Educatoinal experiment II. Educatoinal experiment Ill. Educatoinal experiment  Practise with digital materials

Warming-up lesson  Assignment & analysis | Assignment & analysis Il Assignment & analysis Ill  Analysis of student opinions

Model 1. Data Collection and Analysis Process of The Study

The entire process of the study has been carried out online. The students took part in the online
education for several times before the lessons which are carried out in this study and thus acquired
familiarity with the mentioned process in question. Each educational experiment and the discussions
which are fulfilled with the participant students have been carried out and recorded in online
environment. In this manner, the researcher had the opportunity to watch the video records pertaining
to the online courses again while gathering and analyzing the data concerning the process. The research
process is performed with the participation of all of the students and in a discussion environment and
the students are requested to make comments about the comments of each other in each lesson as
well. In this manner, the students who give incomplete or incorrect answers talked to each other to
learn the correct answers and the lessons progressed by means of the discussion method. It is targeted
to carry out a dynamic and interactive research process focused on discussions in which the active
participation of the entire class is possible instead of performing one-to-one discussions with the
students. As a positive influence of the online course process, the students can easily fulfill the
commands such as drawing, painting and emphasizing the forms and objects which they see in the
paintings. In this manner, the instant interventions are made to the comments and responses of the
students and the participation of the entire class in the process is ensured. However, performing the
process online brought with some drawbacks as well. The problems which are experienced in the
internet connections caused two students not to take part in the entire process and consequently
caused their responses not to be reported and caused the students to experience some connection
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problems from time to time. Such inconveniences and problems encountered constitute the limitation
of this study.

The basic data of the study have been obtained by means of the activities which were carried out by
the student during the educational process and the worksheets, the surveys which are composed of the
open-end questions which are responded by the students following the education and the in-class
observations. A pilot study is carried out on two volunteer students for the purpose of testing and
developing the understandability before performing the activities and the necessary arrangements have
been made on the questions. The arrangements were made on the subject of duration in particular
following the pilot study. The researcher and the teacher specified the duration before the session while
designing each educational experiment. However, following the pilot study carried out, they agreed that
the period is insufficient in some lessons, longer periods of time should be given than the
predetermined periods for the assignments given after the activities.

The purpose of the warming-up lesson is to reveal the concepts which are existing in the minds of
the students on the subjects of symmetry, patterns and geometrical forms and to form a beginning
point for the educational content which is prepared for combining mathematics and art. Thus, the work
examples are shown in the subjects which are taken up in the study. The students acquired some
opinions about the changes in the patterns before and after seeing the paintings on which Escher used
patterns. The educational experiments started to be implemented at the end of this lesson. The
research process is summarized in the Table-1.

Table 1.

Information Concerning The Educational Process

Educational Sections  Skills Focused Activity Performed

Pattern Determining and forming patterns Forming patterns before and after
examining the paintings of Escher

Symmetry Determining and forming symmetry Forming symmetry before and after
examining the paintings of Escher

Geometric forms and  Forming geometric forms-objects by Forming geometric forms and

objects means of using concrete materials objects from cardboard in the
coverage of “let’'s make our own
pizza” activity

Reinforcement Forming designs in digital environment = Forming the individual concepts by

with the concepts learned means of using the concepts learned

from the Interactive Tesselation
website

The first one of the focus subjects of the study is patterns. Some activities have been carried out
from the related coursebook relating to the subject of patterns in the first lesson after the warming-up
lesson. Attention is shown to the matter that the concept of pattern is well-understood by all of the
students before starting the activities. The design of teaching concerning this subject began with the
indication and interpretation of various artistic paintings. Because of the fact that the focal point is the
patterns in this teaching process, it is targeted to attain the concept of pattern which is formed in the
minds of the students. Because of this reason, the students are requested to draw exemplary patterns
before starting the applications. Following such application, some works of Escher containing patterns
are shown and the educational experiment lessons are taught in 4 hours in total in two separate days in
this manner. Afterwards, the students are requested to draw patterns again as an assignment. The
activity papers of the students have been interpreted both before and after the teaching process as
well.

As a result of showing and interpreting the artistic paintings in teaching symmetry, it is targeted to
form the concept of symmetry or to develop already existing opinionsthrough the artistic paintings in
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the minds of the students. Before beginning the symmetry teaching experiment, after understanding
that there are already some schemes in the minds of the students concerning the concept of symmetry,
the paintings of Escher are shown and then interpreted by the entire class. Abundant number of
paintings have been utilized for the purpose of obtaining the responses of all of the students. The lesson
of symmetry is taught in 4 hours in total in two separate days just like in the lesson of patterns. The
teacher gave assignments both before and after the process just like on the subject of patterns and
requested the students to draw symmetric forms. In this manner, the knowledge which the students
have about the subject of symmetry and the situations of changing such knowledge after the artistic
paintings have been assessed.

The “Interactive Tesselation” internet program which is used for forming different structures and
patterns with a single geometric form (square, rectangular, triangular) has been utilized in the study in
addition to all of the teaching courses. In addition to performing the teaching process by means of the
concrete models in the primary school mathematics teaching program, there is also an effort to make
the teaching process more productive and effective thanks to the recent developments in technology
(MEB, 2018). It is already known that the digital technology usage in teaching of mathematics makes a
positive contribution to the academic achievements of the primary school students (Toptas & Oztop,
2019). Because of this reason, a virtual material which brings digital technology and mathematics
together at the final stage of this study. The intended purpose of this activity is to enable the students to
make exercises at the basis of a digital activity on the subjects of symmetry, patterns and geometric
forms which are taken up in the coverage of this study through the mentioned internet program. In this
manner, the students have formed their own original designs covering the subjects taught until this
lesson by means of freer activity theme. At this stage, as different from what is done in the other
teaching processes, a digital-based planning is carried out. Taking into consideration that the students
more time with the digital tools in the period in which this study is carried out in particular due to the
pandemic, this activity is added to the final stage of the educational experiment. Thus, it is targeted to
evaluate the outputs as an expression of the concepts which are formed in the minds of the students.

It is considered that the assessment of the formation and change of the hypotheses which are stated
and targeted at the beginning in the process while the activities are formed by means of involving the
affective characteristics of the students reinforces the basis of the study. The researcher conveyed a
short survey form to all of the students who participated in the study in order to evaluate the
educational experiment process not only cognitively but also affectively. The survey form includes the
following questions: “What did you feel while teaching the mathematics lesson in which we have used
the artistic paintings and different activities? According to you, did these activities make any
contribution to you? Or was it easier or more difficult for you? What other subjects you want to learn
with the artistic paintings and activities in the mathematics lesson? The researcher collected the
responses of these questions in five days period of time through e-mails. On the condition of writing the
responses by the students on their own, their guardians were requested to share the photographs of
the response papers or to respond them directly in the computer environment.

The data have been analyzed by means of using the content analysis in the study. In the content
analysis, it is possible not only to obtain the theme and patterns from the data but also to benefit from
the available themes which are used in different models. This analysis is a useful analysis method which
enables the researcher to make a flexible analysis and rich description and includes some detailed and
sophisticated explanations (Braun &Clarke, 2019). The student works have been acquired by means of e-
mail in order to analyze the data obtained. The teacher and the researcher watched each course video
recorded in the analysis process, examined the home assignments which are given to the students and
took some decisions towards the educational process and reviewed the educational course schedule
and activities by means of taking into consideration the concepts structured as well as the difficulties
encountered by the students both during and after the course process. In the analysis process, first of
all, the data which are obtained from the survey responses, observations of the researcher, study sheets
and activity examples are depicted. The data have been read again and again by the researcher in order
to increase the reliability of the study and the models which are put forward at the basis of the activity
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have been examined and tried to be interpreted properly. While analyzing the data, the student
behaviors are depicted in details and it is tried to find the similarities which characterize the student
perceptions in the paintings in the arguments of the students. In the end of the educational
experiments, finally, in the responses to the survey form which is sent to them in order to examine the
affective situations of the students, the student expressions such as “I found the mathematical subjects
which are shown in the artistic paintings entertaining”, “I would like to use these paintings in the other
mathematics lessons as well” show that this process which is carried out with the mathematics and art
interaction is considered quite affirmative for the students. What is observed in the educational
experiment with the theme of geometrical forms and objects is that the students use the forms such as
triangle and square rather than the objects, using the forms which are considered complicated in
comparison with the other forms such as hexagon less in the activity of forming designs by means of
using the digital materials showed that there are some difficulties in perceiving and using the geometric
forms and objects. Consequently, the characteristics stated regarding the concepts which are evaluated
in the coverage of the study have been assessed and related.

Findings
1. Findings concerning the Starting Lesson

First of all, the beginning lesson which is called the “Warming-up Lesson” is performed in the study.
The teachers showed to the students the paintings of Sky and Water 1l (1938) (Appendix 1), Fish and
Scales (1959) (Appendix 2) of Escher and Blue Abstract Kandinsky (Appendix 3) in order to make them to
intuit the concepts before making an introduction into the main subjects and then requested the
students to interpret them accordingly. The students are asked some questions like “According to you,
what does the painter describe in the painting?” at this stage. The responses which are given concerning
the questions are as follows;

K2: Teacher, the fishes made pattern with the birds in the painting.

K4: According to me, the painting is like geometry. There are some angles between the birds. The
grey areas are identical to squares too.

K11: According to me, the fishes are like circles. There are circles in their eyes. And its surrounding is
like square but not so much vertical.

K9: According to me, the painter intended to show us some geometrical forms. They brought the
robot to the moon and dismantled it there and formed the geometrical forms.

K1: According to me, this painting is a night painting. The forms are like planets. And the small circles
are like stars.

As it is seen in the exemplary dialogue, it is observed that the students made quite different expressions
and each of them has different point of view while interpreting the paintings. At the same time, it is
realized that all of the students referred to the mathematical concepts however they did not provide
any detailed information. Another dialogue between a student (K7) and the teacher (0):

K7: 1 see lots of forms in the painting. There are beams too.

O: Which forms do you see? Can you explain?

K7: 1 see lots of triangles. There are right triangles and non-equilateral triangles.
O: What else do you see?

K7: There are beams, my teacher. They passed through the circle.

O: According to you, is that beam or line?

K7:......(silence)
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According to the responses of the students as stated in the examples, it is observed that the subjects
of patterns and geometric forms which are present in the works shown are remembered. Whenever the
paintings are shown for the first time, it is seen that the students are shocked a little bit and they are
confused, however as the lesson gets progress and as the comments are received, the students warmed
up for the process in question. It is observed that particularly the low-performing students got adapted
into the lesson with difficulty. Because of this reason, the researcher and the teacher allowed these
students to talk more frequently and thus enabled them to be involved in the process actively; and they
tried to acquire some information regarding the thinking processes of the students. The results also
include that the male students made metaphors like robot and space. The most outstanding one among
the researcher observations concerning the warm-up lesson is that the students liked the paintings very
much and insisted the teacher not to finish the lesson. This result could be accepted as an indicator of
the increased motivation of the students.

2. Findings concerning the Subject of Patterns

In addition to the works which are shown in the warm-up lesson, the works titled Plane- filling Motif
with Human Figures-1920 (Appendix 4) and Birds-1926 (Appendix 5) in which Escher used patterns were
also shown. The questions are asked to the students as “According to you, is there any pattern in these
paintings? How did you realize that there is a pattern? What are the examples which form patterns
either in your surround or in nature?” Whenever the responses are examined to the question that
“According to you, is there any pattern in these paintings?”, it is seen that a vast majority of the
students realized the pattern. The students emphasized the concept of order in their own descriptions.
They stated that the forms become different whenever it is looked at the paintings from a different
point of view and the patterns are made with different forms in each painting. For example, they made
interpretations like resembling the cube painting to the sky or to a cake and relating the first painting to
baklava. It is found interesting that the female students gave examples from the house stuff in general.

It is seen that the students used the concept “complicated” concerning the question “How did you
realize that there is a pattern?”. The purpose in these activities is to force the students to think, to
enable them to have knowledge about the forms and order and to help them to realize the order and
mathematical concept within the chaos. In this regard, a dialogue between the teacher (0) and a
student (K2) is as follows:

O: How did you realize that there is a pattern?
K2: Teacher, the squares are written in order.
O: Are these squares?

K2: Excuse me, these are cubes my teacher. These are all drawn in order. And the pattern is made
with stars next to them my teacher. There are stars from bigger ones to smaller ones.

O: Well, does being in order mean that it is a pattern?
K2: Yes. The pattern occurs whenever there are same forms in order.

As it is also seen in the above-stated exemplary dialogue, most of the students made emphasis on the
situation of being in order. In this regard, the paintings shown emphasize not only on the subject of
patterns but also on the subject of geometric forms and objects. It is considered important for the
students to perceive these concepts and to feel the difference between them.

The responses of all of the students are listened concerning the question “What are the examples
which form patterns either in your surrounding or in nature?”. It is seen that they give examples from
the objects which are in their houses in general. It is observed that they frequently pronounce the
concepts such as central heating radiators, table cover, carpet, chessboard, designs of the dressings,
mathematics notebooks, leaves on the trees, pavement stones, pedestrian crossing and lighting of the
traffic lights in order. These responses indicate that the students realized the patterns in their
surrounding areas.
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Following the completion of the painting interpretations and question-answer chapter, the teacher
descriptively expressed the concept of patterns and then took their attention to the rules of patterns.
The students are requested to draw patterns again till the next lesson as a homework about patterns.
The students drew example patterns before starting the applications. The pattern painting which is
drawn by a student before and after showing the paintings of Escher (Figure 1 and Figure 2) and the
examples from the pattern paintings which are drawn by two students after seeing the paintings of
Escher (Figure 3 and Figure 4) are shown below.

Figure 1 Figure 2

It is observed that actually there is no pattern in the pattern painting which is drawn in the first
homework of the student who drew the Figure 2 following the Figure 1 before the lesson of patterns
taught with the works of Escher and he/she drew some irregular and random forms which do not
comply the pattern rules. However, as a result of the lessons which are taught based on the paintings of
Escher, it is seen that the pattern forms drawn have a certain rule and order, that is to say they drew
correct and clear patterns. These findings explain the situations of assumption as stipulated in the
educational design of this study. After examining the first paintings which are drawn by the students, it
was assumed that there would be positive changes as a result of the planned pattern activity in
compliance with the educational experiment and drawing the accurate patterns by the students.
Whenever the Figure 3 and Figure 4 are examined, it is seen that this teaching process concluded
successfully and there is a positive change concerning the concept of patterns in the minds of the
students.

Figure 3 Figure 4

It is also seen that the pattern rule is stated in addition to the forms which form the patterns in the
paintings which are drawn by some of the students (Figure 3). It is considered that its reason is that the
reason of being a pattern is constantly discussed during the lesson and the rule of pattern is taught to
the students on frequent basis. It is seen that the student who drew the Figure 4 and three more
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students drew fractal patterns. It is observed that the fractal paintings which are frequently used in the
paintings of Escher developed and changed the understanding of pattern with the students.

3. Findings concerning the Subject of Symmetry

On the subject of symmetry, the works Day and Night-1938 (Appendix 6), Regular Division of The
Plane |, Design Drawing of Tiles (Appendix 7) andAppendix Woodcuts (Appendix 8; Appendix 9;
Appendix 10) of Escher are used in this study. The teacher requested the students to draw symmetrical
forms by means of assigning the same homework both before and after the lesson on the subject of
symmetry just like on the subject of patterns. In this manner, the knowledge which the students have on
the subject of symmetry and if such knowledge changed, then how did they change have been assessed

properly.

Whenever we look at the comments concerning the paintings of Escher, it is seen that the students
understood the concept of symmetry but they confused it with patterns. The students usually drew
patterns and pattern-like designs in the symmetry designs which they drew (Figure 5). It is observed that
the students confused the concepts of pattern and symmetry. As a result of this, the teacher explained
with some examples that the forms of colors and objects may change however they should go in an
ordered and coherent manner. As a result, the students related the forms which are used in symmetry
with the subject of patterns which they studied in the previous lessons at the same time.

Figure 5

It is seen that the birds form pattern in the first work of Escher as shown, however it does not
constitute symmetry completely because different colors are used. But the students disregarded the
color changes and stated that these are symmetrical again. An example dialogue from the class
concerning this subject is as follows:

K5: A world is divided into two, there is symmetry of birds. My teacher, there is not only symmetry of
birds but also symmetry of the other forms in the painting. The birds became opposite of each other and
their colors became black and white.

0: Is not it necessary to be fully identical to be symmetrical?
K5: But teacher, he drew the same form, only the color is different.

As it could be seen in this short dialogue, the students are having a conceptual fallacy on the subject of
symmetry and they confuse pattern with symmetry. In the interpretation of another Escher painting, it
is seen that there are differences of opinion between the students on the subject whether the fishes
which are seen in the painting are completely same or different in the interpretation of another painting
of Escher.

K5: Teacher, these fishes are not completely same. Whenever we divide them into two, they are not
same, their beaks are different.

K8: No my teacher, it seems so because you look at it from the same place all the time.
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As a result of this dialogue, the teacher showed the painting to the students at different angles and
the students were asked about their questions one by one regarding the situation of forming symmetry
by the fishes and regarding whether they are fully same or not. In the continuance of the lesson, it is
accepted by the class that the fishes are completely same. Escher reflected the mathematical concepts
which he used in his paintings in an unusual way and in the manner of making us to think. Consequently,
it is seen that the students reach the result by means of thinking on it and falsifying each other. The
students emphasized that the vertical and horizontal lines form symmetry through the painting of
Escher, how the line is drawn and that the mirror sees the function of line in the mirror symmetry. In the
first comments, the students tried to reach the symmetry by means of drawing the vertical symmetry on
continual basis. However, around the end of the lesson, as indicated also by the teacher, it is mentioned
that the objects like circles have more than one symmetry lines and they form symmetry by means of
dividing some of them both horizontally and vertically. These findings show that show that the
assumption situations which are specified in the educational experiment design are taught. The teacher
requested the students the definition of symmetry on their own as a result of the educational process
and in this manner the teacher tried to reach the minds of the students. The responses of some students
are given below.

K1: Symmetry occurs if it is same whenever the painting is folded.
K14: It is the reverse image of something or any object.

K6: It is the reverse reflection of something on the mirror.

K8: Its being same whenever we draw and compare the line.

K15: It is equal of objects.

K9: It is opposite of each other.

The other opinions of the students relating to the subject of symmetry worth to be shared as well.
The situation of forming symmetry by the twins at the class and the necessity of having completely same
appearances for being symmetry were discussed by the class. Another observation which is recorded by
the researcher is that the students admired the paintings, they envied to draw beautiful paintings and
they insisted the teacher not to put an end to the lesson. The students were requested to draw a design
which is composed of symmetry in the beginning and in the end of the symmetry teaching process. The
paintings which are drawn by the same student in the beginning and in the end of the subject of
symmetry, namely before and after the lessons which are taught with the paintings of Escher are shown
in the following examples.

602



Yilmaz, Dilara — Gukurova Universitesi Egitim Fakiiltesi Dergisi, 51(1), 2022, 590-633

Figure 6 Figure 7

Figure 8 Figure 9

Whenever the symmetry pictures which are drawn by the students are examined, it is seen that the
firstly drawn designs of most of them (Figure 6 and Figure 8) are at more basic level and similar to the
exercises in the course books and the symmetry designs which are drawn after examining the paintings
of Escher (Figure 7 and Figure 9) are much more detailed and sophisticated.

4. Findings concerning the Subject of Geometrical Forms and Objects

The subject of geometrical forms and objects started with a reminder just like on the other subjects.
First of all, the question is asked “in which part of our life we see the geometrical forms and objects?”.
The students are requested to give some examples from their daily lives and in this manner to specify
the geometrical forms and objects which are formed in their minds. In this teaching process, it is aimed
to remind the concept of geometrical forms as a while rather than focusing on separate names and
characteristics of the forms. As examples of the geometrical forms, the students gave examples for the
geometrical forms as roofs of houses, table, form of our earth, traffic signs, clover leaves, telephone,
window, our eyes, apple, plum and brain. The students gave examples from their near surrounding and
their own bodies. It is remarkable that particularly the female students gave examples from the stuff in
their houses and the male students gave examples from the concepts of world and environment.

The pictures and activities which are shown as a reminder by the teacher in the lesson are taken
from the course books. In this lesson, the geometric forms and objects are taught by means of focusing
on their names and characteristics respectively. It is observed that the students frequently use the
concepts of square, rectangular and tetragons and could express them easily, however they are having
some difficulties in realizing the multilateral forms and three-dimension objects. The teacher asked the
question “How did you understand?” to the students on a frequent basis while asking for the
geometrical forms. In this manner, the students are enabled to talk about the forms and characteristics
for each of the geometrical forms. The reaching the schemes which are formed in their minds is
considered an important finding for the researcher because the opinions of the students following this
teaching process are related with the other subjects and activities.

0O: Which form do you see in the painting?
K1: There are squares.

0: How did you realize that it is a square?
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K1: Because their sides are vertical my teacher.
O: According to you, are all of the forms with vertical sides squares?
K1: No my teacher, there is rectangular as well.
O: What is the difference between square and rectangular then?
K1: All four sides of square are equal.
Another dialogue example;
O: What is the form which you see in this example?
K20: | see hexagon my teacher.
O: How did you understand?
K15: Because it has six sides.
O: What could you say about its sides?
K15: All of them are equal to each other (this response is given after a long period of thinking).

As it is seen in the dialogues, the students could realize the geometrical forms in the paintings, they
could differentiate square and rectangular and also showed that they have some knowledge relating to
multilateral forms as well. First of all, the works titled Black and Violet (Appendix 11), Composition-VIII-
1923 (Appendix 12) and another work of Kandinsky who used the two-dimensional forms in his works
are shown. After that, the works titled Study for Stars (Appendix13) and Verbum-1942 (Appendix14) of
Escher who used the three-dimensional objects in his work are shown. The attention is shown to the
point that, as a result of the courses which are taught by means of artistic paintings, the students stated
the concepts as two-dimensional in general rather than three-dimensional. Escher used in his painting
the objects such as square, triangular prism, cube and circle as three-dimensional ones in his painting,
however the students said only square instead of square prism and triangular instead of triangular
prism. The geometrical forms which are frequently used in the two-dimensional objects of Kandinsky
were realized much more easily by the students. It is realized that the triangular types are distinguished
and examined in the paintings. Kandinsky used different types instead of uniform forms and objects in
his works. In addition to circles, the semicircles were also usually realized by the students. As a result of
these findings, it is seen that the students could perceive the two-dimensional objects much more easily
in comparison with the three-dimensional ones.

The responses which are given by the students for the homework titled “Let’s form our own
geometrical pizza” which is performed in the end of all of the lessons are shown in the Table 2. A pizza is
prepared on the condition of using at least five of the below-stated materials on a white paper or plastic
plate. Each material represents a geometrical form or object. For instance, those who want to add
sausage to their pizzas shall represent it with a square prism.

Table 2.
Representative Materials with the Geometric Forms and Objects
Cheese Tomato Mushroom Corn Sausage Spice Weiner Pepper
sauce
Circle Cube Pentagon Right Square  IsoscelesTriangle Rectangular TrianglePrism

triangle Prism

As a result of the examination of the homework assignments collected, it is seen that the students
mostly used the materials which represent the two-dimensional forms, that is to say they draw two-
dimensional forms and they usually refrain from drawing the three-dimensional objects. Six of the
students formed the three-dimensional objects and wrote the characteristics of the objects on their
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notebooks correctly as well. However, the remaining nine students used the two-dimensional forms
only in their homework assignments. Figure 10 and Figure 11 are shown as examples for both of the
above-stated examples.

Figure 10 Figure 11

It is also necessary to mention the difference between the academic achievements of the students
relating to this activity. The student who formed the Figure 1 is more successful academically in
comparison with the student who formed the Figure 2. Consequently, it makes sense to associate the
activities on the subject of geometrical forms and objects with the academic achievements of the
students.

Discussion & Conclusion

In this study, the educational/teaching experiment is carried out for the purpose of assessing the
applications of the fourth-grade students on the subjects of patterns, symmetry, geometrical forms and
objects through the artistic works. As a result of the teaching experiments performed, it is observed that
the students who exhibit lower performances in the mathematics lessons are having difficulties in
adapting to the lessons and activities and, on the other hand, the students with academic achievements
have higher motivations and they progress with pleasure throughout the process. In addition to this, the
students acquire positive social and cognitive developments and they are in an opinion that the lesson is
attractive and interesting for them. In the study, it is determined that they have some sort of difficulties
in adapting to the introductory lessons in particular because of carrying out the entire process in online
environment. Likewise, the research findings put forward the fact that many students are experiencing
motivation losses in lots of lessons in the remote education process in the pandemic period and they are
having difficulties in adapting to this process as well as the lessons to a certain extent.

It is also seen and observed that the students who saw the paintings of Escher (2005) expressed their
opinions concerning the patterns with the words like complicated, mixed-up etc. The situations such as
intermingling with each other, composing of different dimensions are frequently used in the works of
Escher. Because of this reason, it is a normal result for the students to use these concepts. It is further
observed that the students had difficulty at the first stage but then they felt pleasure and requested to
look at the paintings again. Whenever we examine the results of the study concerning the concept of
symmetry, it is seen that the students understood the subject of symmetry but confused it with
patterns. The students drew patterns or pattern-like designs in the symmetry designs which they drew
at first. This could be an expected result because there could be more than one mathematical concept in
the paintings of Escher. In addition to this, showing the paintings of Escher including patterns and
symmetry together could explain this result as well. Although the subjects of patterns and symmetry are
taught as if these are independent subjects from each other, as a matter of fact, they constitute the
foundation of the transformation geometry in nature of completing each other. In the study, the
students related the forms which are used in symmetry with the subject of pattern which they learned
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in the previous lesson at the same time. This result indicates that the students could transfer the
information obtained.

Whenever we look at the results of the geometrical forms and objects, it is remarkable that the
students stated the mentioned concepts not as three-dimensional but usually as two-dimensional.
Escher used the objects such as square, triangle, prism, cube and circle as three-dimensional ones,
however the students stated square only instead of square prism and triangle only instead of triangular
prism. The geometrical forms could be more easily realized by the students because of the fact that the
two-dimensional objects are quite intensive in the works of Kandinsky. It is considered remarkable that
the triangular types are realized and examined more easily in comparison with the other forms.

Whenever the findings of the study are examined carefully, it is seen and observed that the students
have positive opinions on the subject of teaching mathematics with art either directly or indirectly and
they showed developments in the coverage of the subject and concepts taken up. The students are not
aware of the correlation between mathematics and art in formal meaning. Because of this reason, the
students should be made realized that mathematics has reflections in art and there is also aesthetics in
mathematics and art and aesthetics should be mixed with mathematics and presented in this manner in
the primary school mathematics activities (Alyesil Kabak¢l &Demirkapi, 2016). The results which are
obtained in this study indicate that the students have higher motivations concerning the lesson of
mathematics as mixed with the artistic works. It is shown in many researches that the motivations of the
students increase in the mathematics lessons which are taught with the artistic works as well (Atasay
&Erdogan, 2017; Gustlin, 2012; Heally, 2004; Posner et al., 2008; Priolo, 2009). Mathematics is an area
which is important on every area of the life and which is not composed of the numbers and transactions
only as it is already explained in the introductory chapter of this study. It is very important for the
students to be motivated toward mathematics as well as learning the mathematical knowledge. Art is
only one of its ways.

In this study, the educational experiment which is based on theare based on the artistic works on the
subjects of patterns, symmetry and geometrical forms and geometrical objects for the primary school
4th grade students. As a consequence of the educational experiment carried out, the structures which
are formed in the minds of the students by the activities which combine mathematics with art appeared.
This design which is quite appropriate to be used in the mathematical researches could be used by
means of adding different points of view, on many areas of and on the subject of mathematics rather
than in the coverage of art only. No study is encountered in the local literature concerning the primary
school in the studies which combine the subjects of mathematics and art and it is also seen that there
are limited number of studies performed in the international literature as well. It is recommended for
the researchers who are interested in this subject to perform their studies with the students at various
class levels by means of taking as basis the different subjects and concepts. In addition to this, it is
considered that the studies which are composed of the teacher samples shall make a significant
contribution to the area by means of considering that the attitudes and perspectives of the teachers
who are the executors of the lesson on this subject are deemed important as well.

In this study, all rules in the "Higher Education Institutions Scientific Research and Publication Ethics
Directive" were followed and none of the "Actions Against Scientific Research and Publication Ethics" in
the second part of the directive were not realized.

Acknowledgments: | am very grateful to my teacher friend Sevtap Yavuz for very helpful and
constructive comments and collaboration with me on the design of the instructional process.Many
thanks also to the anonymous reviewers who provided helpful feedback and suggestions onprevious
versions of this article.

606



Yilmaz, Dilara — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(1), 2022, 590-633

Tiirkge Siirimui

Girig

Sanat, yasami anlamh kilmak igin insana 06zgl duygularin ve duslincelerin gesitli araglarla
disavurumudur (Cakir ilhan, 1994). Yalnizca bir is icra etmek ya da estetik tatmin saglamak amach degil,
insanla butunlesen ve insani butlinlestirmeyi saglayan bir alandir. Ayrica sanat, yas ve gelisime
bakmaksizin insanin kendini ifade edis bigimlerinden biri; kisacasi bir iletisim aracidir. Cocukluk
doneminde de kendini ifade edebilme ihtiyacinin karsilanmasi bakimindan sanatin yeri biyuktlr
(Ayaydin, 2011). Kisiligin cocukluk ¢agindan itibaren gelismeye basladigl ve sanatin da tipki matematik
gibi glnlik yasantinin bir parc¢asi oldugu gbz o6niinde bulunduruldugunda erken yaslardan itibaren
cocuklarin sanatla i¢ ice olmasi 6nemlidir. Bu sebeple matematik ve sanatin birlikte gergcek diinyanin bir
pargasi oldugunu gosterebilmek adina bu ¢alismada ilkokul 6grencileri ile ¢alisiimis; 6grencilerin simetri,
orlntuler, geometrik sekiller ve cisimler kavramlarina ait sanat temelli matematik uygulamalari
incelenmistir.

Matematigin sanatla entegrasyonunun saglanarak 6gretilmesi erken cocukluktan itibaren Uzerinde
durulmasi ve gelistiriimesi gereken bir konudur. Oyle ki tarih boyunca matematikgilerin ve sanatgilarin
merak duydugu fenomenleri, cocuklar kiiclk yaslardan itibaren dustinirler: “Cigeklerin neden belirli
sayida yapraklari vardir, kar taneleri neden simetrik bir yapiya sahiptir, leoparlarin derilerindeki desenler
nasil bu kadar diizenlidir, arilarin peteklerinin sekli nasil ve neden altigendir?” gibi sorular sorarlar. Bu
sorular ve deneyimler ise 6grencileri ilk matematiksel kavramlara, cizgilere, sekillere, oriintiilere ve
desenlere ydnlendirir (Brezovnik, 2015). Genel Amaglar ve Temel ilkeler dogrultusunda Matematik Dersi
Ogretim Programinin ulasmaya calistigl genel amaclardan biri matematigin sanat ve estetikle iliskisini
o6grencinin  fark edebilmesini saglamaktir. Matematik Ogretiminde 06grencilerin matematigin
yeryiuziindeki ve dogadaki olusumlarini kesfetmesi, matematigin icindeki sembolizm ve dilin estetik
yonini fark etmesi matematigi daha keyifli ve anlasilir hale getirebilmektedir. Bununla birlikte, Turkiye
Yeterlilikler Cercevesinde belirlenen 8 anahtar yetkinlikten biri de 6grencide estetik duygusunu one
¢ikarmaktir (Milli Egitim Bakanligi [MEB], 2018). Amerika’da bulunanegitim organizasyonu Ulusal
Matematik Ogretmenleri Konseyi (NCTM,2000, prensip ve standartlarini agiklarken matematik 6gretimi
surecinde sanatin yer almasi gerektigini, matematigin sosyal calismalar, fen, sanat ve fizik egitimi gibi
diger alanlarla iliskisi goz 6niinde bulundurulmasini 6zellikle geometrinin sanattaki yerinin 6nemli
oldugunu vurgulamistir. Bu sayede sanat ve matematik arasindaki iliskiyi kavrayabilen, matematigin
ginlik yasamla iliskisini fark edebilen bireylerin yetismesi nihai hedef olmaktadir.

Matematik ve Sanatiliskisi

Sanat ve matematigin birbirinden tamamen farkl alanlar olarak goriilmesinin sebebi matematigin
net kural ve sinirlari olan, degisime agik olmayan, sayisal hesaplarla yiritilen bir alan olmasi; sanatin ise
estetik degerlerin ve duyularin hayal giicliyle gorsel, isitsel diinyaya aktarimi seklinde yorumlanmasidir.
Ancak matematik ve sanatin 6zelliklerine bakildiginda birbirlerini etkileme ve birbirlerinden etkilenme
durumlari daha net anlasilmaktadir. Her ne kadar sanat duygusal ya da duygularin disavurumu olsa da
bilis ve norobilis alaninda yapilan calismalarda sanatin bilissel glicii de giglendirdigi goriilmektedir
(Rabkin & Redmond, 2006). Bu iki alanin birbirlerinin icine gecmesi her ikisinin de zenginligini ve
verimliligini artirmaktadir (Hart, 2006). Ayrica iki alan da doganin soyutlanmasi, yorumu ve yeniden
sunumu olarak gosterilmektedir (ipek vd. , 2010). Sanat, somut niteliklerin bir araya gelmesine hizmet
ederken matematik bunu sayilar araciligiyla yapabilmektedir. Clinki zihinsel diisinme gerektiren ve
anlam vyiklemeyi hedefleyen matematiksel bilgiler sanat ile daha anlasilir ve kalici olmaktadir
(Konyalioglu, 2005).

Gelismekte ve geri kalmis Ulkelerdeki okullarda sanatsal faaliyetler bos zaman etkinligi olarak
algilanarak sanatin egitimsel faydalari goz ardi edilmektedir (Burnaford, 2013). Ancak yapilan ¢alismalar
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sanatin, matematik gibi temel derslerle biitlinlesmesi sonucunda birgok olumlu beceri ve yetenekleri
gelistirdigini ortaya koymustur. Kiicik yastaki cocuklar matematiksel disinmeye, glinlik yasantilarinda
karsilastiklari nesneleri anlamlandirarak baslamaktadir. Cocuklar nesnelerin goriintisdu, esitligi, benzerligi
ya da farkhhgini distnir, gézlemler ve siniflandirirlar. Boylece matematiksel kavramlari temel olarak
anlamaya baglar; objelerin goriintlsiine odaklanarak zihinlerinde gorsel bir imaj tasarlarlar. Bu imaja
gore zaman, agirlik, uzunluk vb birimleri sezgisel olarak etiketleyebilirler (Bristow vd.,2001, Akt:
Brezovnik, 2015; Root-Bernstein, 2013). Sanatin matematik derslerine entegre edilmesinin bir avantaji
da Gardner’in gelistirdigi coklu zekaya kuramina uygun olarak, sinifta farkli alanlarda daha gelismis
zekalar olan gocuklarin varhgini kesfetmek ve slrece katmaktir (Baird, 2015). Bununla birlikte, risk
altinda sayilan sosyo-ekonomik diizeyi dusiik veya engelli 6grenciler icin de sanatla butilinlestirilmis ders
bir firsat olabilir (Jeronimo, 2019). Sanatsal etkinlikleri barindiran okul mifredatlari 6grencilerin
motivasyonunu artirmasinin yani sira onlari okulda tutmak ve bunu isteyerek yapmalarini saglamak igin
o6nemli olabilir.

Tarihte bircok filozof, sanatgi ve matematikci gilizellik algisindan ve bunun matematikteki
izdisiminden bahsetmistir. Altin orani formiilize eden Pisagor, Ronesans ressamlarinin tablolarina
yansiyan sanatin ayni zamanda matematiksel izdlisimi de yansittigina 6rnek Leonardo Da Vinci’nin tnli
Mona Lisa eseri, Fibonacci’'nin kendi adiyla anilan 1,1,2,3,5,8,13,21,34,... Fibonacci sayilarindaki gizemi
matematik ve sanatin giicli iliskisini belirtmektedir. Fibonacci sayi dizisinde ardigik iki sayinin oranini
belirten yaklasik degeri Q=1,61804 olan altin oran ifade edilmektedir. Dogada zaten varolan bir estetik
Ol¢lisl altin oran dusiinirler tarafindan matematik ile agiklanmistir (Akdeniz, 2007; King, 1992). Evrenin
gercekligini insanlikla bulusturma noktasinda matematik, bunu sanatin diliyle ifade etmeyi icermektedir.
ingiliz matematikci Hardy’nin (1940) sanatin matematik icin ne derece &nemli oldugunu su sézleriyle
belirtmistir: “Bir matematikginin yaptig1 sey bir ressam veya sairin yaptigl sey kadar gizel olmalidir.
Dustlinceler, renkler ve sodzciikler gibi uyumlu bir sekilde birbirini tamamlamalidir. Diinyada cirkin bir
matematik igin kalici bir yer yoktur.” Galileo ise matematik ve sanati su sézleriyle birlestirmistir: “Evren
gozlemlerimize her an agiktir ama onun dilini ve bu dilin yazildigi harfleri 6grenmeden ve kavramadan
anlasilmasi mimkiin degildir. Evren matematik diliyle yazilmistir, harfleri Gggenler, daireler ve diger
geometrik bicimlerdir” (Orhan, 1995). Kandinsky (1926) bitiin sanatlarin son soyut gosteriminin say
oldugunu belirtmis ve matematiksel 6geleri resim sanatina yansitmistir. Sanatci, matematik egitiminin
temelinin yaratici dislince Urettiren bir ortam yaratmak oldugunu belirterek 6zellikle nokta, dogru,
dizlem gibi matematiksel kavramlari ve bunlardan olusan geometrik sekilleri resimlerinde net bir
bicimde ortaya koyarak “Point and Line to Plane” isimli eserinde egitimsel anlamda matematik ve sanati
birlestirmistir.Matematik ve sanatin birlikteligi s6z konusu oldugunda Hollandali ressam Maurits
Cornelius Escher ve eserleri 6ne ¢ikmaktadir. Escher matematigi, sanatgiya varli§i tanimanin, anlamanin
ve anlatmanin yolunu gdsteren isik olarak nitelemektedir.islam sanatinin érneklerinden cok etkilenen
Escher, El Hambra Sarayinin soyut geometrik sekillerle sinirlandirildigini ancak gergekte bundan daha
fazlasi oldugunu ileri sirmustir (Ernst, 2007). Escher kendisini ne bir matematikci ne de sanatgi olarak
tanimlamasina ragmen bitin eserlerinde en az bir matematiksel icerik oldugu gorilmektedir. Dahasi,
Escher bunlar 6yle bir bicimde sunmustur ki anlamasi zor olan soyut kavramlari bile eserlerinde
somutlastirabilmistir (Erkan Yazici, 2011). Sanatgl, eserlerinde gesitli simetri tlrlerini, geometrik sekilleri,
oruntileri, mozaikleri, yansimalari ve ileri diizey matematiksel kavram ve sekilleri sikga kullanmistir
(Koptsick, 2005). Bu sebeple bu calismada ilkokul matematik derslerinde yeri bulunan ve Escher ile
Kandinsky’nin eserlerinden yararlanarak simetri, 6rlintli, geometrik sekiller ve cisimler konularina yer
verilmistir.

Matematik Ogretimi ve Sanat

Matematik 6gretim programlarindaki bircok konu sanatin egitime katkisi icin etkili bir ortam saglar.
Oteleme, yansima ve dénme olarak tiirlere ayrilan simetri bu konulardan biridir. ilkokul diizeyindeki
ogrenciler yansima simetrisi yani ayna ya da simetri dogrusu ile yapilan simetrik cisimleri 6grenirler (Van
De Walle, 2007). Estetigin belirleyici faktorlerinden sayilan oran ve simetri glzellik algisini, diizeni, orani
gosterebildiginden resim sanatinda ¢ok sik kullanilmaktadir (Pesen, 2002). insanligin diinyay! daha iyi
anlamak icin diizene ve diizenden beslenmis kaliplara ihtiya¢ duymasi normaldir. Simetri, tam da bu
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diizene uygun olarak maddenin mikroskobik diinyasindan galaksilerin gizemli davranislarina kadar
dogada her yerde bulunan, tiim canlilara hitap eden evrensel bir prensiptir (Hall & Pais, 2018). Escher’in
eserlerinde kullandigi simetri konusunun temel alindigi ¢alismalar 6grencilerin bilgiyi igsellestirdigini,
baska konulara aktarabildigini, sosyal ve bilissel olarak olumlu gelisme sagladigini ve yaraticiliklarinin
gelistigini gostermektedir (Gullat, 2008; Hall &Pais, 2018; Heally, 2004). Arastirmada ele alinan diger bir
konu olan orintdleri iyi kavramak yalnizca aritmetik degil ileriki diizeylerde cebir konularina gegiste de
kolaylik sagladigi kanitlanmistir (Van De Walle, 2007; Zazkis &Liljedahl, 2002). Ayrica oriintl yapabilme
ve kesfedebilme becerisi gelismis 6grencilerin matematiksel muhakeme yapabilme, matematiksel
iliskileri anlamlandirabilme becerilerinin de gelistigi tespit edilmistir (Papic &Mulligan, 2005). Bu sebeple
ortntiler konusu matematik dersinde oldukg¢a 6nemlidir.

Goze hitap eden sanatlar aritmetigi, geometriyi ve perspektifi dogal bir bicimde iginde barindirir
(Alyesil Kabakgi&Demirkapi, 2016). Matematigin gorsel sanatlarda yer alan yapilarindan biri de
geometridir. Geometri 6grenme alani akil yiritme, elestirel diisinme, problem ¢ézme becerisi, estetik
ve sanatsal duygularin gelisimi gibi nedenlerle matematik 6gretim programlarinda 6nemli bir yere
sahiptir (Baykul, 2005). Geometrik sekiller ile siislemeler yapmak okul éncesinden itibaren 6grencilerin
sekillerdeki 6rintileri incelemeleri ve sekillerin bir araya gelerek baska sekilleri, desenleri olusturdugunu
gérmenin sanatsal bir yoludur (Van De Walle, 2007). Benzer olarak giinimiiz mimarisinde ve birgok
sanat dalinda sikhkla kullanilan fraktallar ilkokulda orinti konusu kapsaminda ele alinmakta olup
dgrencilerin matematige karsi bakis agilarinin olumlu anlamda degismesinde rol oynamaktadir (inci Kuzu
vd.,, 2017). Oriintii arama, tasvir etme, baska durumlara aktarma ve genisletme aritmetigin ve cebirin en
o6nemli bilesenlerindendir (Van De Walle, 2007). Belli bir oriintiden daha fazlasini olusturmak icin bir
araya getirilen sekiller, problem ¢6zme becerisi ve yaratici diisiincenin gelismesinde énemli rol oynar
(Van De Walle, 2007). Ayrica matematiksel becerilerin ve iliskilerin anlamlandirilmasinda,
genellenmesinde ve muhakeme becerilerinin gelismesinde son derece etkilidir (Papic &Mulligan, 2005).
Bu arastirmada ele alinan geometrik cisimler ve sekiller, uzamsal iliskiler, geometrik 6riintiler, simetri ve
geometride temel kavramlar birinci siniftan dérdiinct sinifa kadar konu kapsami degismekle birlikte
Ogretim programinda yer almaktadir. Konular ve kavramlar islenirken dogadan ve sanatla
iliskilendirilebilen cisimlerden 6rnekler verilmesi gerekmektedir. Boylece 6grenciler, sanatta kullanilan ve
matematikte ele alinan kavramlari 6ncelikle somutlastirma yoluyla hissedebilecektir (MEB, 2018).
Matematik 6gretim programinda yer alan ve 6grencilerin zihinde canlandirmakta zorlandig sekillerin
farkh perspektiflerden cizimleri, iz distimleri, G¢ boyutlu gérinimlerdeki orantilar gibi konular gorsel
sanatlar alaniyla iliskilendirilip sanat uygulamalariyla islendiginde 6grencilerin uzamsal yeteneklerinin
gelistigi gortlmustir (Alyesil Kabakgi&Demirkapi, 2016). Buna ek olarak, matematigin sanat ile birlikte
ogretilmesiyle 6grencilerin problem ¢ézmede daha yaratici olduklari, daha imgesel distndikleri ve
kavramlari daha iyi anlamlandirdiklari da yapilan calismalarda tespit edilmistir (Hickman &Huckstep,
2003; Silverstein &Layne, 2010). Ayrica sanatsal bir icerigi matematik konusu ile butinlestirerek
o6gretmek 6grencilerin motivasyonunu artirarak ders siirecine daha yogun bicimde adapte olmalarina
yardimcr olmaktadir (Gustlin, 2012; Posner vd., 2008; Priolo, 2009). Ogrenciler sanati oyun olarak
algilayarak teorik kavram ve bilgileri daha iyi hatirlama egiliminde olmaktadir (Gelineau, 2012). ilkokulda
matematigi sanatla biitlinlestirerek 6gretmeyi savunan arastirmacilarin elde ettigi diger sonuglara gére
ilkokulda sanat etkinliklerinin 6grencilerde matematiksel disiinme becerilerini gelistirdigi, akademik
basari, elestirel ve akici dislinme gibi bilissel becerilerinde ilerleme oldugu, 6z degerlendirme, 6z
diizenleme, hayal giici, is birligi, sorumluluk alma konularinda daha da gelistikleri tespit edilmistir
(Brezovnik, 2015; Burton vd.,2000; Cornett &Smithrim, 2000; Mason vd., 2005; Rabkin & Redmond,
2004).

Matematik ders kitaplari ve o6gretim programi incelendiginde ilkokul matematiginin sanatla
iliskilendirmesinin agirlkli olarak 6rinti, simetri ve geometri konularinda ortaya ¢ikabildigi séylenebilir.
Bu calisma ogrencilerin belirtilen konulardaki gelisimlerinin resim sanati yardimiyla artirilmasi ve
matematigin sanatla iliskisini vurgulamasi agisindan 6nemli gorilmektedir. Ayrica yerel literatiirde
ilkokul diizeyinde matematigi sanat ile iliskilendiren arastirmaya rastlanmamistir. Bu sebeple bu
arastirmanin alanyazindaki acigl kapatacagina ve benzer arastirmalar icin 6rnek teskil edilecegine
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inanilmaktadir. Arastirmada kullanilan etkinlikler ve uygulamalar 6gretmenlere, 6gretmen adaylarina ve
matematik alaninda calisan egitimcilere 6rnek olmasi agisindan da 6nemli gorilmektedir. Calismada
¢ogunlukla Escher olmakla birlikte Unli ressam Wassily Kandinsky’'nin de eserlerinden &rnekler
kullanilmigtir. Bu iki ressamin eserlerinin segilmesinin sebebi, matematiksel kavramlara eserlerinde
yogunluklu olarak vurgu yapilmasi ve eserlerin matematik egitimcileri ile arastirmacilar tarafindan
degerli gorilmesidir. Bu arastirmada matematik ve sanatin bir araya getirildigi butlinctl bir 6gretimin bir
denencesi olarak 4. Sinif 6grencilerinin 6rintd, simetri, geometrik sekiller ve cisimler konulari ile bu
konulara ait kavramlari sanat eserleri araciligiyla islenmesi amacglanmistir. Bu baglamda asagida belirtilen
arastirma sorulari kapsaminda ¢alisma yarattalmustir:

1. Ogrenciler sanatsal resimler kullanilarak islenen simetri konusunu nasil
anlamlandirmaktadir?

2. Ogrenciler sanatsal resimler kullanilarak islenen &riintiiler konusunu nasil
anlamlandirmaktadir?

3. Ogrenciler sanatsal resimler kullanilarak islenen geometrik sekiller ve cisimler konusunu
nasil anlamlandirmaktadir?

4. Ogrencilerin sanatsal resimler temelinde yapilan etkinlikler hakkindaki disiinceleri
nelerdir?

Yontem

Arastirma Modeli

Arastirmada (inli ressamlar Escher’in ve Kandinsky’nin eserlerinde sik¢a kullandiklari simetri, 6riintd,
geometrik sekiller ve cisimler konulari kapsaminda sanat temelli matematik 6gretimi etkinliklerinin
uygulandigi 6gretim deneyi modeli benimsenmistir. Ogretim deneyi, nitel arastirma kapsaminda
degerlendirilen ve matematik egitiminde ortaya cikan bir arastirma desenidir. Matematik egitimi
arastirmacilar 6grencilerin zihinlerinde olusan matematiksel dislinceleri ve siregleri agiga ¢ikarmayi
hedeflemektedir. Bu sebeple dongisel bir siire¢ olan 6gretim deneyi tasarimiyla sekillenen arastirmalar
matematik arastirmalari i¢in 6nemli gorilmektedir (Cobb & Steffe, 1983).

Tim arastirmalar ve arastirmacilar igin belirlenmis bir 6gretim deneyi tasarimi mevcut degildir. Her
bir o6gretim deneyi tasarimi  konunun O6zelliklerine ve arastirmanin hipotezlerine gore
sekillenebilmektedir. Ogretim deneyi tasariminda katilimcilarin matematik bilgisinin diizeyine yénelik
cesitli varsayimlar olusturur ve bu varsayimlara yonelik etkinlikler gelistirilerek denenir (Steffe &
Thompson, 2000). Ogrencinin matematigi veya matematiksel konulari nasil anlamlandirdigina ve
betimledigine odaklanilir. Onciil ve ileriye déniik hipotezler ve sonuglar degerlendirilerek 6gretim deneyi
temelinde 6grencinin zihinde olusturdugu yapi ve modeller ortaya cikarilir (Uygan, 2019). Bu bakimdan
ogretim deneyi 6grencilerin hem teorik hem pratikte zihinlerinde olusan matematiksel sonuglar
konusunda egitimcilerin ve arastirmacilarin bilgi elde etmesini saglayan, dnemli ipucu ve bakis agisi
kazandiran etkili bir modeldir. Ogretim deneyi tasariminda 6gretim boyutu, 68renme ortaminin
hazirlanmasini igerirken deneyim boyutu 6grenci zihninde gelisen matematiksel siireci isaret etmektedir.
Arastirmada olusturulan 6ncil varsayimlar simetri, 6riintii ve geometrik sekiller konularinda kullanilan
sanat eserlerinin ve sanat etkinliklerinin bu ti¢ konu cercevesinde 6grencilerin zihinlerinde olusmasini
saglamaktir.

Katilimcilar

Arastirma 2019-2020 egitim 6gretim yilinin bahar yariyilinda, istanbul’da bir devlet okulunun 4.
Sinifindaki 7 erkek 8 kiz olmak {izere toplam 15 &grenci ile gerceklestirilmistir. Ogrenciler farkli akademik
basarilara sahip olup 6gretmen tarafindan belirtilen basari durumlarina gére bulgularda yorumlanmistir.
Bu arastirma silrecinde 6grencilerin akademik basarilarini belirlemek i¢in ayrica bir sireg
ylratilmemistir. Bu noktada o6gretmenin 6grencileri taniyor olmasina dayandirilarak 6grencilerin
akademik olarak ne seviyede olduklarini 6nceki derslerdeki performanslarina dayanarak 6grenciler
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degerlendirilmistir. isim listesine gére &grenciler katiimci (K) ve numara verilerek kodlanmistir.
Katihmcilarin belirlenmesinde amach rastgele érnekleme yontemi kullanilmistir. Bu ydntem, rastgele
segilen 6rneklemin arastirma amaci dogrultusunda belirlenerek daha zengin ve detayli verilere ulasip
calismanin inandiricihgini artirmak amaciyla kullanilir. ilk olarak rastgele bir bélge ya da okul segilerek, bu
topluluk iginden amaca uygun belli 6lgutleri saglayan kigilik bir grup segilmistir (Marshall & Rossman,
2014). Arastirmada dordiinci sinif 6grencilerinin segilmesinin nedeni bu sinif diizeyine kadar islenen
simetri, 6riintl ve geometrik cisimler konularinin sanat ile iliskilendirilmesinin daha miimkiin olmasidir.
Ogretim deneyi siirecine hakim, lisansiistii egitim almis deneyimli bir dgretmenin segilmesi de bu
kararda etkili olmustur.

Arastirma Etigi

Arastirmanin gerceklestirilebilmesi icin arastirmacilarin bulundugu il g6z 6niine alinarak gerekli
Universitenin etik kurulundan arastirma izni alinmistir. Tim sireg¢ etik kurallar géz 6niinde
bulundurularak yuritilmastir. Buna ek olarak 6grenciler, veliler ve 6gretmen ¢alismanin amaci ve sireci
hakkinda bilgilendirilmistir. Calisma gonulli 6grencilerle gergeklestirilmistir. Veri toplama siirecinde
sinifin dogal egitim 6gretim siirecinin bozulmamasina 6zen gosterilmistir. Elde edilen veriler arastirmaci
ve sinif 6gretmeni disinda baska kisiler ile paylasiimamis ve katilimcilara iliskin kisisel bilgiler
korunmustur.

Verilerin Toplanmasi ve Analizi

Calisma, etkinlikler 6ncesi ve sonrasi olmak lzere her bir konu kapsaminda ayri ayri ele alinip 6gretim
deneyi modeline uygun olarak yuritiilmistir.Ogretim deneyi arastirmalarinda arastirmaci gozlemci
rolline girip, 6gretim ve deney siireci sinifin 6gretmeni tarafindan yurutilebilmektedir. Ayni zamanda
arastirmaci 6gretmen rolline girip slreci kendisi de yuritebilmektedir (Cobb & Steffe, 1983). Bu
arastirmada arastirmaci, 6gretim deneyi sliresinde sinifta gézlemci olarak yer almis, 6grencilerin konuya
ya da kavramlara iliskin matematiksel bilgiyi nasil yapilandirdigini gézlemlemis ve 6grenme sirecinin
hem bireysel hem de sosyal boyutlarina iliskin gézlemlerini kaydetmistir. Arastirmaci dersler boyunca
direkt olarak miidahalede bulunmamis; yalnizca dijital etkinlik dersinde ve anket formunun génderilmesi
ile toplanmasi asamasinda aktif olmustur. Dijital etkinlik dersinde website Uzerinden gesitli alistirmalar
yapildigindan ve 6gretmenin bu siirecte herhangi bir bilgisi ve tecribesi olmadigindan bu sireci
arastirmaci yariatmustir. Anket formlarinin velilere génderilmesi noktasinda da 6gretmen araci olmus,
arastirmaci ise onam formu ve gerekli izinleri imzali bir sekilde velilere e-mail yoluyla gondermistir. Tum
o6gretim deneyleri ve 6gretim sireci dongisel bir sekilde arastirmaci tarafindan tasarlanip planlanmis;
sonrasinda 6gretmenin gorisi alinmistir. Slire¢ boyunca 6gretmen ve arastirmaci arasinda biyik fikir
ayriliklari olusmamis, yalnizca igerigi daha zengin hale getirebilme ve 6grenciler agisindan daha anlasilir
kilabilme noktalarinda minér diizenlemelerde bulunulmustur.

Nitel arastirmalarda dogasi geregi arastirmaci ve katilimcilar arasinda karsilikh saygi ve giiven iliskisi
olmasi beklenmektedir (Doiron & Asselin, 2015). Bu sebeple 6gretim deneylerinden 6nce i1sinma dersi
olarak nitelendirilen tanisma dersi yapilmistir. Arastirmada ilk olarak islenen isinma dersinde arastirmaci
kendisini sinifa tanitmis, ileriki dersler boyunca derse katilacagini gruba aciklamistir. Ogretim deneylerini
iceren tlim sireg arastirmaci tarafindan kisaca 6grencilere 6zetlenmistir. Calismaya katilmanin tamamen
gonallalik esash oldugunu, ¢alisma siresince yapilan etkinliklerin ve galisma ciktilarinin herhangi bir not
ile degerlendirilmeyecegi, 6grenmek kadar eglenmenin de bu sirecin bir amaglarindan biri oldugu
belirtilmistir. Ayni zamanda 6grencilere bu ¢alismanin herkes icin karsilikli fayda olusturdugu; bilimsel bir
arastirmaya katilmak ve bunun ne anlama geldigi aktarilarak 6grencilerin de stlirecteki rolli arastirmanin
amaci cercevesinde belirtilmistir. Katimci 6grenciler de bilimsel bir arastirmaya katki sunacaklari igin
heyecanli ve mutlu olduklarini séylemislerdir. Arastirmaci 6grencileri tim slire¢ boyunca bir arkadas gibi
gorecegini, kavramlarla ilgili sorularda dogru ya da yanlis bilgi vermelerinin kendisi igin 6nemli
olmadigini, birlikte keyif alarak ekip ruhuyla dersler islemenin esas amag oldugunu belirterek onlarin
endiselerini ve meraklarini gidermeye calismistir.
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Her bir dersten sonra arastirmaci, 6gretmenin sireg igerisindeki aktarimlarina dayali yorumlarda
bulunmus, bir sonraki derste daha iyisi yapiimasi icin 6gretmen ile fikir alisverisinde bulunmustur.
Uygulamalar sinif 6gretmeni tarafindan, arastirmacinin gelistirdigi etkinlikler ve ders tasarisi araciligiyla 5
hafta ve toplamda 16 ders saatinde gerceklestirilmistir. Ogretim deneyleri dérder ders saati, son
pekistirme dersi ise iki saat siirmiistiir. Ogretim deneyleri iki ayri giinde ve araya 2-3 giin koyularak
(genellikle sali ve cuma glinleri) yaritilmustir. Arastirmaci ise slire¢ 6ncesinde Ogretim deneyi ve
etkinlikler icin yaklasik 4 hafta hazirlanmistir. Arastirmada sinif 6gretmeni uygulayici rollini Gstlenmis
olup arastirmada kullanilan resimleri ve etkinlikleri 6nceden gérmis, arastirmaci ile ders tasarimlari
hakkinda detaylica gériismis ve siirece hakim olmustur.

Arastirmanin uygulama siireci asagidaki modelde 6zetlenerek devaminda detayli olarak agiklanmistir.

Pilot ¢alisma I. Ogretim deneyi I1. Ogretim deneyi 1. Ogretim deneyi Dijital materyal ile pekistirme

Isinma dersi Odev ve analiz | Odev ve analiz Il Odev ve analiz Il Odgrenci gériislerinin analizi

Model 1. Arastirmanin Veri Toplama ve Analiz Siireci

Arastirma siirecinin tamami online olarak yiiriitiilmistiir. Ogrenciler bu arastirmada gergeklestirilen
dersler dncesinde bircok defa online egitimde yer almis, siirece asinalik kazanmistir. Her bir 6gretim
deneyi ve 6grencilerle yirutilen tartismalar online ortamda gergeklestirilmis ve kayit altina alinmistir.
Bu sayede arastirmaci sirece iliskin verileri toplarken ve analiz ederken online derslere ait video
kayitlarini tekrar izleme sansi elde etmistir. Arastirma sireci tiim 6grencilerin katilimiyla ve tartisma
ortaminda gergeklestirilmis, her bir derste 6grencilerden birbirlerinin cevaplari hakkinda yorum
yapmalari istemistir. Bu sayede, eksik ya da yanlis cevap veren Ogrenciler birbirleriyle konusarak
dogrusunu 6grenebilmis ve dersler tartisma ydntemiyle ilerlemistir. Ogrencilerle birebir gériismeler
yapmak yerine tim sinifin aktif katihm sagladigi dinamik, interaktif ve tartisma odakli bir arastirma sireci
ylratmek hedeflenmistir. Online ders siirecinin pozitif etkisi olarak 6grenciler, resimlerde gordikleri
sekil ve cisimleri ekrani ¢izme, boyama, vurgulama gibi komutlari kolaylikla yapabilmektedir. Bu sayede
o6grencilerin yorumlarina ve yanitlarina aninda midahale edilerek tim sinifin da sirece katilmasi
saglanmistir. Bununla birlikte, slrecin online yapilmasi da bazi aksakliklari beraberinde getirmistir.
internet baglantilarinda yasanan sorunlar iki 6grencinin siirecin tamaminda yer alamamasina ve
dolayisiyla yanitlarinin da raporlanamamasina, 6grencilerin zaman zaman baglanti sorunlari yasamasina
sebep olmustur. Yasanan bu eksiklik ve aksakliklar da bu arastirmanin sinirhligini olusturmaktadir.

Arastirmanin temel verileri 6gretim boyunca &grencilerin yapmis oldugu etkinlikler ile galisma
yapraklari, 6gretim sonrasi 6grencilerin yanitladigi agik uglu sorulardan olusan anketve sinif ici gozlemler
ile elde edilmistir. Arastirmaci tarafindan hazirlanan etkinlikler ve anket sorulari matematik alaninda
uzman iki egitimcinin gorisiine sunularak dizenlenmistir. Boylece arastirmanin givenirligi arttirlmak
istenmistir. iceriklerin olusturulmasi kadar 6grencilere ydneltilecek sorularin da énceden belirlenmesi ve
olasi yanitlarin gézden gegirilmesi noktasinda da uzman gorislerinden yararlanilmistir. Ornegin
o6grencilerin geometrik sekilleri cisimlere gére daha kolay ayirt ettigi gézlemlendikten sonra (i¢ boyutlu
cisimlere iliskin 6grencilere yonlendirici sorular sorulmus, somut materyal ile olusturduklari etkinlikte ti¢
boyutlu cisim olusturmalari gerektigi ifade edilmistir. Bunlar galisma 6ncesinde arastirmaci ve iki uzman
arasinda gorusilmis ve boylece hazirlik siireci tamamlanmistir. Her bir etkinligin amaca hizmet etmesi
ve givenilir sonuglar elde etmeyi saglamasi 6nemli gorilmektedir. Bu sebeple etkinlikleri
gerceklestirmeden once anlasilirhgini test etmek ve gelistirebilmek amaciyla gonlll iki 6grenci tGzerinde
pilot calisma gerceklestirilmis ve sorular lzerinde gerekli diizenlemeler yapilmistir. Pilot calismadan
sonra Ozellikle slire konusunda diizenlemeler yapilmistir. Arastirmaci ve 6gretmen her bir 6gretim
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deneyini tasarlarken siiresini de oturum oncesinden belirlemislerdir. Ancak pilot ¢alismadan sonra bazi
derslerde siirenin yetersiz oldugu, etkinliklerden sonra verilen 6devler icin belirlenenden daha fazla
slrenin verilmesi gerektigi konusunda ortak goriislerde bulunmuslardir.

Isinma dersinin amaci simetri, 6riinti ve geometrik sekiller konularinda 6grencilerin zihinlerinde var
olan kavramlari ortaya cikarmak ve matematik ile sanati birlestirmeye yénelik hazirlanan 6gretim igerigi
icin baslangic olusturmaktir. Boylece arastirmada ele alinan konularda eser ornekleri gosterilmistir.
Escher’in o6rintt kullandigi resimlerini gérmeden 6nce ve gordiikten sonra 6grenciler éruntilerdeki
degisimler hakkinda fikir edinmistir. Bu ders sonucunda Ogretim deneyleri uygulamaya baslamistir.
Arastirma slreci Tablo 1'de 6zetlenmistir.

Tablo 1.

Ogretim Siirecine iliskin Bilgiler

Ogretim Bolimleri Odaklanilan Beceriler Gergeklestirilen Etkinlik

Oriintl 6gretimi Oriinti belirleme ve olusturma Escher'in  resimleri  incelemeden 6nce ve
inceledikten sonra 6riintii olusturma

Simetri 6gretimi Simetri belirleme ve olusturma Escher’in  resimleri incelemeden Once ve
inceledikten sonra simetri olusturma

Geometrik sekiller ve | Somut materyal kullanarak Kendi pizzamizi olusturalim etkinligi kapsaminda

cisimler 6gretimi geometrik sekil-cisim olusturma | kartondan geometrik sekiller ve cisimler olusturma

Pekistirme Ogrenilen kavramlar ile dijital Ogrenilen kavramlari Interactive Tesselation

etkinlikleri ortamda desen olusturma websitesinde kullanarak bireysel igerik olusturma

Arastirmanin odagi olan konulardan ilki orlntilerdir. Isinma dersinden sonraki ilk derste érintiler
konusu ile ilgili ders kitabindan bazi etkinlikler yapilmistir. Etkinliklerden 6nce 6riinti kavraminin tiim
Ogrenciler tarafindan anlasilmis olmasina dikkat edilmistir. Bu konuya iliskin 6gretim tasarimi gesitli
sanatsal resimlerin gosterilmesi ve yorumlanmasi ile baslamistir. Bu 6gretimde ise odak konu oérintiler
oldugundan 6grencilerin zihinlerinde olusan o6rinti kavramina ulagsmak hedeflenmistir. Bu sebeple
ogrencilerden uygulamalara baslamadan once 6rnek oriintiler gizmeleri istenmistir. Bu uygulamadan
sonra Escher’in 6riintl iceren eserleri gosterilerek iki ayri glinde toplam 4 saatte 6gretim deneyi dersleri
islenmistir. Sonrasinda ddev olarak égrencilerden tekrar 6riintii cizmeleri istenmistir. Ogretim dncesi ve
sonrasi 6grenci etkinlik kagitlari yorumlanmistir.

Simetri Ogretiminde sanatsal resimlerin gosterilmesi ve yorumlanmasi sonucunda o6grencilerin
zihinlerinde sanatsal resimler araciligiyla simetri kavraminin olugmasi ya da varolan disiincenin
gelistirilmesi amaglanmigstir. Simetri 6gretim deneyine gegmeden o6nce 6grencilerin simetri kavramina
iliskin zihinlerinde bazi semalar olustugu anlasildiktan sonra Escher’in resimleri gosterilerek sinifca
yorumlanmistir. Ogrencilerin hepsinin yanitlarini alabilmek adina fazlaca resim kullaniimistir. Simetri
dersi, oriinti dersinde oldugu gibi iki ayri giinde toplam 4 saatte islenmistir. Ogretmen, 6riintiler
konusunda oldugu gibi simetride de 6nce ve sonra odev vererek Ogrencilerden simetrik sekiller
cizmelerini istemistir. Bu sayede 6grencilerin simetri konusunda hangi bilgilere sahip oldugu, bu bilgilerin
sanat resimlerinden sonraki degisme durumlari degerlendirilmistir.

Arastirmada kazandirilmasi hedeflenen son igerik olan geometrik sekiller ve cisimler diger konularda
oldugu gibi hatirlatma ile baslamistir. ilk olarak “Geometrik sekilleri/cisimleri hayatimizda nerelerde
goriirtiz?” Sorusu sorulmustur. Bu Ogretimde sekillerin ayri ayri isimlerine ve O6zelliklerine
odaklanmaktan ziyade bir biitlin olarak geometrik sekiller kavramini hatirlatmak amacglanmistir.
Geometrik sekiller ve cisimler konusunda Escher’in eserlerine ek olarak gizimlerinde geometrik sekillere
siklikla yer veren Kandinsky’'nin eserleri de kullaniimistir.Derslerin bitiminde 6grencilerden bir sonraki
derse kadar yapmalari igcin 6dev verilmistir. “Kendi geometrik pizzamizi olusturalim” 6devi igin yonerge
hazirlanmis ve 6grencilere gonderilmistir. Beyaz bir kagit ya da plastik tabak tizerine Tablo 2’de belirtilen
malzemelerden en az bes tanesini kullanmak sartiyla bir pizza hazirlatiimistir. Her bir malzeme bir
geometrik sekil ya da cismi temsil etmektedir. Ornegin pizzasina sucuk koymak isteyenler bunu kare
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prizma ile temsillendirecektir. Son olarak ise 6grenciler pizzalarinda kullandiklari geometrik sekillerin
dzelliklerini defterlerine birkag ciimle ile agiklamistir.Ozellikle ilkokul matematik 6gretiminde somut
materyal kullaniminin 6grencilerin matematigi daha iyi anlamlandirmasi ve problem ¢6zme becerilerini
gelistirmesi noktasinda oldukga énemlidir (Kelly, 2006). Bu sebeple gesitli 6devler vasitasiyla 6grencilerin
somut materyal kullanmalari, cesitli gizimler yapmalarinin 6grenme siirecine katki saglayacagi
distiniimustar.

Arastirmada tim 6gretim derslerine ek olarak tek bir geometrik sekil ile (kare, altigen, tiggen) farkh
yapl ve oriuntiler olusturmaya yarayan Interactive Tesselation internet programi kullanilmistir.
ilkégretim matematik 6gretim programinda somut modellerle &gretimin yapilmasinin  yanisira
teknolojinin de gelismesi ile egitimi daha verimli ve etkin kilma ¢abasi bulunmaktadir (Milli Egitim
Bakanhgl [MEB], 2018). Matematik Ogretiminde dijital teknoloji kullaniminin ilkokul 6grencilerinin
akademik basarilarina olumlu etki ettigi bilinmektedir (Toptas & Oztop, 2019). Bu sebeple bu
arastirmanin son asamasinda dijital teknoloji ile matematigi bir araya getiren sanal bir materyal
kullanilmistir.Bu etkinligin amaci, internet programi araciligiyla 6grencilerin bu arastirma kapsaminda ele
alinan simetri, oriinti ve geometrik sekiller konusunu dijital bir etkinlik temelinde ahlstirmalar
yapmalarini saglamaktir. Bu sayede 6grenciler, daha o6zgir bir etkinlik temasi ile bu derse kadar
isledikleri konulari da kapsayan kendi 06zglin desenlerini olusturmuslardir. Bu asamada diger
dgretimlerde yapilandan farkh olarak dijital temelli bir planlama yapilmistir. Ogrencilerin pandemi
sebebiyle 6zellikle bu arastirmanin gergeklestigi donemde dijital araglarla fazlaca vakit gecirdigi
diisiniuldiginden, Ogretim deneyinin son asamasina bu etkinlik eklenmistir. Boylece 0Ogrencilerin
zihinlerinde olusan kavramlarin bir disavurumu olarak 6zgiin ciktilarin degerlendirilmesi hedeflenmistir.
Bazi 6grencilerin ¢ogunlukla dijital temelli etkinlik ve oyunlarda keyif aldigi disinilerek son olarak
internet programinin kullanildigi bir etkinlik olusturulmustur. Program basit komutlarla ¢alisabildiginden
Ogrenciler igin kavranmasi zor olmamistir. Arastirmaci, programi tanitirken kendi gosterdigi sekiller
izerinden oriintd, orintindn kurali, simetri, simetri dogrusu, kullanilan geometrik sekilleri 6grencilere
sorarak onceki haftalarda islenen dersleri hatirlatmigtir. Bu sayede &grenciler ortaya ¢ikan desende
hangi sekillerin kullanildigini, 6rinti kuralinin ne oldugunu, simetri dogrusunun nereden cizildigini
sinif¢a tartismislardir.

Ogretim deneyi arastirmalarinda etkinlikler tasarlanirken &grencilerin duyussal dzellikleri de siirece
katilarak olusturuldugunda basta belirtilen ve hedeflenen hipotezlerin sirec icerisindeki olusumu ve
degisimini degerlendirmenin arastirmanin temelini saglamlastirdigi diisintlmustir. Arastirmaci, 68retim
deneyi silirecini hem bilissel hem de duyussal agidan degerlendirebilmek adina arastirmaya katilan tiim
ogrencilere kisa bir anket formu iletmistir. Anket formunda: “Sanat resimleri ve farkli etkinlikleri
kullandigimiz matematik dersini islerken nasil hissettin?Sence bu etkinliklerin sana katkisi oldu mu? Ya
da daha mi kolay ya da daha mi zordu senin icin? Matematik dersinde baska hangi konulari sanat
resimleri ve etkinlikleriyle 6grenmek istersin?” sorulari yer almaktadir. Arastirmaci, sorularin yanitlarini
email yoluyla bes giin icinde toplamistir. Ogrencilerin yanitlari kendilerinin yazmasi sartiyla velilerden
yanit kagitlarinin fotograflarini paylasmalari veya direkt olarak bilgisayar ortaminda yanitlamalari
istenmistir.

Arastirmada verilerin icerik analizi kullanarak analiz edilmistir. igerik analizinde temalar ve driintiiler
veri icinden cikarilabilecegi gibi farkli modellerde kullanilan mevcut temalardan da yararlanilabilir. Bu
analiz, arastirmaciya esnek bir analiz ve zengin betimleme firsati taniyan, ayrintihi ve karmasik
actklamalar iceren kullanisli bir analiz yéntemidir (Braun &Clarke, 2019). Elde edilen verilerin analiz
edilmesi icin 6grenci calismalari e-mail yolu ile edinilmistir.Analiz slirecinde 6gretmen ve arastirmaci
kaydedilen her bir ders videosunuizleyerek ve oOgrencilere verilen ev 6devlerini inceleyerek ders
esnasinda ve dersten sonra 6grencilerin yasadiklari glglikleri, yapilandirdiklari kavramlari dikkate alarak
dgretim siirecine yonelik kararlar almis ve 6gretim ders plani ve etkinliklerini gdzden gecirmistir. Ornegin
simetri dersinden sonra Ogrencilerin orintl ile simetri kavramlarini ayirmada zorluklar yasadigi
gozlemlenmis olup sonrasinda o6grencilere bu iki kavrami birbirinden ayirmak igin 6rnek resimler
gosterilmis ve sinifca tartisilmistir. Bu sekilde geriye ve ileriye yonelik analizler yapilmistir. Analiz
slirecinde ilk olarak anket yanitlarindan, arastirmacinin gézlemlerinden, c¢alisma yapraklarindan ve
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etkinlik orneklerinden elde edilen verilerin dokimleri yapilmistir. Veriler arastirmanin givenirligini
arttirmak i¢in arastirmaci tarafindan tekrar tekrar okunarak ve etkinlik temelinde ortaya koyulan
modeller tek tek incelenerek anlamlandiriimaya galisiimistir. Veriler analiz edilirken 6grenci davraniglari
detayli bir bigimde betimlenmis, ©6grencilerin sdylemlerinde, resimlerinde 0Ogrenci kavrayiglarini
karakterize eden benzerlikler bulunmaya cahsilmistir. Ogretim deneyleri bitiminde en son olarak
ogrencilerin duyussal durumlarini incelemek igin gonderilen anket formu yanitlarinda; “sanatsal
resimlerde gosterilen matematik konularini eglenceli buldum.” “Diger matematik derslerinde de bu
resimleri kullanmayi isterim.” Gibi 6grenci ifadeleri matematik sanat etkilesimli yurutiilen bu sirecin
ogrenciler igin olumlu oldugunu gostermektedir. Geometrik sekiller ve cisimler temali 6gretim
deneyinde gozlemlenen; 6grencilerin cisimlerden ziyade lggen ve kare gibi sekilleri daha sik kullanmasi,
dijital materyal kullanilarak desen olusturma etkinliginde altigen gibi diger sekillere gére daha karmasik
sayilan sekilleri daha az kullanmasi geometrik sekil ve cisimlerin kavranmasinda ve kullanilmasinda
birtakim zorluklar oldugunu gostermistir. Dolayisiyla arastirma kapsaminda degerlendirilen kavramlara
dair belirtilen karakteristikler degerlendirilmis ve iliskilendirilmistir.

Bulgular
1.Baslangig Dersine iligkin Bulgular

Arastirmada ilk olarak “Isinma Dersi” olarak adlandirilan baslangic dersi islenmistir. Ogretmen,
konulara giris yapmadan 6nce kavramlari sezdirmek amaciyla Escher’in Sky and Water I1-1938(Ek 1), Fish
and Scales-1959 (Ek 2) ile Kandinsky’nin Blue Abstract (Ek 3) resimlerini 6grencilere gostererek
yorumlamalarini istemistir. Ogrencilere bu asamada “Sence bunu yapan ressam resimde ne anlatmis? Bu
resim sana bir sey hatirlatti mi?” Sorularini sordu. Sorulara iliskin 6grencilerin verdigi yanitlar sunlardir;

K2: Ogretmenim resimde baliklar kuslarla ériintii yapmis.
K4:Bence resim geometriye benziyor, kuslarin arasinda agilar olmus. Gri alanlar da kareye benziyor.

K11:Bence baliklar daireye benziyor. Gozlerinde daire var. Etrafi da kareye benziyor ama tam dik
degil gibi.

K9:Ressam bize geometrik sekilleri gostermek istemis bence. Robotu aya goétiirmisler ve orda
pargalara ayrilip geometrik sekiller olusturmus.

K1:Bence bu resim gece resmi. Sekiller gezegen gibi. Kiigiik daireler de yildiza benziyor.

Ornek diyalogda goriildigi Gizere dgrencilerin cok farkli ifadelerde bulundugu, resimleri yorumlarken her
birinin olduk¢a farkli bakis acisinin oldugu goérilmektedir. Ayni zamanda 6grencilerin hepsinin
matematiksel kavramlara degindigi ancak detayli olarak bilgi vermedikleri fark edilmistir. Bir 6grenci (K7)
ile 5gretmen (0O) arasinda gegen diger bir diyalog:

K7: Resimde bir stiri sekil gériiyorum. Isinlar da var.

O: Hangi sekilleri gbriiyorsun? Agiklar misin?

K7: Ucgen goérilyorum bir siirii. Dik Gicgenler var farkl kenarli Giggenler var.
O: Baska neler goriiyorsun?

K7: Isin var 6gretmenim. Dairenin icinden gegcmis.

O: Isin mi dogru mu o sence?

K7:...... (sessizlik)

Orneklerde belirtilen dgrencilerin yanitlarina gére, gosterilen eserlerde bulunan ériintii ve geometrik
sekiller konularinin hatirlandigi gdzlemlenmistir. Resimler ilk gosterildiginde 6grencilerin biraz sasirdigi
ve kafalarinin karistigl; ancak ders ilerledikge ve yorumlar yapildikca 6grencilerin sirece isindigi
gorilmistir. Ozellikle daha disiik performansli  6grencilerin  derse daha zor adapte oldugu
gozlemlenmistir. Bu sebeple arastirmaci ve 6gretmen bu 6grencilere sik¢a s6z hakki vererek siirece dahil
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olmalarini saglamis; 6grencilerin diisinme sireglerine dair bilgi edinmeye ¢alismislardir. Robot, uzay gibi
benzetmeler yapan 6grencilerin erkek oldugu da sonuglar arasindadir. Isinma dersine iliskin arastirmaci
gozlemlerinden en dikkat g¢ekeni ise 6grencilerin resimleri cok begendikleri ve dersin bitmemesi igin
O0gretmene israr ettikleridir. Bu sonug, 6grencilerin motivasyonunun arttiginin bir géstergesi olarak kabul
edilebilir.

2.0riintii Konusuna iligkin Bulgular

Isinma dersinde gosterilen eserlere ek olarak Escher’in 6rinti kullandigi eserlerinden Plane- filling
Motif with Human Figures-1920 (Ek 4) ve Birds-1926 (Ek 5) isimli eserleri gosterilmistir. Ogrencilere “Bu
resimlerde sence 6riintii var mi? Oriintli oldugunu nasil anladin? Etrafinda ya da dogada &riintiiler
olusturan ornekler nelerdir?” sorulari sorulmustur.

“Bu resimlerde sence oriinti var mi?” Sorusuna iliskin yanitlar incelendiginde 6grencilerin blyiik
gogunlugunun &riintliyl fark ettikleri gorilmistir. Ogrenciler, ifade ettikleri betimlemelerle diizen
kavramini vurgulamislardir. Resimlere farkli agidan bakildiginda sekillerin farkhlastigini, her bir resimde
farkl sekillerle 6riintli yapildigini belirtmislerdir. Ornegin kiip resminin gdkyiiziine, pastaya benzetilmesi,
ilk resmin baklava ile iliskilendirilmesi gibi yorumlamalar yapmislardir. Verilen 6rinti 6rneklerinde kiz
ogrencilerin daha ¢ok ev esyalarindan érnek vermesi dikkat ¢ekici olmustur.

“Oriintli  oldugunu nasil anladin?” sorusuna iliskin &grencilerin karisik kavramini  kullandig
gorilmustir. Bu etkinliklerde amag 6grencileri diisinmeye zorlamak, sekiller ve dizen hakkinda bilgi
sahibi olmalarini saglamak ve karmasanin icindeki diizeni ve matematiksel kavrami fark etmelerine
yardimcr olmaktir. Bu anlamda 6gretmen (0) ve bir dgrenci (K2) arasinda gecen diyalog:

O: Oriintii oldugunu nasil anladin?
K2: Ogretmenim kareler sirasiyla yazilmis.
O: Onlar kare mi?

K2:Pardon kip Ogretmenim. Hepsi sirayla ¢izilmis. Yan tarafinda da vyildizlarla 6runti yapmis
o6gretmenim. Blylkten kiglige yildizlar var.

O: Sirasiyla dizilmis olmasi &riintii anlamina mi gelir peki?
K2: Evet. Sira sira ayni sekiller olunca 6riinti oluyor.

Ornek diyalogda da gériildiigii Gizere 6grencilerin cogu siralanmis olma durumuna vurgu yapmistir. Bu
anlamda gosterilen resimler, yalnizca oriintl konusunu degil geometrik sekiller ve cisimler konusuna da
vurgu yapmaktadir. Ogrencilerin bu kavramlari algilamalari, aralarindaki farki hissetmeleri énemli
goriilmektedir.

“Etrafinda ya da dogada oriintiler olusturan o6rnekler nelerdir?” sorusuna iliskin 6grencilerin
hepsinin yanitlari dinlenmistir. Genellikle evlerinde bulunan nesnelerden érnek verdikleri gériilmustir.
Kalorifer petekleri, perde, masa ortlsu, hali, satrang tahtasi, kiyafetlerin desenleri, matematik defterleri,
agaclardaki yapraklar, kaldirim taslari, yaya gecidi, trafik isiklarinin sirayla yanmasi gibi kavramlari sik¢a
soyledikleri dikkat c¢ekmistir. Bu yanitlar, 6grencilerin ¢evrelerinde olan oriintiileri fark ettiklerini
gostermektedir.

Resim yorumlamalari ve soru-cevap kismi bittikten sonra 6gretmen 6riintii kavramini betimsel olarak
ifade edip &riintl kurallarina dikkat cekmistir. Odev olarak ériintii derslerinden sonra égrencilerden bir
sonraki derse kadar tekrar oriintli gizmeleri istenmistir. Ogrenciler, uygulamalara baslamadan énce
ornek orintiler gcizmislerdi. Bir 6grencinin Escher’in resimleri gdsterilmeden 6nce ve sonra ¢izdigi 6riintil
resmi (Resim 1 ve Resim 2) ile iki 6grencinin Escher resimlerini gordikten sonra ¢izdigi 6runti
resimlerinden 6rnekler (Resim 3 ve Resim 4) asagida gosterilmistir.
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Resim 1 Resim 2

Escher’in eserleriyle islenen orintli dersinden once Resim 1’i sonrasinda ise Resim 2'yi ¢izen
o6grencinin ilk 6devde ¢izdigi orlinti resminde aslinda orinti olmadig, 6rintl kurallarina uymayan,
dizensiz, rastgele sekillerin ¢izdigi gorltlmustir. Ancak Escher resimlerine dayali islenen dersler
sonucunda gizilen orlnti sekillerinin belli bir kural ve diizeni oldugu yani dogru ve net oriintller gizildigi
gorilmektedir. Bu bulgular, bu arastirmanin 6gretim tasarisinda dngériilen varsayim durumlarini agiklar
niteliktedir. Ogrencilerin ilk ¢izdigi resimleri incelendikten sonra &gretim deneyine uygun olarak
planlanan o6rintl etkinligi sonucunda pozitif anlamda degisiklik olmasi, 6grencilerin dogru o6rinti
cizebilmeleri varsayilmaktaydi. Resim 3 ve Resim 4 incelendiginde bu 6gretimin basariyla sonuglandigi,
ogrencilerin zihinlerinde 6rinti kavramina iliskin olumlu anlamda degisiklik oldugu goriilmektedir.

Resim 3 Resim 4

Bazi 6grencilerin gizdigi resimlerde orlintl olusturan sekillere ek olarak 6rlinti kuralinin da belirtildigi
gorulmistir (Resim 3). Bunun sebebinin ise ders islenirken devamh olarak neden o6riinti oldugunun
tartisilmasi, ogrencilere sik sik orlinti kuralinin ne oldugunun kavratilmasindan dolayr oldugu
dustndlmustir. Resim 4’0 ¢izen 68renci ve ayrica Ug¢ 6grencinin ise fraktal orlintl ¢izdigi gorilmektedir.
Escher’in resimlerinde sik¢a kullandig1 fraktal resimleri 6grencilerin 6rintl anlayisini gelistirdigi ve
degistirdigi gorilmektedir.

3.Simetri Konusuna iliskin Bulgular

Simetri konusunda Escher’in Day and Night-1938 (Ek 6), Regular Division of The Plane I, Design
Drawing of Tiles (Ek 7) ve birka¢ Woodcut (Ek 8; Ek 9; Ek 10) eserleri kullaniimistir. Ogretmen, ériintiiler
konusunda oldugu gibi simetride de dnce ve sonra ayni 6devi vererek 6grencilerden simetrik sekiller
cizmelerini istemistir. Bu sayede 6grencilerin simetri konusunda hangi bilgilere sahip oldugu, bu bilgilerin
degistiyse nasil degistigi degerlendirilmistir.

Escher’in resimlerine iliskin yorumlara bakildiginda 6grencilerin simetri kavramini anladiklari ancak
oriinti ile karistirdiklar gérilmistiir. Ogrenciler ilk cizdikleri simetri desenlerinde genellikle 6riintiiler ve
driintiiye benzer desenler gizmislerdir (Resim 5). Ogrencilerin ériintii ve simetri kavramlarini karistirdigi
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gozlemlenmistir. Bunun sonucunda O6gretmen oriuntiilerde renklerin ve cisimlerin seklinin
degisebilecegini ancak uyumlu ve siral bir sekilde gitmesi gerektigini 6rneklerle agiklamistir. Sonucta ise
ogrenciler simetride kullanilan sekilleri ayni zamanda 6nceki derslerde isledikleri oriintli konusuyla
iliskilendirmiglerdir.

Resim 5

Escher’in gosterilen ilk eserinde kuslarin 6riintii olusturdugu ancak farkh renkler kullandigindan tam
olarak simetri olmadigi gériilmektedir. Ogrenciler ise renk degiskenini gdz ardi ederek yine de simetrik
oldugunu belirtmislerdir. Buna iliskin siniftan bir diyalog 6rnegi:

K5: Bir diinya ikiye ayrilmis, kuslarin simetrisi var. Sadece kuslarin simetrisi yok 6gretmenin resimdeki
diger sekillerin de simetrisi var! Kuslar birbirinin zitti olmus renkleri de siyah beyaz olmus.

0: Simetri olmasi igin tipatip aynisi olmasi gerekmez mi?
K5: Ama seklin aynisini ¢izmis 68retmenim sadece rengi farkli.

Bu kisa diyalogda da goruldigi gibi 6grenciler simetri konusunda kavram yanilgisi yasamakta ve 6rinti
ile simetriyi karistirmaktadir. Diger bir Escher resminin yorumlanmasinda 6grenciler arasinda resimdeki
baliklarin tamamen ayni mi ya da farkl mi oldugu konusunda goriis ayriliklarinin olustugu gorilmustdr.

K5: Ogretmenim bu baliklar birbirinin aynisi degil ki. ikiyi béldiigiimiizde aynisi olmuyor gagalari
farkli.

K8: Hayir 6gretmenim hep ayni yerden baktigi icin 6yle goriyor.

Bu diyalog sonucunda 6gretmen resmi farkl acilarda 6grencilere goéstermis ve baliklarin simetri
olusturabilme durumu ve tamamen ayni olup olmama durumuna dair 6grencilere tek tek gorisleri
sorulmustur.Dersin devaminda baliklarin tamamen ayni oldugu goriist sinifca kabul edilmistir. Escher
resimlerinde kullandigi matematiksel kavramlari alisilmisin disinda, dlslindiirerek yansitmistir.
Dolayisiyla 6grencilerin lizerinde duslnerek ve birbirlerini yanlislayarak sonuca ulastigi goérilmustir.
Ogrenciler Escher’in resmi araciligiyla dikey ve vyatay dogrularin simetri olusturdugunu, simetri
dogrusunun nasil ¢izildigini, ayna simetrisinde aynanin dogru islevini gérdigiinii vurgulamislardir. ilk
yorumlarda 6grenciler devamli olarak dikey simetri dogrusu cizerek simetriye ulasmaya calismisglardir.
Ancak dersin sonuna dogru 6gretmenin de gosterimleriyle daire gibi cisimlerin birden fazla simetri
dogrusu oldugunu, bazilarini hem yatay hem dikey bdlerek simetri olusturduguna deginilmistir. Bu
bulgular 6gretim deneyi tasariminda belirlenen varsayim durumlarinin islendigini gdstermektedir.
Ogretmen, 6gretim sonucunda ogrencilerden simetri tanimini kendilerinin yapmasini, bu sayede
ogrencilerin zihinlerine inmek istemistir. Bazi 6grencilerin yanitlari asagida verilmistir.

K1: Resim katlandiginda aynisi olursa simetri oluyor.
K14: Bir seyin ya da nesnenin tersten gorintisidur.

K6: Bir seyin aynada tersinin gériinmesidir.
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K8: Dogru gizdigimizde karsilastirdigimizda aynisi olmasidir.
K15: Nesnelerin esidir.
K9: Birbirinin zittidir.

Ogrencilerin simetri konusuyla ilgili diger gorisleri de paylasiimaya deger gorilmiistiir. Sinifta
bulunan ikiz kardeslerin simetri olusturabilme durumu; simetri olabilmesi icin gériiniglerinin tamamen
ayni olmasi gerektigi sinifca tartisilmistir. Arastirmaci tarafindan kaydedilen diger bir gozlem ise
ogrencilerin resimlere hayranhk duydugu, glzel resimler ¢cizmeye imrendikleri ve dersin sonlanmamasi
icin 6gretmenlerine i1srarci davrandiklaridir. Simetri 6gretimi siirecinin basinda ve sonunda 6grencilerden
simetriden olusan bir desen c¢izmeleri istenmisti. Asagidaki 6rneklerde ayni Ogrencinin simetri
konusunun basinda ve bitiminde yani Escher resimleriyle islenen derslerden 6nce ve sonra gizdigi
resimler gosterilmistir.

Resim 6 Resim 7

Resim 8 Resim 9

Ogrencilerin cizdigi simetri resimleri incelendiginde, biylk c¢ogunlugunun ilk cizdikleri simetri
desenlerinin (Resim 6 ve Resim 8) daha temel duzeyde ve ders kitaplarindaki alistirmalara benzer
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nitelikte oldugu; Escher’in resimlerini inceledikten sonra gizilen simetri desenlerinin (Resim 7 ve Resim 9)
ise cok daha ayrintili ve karmasik oldugu gorilmektedir.

4.Geometrik Sekiller ve Cisimler konusuna iliskin Bulgular

Geometrik sekiller ve cisimler konusu diger konularda oldugu gibi hatirlatma ile baglamistir. ilk olarak
“Geometrik sekilleri ve cisimleri hayatimizda nerelerde gériiriiz?” Sorusu sorulmustur. Ogrencilerden
ginlik hayatlarindan 6rnekler vermeleri, bu sayede zihinlerinde olusan geometrik sekil ve cisimlerin
belirlenmek istenmistir. Bu 6gretimde sekillerin ayri ayri isimlerine ve 6zelliklerine odaklanmaktan ziyade
bir bitiin olarak geometrik sekiller kavramini hatirlatmak amaglanmistir. Ogrenciler geometrik sekillere
ornek olarak; evlerin gatisi, masa, diinyamizin sekli, trafik levhalari, yonca yapraklari, telefon, pencere,
gozlerimiz, elma, erik, beyin 6rneklerini vermislerdir. Ogrenciler yasadigi yakin ¢evreden ve kendi
viicutlarindan &rnekler vermislerdir. Ozellikle kiz 6grencilerin evlerinde bulunan esyalardan; erkek
ogrencilerin ise diinya ve ¢evre kavramlarindan drnekler vermesi dikkat ¢ekici olmustur.

Derste 6gretmenin hatirlatma amach gosterdigi resim ve etkinlikler ders kitaplarindan alinmistir. Bu
derste geometrik sekiller ve cisimler sirasiyla isimlerine ve 06zelliklerine odaklanilarak islenmistir.
Ogrencilerin kare, dikdoértgen ve dértgen kavramlarini siklikla kullandiklari ve kolayca ifade edebildikleri
ancak cok kenarli sekilleri ve Ug¢ boyutlu cisimleri fark etmede zorluk yasadiklari gézlemlenmistir.
Ogretmen, geometrik sekilleri sorarken 6grencilere siklikla “Nasil anladin?” sorusunu sormustur. Bu
sayede geometrik sekillerin her biri icin Ogrencilerin sekli ve o6zellikleri hakkinda konusmasi
saglanmistir.Ogrencilerin bu 6gretim sonucundaki disiinceleri diger konu ve etkinliklerle iliskili
oldugundan zihinlerinde olusan semalara ulagsmak arastirmaci i¢in 6nemli bir bulgudur.

O: Resimde hangi sekli gériiyorsun?
K1: Kareler var.
O: Kare oldugunu nasil anladin?
K1: Kenarlari dik oldugu icin 6gretmenim.
O: Kenarlari dik olan tiim sekiller kare mi sence?
K1: Hayir 6gretmenim dikdértgen de var.
O: Kare ile dikddrtgen arasinda ne fark var dyleyse?
K1: Karenin dort kenari da esittir.
Bir baska diyalog 6rnegi;
O:Bu drnekte gordigiin sekil nedir?
K20:Altigen gériyorum 6gretmenim.
O:Nasil anladin?
K15:Clnkd alti tane kenari var
O:Kenarlari hakkinda ne séyleyebilirsin?
K15:Hepsi birbirine esit (uzun siire diistindiikten sonra bu yaniti verir).

Diyaloglarda gorildiugi tzere ogrenciler resimlerdeki geometrik sekilleri fark edebilmisler, kare ve
dikdortgeni ayirt edebilmisler ve cokgenler ile ilgili bilgi sahibi olduklarini da géstermislerdir. ilk olarak
daha cok iki boyutlu sekilleri eserlerinde kullanan Kandinsky’nin Black and Violet (Ek 11), Composition-
VIII-1923 (Ek 12) ve diger bir galismasi gosterilmistir. Sonrasinda ise ¢alismalarinda ¢ boyutlu cisimleri
sikhkla kullanan Escher’in Study for Stars (Ek 13) ile Verbum-1942 (Ek 14) eserleri gosterilmistir. Sanat
resimleriyle islenen dersler sonucunda 6grencilerin kavramlar (¢ boyutlu olarak degil genellikle iki
boyutlu olarak belirttikleri dikkat ¢cekmistir. Escher resminde U¢ boyutlu olarak kare, Giggen prizma, kip
ve daire gibi cisimleri kullanmistir ancak 6grenciler kare prizma yerine yalnizca kare, lGiggen prizmaya
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licgen demekle yetinmislerdir. Kandinsky’'nin iki boyutlu cisimlerin yogunluklu olarak eserlerinde ¢okga
kullanilan geometrik sekiller 6grenciler tarafindan daha kolay fark edilmistir. Resimlerde licgen tirlerinin
fark edildigi, incelendigi dikkat ¢ekmistir. Kandinsky eserlerinde tek tip sekil ve cisim yerine farkl
tirlerine yer vermistir. Dairelere ek olarak yarim daireler de 6grenciler tarafindan siklikla fark edilmistir.
Bu bulgular sonucunda 6grencilerin iki boyutlu cisimleri ic boyutlulara gére daha kolay algilayabildigi
gorlilmugtdr.

Tim derslerin bitiminde gergeklestirilen “Kendi geometrik pizzamizi olusturalim” o6devi igin
ogrencilerin yanitlari Tablo 2’de gosterilmistir. Beyaz bir kagit ya da plastik tabak Gzerine asagidaki
tabloda belirtilen malzemelerden en az bes tanesini kullanmak sartiyla bir pizza hazirlatilmistir. Her bir
malzeme bir geometrik sekil ya da cismi temsil etmektedir. Ornegin pizzasina sucuk koymak isteyenler
bunu kare prizma ile temsillendirecektir.

Tablo 2.

Geometrik Sekiller ve Cisimler ile Temsili Malzemeler
Peynir Domates sosu Mantar  Misir Sucuk Baharat Sosis Biber
Daire  Kip Besgen  Dik iiggen  Kare ikizkenar Dikdértgen Uggen

Prizma  Uggen Prizma

Odevlerin incelenmesi sonucunda 6grencilerin cogunlukla iki boyutlu sekilleri temsil eden
malzemeleri kullandiklari yani genellikle iki boyutlu sekilleri gizdikleri; (¢ boyutlu cisimleri yapmaktan ise
genellikle uzak durduklar gérilmistiir. Ogrencilerin altisi i boyutlu cisimleri olusturmus, cisimlerin
ozelliklerini de defterlerine diizglin bir sekilde yazmistir. Ancak geri kalan dokuz 6grenci, 6édevinde
yalnizca iki boyutlu sekilleri kullanmistir. Her iki duruma 6rnek olarak Sekil 1 ve Sekil 2 gosterilmistir.

Sekil 1 Sekil 2

Bu etkinlikle ilgili olarak 6grencilerin akademik basarilari arasindaki farka da deginmek gerekmektedir.
Sekil 1’i olusturan 6grenci Sekil 2'yi olusturan 6grenciye gére akademik olarak daha basarilidir.
Dolayisiyla geometrik sekiller ve cisimler konusundaki etkinliklerin akademik basariyla iliskilendirilmesi
hakli gérilmektedir.

5.Dijital Etkinlik Uygulamalarina iliskin Bulgular

Arastirmada son olarak 6grencilerden geometrik sekil ile farkli yapi ve ortintiiler olusturmaya yarayan
Interactive Tesselation internet programini kullanarak kendi desenlerini olusturmalari ve isim vermeleri
istenmistir. Olusturulan bir mozaik (Sekil 3) sonucunda 6gretmen ile bir 6grenci arasinda gecen bir
diyalog:
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O: Bu 6riintiiniin kurali nedir?

K3:Bir turuncu kare bir sari kare

O6gretmenim
O: Peki hangi sekilleri gériiyorsun?
. [Mode
* Edit Edges K3:Ben kareyi segip yapmistim.

Edit Corner 0:Ama baska sekiller de var gibi duruyor,
Shape ne dersin?

Triangle K3: Simdi gérdim evet aralarda tiggen de

* Rectangle | olustu ! (sasirarak)
Hexagon

Programda kare ve uggende iki renkli
orintu olusken altigen secildiginde (i¢c renkli
oriinti olustugu o6grenciler tarafindan fark

Colors; |Yellow ¥ | |Orange ¥ edilmistir. Sebebi, kare bir diizlemde altigenin
Sekil 3 oruntu olusturmasi igcindaha agik bir ifade ile
diizlemde 120 derecelik agilar olusturdugu ve

acisal dondiirmeye olanak tanidigi icin g farkli rengin kullanilmasi gerektigidir.

Reset Edit Information

Sekil 4. Puzzle par¢alart Sekil 5. Deprem hareketi

Sekilleri tanimlarken 6grencilerin olusturduklari sekillere verdikleri isimler yazilmistir. Bu arastirma
kapsamina alinan geometrik sekilleri isim olarak kullandiklari ancak simetri kavramini kullanmadiklari
gorilmistir. Sekiller incelendiginde 6grencilerin uygulamayi etkin bir bicimde kullanabildigi, kompleks
yapilar olusturabildigi gérilmistir. Ogrencilerin bircogu, uygulamada sekil olusturma etkinligini yalnizca
o6dev olarak bir kez yapmakla kalmamislar ve defalarca yeni sekiller olusturarak 6gretmenlerine
iletmislerdir. Buradan, 6grencilerin dijital yapi temelli etkinlikleri 6grenme ve gelistirme konularina daha
yatkin olduklari sonucu gikarilabilir.
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Sekil 6. Simsek Oriintiisii Sekil 7. Ucgen Diinyast

Dijital uygulamada yer alan lggen, kare ve altigen sekillerinin her birinin 6grenciler tarafindan
kullanildigr goralmustir. Ancak altigen kullanarak desen olusturan 6grencilerin sayisi lGggen ve kare
kullananlara goére daha azdir. Ogrenciler genellikle Giggen ya da kare seklini kullanarak desen yapmay
tercih etmislerdir.

6.0gretim Deneyi Sonucundaki Ogrenci Deneyimlerine iliskin Sonuglar

Arastirmada son olarak o6grencilere dagitilan anket formundan elde edilen bulgularin sonuglari
asagida aciklanmistir. Ankette bulunan ilk soru “Sanat resimleri ve farkh etkinlikleri kullandigimiz
matematik dersini islerken nasil hissettin?” sorusudur. Ogrencilerin genel olarak sanatla islenen
matematik derslerinde eglendigi ve derslerin bitmemesi icin tepkilerde bulundugu arastirmaci tarafindan
gozlemlenmisti. Bu konu ile ilgili 6grencilerin verdigi yanitlara Sekil 8 ve Sekil 12 o6rnek olarak
gosterilmigtir.

\ e
5 4 ' ¥ e
Lt s e lmea  fratemanic  sesele 1otes L4
o Dty b e L ,
3 \ - .
] \ X512 ot etler |t
| \ BT
I - \ = AeriVede  dan eDaramie e ;
re . Cuniar .‘-_~,t ma'eraas s { k ¢ A
i iz . > X e
e ; Hy e we b
€4 ol  Ccazimaa "Rkl il Slenasi LLZ il
-l -
BOrs Txt ppps 8 =\ ‘-‘;7.._“ 2 \au 0ia" ra S
» 4 - -

Sekil 8. K8'in yaniti

Sekil 9. K12 ’nin yaniti

Ornek yanitlarda da goriildigi Gizere dgrencilerin hemen hemen hepsi sanatla islenen matematik
derslerinde ¢ok eglendigini, heyecanlandigini ve keyif aldigini belirtmistir. Arastirmaci gozlemleri de bu
sonuglari dogrular niteliktedir. Calismanin olumlu bir sonucu da hem matematigi seven ve basaril
ogrencilerin hem de akademik anlamda daha az basarili olan veya matematige cok ilgi duymayan
ogrencilerin sire¢ sonunda memnun bir sekilde kendilerini ifade edebilmesidir. Bunun disinda bir
ogrenci sasirdigini ¢linkl gosterilen sanat resimlerinde ilk basta o6rintli ve simetri konularini
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dustinmedigini; bir 6grenci ders degil de oyun oynuyormus gibi hissettigini belirtmistir. Ankette bulunan
ikinci soru “Sence bu etkinliklerin sana katkisi oldu mu? Ya da daha mi kolay ya da daha mi zordu senin
icin?” sorusudur.

Sekil 10. K2 'nin yanit1

Sekil 11. K5 ’in yaniti

Ogrencilerin hepsi sanatla islenen matematik derslerinde zorlanmadigini, daha iyi 6grendigini ve
katkisi oldugunu belirtmislerdir. Buna ornek olarak K2'nin yanitiyukarida goésterilmistir. Yalnizca bir
6grenci biraz zorlandigini ifade etmistir (Sekil 11).

Ankette bulunan son soru “Matematik dersinde baska hangi konulari sanat resimleri ve etkinlikleriyle
dgrenmek istersin?” sorusudur. Ogrenciler zaman, diizlem, cetvel, dért islem ve diger tim matematik
konularini sanat araciligiyla islemek istediklerini belirtmistir.

Sekil 12. K13 iin yanit

Sekil 13. K6 ’nin yaniti

Sekil 12 ve Sekil 13’te gorildugi Gizere 6grenciler genel olarak matematik konularinin sanat eserleri
kullanarak islenmesini istemektedir. K13'Un yanitina bakildi§inda 6grencinin matematik ve sanat
birlesimini iceren etkinlikler noktasinda kendini gelistirmeye oldukga hevesli oldugu goriilmektedir. Bu
sonug da bu arastirma siirecinin 6grencileri duyussal olarak da tatmin ettigini aciklar niteliktedir.
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Tartisma ve Sonug

Bu arastirmada dordinci sinif 6grencilerin sanat eserleri araciligiyla 6rinti, simetri, geometrik
sekiller ve cisimler konularindaki uygulamalarinin degerlendirilmesi amaciyla 6gretim deneyi
gerceklestirilmistir. Arastirmada ilk olarak 1sinma dersi olarak adlandirilan 6riint(, simetri ve geometrik
sekilleri hatirlatmayi hedefleyen Escher’in ve Kandinsky’nin eserlerine dayali baslangi¢ dersi islenmistir.
Dersin sonucunda oOgrencilerin Ozellikle orinti ve geometrik sekiller konularini hatirladiklari ancak
simetri konusuna iliskin kavramlara deginmedikleri gbdzlemlenmistir. Escher eserlerinde (st diizey
matematiksel kavramlarin yaninda oriintiilere ve geometrik sekillere yer vermektedir (Escher, 2005).
Ogrencilerin de bu kavramlar hatirlamasi ileriki haftalarda islenecek dersler igin etkin bir temel
olusturmaktadir. Yiratulen 6gretim deneyleri sonucunda matematik derslerinde disiik performans
sergileyen 0Ogrencilerin derslere ve etkinliklere daha zor adapte oldugu; akademik olarak basarili
ogrencilerin ise motivasyonlarinin yiksek oldugu ve siirecte keyif alarak ilerledigi g6zlemlenmistir. Galig
(2020) tarafindan vyapilan arastirmada oyun ogeleriyle zenginlestirilmis matematik etkinliklerinin
ogrencilerin matematik dersi akademik basarisi, matematige yonelik tutum ve motivasyonlarina etkisi
incelenmistir. Sonucta da bu arastirmada elde edilen sonuglara benzer bulgulara ulasilmistir.
Arastirmada tiim sirecin online yiritilmesi sebebiyle bazi 6grencilerin 6zellikle baslangic derslerinde
uyum saglamakta zorlandig tespit edilmistir. Nitekim arastirma bulgulari birgok 6grencinin pandemi
doéneminde uzaktan egitim slirecinde bircok derste motivasyon kaybi yasadigini, derslere ve siirece
adapte olmakta zorlandigini ortaya koymustur (Arslan & Sumuer, 2020; Bakioglu & Cevik, 2020;inci Kuzu,
2020; Ozdogan & Berkant, 2020).

Arastirmanin birinci 6gretim deneyi sirecini olusturan 6rinti derslerine iliskin birka¢ sonug elde
edilmistir. Oriintii konusundaki énciil hipotezler &grencilerin resimlerdeki 6riintiileri fark etmeleri ve
orintl olusturabilmeleridir. Escher’in resimlerini goren 6grencilerin érintilere iliskin karisik, karmasik
gibi sozclkleri sikga ifade ettikleri gortlmistiir. Escher’in eserlerinde nesnelerin i¢ ice gegcmesi, farkli
boyutlarindan olusmasi gibi durumlar sikhikla kullanilmistir (Escher, 2005). Bu sebeple 6grencilerin bu
kavramlari kullanmalari normal bir sonugtur. Ogrencilerin ilk etapta zorlandiklari ancak sonrasinda keyif
aldiklari ve tekrar tekrar resimlere bakma talebinde bulunduklari gézlemlenmistir. Ogrenciler etrafindaki
oruntilere 6rnek olarak genellikle evlerinde bulunan nesneleri belirtmislerdir. Ayni bulgulara simetri ve
geometrik sekiller konularinda da ulasiimistir. Dersleri evde online olarak islediklerinden, en yakin ¢evre
olgusu ev oldugundan bu yanitlar sasirtici degildir. Ozellikle kiz 6grencilerin ev esyalarindan; erkeklerin
ise uzay, gezegen ve dis diinyadan nesnelerden o6rnekler vermesi dikkat cekici olmustur. Escher
resimlerine dayali islenen dersler sonucunda 6grenciler tarafindan gizilen 6rinti sekillerinin 6nceki
derslerden farkli olarak belli bir kurali ve diizeni oldugu, dogru, net ve daha estetik oriintiler gizildigi
gozlemlenmistir. Buna goére o6grencilerin ilk etapta Orlnti kavramina iliskin yanilgi yasadiklari
gorilmistir. Arastirmada orinti dersleri islenirken, sanat resimleri tartisilarak, értintiilerin ve kurallarin
ne olduguna iliskin agiklamalar getirilerek ders islenmistir. Bu dersten sonraki 6rintl resimlerinde
fraktallarin sikca kullanildigi goze carpmaktadir. Ozellikle akademik basarisi yiiksek ogrencilerin
cizimlerinde daha karmasik ve detayli orintilerin yer aldigi ve fraktal kullaniminin daha fazla oldugu
belirlenmistir. Karakus (2013) tarafindan ortaokul ve lise 6grencileri ile yuritilen arastirmada
dgrencilerin fraktali tanimlamada ve belirlemede zorluk yasadiklari ortaya koyulmustur. Oriinti
turlerinden fraktallar ilkokul ikinci kademeden itibaren 6gretilmekte olup matematik ve geometriye olan
bakis acisini degistirebilmektedir (inci Kuzu vd., 2017). Fraktallar &grencilerin matematik bilgisini
derinlestirir, diger bircok matematik konulariyla birlestirmeye olanak tanir ve eglenerek matematik
yapmalarini saglar. Bu sebeple oriintii konusu islenirken fraktallara deginilmesi, buna dair etkinlikler
yapilmasi 6nemlidir.

Arastirmanin simetri kavramina iliskin sonuglarina bakildiginda 6grencilerin simetri konusunu
anladiklari ancak &riintii ile karistirdiklari gérilmistiir. Ogrenciler ilk gizdikleri simetri desenlerinde
genellikle oriintli veya orlntlye benzer desenler ¢izmislerdir. Bu beklenen bir sonug sayilabilir ¢linki
Escher’in resimlerinde birden fazla matematik kavramini yer alabilmektedir. Ayrica arastirmada Escher’in
oriintli ve simetriyi birlikte iceren eserlerinin gésterilmesi de bu sonucu agiklayabilir. Oriintii ve simetri
konulari her ne kadar birbirinden bagimsiz konularmis gibi islense de aslinda birbirlerini tamamlar
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nitelikte olan déniisiim geometrisinin temelini olusturmaktadir. Oriintliyi olusturan desenler 6teleme,
donme, yansima simetri ¢esitlerini kullanarak desen olusturur (Bassarear, 1995). Orton‘a (1999, akt.
Kabael &Tanigh, 2010)gore orintiiler konusu simetri ya da tekrarlama ile agik bir sekilde anlatilabilir. Bu
sayede Ogrenciler 6riintl ve simetri arasindaki iliskiyi de agiklayabilir . Aragtirmada 6grenciler simetride
kullanilan sekilleri ayni zamanda 6nceki derslerde isledikleri 6riintli konusuyla iligkilendirmislerdir. Bu
sonug, 6grencilerin elde ettigi bilgileri transfer edebildigini géstermektedir. Ogrencilerin ilk cizdikleri
simetri desenlerinin daha temel diizeyde ve ders kitaplarindaki alistirmalara benzer nitelikte oldugu;
Escher’in resimlerini inceledikten sonra cizilen simetri desenlerinin ise ¢ok daha ayrintili, yaratici ve
karmasik oldugu, daha ileri diizey sayilabilecek ¢izimler oldugu soylenebilir. Atasay ve Erdogan (2017)
tarafindan ydiritilen arastirma sonucunda o&grencilerin simetri kavramini daha iyi algiladigi, akil
yuritme, iletisim ve psikomotor becerilerinin gelisimini destekledigi sonucuna ulagiimistir. Escher in
eserlerinin kullanildigi simetri konusunun temel alindig1 deneysel ¢alisma sonucunda 6grencilerin bilgiyi
derinlestirme ve transfer etme, yaraticilk, matematiksel bilgiyi gercek hayata uyarlama ve pratik
6grenebilme konularinda gelisme gosterdikleri tespit edilmistir (Hall &Pais, 2018). Benzer sekilde Heally
(2004), ilkokuldaki oOgrencilerin matematige karsi tutumlarinda sanatin etkisini Escher’in simetri
konusundaki gesitli resimlerinden yararlanilarak deneysel bir calisma ylritmistir. Calisma sonucunda
Ogrencilerin sosyal ve biligsel ydonden olumlu gelisimler oldugu, dersin ilgi ¢ekici ve ilging oldugunu
duslindukleri tespit edilmistir. Gullat (2008) tarafindan yapilan arastirmada Ogrencilerden sanat
araciligiyla simetri kavramini kesfetmeleri istenmis ve sonugta sanat baglamini kullanarak simetriye
ulastiklari ve uzamsal disiincelerinin gelistigi tespit edilmistir. Buna gore belirtilen arastirma sonuglari
bu arastirmada elde edilen sonuglarla paralellik gostermektedir.

Geometrik sekiller ve cisimler sonuglarina bakildiginda 6grencilerin kavramlari (i¢ boyutlu olarak degil
genellikle iki boyutlu olarak belirttikleri dikkat ¢ekmistir. Escher,eserlerinde (¢ boyutlu olarak kare,
licgen prizma, kiip ve daire gibi cisimleri kullanmistir ancak 6grenciler kare prizma yerine yalnizca kare,
licgen prizmaya Ug¢gen demislerdir. Kandinsky’'nin eserlerindeise iki boyutlu cisimlerin yogunlukta olmasi
sebebiyle geometrik sekiller 6grenciler tarafindan daha kolay fark edilmistir. Resimlerde tggen tirlerinin
diger sekillere gére daha kolay fark edildigi ve incelendigi dikkat cekmistir. Kandinsky eserlerinde tek tip
sekil ve cisim yerine farkli tiirlerine yer vermistir (Kandinsky, 1947). Dairelere ek olarak yarim daireler de
ogrenciler tarafindan siklikla fark edilmistir. Bu bulgular sonucunda 6grencilerin iki boyutlu cisimleri (¢
boyutlulara gére daha kolay algilayabildigi goérilmustiir. Ogrenciler genellikle {ic boyutlu sekilleri iki
boyutlulara goére daha zor algilarlar. “Kendi geometrik pizzamizi olusturalim” etkinligi sonucunda
ogrencilerin lg¢ boyutlu cisimlerden ziyade g¢ogunlukla iki boyutlu sekilleri temsil eden malzemeleri
kullandiklari gérilmustir. Literatiirde ilkokul diizeyinde benzer bir arastirma bulgusuna rastlanmamistir
ancak ozellikle geometrik cisimler konusu bagta olmak lzere geometri konularinin 6gretilmesinde bazi
sorunlar yasandig bilinmektedir (Evirgen, 2014; Gokkurt vd., 2015;Yilmaz vd., 2000). Diger sonuglarla
benzer olarak geometri derslerinde ve etkinliklerinde de akademik basarisi yiksek 6grencilerin daha
belirgin cizimler ortaya cikardigl, geometrik cisimleri sekillere gore daha kolay ayirt edebildigi ve
kullandig gozlemlenmistir. Bostanci, Kuzu ve Sivaci (2020) tarafindan sekizinci siniflar ile yiritilen
arastirmada ve Kilig (2003) tarafindan yapilan ve ilkokul 6grencileri ile gergeklestirilen arastirmada
akademik basari ile geometrik akil ylritme arasinda pozitif iliski tespit edilmistir.

Interactive Tesselation isimli internet programi temelli etkinligin amaci, 6grencilerin bu arastirma
kapsaminda ele alinan simetri, 6riinti ve geometrik sekiller konusunu dijital bir etkinlik temelinde
alistirmalar yapmalarini saglamaktir. Bu sayede 6grenciler, daha 6zglir bir etkinlik temasi ile bu derse
kadar isledikleri konulari da kapsayan kendi 6zgiin desenlerini olusturmuslardir. Matematik 6gretimine
teknolojinin eklenmesi ilk etapta hesap makineleriyle kendini gostermis olup devaminda matematik
konu ve kavramlara uygun bircok yazihm gelistirilmistir. Yapilan arastirma sonuglarinda matematik
konularinin teknoloji destekli Ogretilmesiyle 6grencilerin motivasyon ve basarilarinin arttigi elde
edilmistir (Aktimen & Kagar, 2003; Machin & Rivero, 2002; Yiksel vd., 2016). Tim bu sonuglar
incelendiginde matematigi dijital anlamda da sanatla butlinlestirmenin 6neminin {zerinde durmak
gerektigini ongérmektedir. Arastirmada kullanilan program, dijital olmasi sebebiyle baslangictan itibaren
tim oOgrencilerin ilgisini ¢ekmistir. Dijital yerliler (Prensky, 2002) olarak isimlendirilen dijital cagda
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bilylyen gocuklar, dncekilerden farkh bilissel yapi, ilgi odaklari ve aliskanhklara sahiptir (Kula & Erdem,
2004). Yapilan arastirmalarda gocuklarin dijital etkinlik ve oyunlara daha istekli oldugu ve problem
¢b6zme, karar verme, teknolojik yatkinlig artirma, motive etme konularinda artig oldugu (Akcay &Ozcebe,
2012; Sahin &Tugrul, 2012;Tuzln, 2002), geometri konularinin bilgisayarla desteklenmesinin 6grencilerin
dgrenmelerine destek sagladigi (Gokkurt vd., 2012) tespit edilmistir. Ogrenciler, programda tasarladiklar
desende hangi sekillerin kullanildigini, 6rintld kuralinin ne oldugunu, simetri dogrusunun nereden
cizildigini belirtmislerdir. Ozellikle erkek dgrencilerin bu derste daha etkin oldugu da gézlem sonuclari
arasindadir. Bu durum, erkek 6grencilerin online ortamda daha fazla vakit gegirmesi ve dolayisiyla biraz
daha fazla yatkinlik kazanmasiyla yorumlanabilir (Dinicola, 2004;Morahan-Martin & Schumacher, 2000).
Ogrencilerin, programda cizdikleri desenlere verdikleri isimler incelediginde, yaratici ve farkl isimler
kullandiklari, genellikle geometrik sekillere dayal isimlendirmeler yaptiklari gortlmustiir. Bu olasi bir
sonugtur ancak oriintd, tGggen, kare, dortgen gibi kavramlari sik kullanmalarina ragmen simetri, altigen,
besgen kavramlarini neredeyse hi¢ kullanmamislardir. Bunun sebebinin ise gilinlik hayatta karsimiza
cikan geometrik sekillerin genellikle doértgen ya da lggen olduklari dolayisiyla bu sekillere daha asina
olunmasi sebebiyle 6grencilerin bu sekilleri daha sik kullanma egiliminde olduklari distiniilmektedir.

Anket formunda yer alan iki soru sanat resimleri kullanilan matematik dersini islerken 6grencilerin
nasil hissettigini, zorlanip zorlanmadigini ve onlara katkisi olup olmadigini belirleyen sorulardir. Bunlar
sonucunda o6grencilerin hemen hemen hepsi sanatla islenen matematik derslerinde keyif aldigini,
zorlanmadigini, daha iyi 6grendigini, matematige bakis acisinin degistigini ve oyun oynuyormus gibi
hissettigini belirtmistir. Ogrencilerin ¢ogu 6zellikle pizza etkinliginde ve dijital materyal kullanilan son
etkinlikten cokca keyif aldigini belirtmistir. Ogrencilerin sanat temelli islenen derslerde keyif almasi ayni
zamanda motivasyonlarininda yiiksek oldugunu isaret etmekte olup bu bulgular diger arastirma
sonuglariyla 6rtiismektedir (Gelineau, 2012; Heally, 2004). Diger bir sonuca gére Ogrenciler zaman,
dizlem, cetvel, dort islem ve diger tiim matematik konularini sanat araciligiyla islemek istediklerini
belirtmistir.Ogrencilerin, etkinlikler boyunca i¢ boyutlu cisimler konusunda zorluk yasadigi fark edilmisti.
Buna ragmen bu etkinliklerde eglendiklerini belirtmeleri sasirtici olmakla birlikte olumlu bir sonugtur. Bu
sonuglar gosteriyor ki 6grenciler bir konuda her ne kadar zorlansa da 6gretmenler o konu ile ilgili etkinlik
ve cesitli uygulamalar araciligiyla 6grencide olumlu tutum gelistirebilir ve konuyu daha anlasilir hale
getirebilir (Surticti & Unal, 2018).0grencilerin zorluk yasadigi konulardaki bilgileri, o konu ile ilgili yapilan
etkinlikler cergevesinde olusur ve sekillenir. Bu sebeple 6gretmenlerin hangi konuda hangi etkinligi hangi
tasarimi bilmeleri ve yol gdstermeleri dnemlidir.

Arastirma sonuglari incelendiginde 6grencilerin dogrudan ya da dolayli olarak matematigin sanatla
islenmesi konusunda olumlu disiinceleri ve ele alinan konu ve kavramlar kapsaminda gelisimlerinin
oldugu gorilmistir. Ogrenciler formel anlamda matematik ile sanat arasindaki iliskiden haberdar
degildirler. Bu sebeple 6grencilere matematigin sanattaki yansimalari ve matematikte de estetigin
oldugu fark ettirmeli, ilkokul matematik etkinliklerinde sanat ve estetigin matematikle harmanlanip
sunulmaldir (Alyesil Kabakgi &Demirkapi, 2016). Bu arastirmada elde edilen sonuglar, 6grencilerin sanat
eserleriyle harmanlanmis matematik dersine iliskin motivasyonlarinin yiiksek oldugunu géstermektedir.
Sanat eserleriyle islenen matematik derslerinde 6grencilerin motivasyonlarini artirdigi  birgok
arastirmada da ortaya konmustur (Atasay &Erdogan, 2017; Gustlin, 2012; Heally, 2004; Posner vd.,
2008; Priolo, 2009). Matematik, giris bolimiinde de agiklandigi (izere yalnizca sayilardan ve islemlerden
olusmayan; hayatin her alaninda kendisine yer edinmis bir alandir. Ogrencilerin, matematiksel bilgileri
o6grenmeleri kadar matematige karsi motive edilmeleri de olduk¢a ©6nemlidir. Sanat ise bunun
yollarindan sadece bir tanesidir. Bu arastirmada ilkokul 4.sinif 6grencilerine oriintii, simetri ve geometrik
sekiller ile geometrik cisimler konularinda sanat eserlerine dayali 6gretim deneyi tasarlanmistir.Ogretim
deneyi sonucunda matematigi sanatla bulusturan etkinliklerin 6grencilerin zihninde olusturdugu yapilar
ortaya cikarilmistir. Matematik arastirmalarinda kullanilmasi olduk¢a uygun olan bu desen, yalnizca
sanat kapsaminda degil matematigin bir¢cok alaninda ve konusunda; farkli bakis agilari da eklenerek
kullanilabilir. Matematik ve sanat konusunu birlestiren arastirmalarda ilkokul dizeyine iliskin yerli
literatlirde herhangi bir calismaya rastlanmamis olup uluslararasi literatiirde de olduk¢a az sayida
calismanin ydrataldigu gorilmistir. Bu konu ile ilgilenen arastirmacilarin farkli konu ve kavramlari
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temel alarak, farkli sinif diizeyindeki 6grenciler ile ¢alisma gergeklestirmeleri 6nerilir. Ayrica dersin
ylratictsit 6gretmenlerin de bu konuda tavir ve tutumlarinin 6nemli oldugu disinilerek 6gretmen
ornekleminden olusan galismalarin da alana katki saglayacagi dustinilmektedir.

Bu arastirmanin planlanmasi, verilerin toplanmasi, analizi ve raporlanmasi sirasinda “Yiiksekdgretim
Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”’nde yer alan etik ilke ve kurallara uyulmustur.
Bilimsel Arastirma ve Yayin Etigi'ne aykiri herhangi bir uygulama yapiilmamis ve arastirmaya katilan tim
bireysel katilimcilardan bilgilendirilmis onam alinmistir.

NOT: Bu arastirmayi gerceklestirmemde 6nemli katkilari bulunan ve siire¢ boyunca 6gretim igerikleri
konusunda benimle is birligi yapan degerli 6gretmen arkadasim Sevtap Yavuz'a tesekkiir ederim. Buna
ek olarak, calismamin yol kat etmesine firsat veren ve degerli dnerilerini benimle paylasan hakemlere
sonsuz tesekkur ve saygilarimi sunarim.
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EKLER

Calismada kullanilan eserler, metinde belirtildigi gibi 1’den 15’e kadar siralanmistir.
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