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The aim of the present study is to examine the impact of instruction with visualization
of identities in form in mathematics on students’ achievement and opinions. The study
employs an explanatory design, a mixed method, through which qualitative and
guantitative data were collected and analysed. Quantitative data in the study were
obtained using the Identities and Binomial Exponential Achievement Test to determine
the effect of visualization-assisted instruction on students’ academic achievement.
Qualitative data, regarding the student views on the subject, were collected through a
structured interview form. Participants of the study, 53 students, were selected by
appropriate sampling method among the first-year univeristy students. The t-test and
one-way covariance analysis were used to analyse the quantitative data and the
content analysis method was used for the qualitative data. The results obtained from
quantitative data indicated that instruction of algebraic expressions through
mathematical visualization increased student achievement in comparison to
traditional instruction. On the other hand, the qualitative data indicated that
visualization facilitated a positive development in instruction of algebraic expressions,
rendered the teaching process to be more interesting and enjoyable and led the
students to acquire conceptual learning skills instead of memorizing.
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Bu calismanin amaci, matematikte bigcimindeki 6zdesliklerin gorsellestirme kullanilarak
yapilan 6gretiminin 6grencilerin basarisina etkisini ve bu cergcevede Ogrencilerin
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gorsellestirmenin cebirsel ifadelerin 6gretim surecini olumlu yonde gelistirdigi, 6gretim
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Introduction

Mathematics is a universal language based on symbols and figures. It involves processing (organizing,
analysing, interpreting and sharing), generating and estimating data, information and knowledge, as
well as solving problems, through using this language (Ministry of National Education [MNE], 2009).
Mathematics is often regarded as a course away and detached from real life, and also considered as a
lesson which students just want to get the required grades to pass exams but do not want to meet and
learn again in the rest of their lives (Durmus & Karakirik, 2006). It is quite difficult to concretize abstract
mathematical concepts (unknowns, algebraic expressions, etc.) in the mind and be able to give meaning
to these concepts (Konyalioglu, 2003). One of them is the concept of identity. Indeed, the concept of
identity has been defined by the Turkish Language Association (TLA) as "an equality of which both sides
are the same, or an equality that takes numerically equal values on its both sides regardless of the
numerical values that are given in letters" (TLA, 2017).

In order for a mathematical concept to be fully learned, the individual must first fully understand and
interpret the relevant concept in his/her mind. This can be achieved by bringing the individual's mental
development to a certain level. It is difficult to concretize abstract mathematical concepts in the mind
and give meanings to these concepts. The learning of abstract concepts in mathematics requires a high
level of cognitive activities. The concretization of abstract concepts as much as possible can be used to
address this difficulty (Konyalioglu, 2003). In this framework, there has been a considerable change in
the thought of what mathematics is and how it should be taught. Mathematical information is divided
into small skill particles and then given to students, in traditional understanding of mathematics
education. Students are expected to repeat this information through exercises and homework. Each
question has a single answer, which is found using a pre-defined response method. Thus, a student who
answers the maximum number of questions in the shortest way with the fastest time would be the most
successful student among others. So, students have to learn these fastest and shortest ways of
answering exam questions from their teachers who know the best and right way for teaching these
methods (Olkun, Yildiz, Sari, Ugar & Turan, 2014, p. 1544). Kog and Baser (2011) stated that planning a
rich and conspicuous learning environment, in terms of course material and instruction with the aid of
visual or auditory means, accelerated and facilitated the systematic information processing in students’
minds and makes the process more enjoyable for them.

The importance of visualization through geometric representations in teaching of algebra, which is
one of the basic learning areas of mathematics, cannot be denied. Algebra fundamentally aims to help
students be aware of the meanings of symbolic and graphical representations, use them to find
mathematical outcomes and associations, and express these results and associations with symbols and
graphics. On the other hand, geometry fundamentally aims at recognizing the properties of geometric
objects in plane and three dimensional spaces, finding relations between them, defining geometric
location, explaining and expressing transformations, and proving geometric propositions (Baki, 2008, pp.
333). Visualization plays an important role, especially in the animation of mathematical concepts and in
discovering concepts and revealing relationships between them. Analytical approach, on the other hand,
rarely encourages students to create an image of educational activities in their minds, or even when the
student is encouraged to do so, they may have difficulties to create a mental image with little visual
support provided by teaching materials (Hamersma, 2002).

Students might be actively engaged in research concepts or objects (abstract or concrete) for making
learning take place in their minds. Visualization aims to make students concretize more challenging
mathematical concepts in their minds, and increases their level of interaction with these concepts.
However, visualization is mostly created in the form of static media (such as drawings on paper or
blackboard). This requires the relevant discovery and manipulation mostly to be performed in their
minds, thus provides limited discovery opportunity and reduced epistemic benefits. Therefore, static
visualization may be insufficient to involve students in discovery activities that assist positive learning
experiences. Particularly at an early age, students' visualization and cognitive abilities are in the first
stage of development, so they may face greater problems (Liang & Sedig, 2010).
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Visualization is a completely positive factor in learning mathematics, but it is not an unpredictable
outcome. Having an audible, well-planned visual model or commentary to illustrate mathematical
concepts with examples can help students develop their rules and then may increase personal
facilitation after instructional activity with such a model. Students will then have something they can
apply to test their hunches, thus mathematics begins to carry a personal meaning (Hamersma, 2002).
Although concretization of mathematical concepts does not seem possible for all subjects, but even
trying to make them semi-concrete will provide students with facilities for learning and teaching
concepts (Yenilmez & San, 2008). The most important advantage of visualization in mathematics is that
it makes a very abstract concept less abstract or concrete. This process is especially important for
students who try to understand abstract mathematical concepts (Tasova & Delice, 2011). Visualization,
discovery of mathematical problems, and interpretation of mathematical concepts and relationships
between them can be a powerful tool in mathematical education. Visualization allows reducing
complexity while dealing with a large amount of information (Rosken & Rolka, 2006). Visualization
improves individuals’ abilities to think dimensionally. Student-centred, interrogative teaching and
application of non-rote learning education on the basis of two or three-dimensional thinking increase
the teaching quality of identities in secondary and high schools. The placement of the concepts of figure
and dimension affects the child's thought world and cognitive development positively, thus enhances
the child's ability to think in two or three dimensions. A child who develops his/her ability to think in two
or three dimensions acquires the ability of information exchange and collective discussion consciousness
by looking at events from different perspectives (Ozdemir, Duru & Akgiin, 2005). Visualization can be
accomplished in three basic ways: Shapes or graphics, animations, and computer software programs.
Shapes or graphics are the presentations of abstract or algebraic expressions with the help of geometric
models. Animations are the dynamic representations of the geometric models of abstract or algebraic
expressions as a motion or action. From these approaches; the shapes or graphics approach includes
fixed shapes, the animations approach consists of moving shapes, and the computer software programs
approach contains geometric (fixed and mobile) shapes and algebraic solutions (Konyalioglu, 2003).

The formation of basic algebraic concepts and development of algebraic thinking in students are
closely related to algebra teaching which starts in primary education (Uyganor & Ovez, 2012). However,
Dede, Yalin and Argin (2002) conducted a study in the field of algebra teaching, and stated that
students had difficulties in understanding symbols of algebraic expressions, expressing algebraically a
problem and using algebraic methods. Moreover, Yenilmez and Avcu (2009), in a similar study, pointed
out that students had problems in understanding the problems of "establishing equations and learning
to how solve these equations" in the field of learning algebra. The lack of visualization applications in
educational and training activities, which are performed using chalk and blackboard and traditional
teaching methods, urgently needs to be handled particularly in algebra and geometry courses. In this
context, the assumptions that students fell conceptual confusion in teaching activities in the field of
algebra and geometry and have insufficient knowledge to associate geometric forms with algebraic
expressions come into prominence, and thus it is thought that supporting mathematics lessons with
geometric display-based activities will increase students’ success levels. In this regard, it is necessary to
examine the effects of the learning approach through teaching with geometric representations on
mathematical success of students, and evaluate their views on this subject. In this respect, it becomes
necessary to examine the effects of visualization assisted instruction on achievement in mathematics
and to evaluate students’ opinions on visualization assisted instruction. In addition, when considered
that students are not very familiar with visualization assisted instruction or are not interested in course
activities enriched with geometric visuals, the present research could contribute to the research area by
answering questions regarding the meaning of geometric visuals, why they should be used in
mathematics curriculum explaining several basic points about visualization assisted instruction.
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Purpose of the Study

The main aim of the present study is to examine the impact of instruction with visualization of
identities in mathematics in the form of (ax+b)" on students’ achievement and receive students’
opinions regarding this approach. The answers to the following two sub questions were sought in
parallel with this main aim:

¢ |s there a significant difference between the achievement of the students in the experimental group,
in which mathematics was instructed using visualization and in the control group, in which
mathematics was instructed with the traditional method?

e What are the opinions of the students in the experimental group, about the instruction process, in
which mathematics was instructed using visualization?

Method
Research Design

In the present study, explanatory design in mixed method, was employed to collect and analyse both
qualitative and quantitative data. The quantitative study was conducted using pre-test post-test paired
semi-experimental design with control group and the qualitative part was conducted using content
analysis. The quantitative data were supported by the qualitative opinions of the students that
participated in the experimental group.

Study Group

The study group consisted of the first-year students who study in construction inspection and
banking and insurance programs and take Mathematics Il course during the spring semester of 2015-
2016 academic year in Cemisgezek Vocational School affiliated to Munzur (Tunceli) University in Turkey.
The reasons for the selection of these programs include the closeness of these students’ placement
scores to each other in the Transition to Higher Education Examination as well as the homogeneity of
their classes in terms of gender and number of students. Mathematics Il course is carried out as the
continuation of Mathematics | course taught in the related vocational school in the first semester, and
basic skills related to identities are given in the 1st semester. In addition, higher education placement
exam placement scores of the students and the instruction in secondary school prove that students
have the required level of readiness. Therefore, it was considered that the level of readiness of the
students should be similar before starting to research, and the application process was carried out in
Mathematics Il course given in the 2nd Semester. This course contains the topics such as identities,
factorization, binomial expansion, and Pascal triangle. This study, which is designed to examine the
effect of two different teaching methods on students’ successes, randomly assigned 24 students
studying in the construction inspection program to the experimental group and 29 students studying in
the banking and insurance program to the control group.

In the present study, which investigates the effect of visualization assisted instruction on academic
achievement, 24 students from the building supervision program were assigned to the experimental
group and 29 students from the banking and insurance program were assigned to the control group that
applied the traditional instruction method. Assignment to experiment and control groups was
completed randomly.

Data Collection Process

The instructor has conducted the teaching process through visualization method in the experimental
group and traditional teaching method in the control group. The Identities and Binomial Expansion
Achievement Test (IBEAT) (see Appendix 2) was applied to the students in both groups as pre-test and
post-test to determine the effect of these two different teaching methods on their success levels. The

836



Aziz ILHAN, Halil Coskun CELIK — Pegem Egitim ve Ogretim Dergisi, 8(4), 2018, 833-878

"Student Opinion Form (SOF)" was applied as a post-test only to the students in the experimental group
to take their opinions on the teaching method. The relevant research topics were spread over four
weeks (12 course hours) considering the class hours of the students in both experimental and the
control groups so that they could follow the course curriculum and create learning outputs. Teaching
activities in both groups were carried out by the same teaching staff. The lessons in the control group
were processed in the same classroom using lecture notes and direct instruction technique. The topic of
Identities and Binomial Expansion was explained to the students in the classroom environment under
the scope of course plan and then the related questions were asked to the students. Methods such as
discussion and question-answer were included in some parts of the teaching process and the activities
were carried out and explained by the instructor. The activities in the experimental group were carried
out in a course environment where the students were actively participating by using visual teaching
techniques. In this method, the diagrams representing each power of the ax+b expression are shown on
the board by the instructor via an inductive teaching system. In this teaching process, it is required firstly
to ask students how to visualize each algebraic form with geometric representations and to make them
find the relevant answers. Correct visuals of algebraic expressions are displayed on the board, and the
relevant solutions are made in the direction of their answers. Thus, the effects of this method on the
success levels of the participating students were tried to be determined. The applications for the
visualization process of the algebraic expressions through using geometric representations are given in
details at the end the present study (see Appendix 1).

Data Collection Tools

The IBEAT (see Appendix 2) and SOF (see Appendix 3) were used as data collection tools in the
present study. The IBEAT was developed by the researchers to investigate the effect of two applied
teaching methods on students' success levels. For this achievement test, 15 questions were prepared,
each with 4 open-ended sub-questions, suitable for the subject of "Identities and Binomial Expansion".
The prepared questions were given to three faculty members who were experts (having at least five
years of experience) in the fields of mathematics education (two of them) and educational sciences (one
of them). The experts were given test questions for a week-long review, and then the questions were
rearranged in conceptual and contextual terms in accordance with their feedbacks. The final test, which
was obtained as a result of the re-arrangement process, consisted of 10 open-ended questions. Problem
sentences related to the second, third, fourth, fifth and n’th power expansions of the ax + b expression
were included in the test. After re-arrangement process, the highest and lowest scores that could be
taken from the test were determined as 100 and O, respectively.

On the other hand, the SOF is a form consisting of eight open-ended questions developed by the
researchers through literature review to obtain qualitative data. The questions on the form were related
to what students mostly liked and disliked and what the most difficult thing was for them in the process
of teaching mathematics with visuals. Their positive/negative opinions on this subject, and how
geometric visuals could be used in other situations. The researchers have created 10 open-ended
questions for this opinion form and presented them to the experts who had already examined the
IBEAT. After the experts’ feedbacks, two of these questions were removed, considering that they were
not technically suitable for the research content.

Data Analysis

The significance of the difference between the pre-test scores of the experimental and control
groups was examined by independent samples t-test. Also, the dependent samples t-test was used to
determine whether there was a significant difference between the pre-test and post-test scores of the
experimental and control groups. The significance of the difference between the end-test scores of the
experimental and control groups was examined using the one-way covariance analysis (ANCOVA), in
which the pre-test scores of the groups were taken as covariance. The quantitative data collected in the
study were analysed by using SPSS 21.0.
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The qualitative data obtained through the SOFs were firstly tabulated, and then students’ answers
were examined. The general tendency of the students was determined and the results were presented
directly by quoting using their answers. For quoting, students' opinions on each question were
examined first, and the responses given most frequently were quoted individually. In addition, general
trends on all responses have been described via content analyses, and the student names were coded as
K1, K2, K3 and so on in the quotations.

Findings

Findings Regarding Identities and Binomial Expansion Achievements

Table 1 shows the pre-test and post-test descriptive statistical values in the IBEAT performances of
the students in both experimental and control groups.

Table 1.

IBEAT Pre-test and Post-test Descriptive Statistics of the Experimental and Control Groups.
Group Test X Std t df p F p
Experimental Pre-test 7.63 .78 -14.75 23 .00 354.28 .00
(n=24) Post-test 69.21 2.35
Control Pre-test 4.83 43 -7.22 28 .00 3.33
(n=29) Post-test 58.72 1.24

As can be seen from Table 1, students in the experimental group had higher pre-test and post-test
identities and binomial expansion achievement scores than the students in the control group. According
to the results of the independent samples t-test, the difference between these two groups' pre-test
performance was not significant: t (51) =1.66, p=.10.

On the other hand, after the application, the students in both groups significantly increased their
test scores. As a result of the dependent samples t-test, a statistically significant difference was found
between the pre-test and the post-test mean scores of the students in the experimental group in which
the geometric visualization teaching method was applied: t(23)=-14.75, p=.00. Similarly, there was a
statistically significant difference between averages of the pre-test and the post-test achievement
scores of the students in the control group, in which the traditional instruction method was applied:
t(28)=-7.22, p =.00.

One-way covariance analysis (ANCOVA) was performed by taking the pre-test scores as covariance in
order to determine whether there was a statistically significant difference between the post-test IBEAT
mean scores of the students in the control group in which the traditional teaching method was applied
and of the students in the experimental group in which the geometric visualization teaching method was
applied. Accordingly, a statistically significant difference was found between the corrected success mean
scores that the students, who were in the experimental and control groups: F;15=3.33, p=.00. In other
words, the post-test scores are related to the group variable. According to Bonferroni test results
between the groups' corrected success mean scores, the experimental group has higher mean success
score (M=69.21) than the control group (M=58.72).

Findings Regarding Student Opinion Form

The data regarding the qualitative aspects of the study were analysed via content analysis method.
Themes, codes and frequency distributions, which were obtained as the result of the analysis, regarding
the visualization assisted instruction were presented in Table 2. Eight themes, including "Visualization
and Achievement", "The Effect of Visualization on Emotions", "The Importance of Visualization",
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"Difficulties Encountering Visualization", "Visualization and Sensation", "Visualization Skills",
"Visualization and Learning Areas" and "Visualization and Daily Life Relationship" were formed in
parallel with the students’ views on visualization assisted instruction. The findings are presented below.

Table 2.
Themes, Codes and Frequency Distributions Regarding the Students’ Views on The Perception of
Visualization.

Themes Codes f %
Visualization and Visualization enhances persistence 10 41.60
Achievement Visualization contributes to better comprehension on the 8 33.33
subject
Visualization enhances tangibility 4 16.60
Effect of Visualization Easier learning of the course 9 37.50
on Emotions More enjoyable course period 8 33.33
Dullness eliminated from the course 4 16.60
Increase in the interest against the course 3 12.50
Significance of Visualization is important 12 50.00
Visualization Visualization offers a new perspective 8 33.33
Visualization is unimportant 3 12.50
Challenges Unknown values 13 54.10
Encountered in Operation processing 7 29.10
Visualization Transition from algebraic structure to visual structure 3 12.50
Visualization and A sensation of surprise 10 41.60
Sensations A sensation of happiness 10 41.60
A sensation of fear 4 16.60
Visualization Skills Practical skills 12 50.00
Cognitive skills 10 41.60
Psychomotor skills 2 833
Visualization and Algebra instruction 13 54.10
Areas of Instruction Geometry instruction 8 33.33
Data collection instruction 3 12.50
Visualization and its Helps to establish relationships with daily life 20 83.33
Relationship with Has no connection with establishing relationships with daily life 2 833
Daily Life Data does not establish relationships with daily life 2 833

In the present study, the students were initially asked the question “What do you think are the
benefit(s) of this course to be instructed by using geometric shapes in terms of your achievement?” and
three codes for the “Visualization and Achievement” theme were determined from the responses to this
question. Once student views were examined in terms of frequency distributions, it was determined
that the most preferred codes, respectively, were “visualization enhances persistence” (f=10),
“visualization contributes to better comprehension on the subject” (f=8), and “visualization enhances
tangibility” (f=4). Several student views regarding this theme are as follows;

“In applied courses it is useful because the course will be more permanent when taught by shapes.”
(K4)

“I believe that the use of geometric shapes facilitates the learning process. The presence of visuals
helps us to acquire different perspectives. In other words, geometric forms are more permanent
because they are out of classical instruction.” (K1)

“Implementation of the instruction process with shapes rendered the knowledge more permanent in
our minds.” (K10)
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“The processing of the course with the geometric shapes helped me better understand the identities.”
(k21)

“I think it contributed highly in my achievement. Because when the course was taught using visuals,
my comprehension ability increased.” (K17)

In addition to the responses mentioned above, the response of a student stating, “I believe it is
useful in terms of enhancing my ability to substantiate” (K23) could be considered as significant a finding
that the use of visual models is an important issue.

In order to measure the emotions experienced by the students during the course process, the
students were asked the question “Which aspect was the most favorable in the course instruction of
identities using geometric shapes? Why?” and four codes with respect to the theme “Effect of
Visualization on Emotions” were determined from the responses given to this question. As the student
views were examined in terms of the frequency distributions, the most preferred codes, respectively,
were found to be “easier learning of the course” (f=9), “more enjoyable course period” (f=8), “dullness
eliminated from the course” (f=4), and “increase in the interest against the course” (f=3). Several
student views regarding this theme are as follows;

“There were things | liked. | learned better when our teacher explained equations with geometric
shapes. We understand what comes from where better.” (K11)

“Identities topic became easier and | started to like it.” (K6)

“Since the identities lesson shown with shapes made the subject more enjoyable, the taught topic
never got boring.” (K18)

“The course is generally enjoyable, instruction with visuals helps our comprehension.” (K10)
“I liked the visual representation of the algebraic expressions with unknowns.” (K23)

Once more, as well as the abovementioned responses, the specific response by a student, “/ liked
that it was not a method of memorizing” (K20), could be considered as a finding that the use of
mathematical models is an important factor in achieving a significant learning.

In order to measure the students’ views about the method used in the course, the students were
asked the question, “Is the method used in the instruction of this course important according to you,
please explain your reasons?” and three codes related to the theme “Significance of Visualization” was
determined from the answers given to this question. Once student views were examined in terms of
frequency distributions, it was determined that the most preferred codes, respectively, were
“visualization is important” (f=12), “visualization offers a new perspective” (f=8) and “visualization is
unimportant” (f= 3). Several student views regarding this theme are as follows;

“It is very important because many people have a negative feeling toward mathematics. Such
methods can change the point of view towards mathematics.” (K17)

“It is important because the method used helps the student to comprehend and to participate in the
course.” (K3)

“Of course, it is important. Eventually, this method enabled us to have permanent learning instead of
memorizing in courses.” (K10)

“It is important. Because the used method helps us to listen to the course subjects in a better and
more careful manner.” (K7)
“It is important because it helps the listener to focus more efficiently on the course.” (K8)

In addition to the responses above, the response of a student stating, “it is important because we
learnt the course with comprehending the subjects and it delivered us the ability of creativity” (K20)
could be considered as another finding that the utilization of the method is important in terms of
developing the ability of creativity.
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In the present study, the students were asked the question “At which point you were challenged
most, why?” in order to measure the negative aspects of the model and three codes were determined
within the “Challenges Encountered in Visualization” theme with respect to the responses given to this
question. The evaluation of student views with respect to frequency distribution revealed the most
preferred codes as “unknown values” (f=13), “operation processing” (f=7), and “transition from
algebraic structure to visual structure” (f=3), respectively. Several student views regarding this theme
are as follows;

“I have trouble with the unknowns.” (K14)

“Although the instruction is easy, | sometimes struggle to distinguish the unknowns from the knowns
because of my background in humanities.” (K1)

“I had a hard time in the beginning of the course to comprehend the unknowns.” (K24)
“I was challenged when | first saw the topics I did not know.” (K22)
“The instruction is easy and enjoyable but some of the unknowns make operations hard.” (K18)

Again, in addition to the responses stated above, the response of a student, “/ was challenged by loss
of time while re-solving my wrong answers” (K21), could place an emphasis on the issue that the applied
method might be impractical in terms of time management.

In order to measure the sensations of the students during the instruction process, the students were
asked the question, “What did you sense when you saw that the algebraic expressions were represented
with geometric shapes?” and three codes were determined within the “Visualization and Sensations”
theme with respect to the responses to this question. Student views were analyzed in terms of
frequency distributions and the most preferred codes were found to be “a sensation of surprise” (f=10),
“a sensation of happiness” (f=10) and “a sensation of fear” (f=4), respectively. Several student views
regarding this theme are as follows;

“I was surprised because it was a bit strange, I've never seen it before.” (K5)

“I was very frightened at first because | thought the course would be more difficult. But it became
more enjoyable and easy.” (K4)

“I felt strange, | had no idea before that mathematics could be taught using geometric shapes.” (K2)

“To be honest, as a person who feared mathematics and thought could not have an achievement in
mathematics, | felt relieved and accomplished.” (K18)

“I was surprised actually. Because | had no idea about this subject.” (K8)

In addition to the abovementioned responses, the response from a student stating “/ was really
excited. It felt like | was playing Sudoku and the courses were passing nicely” (K14), demonstrated a
significant finding that course process could be carried out as a puzzle and a game.

In the study, the students were asked the question, “What kind of skills you gained from the
representation of algebraic expressions through geometric shapes?” in order to measure the gained
skills and awareness about these skills, and the responses to this question revealed three codes within
the theme of “Visualization Skills.” When student views were examined with respect to frequency
distributions, it was determined that the most preferred codes were “practical skills” (f=12), cognitive
skills (f=10), and “psychomotor skills” (f=4), respectively. Several student views regarding this theme are
as follows;

“After | learned the subject, | began to produce practical solutions and solve the questions when | saw
the shapes.” (K4)

“It gave me a skill in terms of thinking, | think more rapidly and sound when | have to solve a
problem.” (K17)
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“Previously, | was not interested in algebraic expressions and they looked difficult. But in this respect,
getting out of the traditional method with geometric shapes allowed me to be faster and more
practical.” (K1)

“I tried new and different solution methods and found practical solutions by combining with
geometry.” (K12)

“Visual material facilitated my practical comprehension skill.” (K9)

In addition to the responses above, another student’s response, “I developed a visual thinking skill”
(K15), could be interpreted as a finding that the models are important in developing an individual’s
visual intelligence.

In the study the students were asked the question, “In which other areas would you like to use the
visualization of mathematics through geometric shapes? Why?”, in order to measure the established
relationship between the method and areas of instruction and three codes were determined from the
responses to this question within the theme of “Visualization and Areas of Instruction”. Once the
student views were examined through frequency distribution, it was revealed that the most preferred
codes were algebra instruction (f=13), geometry instruction (f=8), and data collection instruction (f=3),
respectively. Several student views regarding this theme are as follows;

“Its use in other areas of mathematics could be useful. For example, it can be used for functions.”
(K12)

“I would like to use it with all subjects in mathematics. It can be easier to present subjects with
shapes. For example, polynomials can be chosen as a sample subject.” (K9)

“It can be used in subjects such as polynomials, where unknowns exist.” (K20)

“It has to be used in other areas of mathematics as well. For example, the derivations could be
learned more easily if taught with geometric shapes.” (K1)

“I would like it to be used in other areas of mathematics, especially in equations.” (K13)

As the last step in research, the students were asked the question, “Do you think that the method
used in this course establishes a relationship between the course content and the daily life?” in order to
measure how well the students use the method to establish connections with daily life and three codes
were determined from the responses to this question within the “Visualization and its Relationship with
Daily Life” theme. When student views were evaluated with respect to the frequency distribution, it was
determined that the most preferred codes were “helps to establish relationships with daily life” (f=20),
“has no connection with establishing relationships with daily life” (f=2), and “data does not establish
relationships with daily life” (f=2), respectively. Several student views regarding this theme are as
follows;

“Yes. For example, we do similar calculations when calculating the area of a field in daily life.” (K23)

“Yes, it has a relationship. Let’s think about a piece of wood for example. In daily life, it is possible to
use the concepts of identity, which we apply in the course, to shape this wood.” (K13)

“Yes, because we can think of mathematics at a universal scale.” (K11)
“Yes, it helps us establish relationships.” (K24)
“Yes, because we can establish a similar relationship with the games on smartphones.” (K14)

According to the students' opinions summarized above, it is possible to assert that geometric models
have positive effects on the teaching process of algebraic identities. The model has provided support for
the students to geometrically interpret an algebraic connection, while at the same time they have
tended to reversely understand the algebraic formulas of a geometric expression. Thus, they have
behaved in accordance with the goals of the restructured program. The students have tried to
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emphasize in their expressions that they have gained the ability to relate geometry and algebra to daily
life activities. Another important research result is the increase in students’ ability to establish the
relationship between shape’s edge/side and area in geometry. Indeed, keeping in mind that the present
study was conducted on the identities, besides the increase in their ability to establish a relation
between algebra and geometry, the increase in students’ ability to establish a relationship between the
shape’s edges/sides and area can also be regarded as a mathematical gain.

Discussion, Conclusion and Implications

In the present study that employed the explanatory design from the mixed methods, which utilized
qualitative and quantitative data collection and analysis, the quantitative dimension pointed out that
instruction of algebraic expressions through visuals increased student achievement more when
compared to the traditional instruction methods. In the qualitative dimension of the study, it was found
that visuals positively evolved the teaching process of algebraic expressions. In addition, the participant
students pointed out those visuals made the teaching process more interesting and entertaining,
leading them away from memorizing, and providing them with permanent learning of the relevant
subjects. It is known that during the learning process, students have difficulties in understanding and
interpreting some mathematical formulas. It was stated that after the teaching activities using visuals,
students' concerns about mathematics decreased, their self-confidence levels improved, and their
curiosity in math increased (Durmus & Karakirik, 2006; Hamersma, 2002; Konyalioglu, 2003). The results
of these studies overlap with the results of this present study. As a result of the additional results
obtained in the present study, the transition between geometry and algebra, the change of attitude and
perspective towards mathematics after enrichment of teaching process with visuals, and the acquisition
of conceptual knowledge in mathematics are considered as important gains for the students. From this
point of view, visualization is crucial in enabling students to discover knowledge.

The study found that the identities and binomial expansion achievement level of the students in
both experimental and control groups statistically significantly increased at the end of the four-week
training period. However, it appears that the students in the experimental group were more successful
than the students in the control group, probably because of their richer visualization experiences.
Ozdemir et al. (2005) conducted a study on students in secondary education institutions and indicated
that students who had experience in visualization applications were more successful in their ability to
use visuals in mathematics. This present study concluded that success levels of the students, who had
received geometric visualization in lessons, were significantly higher than that of the students receiving
traditional education. This result also supports the results of other similar studies (Ciltas & Isik, 2012,
2013; English, 2004; Sagirl, Kirmaci & Bulut, 2010).

The importance of meaningful learning and constructing concepts in the minds is at the forefront of
contemporary education systems. In the study, the students were asked the question “What do you
think are the benefit(s) of this course to be instructed by using geometric shapes in terms of your
achievement?” and three codes for the “Visualization and Achievement” theme were determined from
the responses to this question. The student views were examined in terms of frequency distributions
and the most preferred codes, respectively, were found to be visualization enhances persistence,
visualization contributes to better comprehension on the subject, and visualization enhances tangibility.
Evidence and proofs in the teaching process is undoubtedly a great asset (Dede & Karakus, 2014; Hanna,
2000). Evidence of proof on mathematical expressions enhances mathematical thinking (Stylianides,
2007). Visualization has a positive contribution to the understanding of the proof procedures in
mathematics (Hanna & Sidoli, 2007). It is stated that the visual images, which have an important place in
the thinking process of individuals, contribute greatly to their learning and interpreting skills (Presmeg,
2006; Stylianou & Silver, 2004). In addition, visual-based proofs provide learners with information about
the nature of the formulas, allowing them to avoid memorizing but acquire permanent learning. It also
helps them overcome their mistakes and resolve their difficulties in understanding relevant subjects
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(Tekin & Konyalioglu, 2010). For example, in this study, a student’s answer of "I think it's useful for me
to improve my proof ability" can be considered as a sign for that the use of visual models is important in
the proof process and the study has created an awareness of this issue in students.

To identify the emotions experienced by the students during the course process, the students were
asked the question “Which aspect was the most favorable in the course instruction of identities using
geometric shapes? Why?” and four codes with respect to the theme “Effect of Visualization on
Emotions” were determined from the responses given to this question. Once the student views were
examined in terms of the frequency distributions, the most preferred codes, respectively, were found to
be Easier learning of the course, more enjoyable course period, Dullness eliminated from the course,
and Increase in the interest against the course. According to Keskin (2008), the basic principle of
visualization is to improve students' mathematical thinking skills, clarify complex situations, and provide
the students with a clearer idea. The students were asked the question, “Is the method used in the
instruction of this course important according to you, please explain your reasons?” in order to measure
the students’ views about the method used in the course and three codes related to the theme
“Significance of Visualization” was determined from the responses to this question. The student views
were examined in terms of frequency distributions and it was revealed that the most preferred codes
were visualization is important, visualization offers a new perspective, visualization is unimportant,
respectively. One student has answered the question as follows: "It is important because we have
understood the lesson and it has enabled us gain creativity." This answer can be thought of as a further
indication that it is important to use the relevant method for developing of students’ creativity. English
and Watters (2005) have emphasized that the problem solving by using visual models is very important
for students to improve their cognitive and critical thinking skills.

The students were asked the question “At which point you were challenged most, why?” in order to
measure the negative aspects of the model applied in the present study and three codes were
determined within the “Challenges Encountered in Visualization” theme with respect to the responses
to this question. The evaluation of student views with respect to frequency distribution revealed that
the most preferred codes were unknown values, operation processing, and transition from algebraic
structure to visual structure, respectively. The reason for such an outcome could stem from the fact that
the unknowns and the operation process are abstract concepts. Konyalioglu (2003) points out that
learning and teaching difficulties stemming from the abstraction of mathematics leads mathematics
educators to conduct research in this direction. Baykul (1997) underlines that it is generally difficult to
obtain abstract concepts, and also emphasizes that the reason for the difficultness of mathematics for
some students may be the difficulty of obtaining abstract concepts, but suggests that this difficulty can
be solved or minimized by using concrete materials or by concretization during the teaching of
mathematical concepts. In addition, in the present study, the students were asked the question, “What
did you sense when you saw that the algebraic expressions were represented with geometric shapes?”
in order to measure the sensations of the students during the instruction process and three codes were
determined within the “Visualization and Sensations” theme with respect to the responses to this
question. Student views were examined in terms of frequency distributions and the most preferred
codes were found to be a sensation of surprise, a sensation of happiness, and a sensation of fear.
According to Bloom, about one fourth of the variables of learning success are due to the affective
characteristics of students (Altun, 1995). In order to measure the gained skills and awareness about
these skills, the students were asked the question, “What kind of skills you gained from the
representation of algebraic expressions through geometric shapes?” and the responses to this question
revealed three codes within the theme of “Visualization Skills.” The student views were examined with
respect to frequency distributions and the most preferred codes were determined as practical skills,
cognitive skills, and psychomotor skills, respectively. Konyalioglu (2003) reports that visualization or use
of concrete materials in the process of learning and teaching of abstract concepts has improved the
students’ both cognitive and affective skills. Konyalioglu (2003) also emphasizes that visualization of
abstract concepts in mathematics gives meaning to abstract mathematical expressions so that makes
the learner understand mathematical relations more easily and more practically.
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In the study, in order to measure the established relationship between the areas of instruction by
the students, they were asked the question, “In which other areas would you like to use the visualization
of mathematics through geometric shapes? Why?”, and three codes were determined from the
responses to this question within the theme of “Visualization and Areas of Instruction.” Once the
student views were examined through frequency distribution, it was revealed that the most preferred
codes were algebra instruction, geometry instruction, and data collection instruction, respectively. As a
support of this result, the students, who participated in this present study, stated that geometric
representations could be used in other areas of mathematics and algebra. Similar to Akman, Yikselen
and Uyanik (2000), this study revealed that even before the application, some of the students had the
idea that geometric visualization should be included in the mathematics curriculum.

It is of course important that the teaching process should be structured to link course content and
methods with daily life activities. Indeed, one of the basic principles of education is its proximodorsal
development. Therefore, it is important to learn information by establishing its link with daily life. In this
regard, the identities were linked to daily life events in the course of study, and then concrete examples
related to these visuals (including the examples of field areas and warehouse volumes, etc.) were
examined so that the students were tried to create meaningful learnings in their minds. In this context,
in order to measure how well the students, use the method to establish connections with daily life the
students were asked the question, “Do you think that the method used in this course establishes a
relationship between the course content and the daily life?” and three codes were determined from the
responses to this question within the “Visualization and its Relationship with Daily Life” theme. The
evaluation of the student views through frequency distribution pointed out that the most preferred
codes were Helps to establish relationships with daily life, has no connection with establishing
relationships with daily life, and Data does not establish relationships with daily life, respectively. It is
suggested that the modeling studies through visuals should start from primary school years so that
students can meaningfully develop their skills for and the process of using mathematics in real life
(English & Watters, 2005). The obtained mathematical results should be reconciled with actual
situations using visuals, and transformed into real results (Borromeo Ferri, 2006). Similarly, Blum (2011)
has examined the approaches of the 8th-10th grade students to solve modeling problems through using
visuals, and stated that whether the solutions obtained were meaningful in real life. In this framework
was not paid attention to, so it may be advisable for future researches to create and implement new
visually-supported teaching methods. Keeping in mind that the visualized information realizes more
permanent learning in the mathematics teaching process, undergraduate courses for the development
of visually enriched teaching environments can be added to the relevant curricula. It should also be
considered that in-service training seminars on this topic can be given to actively working mathematics
teachers.
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Tiirkce Suiriim

Giris

Matematik, sembol ve sekiller tizerine kurulmus evrensel bir dildir; bilgiyi islemeyi (diizenleme, analiz
etme, yorumlama ve paylasma), liretmeyi, tahminlerde bulunmayi ve bu dili kullanarak problem ¢dzmeyi
icerir (Milli Egitim Bakanhg [MEB], 2009). Matematik, genellikle gercek yasamdan uzaklasmis veya
kopuk ve sadece okullarda 6grencilerin dersi gegip bir daha karsilasmak istemedikleri bir ders olarak
gorilmektedir (Durmus & Karakirik, 2006). Soyut matematiksel kavramlarin zihinde yapilandiriimasi ve
bu kavramlara anlam verilebilmesi oldukga giigtiir (Konyahoglu, 2003). Matematigin temel alanlarindan
biri olan cebir alaninin son derece soyut kavramlari (bilinmeyenler, cebirsel ifadeler vb.) icerdigi
soylenebilir. Bu soyut kavramlardan biriside 6zdeslik kavramidir. Nitekim o6zdeslik kavrami Tark Dil
Kurumu (TDK) tarafindan “iki yani birbirinin aynisi olan veya harflerle verilen sayisal degerler ne olursa
olsun iki yaninda sayica esit degerler alan esitlik” olarak tanimlanmistir” (TDK, 2017).

Matematiksel bir kavramin tam olarak 6grenilebilmesi icin birey oncelikle o kavrami zihninde
tamamen anlamali ve yorumlayabilmelidir. Bu ise bireyin zihinsel gelisiminin belirli bir diizeye getirilmesi
ile saglanabilir. Soyut matematiksel kavramlarin zihinde yapilandirilmasi ve bu kavramlara bir anlam
verilmesi oldukga zordur. Matematikte soyut kavramlarin 6grenilmesi Ust duzeyde biligsel etkinliklerin
yapilmasinin gerektirir. Soyut kavramlarin mimkiin oldugunca somutlastirilmasi bu zorlugu gidermeye
yonelik olarak kullanilabilir (Konyalioglu, 2003). Geleneksel matematik egitimi anlayisinda matematiksel
bilgiler kigclik beceri parcaciklarina ayrilmis olarak 6gretmen tarafindan 0Ogrenciye verilir.
Ogrencilerinden, bu bilgileri verilen alistirmalarla tekrar etmeleri beklenir. Sorularin énceden belirlenmis
yanitlama yontemi veya yontemleri ve tek bir yaniti vardir. Boylece en ¢ok soruyu en kisa yoldan ve en
¢abuk yanitlayan 6grenci en basarilidir. En iyi ve en dogruyu bilen 6gretmenden bunlari 6grenmek
durumundadirlar (Olkun, Yildiz, Sari, Ugar & Turan, 2014, p. 1544). Kog ve Baser (2011) ¢alismalarinda
ders islenisinde kullanilacak materyaller acgisindan zengin ve dikkat cekici bir 6grenme ortaminin
hazirlanmasinin ve 6gretimin gorsel veya isitsel araglarla desteklenmesinin bilginin 6grenci zihninde
sistemli bir sekilde islenisini hizlandirmakta, kolaylastirmakta ve bu siireci 6grenen icin daha zevkli hale
getirmekte oldugunu ifade etmislerdir.

Matematigin temel 6grenme alanlarindan olan cebir konusunun 6gretiminde geometrik gosterimler
yoluyla gorsellestirmenin 6nemi yadsinamaz. Cebir temel alaninin amaci, 6grencilerin sembolik ve
grafiksel gosterimlerin anlamlarinin farkinda olmalari, onlari kullanarak sonuglar ve iligkiler bularak,
sonuglari ve iliskileri sembol ve grafik yardimiyla ifade etmektir. Geometri temel alaninin amaci ise,
dizlemde ve Ug¢ boyutlu uzayda geometrik nesnelerin 6zelliklerini tanima, aralarindaki iliskileri bulma,
geometrik yeri tanimlama, déntsimleri agiklama, ifade etme ve geometrik 6nermeleri kanitlama olarak
ozetlenebilir (Baki, 2008, p. 333). Gorsellestirme, 6zellikle matematiksel kavramlarin animasyonunda,
ogrencilerin kavramlari kesfetmelerinde ve bunlar arasinda iliskileri ortaya ¢ikarmalarinda énemli rol
oynar. Analitik yaklasim ise okullarda egitim faaliyetlerinde nadiren 6grencileri zihinlerinde bir gérintu
olusturmaya tesvik eder veya 0grenci bunu yapmaya tesvik edildiginde bile, 6gretim materyallerinin
sagladigi kiclik gorsel destekle zihinsel bir goriinti olusturmada zorlanabilir (Hamersma, 2002).

Ogrenmenin gerceklesmesi icin 6grencilerin aktif olarak arastirilan kavramlar veya nesnelerle (soyut
veya somut) etkilesimde olmasi gerekli gorilebilir. Gorsellestirmeler, 6grencilerin daha zorlu
matematiksel kavramlari somutlastirmayl ve Ogrencilerin bu kavramlarla olan etkilesim dizeylerini
arttirmayr amaglamaktadir. Bununla birlikte, gorsellestirmeler ¢ogunlukla statik medya seklinde
(6rnegin, kagit veya kara tahta lzerinde gizimler gibi) yapilmaktadir. Bu ise kesif ve manipilasyonun
buyuk oranda 6grencilerin zihinlerinde yapilmasini gerektirmekte ve dolayisiyla sinirli kesif imkani ve
azaltilmig epistemik yarar saglamaktadir. Bu nedenle, statik gorsellestirmeler, 6grencileri pozitif
dgrenme deneyimlerine yardimci olan kesif etkinliklerine dahil etmede yetersiz kalabilir. Ozellikle erken
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yaslarda 6grencilerin gorsellestirme ve bilissel yetenekleri biiyiik oranda ilk olusum asamasinda oldugu
icin, daha buyk sorunlarla karsi karsiya kalabilirler (Liang & Sedig, 2010).

Gorsellestirme, matematik 6grenmede tamamen pozitif bir faktordir, ancak 6ngorilemeyen bir
sonug degildir. Matematiksel kavramlari 6rneklerle agiklamak igin sesli, iyi planlanmis gérsel bir modelin
veya yorumun bulunmasi, 6grencilerin 6yle bir modelle yapilan 6gretim faaliyetinden sonra onlarin
kurallar olusturmasina ve kisisel kolaylik saglamasina yardimci olabilir. Ogrenciler o zaman 6nsezilerini
test etmek icin basvurabilecekleri bir seylere sahip olacaklarindan, matematik kisisel anlam tasimaya
baslar (Hamersma, 2002). Matematiksel kavramlarin somut hale getirilmesi tim konular igin pek
mimkiin gériinmuyor olsa da onlari yari somut hale getirmeye calismak bile kavramlarin 6grenilmesi ve
ogretilmesinde kolayliklar saglayacaktir (Yenilmez & S$an, 2008). Matematikte gorsellestirmenin en
onemli yarari, ¢ok soyut bir kavrami daha az soyut veya somut hale getirmesidir. Bu islem, 6zellikle soyut
matematiksel kavramlari anlamaya calisan 6grenciler icin 6nemlidir (Tasova & Delice, 2011). Matematik
o6grenmede, gorsellestirme, matematiksel problemleri kesfetmek ve matematiksel kavramlara ve bunlar
arasindaki iliskileri anlamlandirmak icin glicli bir arag olabilir. Gorsellestirme, ¢ok sayida bilgiyle
ugrasirken karmasikligi azaltmaya olanak tanir (Résken & Rolka, 2006). Gérsellestirme bireylerde boyutlu
diisiinebilme yetenegini gelistirir. Ogrenci merkezli, sorgulayarak 6gretme ve iki ya da li¢ boyutlu
dislinme esasina gore ezbersiz egitimin uygulanmasi ortaokulda ve lisede 6zdegliklerin 6gretim kalitesini
artirir. Sekil ve boyut kavramlarinin yerlesmesi, cocugun diistince diinyasini ve biligsel gelisimini olumlu
yonde etkiler dolayisiyla cocugun iki ya da ti¢ boyutlu diisiinme yetenegini gelistirir. iki ya da {ic boyutlu
dusinme yetenegini gelistiren cocuklar olaylara farkl agilardan bakarak fikir alisverisi ve toplu tartisma
bilinci kazanir (Ozdemir, Duru, & Akgiin, 2005). Gérsellestirme (ic temel yolla gerceklestirilebilir: Sekiller
ya da grafikler, animasyonlar ve bilgisayar yazilim programlari. Sekiller ya da grafikler; soyut ya da
cebirsel ifadelerin geometrik modeller yardimi ile sunulmasi seklindedir. Animasyon; soyut ya da cebirsel
ifadelerin geometrik modellerinin hareket veya aksiyon olarak dinamik bir sekilde sunumu seklindedir.
Bu yaklagimlardan; sekiller ya da grafikler sabit sekilleri, animasyon hareketli sekilleri ve bilgisayar
yazilim programlari ise geometrik (sabit ve hareketli) sekillerle cebirsel ¢oziimleri icine almaktadir
(Konyalioglu, 2003).

Ogrencilerdeki temel cebirsel kavramlarin olusumu ve cebirsel diisiincenin gelisimi ilkégretim
caginda baslayan ve devam eden cebir dgretimi ile yakindan iliskilidir (Uyangér & Ovez, 2012). Ancak
cebir 6gretimi alanindaki yapilan calismalarda; 6grencilerin cebirsel ifadelerde kullanilan sembolleri
anlamada, bir problem durumunu cebirsel olarak ifade etmede, cebirsel yéntemleri kullanmada
zorlandigl (Dede, Yalin & Argiin, 2002) ve yine 0grencilerin cebir 6grenme alaninda gegen “denklem
kurma ve kurulan denklemi ¢c6zme” problemlerini anlamada sorunlarla karsilastigi belirtilmistir (Yenilmez
& Avcu, 2009). Ozellikle cebir ve geometri derslerinde, geleneksel 6gretim yéntemiyle, tebesir ve tahta
kullanilarak gergeklestirilen egitim ve 6gretim faaliyetlerinde gorsellestirme uygulamalarinin eksikligi de
gbze carpmaktadir. Bu gercevede cebir ve geometri alanindaki 6gretim faaliyetlerinde 6grencilerin
kavram kargasasi yasadigi, cebirsel ifadeler ile geometrik sekilleri birbiriyle iliskilendirmede yetersiz
bilgiye sahip oldugu goérisi on plana ¢ikmakta, dolayisiyla matematik derslerinin geometrik gosterim
temelli etkinliklerle desteklenmesinin akademik basariyr artiracagi dislincesi dogmaktadir. Tim
bunlardan hareketle gorsellestirme kullanilarak yapilan 6gretimin 6grencilerin matematik basarisina
etkisinin incelenmesi ve bu konudaki 6grenci gorislerinin alinarak degerlendirilmesi gerekliligi ortaya
cikmaktadir. Ayrica, 6grencilerin gorsellestirme kullanilarak yapilan 6gretim konusuna pek fazla asina
olmadiklari ya da ders etkinliklerini geometrik gorsellerle zenginlestirmeye ¢ok yer vermek istememeleri
dusindldiginde geometrik gorsellerin ne anlama geldigi, matematik mifredatinda geometrik
gorsellerin neden bulunmasi gerektigi gibi sorularin cevaplandiriimasi ve goérsellestirme kullanilarak
yapilan 6gretim ile ilgili bazi temel noktalarin agiklanmasi sebepleriyle yapilan bu arastirmanin alana
katki sunacagi diisiintilmektedir.
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Aragtirmanin Amaci

Bu arastirmanin temel amaci, matematikte (ax+b)" bicimindeki 6zdesliklerin, gorsellestirme
kullanilarak yapilan 6gretiminin 6grenci basarisina etkisini incelemek ve bu konudaki goruslerini
almaktir. Bu temel amag dogrultusunda su iki alt probleme cevap aranmistir:

e Matematikte gorsellestirme kullanilarak yapilan 6gretimin uygulandigl deney grubu ile geleneksel
O0gretim yonteminin uygulandigi kontrol grubu 6grencilerinin basarilari arasinda anlamli bir farkhhk
var midir?

o Matematikte gorsellestirme kullanilarak yapilan 6gretimin uygulandigi deney grubu 6grencilerinin
Ogretim sureci hakkindaki gérusleri nelerdir?

Yontem

Arastirma Deseni

Arastirmada, nitel ve nicel verilerin birlikte toplanarak analiz edildigi karma desenlerden aciklayici
desen kullaniimistir. Nicel kisim 6n-test son-test eslestirilmis kontrol gruplu yari deneysel desen, nitel
kisim ise igerik analizi kullanilarak yuritulmustir. Nicel veriler deney grubu 6grencilerinden derlenen
nitel goruglerle desteklenmistir.

Calisma Grubu

Arastirmanin ¢alisma grubunu, 2015-2016 o6gretim yili bahar déneminde Munzur (Tunceli)
Uiniversitesinin Cemisgezek Meslek Yiiksekokulu’nun birinci siniflarinda okuyan ve Matematik Il dersini
alan yapi denetimi programi ve bankacilik ve sigortacilik programi 6grencileri olusturmaktadir. Bu
programlarin secilmesinde 6grencilerin Yiksekogretime Gegis Sinavi yerlestirme puanlarinin birbirine
yakin olmasinin yaninda, cinsiyet ve 6grenci sayisi agisindan siniflarin homojen olmasi da etkili olmustur.
Matematik Il dersi ilgili meslek yliksekokulunda 1. Dénem okutulan Matematik | dersinin devami olarak
ylratilmekte ve oOzdeslikler konusuyla ilgili temel beceriler 1. Donemde verilmektedir. Ayrica
ogrencilerin Yiiksekogretime Gegis Sinavi yerlestirme puanlari ve ortadgretimde almis olduklari egitimler
hazir bulunusluk diizeylerinin oldugunu kanitlar niteliktedir. Bu sebeplerle galismaya baslamadan 6nce
ogrencilerin hazir bulunusluk diizeylerinin benzer olmasi gerekliligi goz 6ninde bulundurulmus ve
uygulama silireci 2. Donemde verilen Matematik Il dersinde yiratilmistir. Bu dersin iceriginde
ozdegslikler, carpanlara ayirma, Binom acilimi ve Pascal liggeni konulari mevcuttur.

Matematikte gorsellestirme kullanilarak yapilan 6gretimin akademik basari Gzerindeki etkisinin
incelendigi bu c¢alisma icin yapi denetimi programi 6grencilerinden 24 kisi deney grubuna, geleneksel
O0gretim yonteminin uygulandigl bankacilik ve sigortacilik programi 6grencilerinden 29 kisi de kontrol
grubu olarak atanmistir. Gruplarin deney veya kontrol grubu olarak atanmasi rastgele yapilmistir.

Veri Toplama Siireci

Deney grubunda gorsellestirme kullanilarak yapilan 6gretim, kontrol grubunda ise geleneksel 6gretim
dgretici tarafindan yiritilmistir. iki farkli 6gretim ydénteminin, akademik basari (izerindeki etkisini
belirlemek igin Ozdeslikler ve Binom Agilimi Basari Testi (OBABT) (bkz. Ek 2) 6n-test ve son-test olarak
her iki gruptaki égrencilere uygulanmistir. Ogrencilerin konu ile ilgili gérislerini almak icinde “Ogrenci
Goriis Formu (OGF)” yalnizca deney grubundaki dgrencilere son-test olarak uygulanmistir. Deney ve
kontrol grubunda konular, ders saatleri diistinlerek dort haftalik stirece (12 ders saati) yayilmis boylece
dersin mifredatina uyma ve 6grenme ciktilarini gerceklestirebilme olanagi saglanmistir. Her iki gruptaki
ogretim faaliyetlerini ayni 6gretim elemani ylratmdistir. Kontrol grubundaki dersler, 6grencilere ders
notu destegi ile diiz anlatim yéntemi kullanilarak ayni derslikte islenmistir. Ozdeslikler ve Binom agilimi
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konusu ders plani kapsaminda 6grencilere sinif ortaminda anlatiimis ve daha sonra 6grencilere konuyla
ilgili sorular yéneltilmistir. Ogretim siirecinin bazi bélimlerinde, tartisma, soru cevap gibi ydontemler yer
almis, etkinlikler ise 6gretici tarafindan anlatilarak ve agiklanarak gergeklestirilmistir. Deney grubundaki
etkinlikler, gorsellestirme yoluyla 6gretim teknigi kullanilarak 6gretici tarafindan ax+b ifadesinin her bir
kuvvetini temsil eden cizimler tahtada timevarimsal bir sistemle 6grencilerin de aktif katilim sagladig
ders ortaminda gergeklestirilmistir. Bu 6gretim sirecinde her bir cebirsel ifadenin geometrik sekillerle
nasil gorsellestirilebilecegi oncelikle 6grencilere sorularak bulmalar istenmistir. Alinan cevaplar
dogrultusunda cebirsel ifadelerin dogru goérselleri tahtada gosterilmis ve ¢oziimleri yapiimistir. Boylece,
ogrencilerin akademik basarilari Uzerine bu yontemin etkinligi belirlenmeye ¢alisilmistir. Cebirsel
ifadelerin geometrik sekiller yardimiyla gorsellestirme siirecine iligkin uygulamalar ayrintili bir sekilde
¢alismanin sonunda verilmistir (bkz. Ek 1).

Veri Toplama Araglari

Arastirmada veri toplama araci olarak arastirmacilar tarafindan gelistirilen OBABT (bkz. Ek 2) ve OGF
(bkz. Ek 3) kullanilmistir. OBABT uygulanan iki 6gretim ydnteminin dgrencilerin akademik basarisi
Uzerindeki etkisini incelemek amaciyla arastirmacilar tarafindan gelistirilmistir. Basari testi igin
“Ozdeslikler ve Binom Ac¢ilimi” konusuna uygun, her biri 4 acik uglu olacak sekilde 15 soru hazirlanmistir.
Hazirlanan sorular ikisi matematik egitimi biri egitim bilimleri alaninda yetkin (en az bes yil deneyime
sahip) li¢ 6gretim Uyesine verilerek uzman gorisi alinmistir. Uzmanlara bir haftalik sire ¢ercevesinde
incelemesi icin test sorulari verilmis, alinan donitler neticesinde sorular kavramsal ve icerik baglaminda
yeniden dizenlenmistir. Yapilan dizenlemeler sonucunda elde edilen nihai test acgik uclu 10 sorudan
olusmaktadir. Testte ax+b ifadesinin ikinci, tGi¢lincl, dordiinci, besinci ve n. kuvvet agilimlari ile iliskili
problem climleleri yer almaktadir. Bu diizenlemeler dogrultusunda testten alinabilecek en ylksek puan
100 en diisiik puan ise 0 olmustur.

Ote yandan, OGF nitel verilerin elde edilebilmesi icin literatiir taramasi yapilarak arastirmaci
tarafindan gelistirilmis, sekiz acik uclu sorudan olusan bir formdur. Formdaki sorular 6grencilerin,
gorsellerle matematik dersinin Ogretim siirecinde en ¢ok neyi sevdikleri, neden hoslandiklari, bu
konudaki olumlu/olumsuz gérusleri, en ¢ok zorlandiklari noktalar ve geometrik gorsellerin diger
konularda nasil kullanilabilecegi ile ilgilidir. Bu form i¢in arastirmacilar 10 adet acik uglu soru olusturmus
ve bunlari yine OBABTyi inceleyen uzmanlarin goriisiine sunmustur. Yapilan islemlerden sonra
sorulardan iki tanesi teknik ve igerik olarak uygun olmadigi diisiintlerek formdan c¢ikartilmistir.

Verilerin Analizi

Deney ve kontrol gruplarinin 6n-test puanlar arasindaki farkin anlamliligi iliskisiz 6rneklem t-testi,
deney ve kontrol gruplarinin 6n-testten son-teste puanlari arasinda anlamli bir farklilik olup olmadigi
iliskili 6rneklem t-testi yardimiyla incelenmistir. Deney ve kontrol grubunun son-test puanlari arasindaki
farkin anlamhhg ise gruplarin 6n-test puanlarinin kovaryans olarak alindig tek yonli kovaryans analizi
(ANCOVA) kullanilarak incelenmistir. Arastirmada derlenen nicel veriler SPSS 21.0 kullanilarak analiz
edilmistir.

OGF kapsaminda elde edilen nitel veriler éncelikle bir tablo haline getirilerek cevaplar incelenmis,
genel egilimin hangi yonde olduguna bakilarak betimlenmis ve bulgular 6grencilerin cevaplari
kullanilarak dogrudan alinti yoluyla sunulmustur. Alintilamalar yapilirken éncelikle 6grencilerin her bir
soru ile ilgili gorusleri incelenmis, diger cevaplara gore daha fazla verilen yanitlar birebir alintilanmistir.
Ayrica tim cevaplarla ilgili genel egilimler ise igerik analizi yontemiyle ifade edilmistir. Burada gorisler
verilirken 6grenci isimleri K1, K2, K3 vb. seklinde kodlanmistir.
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Bulgular

Ozdeslikler ve Binom Agilimi Basarilarina iliskin Bulgular

Arastirmada geleneksel 6gretim yonteminin uygulandigi kontrol grubu O6grencileri ile geometrik
gorsellestirme 6gretim yonteminin uygulandigl deney grubu 6grencilerinin uygulama 6ncesi ve sonrasi
OBABT deki performanslarina ait betimsel istatistik degerleri Tablo 1’de gdsterilmektedir.

Tablo 1.

Deney ve Kontrol Gruplarina iliskin OBABT Ontest ve Sontest Betimleyici Istatistikler.
Grup Test X Ss t Sd p F p
Deney On-test 7.63 .78 -14.75 23 .00 354.29 .00
(n=24) Son-test 69.21 2.35
Kontrol On-test 4.83 A3 -7.22 28 .00 3.33
(n=29) Son-test 58.72 1.24

Tablo 1’den de gorildigi gibi deney grubundaki 6grencilerin ¢alisma 6ncesi ve sonrasi 6zdeslikler ve
Binom acilimina dair basarilari kontrol grubundaki 6grencilerden daha yiiksek ¢ikmistir. Yapilan iliskisiz
drneklem t-testi sonucuna gore iki grubun calisma &ncesi OBABT performanslari arasindaki fark anlamli
degildir: t(51)=1.66, p=.10.

Ote yandan, her iki gruptaki 6grenciler de 6n-testten son-teste basarilarini fark edilir derecede
artirmistir. Yapilan iliskili 6rneklem t-testi, geometrik gorsellestirme ogretim ydonteminin uygulandigi
deney grubundaki 6grencilerin 6n-test ve son-test basari puan ortalamalari arasindaki farkin istatistiksel
olarak anlamh oldugunu ortaya koymaktadir: t(23)=-14.75, p=.00. Benzer sekilde geleneksel 6gretim
yonteminin uygulandigi kontrol grubundaki 6grencilerin on-test ve son-test basari puan ortalamalari
arasindaki farkin istatistiksel olarak anlamli oldugu gérilmektedir: t(28)=-7.22, p=.00.

Geleneksel o0Ogretim yonteminin uygulandigi kontrol grubundaki 6grenciler ile geometrik
gorsellestirme 6gretim yénteminin uygulandigi deney grubu 6grencilerinin son-test OBABT ortalama
puanlari arasinda anlamli bir farkin olup olmadigini belirlemek igin, 6n-test puanlari kovaryans olarak
alinarak tek yonli kovaryans analizi (ANCOVA) uygulanmistir. Buna goére deney ve kontrol gruplarinda
bulunan 6grencilerin geometrik gosterimlerle 6grenme dizeltilmis basari puan ortalamalari arasinda
anlamli bir fark oldugu goérilmektedir: F(;15=3.33, p=.00. Baska bir ifadeyle son test puanlari grup
degiskeni ile iliskilidir. Buna bagli olarak gruplarin diizeltilmis basari puanlari arasinda yapilan Bonferroni
testi sonuclarina gére deney grubunun basari puan ortalamasi (X=69.21), kontrol grubunun basari puan
ortalamasindan (X=58.72) yiiksek oldugu goriilmektedir.

OGF ye iligkin Bulgular

Arastirmanin nitel boyutuna ait veriler icerik analizi yontemi ile analiz edilmistir. Analiz sonucunda
olusan gorsellestirme kullanilarak yapilan 6gretime iliskin goérislere ait temalar, kodlar ve frekans
dagiimlar Tablo 2’de gosterilmistir. Ogrencilerin verdikleri cevaplar dogrultusunda gérsellestirme
kullanilarak yapilan 6gretime iliskin goruslerine ait, “Gorsellestirme ve Basari”, “Gorsellestirmenin
Duygular Uzerindeki Etkisi”, “Gorsellestirmenin Onemi”, “Gorsellestirmede Karsilasilan Zorluklar”,
“Gérsellestirme ve Hisler”, “Gorsellestirme Becerileri”, Gérsellestirme ve Ogrenme Alanlan” ve
“Gorsellestirme ve Giinliik Yasam iliskisi” seklinde sekiz adet tema olusturulmustur. Elde edilen bulgular
asagida verilmistir.

Calismada ilk olarak 6grencilere “Bu dersin geometrik sekiller kullanilarak islenmesinin basariniz
adina faydasinin/faydalarinin neler oldugunu distiniyorsunuz?” sorusu yoneltilmis ve bu soruya verilen
yanitlardan elde edilen “Gorsellestirme ve Basari” temasina ait li¢ adet kod tespit edilmistir.
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Tablo 2.
Odrencilerin Gérsellestirme Algilarina iliskin Gériislerine ait Temalar, Kodlar ve Frekans Dagilimlari.
Temalar Kodlar f %
Gorsellestirme ve Gorsellestirmenin kaliciigr arttirmasi 10 41.60
Basari Gorsellestirmenin konuyu daha iyi anlamalarina katkida bulunmasi 8 33.33
Gorsellestirmenin somutlastirmayi saglamasi 4 16.60
Gorsellestirmenin Dersin daha kolay 6grenilmesi 9 37.50
Duygular Ders siirecinin daha eglenceli olmasi 8 33.30
Uzerindeki Etkisi Dersin sikicl olma durumundan kurtulmasi 4 16.60
Derse olan ilginin artmasi 3 12.50
Gorsellestirmenin Gorsellestirmenin 6nemli gorilmesi 12 50.00
Onemi Gorsellestirmenin yeni bir bakis agisi getirmesi 8 33.33
Gorsellestirmenin 6nemsiz goriilmesi 3 12.50
Gorsellestirmede Bilinmeyen degerler 13 54.10
Karsilagilan islem yiriitme siireci 7 29.10
Zorluklar Cebirsel yapidan gorsel yapiya gegis 3 12.50
Gorsellestirme ve Saskinlik hissi 10 41.60
Hisler Mutluluk hissi 10 41.60
Korku hissi 4 16.60
Gorsellestirme Pratiklesme becerisi 12 50.00
Becerileri Biligsel Beceriler 10 41.60
Psikomotor beceriler 2 833
Gorsellestirme ve Cebir 6grenme alani 13 54.10
Ogrenme Alanlari Geometri 6grenme alani 8 33.33
Veri toplama 6grenme alani 3 12.50
Gorsellestirme ve Gunlik yasamla iliski kurmada yardimci olur 20 83.33
Gunliuk Yasam Gunlik yasamla iliski kurma ile iliskisi yoktur 2 833
iliskisi Gunlik yasamla iliski kurmaz 2 8.33

Ogrenci gorisleri, frekans dagilimlari ele alinarak incelendiginde en sik tercih edilen kodlar sirasiyla;
Gorsellestirmenin kaliciligr arttirmasi (f=10), Gorsellestirmenin konuyu daha iyi anlamalarina katkida
bulunmasi (f=8) ve Gérsellestirmenin somutlastirmayi saglamasi (f=4) seklindedir. Ogrencilerin bu
temaya iliskin belirtmis olduklari gérislerden bazilari séyledir;

“Tatbiki de faydal ¢iinkii sekil ile ders islendiginde ders daha kalici olur.” (K4)

“Geometrik sekillerin kullanilmasin 6grenim siirecini kolaylastirdigina inaniyorum. Gérsellerin olmasi
daha farkl bakis acilari kazanmamizi saglamaktadir. Yani geometrik sekiller klasik anlatimin disina
ciktigi icin daha kalicidir.” (K1)

“Sekillerle 6gretim siirecinin ylirtitiilmesi bilgilerin aklimizda daha kalici olmasini sagladi.” (K10)
“Geometrik sekillerle dersin islenmesi 6zdeslikleri daha iyi kavramami sagladi.” (K21)

“Basarima ¢ok katki sagladigini diisiiniiyorum. Ciinkii gérseller kullanilarak ders islendigi zaman
konuyu kavrama yetim artt1.” (K17)

Burada verilen cevaplara ek olarak bir 6grencinin “ispat yetenedimi gelistirebilmem adina faydali
oldugunu diistiniiyorum.” (K23) cevabi gorsel modellerin kullaniimasinin 6nemli bir nokta oldugunu
gosteren bir bulgu olarak dusindlebilir.

Arastirmada &grencilerin dersin islenisi siirecinde yasadiklari duyguyu 6lcmek amaci ile “Ozdesliklerin
geometrik sekillerle ifade edilerek ders islenmesinin en ¢ok hangi yoni hosunuza gitti? Ni¢in?” sorusu
yoneltilmis ve bu soruya verilen yanitlardan elde edilen “Gérsellestirmenin Duygular Uzerindeki Etkisi”
temasina ait dért adet kod tespit edilmistir. Ogrenci goriisleri, frekans dagilimlari ele alinarak
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incelendiginde en sik tercih edilen kodlar sirasiyla; dersin daha kolay 6grenilmesi (f=9), ders sirecinin
daha eglenceli olmasi (f=8), dersin sikici olma durumundan kurtulmasi (f=4) ve derse olan ilginin artmasi
(f=3) seklindedir. Ogrencilerin bu temaya iliskin belirtmis olduklari gériislerden bazilari séyledir;

“Hosuma giden seyler oldu. Hocamiz denklemleri geometrik sekillerle anlatinca daha iyi égrendim.
Neyin nerden geldigini daha iyi anliyoruz.” (K11)

“Ozdeslikler konusu kolaylasti sevdigim bir konu haline geldi.” (K6)

“Sekille gosterilen Gzdeslikler dersi konuyu daha eglenceli hale getirdigi igin hicbir zaman anlatilan
konu sikici olmad..” (K18) “Ders genel anlamda eglenceli gegiyor gérsellerle anlatim anlamamiza kolaylik
saghyor.” (K10)

“Bilinmeyenlerin bulundugu cebirsel ifadelerin sekillerle gésterimi hosuma gitti.” (K23)

Yine burada verilen cevaplara ek olarak bir 6grencinin “Ezber bir yéntem olmamasi hosuma gitti.”
(K20) cevabi egitim sirecinde matematiksel modellerin  kullanilmasinin  anlamli  6grenmeler
gerceklestirmede 6nemli bir faktor oldugunu gosteren bir bulgu olarak diistinilebilir.

Calismada 6grencilerin ders siirecinde kullanilan yontemle ilgili gérislerini 6lgmek amaci ile “Sizce bu
ders islenirken kullanilan yontem 6nemli midir, gerekgelerini agiklayiniz?” sorusu yoneltilmis ve bu
soruya verilen yanitlardan elde edilen “Gérsellestirmenin Onemi” temasina ait (ic adet kod tespit
edilmistir. Ogrenci gorisleri, frekans dagilimlar ele alinarak incelendiginde en sik tercih edilen kodlar
sirasiyla; gorsellestirmenin 6nemli gorilmesi (f=12), gorsellestirmenin yeni bir bakis agisi getirmesi (f=8)
ve gorsellestirmenin 6nemsiz goriilmesi (f=3) seklindedir. Ogrencilerin bu temaya iliskin belirtmis
olduklari gérislerden bazilari séyledir;

“Cok énemlidir ¢clinkii birgok insan matematige negatif bakiyor. Bu tiir yéntemlerle matematige bakis
agisi degistirilebilir.” (K17)
“Onemlidir, ¢iinkii kullanilan yéntem é§rencinin anlamasini ve derse katihmini sagliyor.” (K3)

“Tabi ki 6nemlidir. Sonug¢ta bu yéntem derslerde ezberlemek yerine kalici 6grenmelerimizin
olusmasini saglamistir.” (K10)

“Onemlidir. Ciinkii kullanilan yéntem dersi daha iyi ve dikkatli bir sekilde dinlememizi saglar.” (K7)
“Onemlidir ¢linkii dinleyicinin daha verimli sekilde derse odaklanmasini saglar.” (K8)

Yine burada verilen cevaplara ek olarak bir 8grencinin “Onemlidir ¢iinkii dersi anlayarak isledik ve
bize yaraticilik yetisi kazandirdl.” (K20) cevabi yaraticilik yetisinin gelistiriimesi noktasinda ilgili ydontemin
kullanilmasinin 6nemli oldugunu gosteren baska bir bulgu olarak dustndlebilir.

Calismada uygulanan modelin olumsuz yonlerini 6lgmek amaciyla kendilerine “En ¢ok hangi noktada
zorlandiniz, nigin?” sorusu yoneltilmis ve bu soruya verilen yanitlardan elde edilen “Gorsellestirmede
Karsilasilan Zorluklar” temasina ait (i¢ adet kod tespit edilmistir. Ogrenci gorisleri, frekans dagilimlari ele
alinarak incelendiginde en sik tercih edilen kodlar sirasiyla; bilinmeyen degerler (f=13), islem ylritme
siireci (f=7) ve Cebirsel yapidan gérsel yapiya gegis (f=3) seklindedir. Ogrencilerin bu temaya iliskin
belirtmis olduklari goriislerden bazilari soyledir;

“Bilinmeyenler konusunda zorlaniyorum.” (K14)

“Anlatim kolay olsa da sézel béliim ¢ikisli olmam sebebiyle bilinenlerle bilinmeyenleri ayirt etmede
zaman zaman zorlaniyorum.” (K1)

“Konunun baslangicinda bilinmeyenleri anlamakta zorlandim.” (K24)
“Bilmedigim konulari ilk kez gérdiigiimde zorlandim.” (K22)
“Ders anlatimi kolay ve zevklidir ancak bazi bilinmeyenler islemi zorlastiriyor” (K18)

Yine burada verilen cevaplara ek olarak bir 6grencinin “Yanlis ¢6ziimlerimi yeniden ¢ézerken fazla
zaman kaybetmem beni biraz zorladi.” (K21) seklinde verdigi cevap kullanilan yéntemin zaman agisindan
kullanissiz olabilecegi noktasina vurgu yapabilir.
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Calismada 6grenim sureciyle ilgili 6grencilerin hislerini 6lgmek amaci ile “Cebirsel yapilarin geometrik
sekillerle ifade edildigini gordigunizde neler hissettiniz?” sorusu yoneltilmis ve bu soruya verilen
yanitlardan elde edilen “Gérsellestirme ve Hisler” temasina ait (¢ adet kod tespit edilmistir. Ogrenci
gorisleri, frekans dagilimlari ele alinarak incelendiginde en sik tercih edilen kodlar sirasiyla; saskinlik
hissi (f=10), mutluluk hissi (f=10) ve korku hissi (f=4) seklindedir. Ogrencilerin bu temaya iliskin belirtmis
olduklari géruslerden bazilari séyledir;

“Sasirdim ¢iinkii daha 6nce hig¢ gérmedigim igin biraz tuhaf geldi.” (K5)

“Baslangicta ¢ok korktum ¢iinkii dersin daha zor olabilecegini diisiindiim. Fakat ders daha eglenceli
ve kolay bir hal ald1.” (K4)

“Tuhaf hissettim daha énce hicbir sekilde matematigin geometrik sekillerle islendigini bilmiyordum.”
(k2)

“Dogruyu séylemem gerekirse matematikten korkan ve yapamayacadini diisiinen biri olarak ilk defa
kendimi rahatlamis ve basarmis hissettim.” (K18)

“Ashnda sasirdim. Ciinkii bu konu hakkinda bilgim yoktu.” (K8)

Yine burada verilen cevaplara ek olarak bir 6grencinin “Bayadi heyecanlandim. Sudoku ¢6ziiyormus
gibi geldi ve dersler giizel geciyordu.” (K14) cevabi ile dersin islenis sirecinin bir bulmaca gibi oyun
havasinda yuritilmesi 6nemli bir bulgu olarak 6ne ¢ikmaktadir.

Calismada 6grencilerde olusan ve kendilerinin farkina vardigi becerileri 6lgmek amaci ile “Cebirsel
ifadelerin geometrik sekillerle gosterilmesi size ne gibi beceriler kazandirdi?” sorusu yoneltilmis ve bu
soruya verilen yanitlardan elde edilen “Gorsellestirme Becerileri” temasina ait i adet kod tespit
edilmistir. Ogrenci gérisleri, frekans dagilimlari ele alinarak incelendiginde en sik tercih edilen kodlar
siraslyla; pratiklesme becerisi (f=12), bilissel beceriler (f=10) ve psikomotor beceriler (f=4) seklindedir.
Ogrencilerin bu temaya iliskin belirtmis olduklari gériislerden bazilar séyledir;

”

“Konuyu 6grendikten sonra, sekilleri gérdiigiimde pratik ¢éziimler liretip soru ¢6zmeye basladim.
(K4)

“Diisiince agisindan beceri kazandirirdi bir sorunun ¢éziimiinde daha hizli ve saglkli diisiiniiyorum.”
(K17)

“Daha dnceden cebirsel ifadeler ilgimi ¢ekmiyor ve zor gériiniiyordu. Ama geometrik sekillerle
geleneksel anlatimin disina ¢ikilmasi benim bu konuda daha hizli ve pratik olmami sagladi.” (K1)

”

“Yeni ve farkl ¢6ziim yéntemlerini denedim ve geometri ile birlestirerek pratik ¢6ziimler buldum.
(K12)

“Gérsel olmasi pratik anlama becerimi kolaylastirdl.” (K9)

4

Ayrica burada verilen cevaplara ek olarak bir 6grencinin “Gérsel diisiinme yetenegimi gelistirdim.”
(K15) ifadesi ile kisinin gorsel zekasinin gelistiriimesinde modellerin 6nemli oldugunu sdylemek
mumkundir.

Arastirmada o6grencilerin konu alanlari arasindaki iliski diizeylerini dlgebilmek amaciyla “Cebir’in ya
da matematigin baska hangi alanlarinda geometrik sekillerle gosterimi kullanmak isterdiniz? Neden?”
sorusu ydneltilmis ve bu soruya verilen yanitlardan elde edilen “Gérsellestirme ve Ogrenme Alanlar”
temasina ait (¢ adet kod tespit edilmistir. Ogrenci gorisleri, frekans dagilimlari ele alinarak
incelendiginde en sik tercih edilen kodlar sirasiyla; cebir 6grenme alani (f=13), geometri 6grenme alani
(f=8) ve veri toplama &grenme alani (f=3) seklindedir. Ogrencilerin bu temaya iliskin belirtmis olduklari
gorislerden bazilari soyledir;

“Matematigin dider alanlarinda da kullanilmasi faydali olabilir. Ornedin, fonksiyonlar konusunda
kullanilabilir.” (K12)

“Matematikteki tiim konularda kullanmak isterdim. Konulari sekillerle géstermek daha kolay olabilir.
Mesela polinomlar érnek konu olarak segilebilir.” (K9)
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“Polinomlar gibi bilinmeyenlerin bulundugu konularda da kullanilabilir.” (K20)

“Dijer matematik alanlarinda da kullaniimasi lazim. Ornedin tiirev konusu geometrik sekillerle
anlatilsaydi daha kolay 6grenilebilirdi.” (K1)

“Diger matematik alanlarinda ézelliklede denklemlerde kullaniimasini isterdim.” (K13)

Arastirmada son olarak 6grencilere kullandiklari yéntemin gilinlik hayatla iliski kurmalarina ne kadar
yardimci oldugunu 6lgmek amaciyla “Bu dersin islenisinde kullanmis oldugunuz yéntemin, ders igerigini
gunliik yasamla iliskilendirdigini dusuniyor musunuz?” sorusu yodneltiimis ve bu soruya verilen
yanitlardan elde edilen “Gérsellestirme ve Giinliikk Yasam iliskisi” temasina ait li¢ adet kod tespit
edilmistir. Ogrenci gorisleri, frekans dagilimlari ele alinarak incelendiginde en sik tercih edilen kodlar
siraslyla; glinliik yasamla iliski kurmada yardimci olur (f=20), glinlik yasamla iliski kurma ile iliskisi yoktur
(f=2) ve veri giinliik yasamla iliski kurmaz (f=2) seklindedir. Ogrencilerin bu temaya iliskin belirtmis
olduklari gériislerden bazilari soyledir;

“Evet. Ornedin, giinliik hayatta bir tarlanin alanini hesaplarken de benzer islemler yapiyoruz.” (K23)

“Evet iliskilidir. Ornedin, bir tahta parcasini diisiinelim. Giinliik hayatta bu tahtayi sekillendirmek icin
derste uyguladigimiz 6zdeslik kavramlarini kullanmak miimkiindiir.” (K13)

“Evet, ¢clinkii matematigi evrensel boyutta diistinebiliriz.” (K11)
“Evet, iliski kurmamiza yardimci oluyor.” (K24)
“Evet, ¢linkii akilli telefonlardaki oyunlarla benzer iliski kurabiliriz.” (K14)

Yukarida ozetlenen 6grenci goérislerine gore geometrik modellerin cebirsel 6zdesliklerin 6gretim
strecini  olumlu etkiledigini séylemek mimkindir. Model, cebirsel bir bagintiyi geometrik
anlamlandirmada destek saglarken Ogrenciler bu kez tam tersine geometrik bir ifadenin cebirsel
formillerini anlama egilimi gostermislerdir. Béylece yeniden yapilandirilmis programin hedeflerine
uygun bir davranis sergilemisleridir. Ogrenciler ifadelerinde geometri ile cebir arasinda iliski kurma
becerisi kazandiklarini vurgulamaya ¢alismislardir. Bir diger énemli bulgu da geometri icinde kenar ile
alan arasi iliski kurmadir. Nitekim yapilan g¢alismanin Ozdesliklerle ilgili oldugu distinllirse cebir-
geometri arasi baginti kurmanin yani sira kenar-alan arasi iliski kurabilmeleri de matematiksel bir kazang
olarak kabul edilebilir.

Sonug, Tartisma ve Oneriler

Nitel ve nicel verilerin birlikte toplanarak analiz edildigi karma desenlerden agiklayici desenli bu
calismanin nicel boyutunda, gorsellerle cebirsel ifadelerin 6gretiminin geleneksel 6gretim yontemine
gore Ogrenci basarisini daha fazla arttirdigi sonucuna varilmistir. Calismanin nitel boyutunda ise
gorsellerin cebirsel ifadelerin 6gretim siirecini olumlu yonde gelistirdigi bulunmustur. Ayrica 6grenciler
gorislerinde, gorsellerin 6gretim siirecini daha ilgi cekici ve eglenceli hale getirdigini, onlari ezberden
uzaklastirip kalici dégrenmelere yénlendirdigini belirtmislerdir. Ogrenim siirecinde 6grencilerin genel
anlamda anlama ve anlamlandirmada sorun yasadiklari matematiksel formiller oldugu bilinmektedir.
Gorseller ile yapilan etkinlikler sonrasi 6grencilerin matematik kaygilarinin azaldig, 6zglivenlerinin
gelistigi, merak duygularinin arttigi sonucuna ulasilmistir (Durmus & Karakirik, 2006; Hamersma, 2002;
Konyalioglu, 2003). Bu calismalarin bulgulari arastirmanin bulgulariyla értismektedir. Ek olarak elde
edilen bulgular neticesinde geometri-cebir arasi gegisin saglanmasi, gorseller ile zenginlestirme
sonrasinda matematige karsi tutum ve bakis agisinin degistirilmesi, matematikte kavramsal bilginin
edinilmesi 6grenciler icin dnemli kazanimlar olarak gorilmistir. Bu agidan gorsellerle somutlastirma,
ogrencinin kendisinin bilgiyi kesfetmesine imkan vermesi agisindan énemlidir.

Calismada hem deney hem de kontrol grubundaki 6grencilerin dort haftalik egitim siirecinin sonunda
6zdeslikler ve Binom acgilimi konularindaki basarilarinin arttigi ve bu artisin istatistiksel olarak anlaml
oldugu bulunmustur. Ancak deney grubunda bulunan 6grencilerin muhtemelen daha zengin ele alinan
gorsellestirme deneyimleri sayesinde kontrol grubundaki 06grencilerden daha basarili oldugu
goriilmektedir. Ozdemir, Duru ve Akgiin (2005) ortadgretim seviyesinde gerceklestirdigi calismasinda
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gorsellestirme uygulamalarinda deneyimi olan 6grencilerin matematikte gorselleri kullanma yeterlilikleri
cercevesinde daha basarili olduklarini belirtmektedir. Yapilan ¢alismada geometrik gorsellestirme
yontemi ile egitim alan 6grencilerin akademik basarisinin, geleneksel egitim alan 6grencilerinkinden
anlamli derecede yiksek oldugu sonucuna ulasilmistir. Bu bulgu, benzer baska c¢alismalarin sonuglarini
destekler niteliktedir (Ciltas & Isik, 2012, 2013; English, 2004; Sagirli, Kirmaci & Bulut, 2010).

Anlamli 6grenme ve bilgileri zihinde yapilandirma kavramlarinin énemi ¢agdas egitim sistemlerinde
on plana g¢ikmaktadir. Calismada &grencilere “Bu dersin geometrik sekiller kullanilarak igslenmesinin
basariniz adina faydasinin/faydalarinin neler oldugunu duslintyorsunuz?” sorusu yoneltilmis ve bu
soruya verilen yanitlardan elde edilen “Gorsellestirme ve Basarl” temasina ait (ic adet kod tespit
edilmistir. Ogrenci gorisleri, frekans dagilimlari ele alinarak incelendiginde en sik tercih edilen kodlar
siraslyla; Gorsellestirmenin kalicilligl arttirmasi, Gorsellestirmenin konuyu daha iyi anlamalarina katkida
bulunmasi ve Gérsellestirmenin somutlastirmayi saglamasi seklindedir. Ogretim siirecinde kanitlarin ve
ispatlarin sUphesiz 6nemi blylktir (Dede &Karakus, 2014; Hanna, 2000). Matematiksel ifadeler
Uzerinde ispatlarin kanitlanabilmesi matematiksel distinceyi gelistirmektedir (Stylianides, 2007).
Matematikte ispat siirecinde gorsellestirmenin ispatlarin anlasilmasi lzerinde olumlu katkisi vardir
(Hanna & Sidoli, 2007). Yapilan g¢alismalarda, bireyin diisiinme slirecinde 6nemli bir yeri olan gorsel
imajlarin 6grenme ve anlamaya buyik katki sagladigi belirtilmistir (Stylianou & Silver, 2004; Presmeg,
2006). Bunun yaninda gorsel sekillere dayali ispatlar, 6grencilere formillerin dogasi konusunda bilgi
verir, onlarin ezberden kacinip kalici 6grenmeler edinmelerini saglar. Ayrica yaptiklari yanhslarin 6niine
gecme ve anlama zorluklarinin giderilmesinde (Tekin & Konyalioglu, 2010) etkili olur. Ornegin, bu
galismada bir 6grencinin “ispat yetenegimi gelistirebilmem adina faydali oldugunu disiiniiyorum.”
cevabi gorsel modellerin kullanilmasinin ispat siirecinde énemli oldugunun ¢alismanin 6grencilerde bu
konuda bir farkindalik olusturdugunun gdstergesi olarak disuntlebilir.

Arastirmada 6grencilerin dersin islenisi siirecinde yasadiklari duyguyu 6lcmek amaci ile “Ozdesliklerin
geometrik sekillerle ifade edilerek ders islenmesinin en ¢ok hangi yoni hosunuza gitti? Nigin?” sorusu
yoneltilmis ve bu soruya verilen yanitlardan elde edilen “Gérsellestirmenin Duygular Uzerindeki Etkisi”
temasina ait dért adet kod tespit edilmistir. Ogrenci gorisleri, frekans dagilimlari ele alinarak
incelendiginde en sik tercih edilen kodlar sirasiyla; dersin daha kolay 6grenilmesi, ders siirecinin daha
eglenceli olmasi, dersin sikici olma durumundan kurtulmasi ve derse olan ilginin artmasi seklindedir.
Keskin’e (2008) gore gorsellestirmenin temel prensibi 6grencilerin matematiksel distinme becerilerini
gelistirerek, karmasik géziken durumlari belirginlestirmek ve 6grenciye daha anlasilir bir fikir sunmaktir.
Ogretim siirecinin 6nemli bilesenlerinden birisi siiphesiz ydntemdir. Bu noktadan hareketle Calismada
ogrencilerin ders sirecinde kullanilan yéntemle ilgili goruslerini 6lgmek amaci ile “Sizce bu ders
islenirken kullanilan yontem 6nemli midir, gerekgelerini agiklayiniz?” sorusu yoneltilmis ve bu soruya
verilen yanitlardan elde edilen “Gérsellestirmenin Onemi” temasina ait (i¢ adet kod tespit edilmistir.
Ogrenci gorisleri, frekans dagilimlari ele alinarak incelendiginde en sik tercih edilen kodlar sirasiyla;
gorsellestirmenin énemli gérilmesi, gorsellestirmenin yeni bir bakis acisi getirmesi ve gorsellestirmenin
o6nemsiz gorilmesi seklindedir. Yine 6gretim sirecinde yaraticiligin 6nemi stiphesiz buyuktir. Calismada
bir 6grencinin “Onemlidir ¢linkii dersi anlayarak isledik ve bize yaraticilik yetisi kazandirdi.” cevabi
yaraticihk yetisinin gelistirilmesi noktasinda bu yontemin kullaniimasinin  6nemli olabilecegini
gostermektedir. English ve Watters (2005) yapmis olduklari ¢alismanin bulgular ¢ergevesinde goérsel
modeller kullanilarak ¢oziilen problemlerin 6grencilerin bilis isti ve elegstirel diisinme becerilerini
gelistirmede 6nemli oldugunu vurgulamislardir.

Calismada uygulanan modelin olumsuz yonlerini 6lgmek amaciyla kendilerine “En ¢ok hangi noktada
zorlandiniz, nigin?” sorusu yoneltilmis ve bu soruya verilen yanitlardan elde edilen “Gorsellestirmede
Karsilasilan Zorluklar” temasina ait (i¢ adet kod tespit edilmistir. Ogrenci gorisleri, frekans dagilimlari ele
alinarak incelendiginde en sik tercih edilen kodlar sirasiyla; bilinmeyen degerler, islem yiirlitme sireci ve
Cebirsel yapidan gorsel yapiya gecis seklindedir. Bunun nedeni bilinmeyenler ve islem slirecinin soyut
olmasi olabilir. Konyaloglu (2003) matematigin soyutlugundan kaynaklanan 6grenme ve G6gretme
glcliginiin matematik egitimcilerini bu yonde arastirma yapmaya sevk ettigini belirtmektedir. Baykul
(1997) genel olarak soyut kavramlarin kazanilmasinin zor oldugunu matematigin 6grencilere zor
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gelmesinin sebebinin belki de bundan kaynaklandigini ancak bu zorlugun matematik kavramlarinin
Ogretimi sirasinda somutlastirilarak veya somut materyaller kullanilarak giderilebilecegini ya da en
azindan azaltilabilecegini belirtmistir. Bununla beraber galismada, 6grenim sireciyle ilgili 6grencilerin
hislerini 6lcmek amaci ile “Cebirsel yapilarin geometrik sekillerle ifade edildigini gordigiiniizde neler
hissettiniz?” sorusu yoneltilmis ve bu soruya verilen yanitlardan elde edilen “Gorsellestirme ve Hisler”
temasina ait (ic adet kod tespit edilmistir. Ogrenci gérisleri, frekans dagilimlari ele alinarak
incelendiginde en sik tercih edilen kodlar sirasiyla; saskinhk hissi, mutluluk hissi ve korku hissi
seklindedir. Bloom’a gbre 6grenme basarisindaki degiskenlerin yaklasik dértte biri 6grencilerin duyussal
dzelliklerinden kaynaklanmaktadir (Altun, 1995). Ogrencilerde olusan ve kendilerinin fark etmis oldugu
becerileri 6lgmek amaci ile “Cebirsel ifadelerin geometrik sekillerle gosterilmesi size ne gibi beceriler
kazandirdi?” sorusu yoneltilmis ve bu soruya verilen yanitlardan elde edilen “Gérsellestirme Becerileri”
temasina ait U¢ adet kod tespit edilmistir. Ogrenci gorisleri, frekans dagilimlari ele alinarak
incelendiginde en sik tercih edilen kodlar sirasiyla; pratiklesme becerisi, bilissel beceriler ve psikomotor
beceriler seklindedir. Konyalioglu (2003) soyut kavramlarin Ogrenimi ve 06gretimi siirecinde
somutlastirmanin yapilmasinin veya somut materyallerin kullanilmasinin 6grencilerin hem bilissel hem
de duyussal agidan olumlu yonde gelistigini raporlamaktadir. Konyalioglu (2003) ayrica matematikte
soyut kavramlari somutlastirmanin soyut matematiksel ifadelere anlam kazandirip matematikteki
iliskilerin daha kolay ve pratik bir sekilde anlagiimasini sagladigini vurgulamaktadir.

Arastirmada o6grencilerin konu alanlari arasindaki iliski diizeylerini dlgebilmek amaciyla “Cebir’in ya
da matematigin baska hangi alanlarinda geometrik sekillerle gosterimi kullanmak isterdiniz? Neden?”
sorusu ydneltilmis ve bu soruya verilen yanitlardan elde edilen “Gérsellestirme ve Ogrenme Alanlar”
temasina ait (¢ adet kod tespit edilmistir. Ogrenci gorisleri, frekans dagilimlari ele alinarak
incelendiginde en sik tercih edilen kodlar sirasiyla; cebir 6grenme alani, geometri 6§renme alani ve veri
toplama 6grenme alani seklindedir. Bunu destekler sekilde bu calismada 6grenciler matematigin ve
cebirin diger alanlarinda da geometrik sekillerin kullanilabilecegine deginmislerdir. Akman, Yiikselen ve
Uyanik’in (2000) ifade ettikleri gibi bu calismada da 6grencilerin bazilarinin uygulama 6ncesinde
geometrik gorsellestirmenin matematik 6gretim programinin iginde yer almali gorisiine sahip olduklari
ortaya gikmistir.

Ogretim siirecinin giinlik yasamla iliski kuracak sekilde yapilandirilmasi siiphesiz 6nemlidir. Nitekim
egitimin temel ilkelerinden birisi de yakindan uzaga ilkesidir. Bu ylUzden 0Ogrenilen bilgilerin ginlik
hayatla iliski kurularak 6grenilmesinin 6nemi buyiktir. Nitekim ders slrecinde 6zdesliklerin glinlik
yasamla iliskisi noktasina deginilirken oncelikle gorseller kullanilmis, daha sonra bu gorsellerle ilgili
somut ornekler (tarla alanlarina iliskin 6rnekler, depo hacimlerine iliskin 6rnekler vb.) incelenerek
ogrencilerin zihinlerinde anlaml 6grenme olusturulmaya gahlisilmistir. Bu noktadan hareketle 6grencilere
“Bu dersin islenisinde kullanmig oldugunuz yontemin, ders igerigini ginlik yasamla iliskilendirdigini
dusiniyor musunuz?” sorusu yoneltilmis ve bu soruya verilen yanitlardan elde edilen “Gérsellestirme ve
Gunliik Yasam iliskisi” temasina ait {ic adet kod tespit edilmistir. Ogrenci gérisleri, frekans dagilimlari ele
alinarak incelendiginde en sik tercih edilen kodlar sirasiyla; ginliik yasamla iliski kurmada yardimci olur,
ginlik yasamla iliski kurma ile iliskisi yoktur ve veri glinlik yasamla iliski kurmaz seklindedir. Matematigi
gercek hayatta kullanma siire¢ ve becerilerinin anlamh bir sekilde gelisebilmesi icin gorsellerle
modelleme ¢alismalarinin ilkokul yillarindan itibaren baslamasi gerektigi ileri stirtilmektedir (English &
Watters, 2005). Elde edilen matematiksel sonuglarin gercek durumlar ile gorseller kullanilarak
bagdastirilmasi, gercek sonuglar haline getirilmesi gerekmektedir (Borromeo Ferri, 2006). Benzer olarak
8-10. sinif 6grencilerinin gorsellerle modelleme problemlerinin ¢dziimiindeki yaklasimlarini inceleyen
Blum’un (2011) da elde edilen ¢6zimlerin gercek yasamda anlamli olup olmadigina dikkat edilmedigini
ifade ettigi goriilmektedir. Bu cercevede ileriki arastirmalarda gorsellerle desteklenen yeni 6gretim
yontemlerinin olusturulmasi ve uygulanmasi 6nerilebilir. Matematik 6gretim siirecinde somutlastirilan
bilgilerin daha kalici 6grenmeler gergeklestirdigi dustinildiginde gorsellerle zenginlestirilmis 6gretim
ortamlarinin gelistiriimesine yonelik lisans dersleri 6gretim programina eklenebilir. Ayrica halihazirda
calismakta olan matematik 6gretmenlerine bu konuyla ilgili hizmet ici egitim seminerleri verilmesi
dislintlmelidir.
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Appendix 1.
Learning / Teaching Process in the Experimental Group.

The steps related to the learning process carried out in the experimental group are given below. In this
teaching process, each step was applied to the students individually by asking the questions one by one
using the question-answer technique, and only small tips were given to the students where necessary.
Thus, the students tried to reach a generalization with their own efforts. In addition, the learning
process was supported with additional examples when needed and attempts were made to reinforce
students’ learnings in this way.

Lecture 1-2
Time of application: 2x40 min
Practitioner: 1. Researcher
Materials: Whiteboard, colored pencils, A4 papers
Objective: To make students comprehend the second power ofax+b through the geometric
representations.
Second power of ax+b
When expressing the second power of a number with geometric shapes, the square area is preferred.
Indeed, a square area is expressed as 1.1=1? while calculating the area of a square with a side of 1 unit
(see Figure 2a).

1
Figure 2a. The area of a square with a side of 1 unit.

Similarly the square area is expressed as 2.2 =22 while calculating the area of a square with a side of 2

units (see Figure 2b).
2

2
Figure 2b. The area of a square with a side of 2 units.

Upon making a generalization from the calculations of the square areas of the squares with a side of 1
unit or 2 units as shown above, the square area can be expressed as x.x = x> while calculating the area

of square with a side of x units (see Figure 2c).
X

X
Figure 2c. The area of a square with a side of X units.

Using the same logic, the square area can be expressed algebraically as (x+1).(x+1) = (x+1)* while

calculating the area of a square with a side of (X+1) units (see Figure 2d).
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Figure 2.d. The area of a square with a side of X+1 units.

The square shown in the figure 2.d, which is considered as a square with a side of (X+1) units, can be
also considered as the sum of the areas of four different rectangular regions. These rectangular regions
include two square regions with the areas of x? andlz, and also two rectangular regions with the areas
of 1.X and 1.X. From this point it is possible to reach the following identity;
(x+1).(x+1)=(x +1)2 =X +1.X+1.x+1% = x* + 2x +1 Identity (1.1)

The coefficients for each term of this identity expansion are 1, 2 and 1, respectively. These coefficients
correspond to the second row in Pascal triangle.

By using the expansions explained until now, the area of a square with a side of (ax+b) units can be
expressed algebraically as follows; (aX + b).(ax + b) = (ax + b)2 . The geometrical representation of

this expression is shown in the Figure 2.e.

ax b
b b| b
[, éjx_.........'...b....
ax ax! ax

ax b

Figure 2.e. The area of a square with a side of ax+b units.

In line with the information from the previous identity expansions, the square shown in the figure 2.e,
which is considered as a square with a side of (ax+b) units, can be also considered as the sum of the
areas of four different rectangular regions. These rectangular regions include two square regions with
the areas of a’x* andb? , and also two rectangular regions with the areas of ax.b and axb. So, it is
possible to reach the following identity;

(ax+b).(ax+b) = (ax+b)2 =a’x®?+2.axb+b® Identity (1.2)

- - . . 2 2 .
The coefficients for each term of this identity expansion are @, a.b and b°, respectively. When the
general terms are ignored, these coefficients are 1, 2 and 1, respectively. These coefficients also
correspond to the second row in Pascal triangle.
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Lecture 3-4
Time of application: 2x40 min
Practitioner: 1. Researcher
Materials: Whiteboard, colored pencils, A4 papers
Objective: To make students comprehend the third power ofax + b through the geometric shapes.
Third power of ax+b
The volume of cube is used for expressing the third power of a number with geometric representations.

Indeed, the volume of a cube with a side of 1 unit is expressed as follows; 1.1.1=13. The relevant
geometrical representation of this expression is shown in the Figure 3.a

1T
11

Figure 3.a. The volume of a cube with a side of 1 unit.

Similarly, the volume of a cube with a side of 2 units is expressed as follows; 2.2.2=2%, and the
relevant geometrical representation of this expression is shown in the Figure 3.b.

2

2
Figure 3.b. The volume of a cube with a side of 2 units.

Upon making a generalization from the calculations of the volumes of the cubes with a side of 1 unit and
2 units as shown above, the volume of a cube with a side of x units can be expressed as follows;

XXX =X3. The relevant geometrical representation of this expression is shown in the Figure 3.c.
X

Figure 3.c. The volume of a cube with a side of x units.

Using the same logic, the volume of a cube with a side of (x+1) units can be expressed algebraically as
follows; (x+1).(x+1).(x+1):(x+1)3- The relevant geometrical representation of this expression is

shown in the Figure 3d.

X

Figure 3.d. The volume of a cube with a side of (X-I—l) units.
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The cube shown in the figure 3.d, which is considered as a cube with a side of (x+1) units, can be also
considered as the sum of the volumes of eight different rectangular solids. Their volumes are as follows;
X3, XZ, XZ, X2, X, X, X, 13. So, it is possible to reach the following identity;

(x+1).(x+1).(x+1) = (x+1)3 =X+ X+ X2+ X2+ X+ X+ X+212 = x* +3x? +3x +1 Identity (1.3)

The coefficients for each term of this identity expansion are 1, 3, 3 and 1, respectively. These
coefficients correspond to the third row in Pascal triangle, similar to the expansion of Identity (1.2). In

the light of these data, the volume of a cube with a side of (ax+b) units can be expressed algebraically
as follows;
(ax+b).(ax+b).(ax+b) =(ax+b)3

The geometrical representation of this expression is shown in the Figure 3.e.

ax b
ax b 0
ax b b A
ax ax ax v e ax
a ) ax ax| ay |2X
ax b
A% b _ax
ax ax ax
b by
bl B b ax b
ax Ib . b
ax b
ax
ax a ax

ax al b
a ﬂ

ax

ax

Figure 3.e. The volume of a cube with a side of ax+b units.

This expression can be thought of as the sum of the volumes of eight different rectangular prisms, while
being considered as a cube with a side of (axtb) unit. These volumes are

a3, a’bx?, a’bx?, a’bx?, ab’x, ab’x, ab’x, b?, respectively. So, it is possible to reach the following
identity;
(ax+b). (ax+b).(ax+b) = (ax+b)3 =a®x® +3a’bx? +3ab’x +b?® Identity (1.4)

The coefficients for each term of this identity expansion are a*,a’h,ab® and b*, respectively. When the

general terms are ignored, these coefficients are 1, 3, 3 and 1, respectively. These coefficients also
correspond to the third row in Pascal triangle, similar to the Identities of (1.2) and (1.3).
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Lecture 5-6-7
Time of application: 3x40 min
Practitioner: 1. Researcher
Materials: Whiteboard, colored pencils, A4 papers
Objective: To make students comprehend the fourth power ofax+b through using geometric
representations.
Fourth power of ax+b
Square areas and cubic volumes are used to model the third and fourth powers of a number using
geometric shapes, respectively. Previously, some researchers worked on such visualizations (Akin &
Pesen, 2010, Akin et al. 2010, Diindar, 2012, Ozdemir et al. 2013). Two-dimensional geometric models
for the second power and three-dimensional geometric objects for the third power were preferred in
these studies. However, it is not possible to draw four or more dimensional objects in the visualization
dimension for the fourth and higher powers of a number/expression/identity. Therefore, this study has
tried to model these powers in the following description by reducing the upper powers to the lower
powers.
It is possible to transform fourth power of a number into the square of its second power as in the form

of x* :(XZ)Z = x%.x? expression. In other words, the fourth power of a number can be thought of as the

area of a square whose one side is the square of the same number. By using this method, it is possible to
consider 1* :(12)2 =121> expression as the area of a square with a side of 1* unit. The geometric

representation of this expression is given in Figure 4.a.
12

12 12

12

Figure 4.a. The area of a square with a side of 1° unit.

Similarly it is possible to consider 2* :(22)2 = 2292 expression as the area of a square with a side of 2°

unit. The geometric representation of this expression is given in Figure 4.b.
22

22 22

22

Figure 4.b. The area of a square with a side of 2% units.

2
According to these data, x* = (Xz) =x%.x? can be expressed as the area of a square with a side of x?

unit. The geometric representation of this expression is given in Figure 4.c.

52

v’
%2

Figure 4.c. The area of a square with a side of X units.

By using the same logic, (x+1)4 :((x+1)2)2 =(X+1)2.(X+1)2 expression can be considered as the area of
a square with a side of (x+1)° unit. The geometric representation of this expression is given in Figure 4.d.
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[x+1)?

(x+1)* [x+1)2

[x+1)?
Figure 4.d. The area of a square with a side of (x+l)2 units.
The area of a quadratic solid is expressed as foIIows;(x+1)4 :((x+1)2)2 :(x+1)2,(x+1)2. When the
value of Identity (1.1) is replaced and the necessary distributive procedure is applied in this expression,
the expansion of Identity (1.5) would be:
(x+1) = ((x+1)2)2 = (x4 (x+2) = (X° +2x+1).(x2+ 2x+1)
= X 42+ X2+ 2 +4X% 42X+ X+ 2x+1

= X" +4x° +6x% +4x+1 Identity (1.5)

The coefficients for each term of this identity expansion are 1, 4, 6, 4 and 1, respectively. These
coefficients correspond to the third row in the Pascal triangle. In the light of these data,

(ax+b)4 :((ax+b)2 )2 :(ax+b)2 .(ax+b)2 expression can be considered as the area of a square with a side
of (ax+ b)2 unit. The geometric representation of this expression is given in Figure 4.e.

{ax+h)*

(ax+b)3 (ax+b)?

(ax+b)?

Figure 4.e. The area of a square with a side of (ax + b)2 units.

With the help of information obtained up to this point, if the Identity (1.2) is written in
(ax+b)4 = ((ax+b)2)2 = (ax+b)2.(ax+b)2 expression and the necessary mathematical procedures are
applied, then the expansion in Identity (1.6) is obtained:
2

(ax+b)’ =((ax+b)2) =(ax-+b)’ (ax+b)" =(a’x* + 2axb+b?).(a’x" + 2axh +b?)

=a'x* +2a’x% + a*x’b? + 2a°x% + 4a’x%b? + 2axb® + a’x°b’ + 2axb® +b*
=a’x* +4a’x°b +6a’xb* + 4axb® +b* dentity (1.6)
The coefficients for each term of this identity expansion area’, a’b,a’b?,ab® and b*, respectively.

When the general terms are ignored, these coefficients are 1, 4, 6, 4 and 1, respectively. These
coefficients also correspond to the third row in Pascal triangle, similar to Identity (1.5).
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Lecture 8-9-10
Time of application: 3x40 min
Practitioner: 1. Researcher
Materials: Whiteboard, colored pencils, A4 papers
Objective: To make students comprehend the fifth power ofax+bthrough using geometric
representations.
Fifth power of ax+b
It has been previously mentioned that the upper powers will be reduced to the lower powers for taking
the fourth and higher powers of a number. It is possible to think of a number’s fifth power as in the form

2
of X° = (XZ) X=X>X*X.Thatis to say, a number’s fifth power can be modelled as the square of the

area of a square, where one side is the square of the same number. Here, multiplying one number by
itself, whose one side is the square of itself, is equivalent to adding a third dimension to this square
area. Then, the relevant three-dimensional solid can be considered as right square prism with the sides

of x?,x?and x units. By using this method, firstly the 1° =<12)2 .1=12121 expression can be
expressed as a right square prism with the sides of 12,12 and 1 units. The geometric representation of

this expression is given in Figure 5.a.

17

11
Figure 5.a. The volume of a right square prism with the sides of 1, 1%, 1 units.

Similarly the 2° = (22)2 .2=2%2%2 expression can be considered as a right square prism with the sides

of 22,22 and 2 units. The geometric representation of this expression is given in Figure 5.b.

22

22

Figure 5.b. The volume of a right square prism with the sides of 22, 2%, 2 units.

2
Thus, the x° =(x2) =x2.x%.x expression can be considered as a right square prism with the sides of

x?,x? and X units. The geometric representation of this expression is given in Figure 5.c.

xl

Figure 5.c. The volume of a right square prism with the sides of XZ, XZ, X units.
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By using same logic, the (x+1)5:((x+1)2)2.(x+l):(x+1)2.(x+1)2.(x+l) expression can be

considered as a right square prism with the sides of (X+1)?,(x+1)* and (x+1) units. The geometric
representation of this expression is given in Figure 5.d.

{x+1)*

X+l

(x+1)*

Figure 5.d. The volume of a right square prism with the sides of (X +1)2 , (X +1)2 , X+1 units.
The volume of this quadratic solid can be expressed as follows;
2
(X+1)5 :((X+1)2) ,(x+1):(x+1)2_(x+1)2_(x+1). When the value of Identity (1.1) is replaced and

the necessary distributive procedure is applied in this expression, the expansion of Identity (1.7) is
obtained as follows:

(x+2) = ((x 1)) (041 = (x ) (x 1) (x42) = (6 4 2642). (X 4 2x+2) (x4
:(x4 253+ X2+ 2% + 4X% + 22X+ X? +2x+1)(x+1)
:(x4 +4x% +6x%° +4x+1)(x+1) =X +AX* +6XC + A + X+ X + 43 +6X% +4x+1

=X +5x* +10x% +10x* +5x +1 Identity (1.7)

The coefficients for each term of this identity expansion are 1, 5, 10, 10, 5 and 1, respectively. These
coefficients correspond to the fourth row in the Pascal triangle. With the help of information obtained

up to this point, the(ax+b)5 :((ax+b)2)2(ax+b)=(ax+b)2.(ax+b)2(ax+b) identity can be considered

as a right square prism with the sides of (ax+b)?, (ax+b)* and (ax+b) units. The geometric representation
of this expression is given in Figure 5.e.

(ax+b)?

ax+b

(ax+h)?

Figure 5.e. The volume of a right square prism with the sides of (ax+b)?, (ax+b)’, ax+b units.

By using the same logic above, when the Identity (1.2) is written in the form of

(ax+b)5 :((ax+b)2)2 (ax+b) = (ax+b)2 _(ax+b)2 (ax+b) , the Identity (1.8) is obtained as follows;
(ax+b)’ =((axc+b)’) (ax+b) = (ax+b)’ (ax+b) (ax+D)
= (a’x* + 2axb+b?).(a’x’ + 2axb + b’ ) (ax+b)

= (a“x4 +2a®x°b + a?x?b? + 2a°x°b + 4a*x*b? + 2axb® + a®x°b? + 2axb® + b* )(ax +b)
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= (a‘x* +4ax’b + 6a’x’b’ + 4axb® +b* ) (ax +b)

=a’x® +4a*x*b+6a°x°p? + 4a*x°b® + axb’ + a*x*b +4a*x°p? + 6a*x°b® + 4axb’ +b°
=a’x’ +5a’x*b+10a°x°b? +10a?x%b® + 5axb* +b° Identity (1.8)

The coefficients for each term of this identity expansion area®, a‘h,a’b?® ab*and b®, respectively.

When the general terms are ignored, these coefficients are 1, 5, 10, 10, 5 and 1, respectively. These
coefficients also correspond to the fourth row in Pascal triangle, similar to Identity (1.7).

Lecture 11-12
Time of application: 2x40 min
Practitioner: 1. Researcher
Materials: Whiteboard, colored pencils, A4 papers
Objective: To make students comprehend the n’th power ofax + b through using geometric
representations and gain ability to make generalization for all its powers.
n’th power of ax+b
In line with the mathematical procedures, the concepts of quadratic area and square prism volume,
which are repeated with respect to even and odd powers, are used in the process of modeling algebraic
expressions of ax+b with the help of geometric shapes. So, it is possible to make a visualization
generalization for these algebraic expressions.

If nis evenin (ax+b)" identity: it is modelled as the area of a square with a side of (aX+b)n/2 unit.

If nis odd in (ax+b)n identity: it is modelled as the volume of right square prism with the sides of

(ax+b)("'1)/2, (ax+b)(”_1)/2 ve (ax+b) units.
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Appendix 2.
Identities and Binomial Expansion Achievement Test (IBEAT).

Explain the algebraic structure of X2 +2x+1 expression as a whole square.

Make and explain the expansion of (x+3)2 expression using geometric shapes.

Make and explain the expansion of (x+ 2)3 expression using geometric shapes.

Explain the algebraic structure of X2 +3x% +3x+1 expression as whole cube.

Which algebraic expression’s visual representation does the visual on
the side represent? Solve this algebraic expression by making its
expansion.

Which algebraic expression’s visual representation does the visual on
the side represent? Solve this algebraic expression by making its
expansion.

When the expansion of an algebraic expression related to the visual
on the side is made, which step in the Pascal triangle coincides with
the resultant coefficients? Explain by solving it

When the expansion of an algebraic expression related to the visual
on the side is made, which step in the Pascal triangle coincides with
the resultant coefficients? Explain by solving it

Write an identity of (ax+b)5 corresponding to the fifth row in the Pascal triangle

Obtain and write a general rule for the visual representation of the identity of (ax + b)“

What do you think about the contribution(s) of this course, which was instructed by using geometric

Which direction did you most like in the process of teaching the identities with the help of geometric

Do you think the method used in this course is important? If so, why?

At what point did you feel most challenged? Why?

What did you feel when you saw that the algebraic structures were expressed in geometric shapes?
What kind of skills did you gain as a result of teaching process using the demonstration of algebraic

In which other areas of algebra or mathematics did you want to use geometric figures? Why?

1.
2.
3.
4,
5. (x+1)2
(x+1)* (x+1)2
(x+1)*
6.
(ax+h)?
ax+b
{ax+b)?
7. (ax+b)?
(ax+b)3 (ax+b)?
(ax+b)?
8.
(x+1)
x+1
(x+1)?
9.
10.
Appendix 3.
Student Opinion Form (SOF).
1.
shapes, to your success level?
2.
shapes? Why?
3.
4,
5.
6.
expressions with geometric shapes?
7.
8.

866

Do you think that the method you used in this course relates the course content to your daily life?
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Ek 1.
Deney Grubundaki Ogrenim/Ogretim Siireci

Deney grubunda yapilmis olan 6grenim sireciyle ilgili adimlar asagida sirasiyla verilmistir. Bu 6grenim
sirecinde her bir adim 6grencilere teker teker soru cevap teknigiyle sorularak buldurulmaya calisilmis
gerekli gorilen yerlerde 6grencilere sadece kigulk ipuglari verilmistir. Boylece 6grencilerin kendi ¢abalari
neticesinde genellemeye ulagsmalari saglanmaya c¢alisilmistir. Ayrica gerek duyulan noktalarda ek
orneklerle 6grenim sireci desteklenerek 6grenmeler pekistirilmeye cahsiimistir.

Ders 1-2
Uygulama siresi: 2x40 dk.
Uygulayici: 1. Yazar
Kullanilan Materyaller: Beyaz tahta, renkli kalemler, A4 kagitlari
Amag: ax+b ifadesinin ikinci kuvvetinin geometrik sekillerle kavratmak.
ax+b ifadesinin ikinci Kuvveti
Bir sayinin ikinci kuvvetini geometrik sekillerle ifade ederken karenin alani tercih edilir. Nitekim bir
kenari 1 birim olan karenin alani hesaplanirken 1.1=1%seklinde ifade edilir (bkz. Sekil 2a).

1

1
Sekil 2a. Bir kenari 1 birim olan karenin alani.

Benzer sekilde bir kenari 2 birim olan karenin alani hesaplanirken 2.2=2 ifadesini kullanilir (bkz. Sekil
2b).
2

2
Sekil 2b. Bir kenari 2 birim olan karenin alani.

Bir kenari 1 birim olan kare ile bir kenari 2 birim olan karenin alan hesabi ve geometrik gosteriminden

yola cikarak genelleme vyapilirsa, bir kenari x birim olan karenin alani Xx.x=X’ cebirsel ifadesiyle
belirtilebilir. Bu ifadenin geometrik gosterimi Sekil 2.c’deki gibidir.
X

X
Sekil 2c. Bir kenari X birim olan karenin alani.

Ayni mantikla bir kenari (x+1) birim olan karenin alani (X +1).(X+1) = (X +1)? cebirsel ifadesiyle ifade
edilebilir. Bu ifadenin de geometrik gésterimi Sekil 2.d’de gosterilmistir.

X 1
1 X 1 ) 1
X X! X
X 1

Sekil 2.d. Bir kenari x+1 birim olan karenin alani.
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Sekil 2.d’deki kare, bir kenari (X+l) birim olan kare olarak dusinilmekle beraber, doért farkh
dikdortgensel bolgenin alaninin toplami olarak da distnulebilir. Bu dikdortgensel bolgelerin alanlari

siraslyla X2 ve 1%olan iki karesel alan ile 1.X ve 1.X olan iki dikdortgensel alandan olugsmaktadir. Bu
noktadan hareketle;

(x+1).(x+1)= (x+1)2 =x?+1.Xx+1.x+1% = x* + 2x+1 Ozdeslik (1.1)
ozdesligine ulasmak mumkindir. Bu 6zdeslik agiliminin her bir terimine ait katsayilar sirasiyla 1, 2 ve 1
seklindedir. Bu katsayilarin Pascal tiggeninde ikinci satira denk geldigi gorilmektedir.
Bu noktaya kadar yapilan agilimlar yardimiyla genel olarak bir kenari (ax+b) birim olan karenin alanini
(ax+b).(ax+b)=(ax+b)2 cebirsel ifadesiyle tanimlamak mumkin olur. Bu ifadenin de geometrik

gosterimi Sekil 2.e’ de gosterilmistir.

ax b
b b! b
e S
ax| ax ax

ax b

Sekil 2.e. Bir kenari ax+b olan karenin alani.

Onceki 6zdeslik acilimlarindaki bilgiler dogrultusunda, Sekil 2.e’deki kare, bir kenari (ax+b) birim olan
kare olarak duslnilmekle beraber, dort farkl dikdortgensel boélgenin alaninin toplami olarak da

dusindlebilir. Bu dikdortgensel alanlar sirasiyla a®x? ve b? olan iki karesel alan ile ax.b ve ax.b olan
iki dikdortgensel alandir. Bu noktadan hareketle;

(ax+b).(ax+b)=(ax+ b)2 =a’x’+2.axb+b? Ozdeslik (1.2)

dzdesligi yazilabilir. Bu 6zdeslik agimindaki her bir terimin katsayilari sirasiyla a°, ab ve b’genel terimleri
gbdz ardi edildiginde 1, 2 ve 1 seklindedir. Bu katsayilar da yine Pascal Uggeninde ikinci satira denk
gelmektedir.

Ders 3-4
Uygulama siiresi: 2x40 dk.
Uygulayici: 1. Yazar
Kullanilan Materyaller: Beyaz tahta, renkli kalemler, A4 kagitlari
Amag: ax+b ifadesinin tGg¢lincli kuvvetinin geometrik sekillerle kavratmak.
ax+b ifadesinin Ugiincii Kuvveti
Bir sayinin lglinct kuvvetini geometrik sekillerle ifade ederken kiiplin hacmi kullanilir. Bir kenari 1 birim
olan kiiplin hacmi 1.1.1=13§eklinde hesaplanir. Bu ifadenin geometrik gdsterimi Sekil 3.a’da verilmistir.

1]
11
Sekil 3.a. Bir kenari 1 birim olan kiiptn hacmi.

Benzer sekilde bir kenari 2 birim olan kiipiin hacmi 2.2.2=2° seklinde hesaplanir. Bu ifadenin
geometrik gosterimi Sekil 3.b’de gosterildigi gibidir.
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2

2
Sekil 3.b. Bir kenari 2 birim olan kiipiin hacmi.

Bir kenari 1 birim olan kiip ile bir kenari 2 birim olan kiipin hacim hesabi ve geometrik gosteriminden

yola ¢ikarak genelleme yapilirsa, bir kenari x birim olan kiiplin hacmi XXX =x3 cebirsel ifadesiyle
belirtilebilir. Bu ifadenin geometrik gdsterimi Sekil 3.c’de oldugu gibidir.
X

X

X
[

X

Sekil 3.c. Bir kenari x birim olan kiiplin hacmi.

3
Ayni mantikla bir kenari (x+1) birim olan kipiin hacmi (x+1).(x+1).(x+1) =(Xx+1)"  epirsel

ifadesiyle tanimlanir. Bu ifadenin geometrik gosterimi Sekil 3.d’deki gibidir.

X

Sekil 3.d. Bir kenari (X +1) birim olan kiiptin hacmi.

Bu ifade bir kenari (x+1) birim olan kiip olarak diisiintlmekle beraber sekiz farkli dikdortgensel cismin

hacimlerinin toplami olarak da duslndlebilir. Bu hacimler sirasiyla X3, X2, Xz, X2, X, X, X, i

seklindedir.
Bu noktadan hareketle;
(x+1).(x+1).(x+1) = (x+2)" =5 4 X% + X2+ X2+ X+ X+ X+1° = X° +3x% + 3x +1 Ozdeslik(1.3)
0zdesligine ulasmak mimkin olur. Bu 6zdeglik agiminin her bir terimine ait katsayilar sirasiyla 1, 3, 3 ve
1’dir. Bu agihimin katsayilarinin Ozdeslik (1.2)’nin agiliminda oldugu gibi Pascal liggeninin liglincii satirina
denk geldigi gorilmektedir. Bu veriler 1s18inda genel olarak bir kenari (ax+b) birim olan kiiptin hacmini su
sekilde tanimlanabilir;

(ax+b).(ax+b).(ax+b) = (ax+b)’

Bu ifadenin geometrik gosterimi ise Sekil 3.e’de gosterilmistir.
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ax b
ax = b b
ax b - - " ]
ax
ax a ax ) a ax | |y axl af [ax
ax b
A% b _ ax
ax ax ax| | b - b
L VI v I e b
b ax bl vz, BB b
ax b i b blLbly
ax b b
b
"
ax a ax 6 ax

ax

ax
Sekil 3.e. Bir kenari ax+b birim olan kiipiin hacmi.

Bu ifade bir kenari (ax+b) birim olan kip olarak disinilmekle beraber sekiz farkli dikdortgenler
prizmasinin hacimlerinin ~ toplami  olarak ta disunulebilir. Bu hacimler  sirasiyla

a®x®, a’bx?, a’bx?, a’bx?, ab?x, ab?x, ab®x, b? seklindedir. Bu noktadan hareketle;

(ax+b). (ax+b).(ax+b) = (ax+b)3 = a°x® +3a%bx? +3ab?x + b® Ozdeslik (1.4)

Ozdesligine ulagmak mimkin olur. Bu 06zdeslik agilminin  her bir terimine ait katsayilar
a®, a%b, ab?ve b® genel terimleri géz ardi edildiginde sirasiyla 1, 3, 3ve 1 seklindedir. Bu katsayilarin

Ozdeslik (1.2) ve Ozdeslik (1.3)de oldugu gibi Pascal iicgeninde {ciincii satira denk geldigi
gorilmektedir.

Ders 5-6-7
Uygulama siiresi: 3x40 dk.
Uygulayici: 1. Yazar
Kullanilan Materyaller: Beyaz tahta, renkli kalemler, A4 kagitlar
Amag: ax+b ifadesinin dordiinci kuvvetinin geometrik sekillerle kavratmak.
ax+b ifadesinin Dérdiincii Kuvveti
Bir sayinin ikinci kuvvetini geometrik sekillerle modellerken karesel alanlar, tglnci kuvvetini
modellerken kiip hacimleri kullanilir. Daha 6nce bazi arastirmacilar bu tir gorsellestirmelerle ilgili
galismalar yapmislardir (Akin & Pesen, 2010, Akin et al. 2010, Diindar, 2012, Ozdemir et al. 2013). Bu
cahsmalarda ikinci kuvvet igin iki boyutlu geometrik modeller, Gglinci kuvvet igin U¢ boyutlu geometrik
cisimler tercih edilmistir. Ancak dordiinci ve daha yiiksek kuvvetler igin gorsellestirme boyutunda dort
veya daha fazla boyutlu cisimler gizmek mimkin degildir. Bu noktadan hareketle bu kuvvetlerin
anlatiminda bundan sonraki silirecte Ust kuvvetler alt kuvvetlere indirgenerek modellenmeye
cahsilacaktir.

Bir sayinin dordinci kuvveti ikinci kuvvetinin karesi olarak x4:(x2)2:x2_x2 seklinde dustinmek

mimkiindir. Yani bir sayinin doérdiinci kuvveti, bir kenari ayni sayinin karesi olan karesel alan olarak
dusindlebilir.

Bu yontemle o6ncelikle 14:(12)2:12,12 ifadesini, bir kenari 1% birim olan kare ile ifade etmek

mumkiindir. Bu ifadenin geometrik gosterimi Sekil 4.a’da verilmistir.
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12

12
Sekil 4.a. Bir kenari 1 birim olan karenin alani.
Ayni sekilde 2* =(22)2=22,22 ifadesi, bir kenari 2° birim olan kare gibi dusiinulebilir. Bu ifadenin

geometrik gosterimi Sekil 4.b’de verilmistir.
22

22 22

22

Sekil 4.b. Bir kenari 2%birim olan karenin alani.

2
Bu verilere gore x* = (Xz) =x*x2 ifadesi, bir kenari x? birim olan kare gibi diigtinllebilir. Bu ifadenin

geometrik gésterimi Sekil 4.c’de oldugu gibidir.

o
sekil 4.c. Bir kenari x” birim olan karenin alani.
Ayni mantikla  (X+1)’ :((X+1)2)2 =(x+1.(x+1)° ifadesi, bir kenarn (**1)'birim olan kare gibi
dusindlebilir. Bu ifadenin geometrik gosterimi Sekil 4.d’de oldugu gibidir.
[x+1)?

(x+1)* {x+1)2

[x+1)?

Sekil 4.d. Bir kenari (X+1)" birim olan karenin alani.

Bu karesel cismin alani (X+1)4 =((X+1)2)2 =(X+1)2 '(X+1)2 seklinde ifade edilir. Bu ifadede Ozdeslik
(1.1) degerini yerine yazip gerekli dagiima islemleri yapildiginda Ozdegslik (1.5) deki agilim elde edilir.
(x+1)4 = ((x+1)2)2 :(x+1)2 .(x+1)2 = (x2 + 2x+1).(x2+ 2x+1)

= X'+ 2%° + X%+ 23 +4%% + 22X+ X° +2X+1

= X" +4x3 +6X2 +4x+1 Ozdeslik (1.5)

Bu 6zdeslik agilimindaki her bir terime ait katsayilar sirasiyla 1, 4, 6, 4 ve 1 seklindedir. Bu katsayilar
Pascal Ugfeninde é’jg[]ncu satira denk gelmektedir. Bu bilgilerden hareketle genel olarak

4 2 2 2 2
(ax+b) = (ax+b)) =(ax+b)".(ax+b)" ifadesini bir kenari (8X*P) birim olan kare gibi
dusindlebilir. Bu ifadenin geometrik modellenmesi Sekil 4.e’de oldugu gibidir.
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{ax+h)*

(ax+b)3 {ax+b)?

(ax+b)?

Sekil 4.e. Bir kenari (ax+b) birim olan karenin alani.

ifadesinde

4 2\2 2 2
Bu noktaya kadar elde edilen bilgiler yardlmlyla(ax+b) = ((ax+b) ) = (ax+b) '(ax+b)

Ozdeslik (1.2) yerine yazilip gerekli islemler yapilirsa Ozdeslik (1.6)’daki agilim elde edilir.
2
(ax+b)' =<(ax+b)2) =(ax+b)’.(ax+b)’ =(a’x* +2axb+b*).(a’x* + 2axb+b*)
=a*x* + 28’ +a’x’h* + 2a°x* b + 4a°x%’ + 2axb’ + a*x%” + 2axb’ +b*
=a*x* +4a’x% +6a°x%b* + 4axb® +b* Ozdeslik (1.6)
Bu 6zdeslik agihmindaki terimlere ait katsayilar sirasiyla a“, a3b, azbz, ab®ve b* genel terimleri goz

ardi edildiginde 1, 4, 6, 4 ve 1 seklindedir. Bu katsayilarin, Ozdeslik (1.5) deki acilimda oldugu gibi,
Pascal Giggeninde Uglincil satira denk geldigi goriilmektedir.

Ders 8-9-10
Uygulama siiresi: 3x40 dk.
Uygulayici: 1. Yazar
Kullanilan Materyaller: Beyaz tahta, renkli kalemler, A4 kagitlari
Amag: ax+b ifadesinin besinci kuvvetinin geometrik sekillerle kavratmak.
ax+b ifadesinin Besinci Kuvveti
Dordiincu ve daha yiksek kuvvetler icin Ust kuvvetlerin alt kuvvetlere indirgenerek modellenecegi daha

dnce belirtilmistir. Bir sayinin besinci kuvvetini x° :(xz)z,x: x2.x%.x seklinde distiinmek miimkindiir.

Yani bir sayinin besinci kuvveti, bir kenari ayni sayinin karesi olan karesel alanin kendisi ile carpimi olarak
modellenebilir. Burada bir kenari kendisinin karesi olan sayiyi tekrar kendisi ile carpmak bu karesel alana
licUncl bir boyut katmak ile esdeger diisiiniilebilir. O zaman gizilecek ¢ boyutlu cismin ayritlari sirasiyla

X2, X2ve X birim olan kare dik prizma gibi dusinilebilir. Bu yontemle oncelikle 1° :(12)2,1:12,12,1
ifadesini kenarlari 12, 1°ve 1 birim olan kare prizma gibi ifade edilebilir. Bu ifadenin geometrik
modellenmesi Sekil 5.a’da gosterilmistir.

13
1

1z

Sekil 5.a. Ayritlari 12, 12, 1 birim olan kare prizmanin hacmi.

Ayni sekilde 25 :(22)2 2=22227 ifadesi kenarlari 22, 2%ve 2 birim olan kare prizma gibi distiniilebilir.

Bu ifadenin geometrik modellenmesi Sekil 5.b’de verilmistir.
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22

22

Sekil 5.b. Ayritlari 22, 22, 2 birim olan kare prizmanin hacmi.

2
Boylece x° :(xz) = x2.x%.x ifadesi kenarlari Xz, x2ve X birim olan kare prizma gibi duslnulebilir. Bu

ifadenin geometrik modellenmesi Sekil 5.c’de gosterilmistir.

2|

¥

Sekil 5.c. Ayritlari x*, x?, X birim olan kare prizmanin hacmi.

Ayni mantikla (x+1)° =((X+1)2)2_(X+1)=(X+1)2_(X+1)2_(X+1) ifadesi kenarlari

(x+1)2, (x+1)2 ve (x+1) olan kare prizma gibi distinilebilir. Bu ifadenin geometrik modellenmesi
Sekil 5.d’de gorildiga gibidir.

{x+1)*

X+l

(x+1)*

Sekil 5.d. Ayritlari (x+1)2, (x +1)2, X +1 birim olan kare prizmanin hacmi.

Bu karesel cismin hacmi (x+1) =((X+l)2)2.(X+1)=(x+1)2.(x+1)2.(x+1) seklinde ifade edilir. Bu
ifadede Ozdeslik (1.1) degerini yerine yazip gerekli islemler yapildiginda Ozdeslik (1.7)’deki agilim elde
edilir.
(x+1) :((x+1)2)2.(x+1):(x+1)2.(x+1)2.(x+1):(x2+2x+l).(x2+2x+1)(x+1)
:(x4 +2X3+ X2 + 2 +4X% + 22X+ X° +2x+1)(x+1)
:(x4 +4x® +6X° +4x+1)(x+1) =X +4x* +6x° +4x% + X+ x* +4x% +6x% +4x+1

=X° +5x* +10x° +10x* +5x +1 Ozdeslik (1.7)

Bu 6zdeslik agiliminin her bir terimine ait katsayilar sirasiyla 1, 5, 10, 10, 5 ve 1 seklindedir. Bu katsayilar
Pascal lggeninde dordiinci satira denk gelmektedir. Bu noktaya kadar elde edilen bilgiler yardimiyla
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(ax+b)5 :((ax+b)2) (ax+b):(ax+b)2.(ax+b)2(ax+b) ifadesi ayritlari (ax+b)’, (ax+b)’ ve (ax+b) birim

olan kare dik prizma gibi distnlebilir. Bu ifadenin geometrik modellenmesi Sekil 5.e’de gosterilmistir.

(ax+b)?

ax+h

(ax+h)?

Sekil 5.e. Ayritlari (ax+b)2 , (ax+b)2 , ax+b birim olan kare prizmanin hacmi.

Yukaridaki mantiktan hareketle  (ax+b)° :((ax+b)2)2(ax+b):(ax+b)2.(ax+b)2(ax+b) ifadesinde
Ozdeslik (1,2) yerine yazilirsa Ozdeslik (1.8) elde edilir.

(ax+b) =((ax+b)’ ) (ax+b)=(ax+b)" (ax+b)’ (ax+b)

:(azx2 +2axb+b2).(a2x2 +2axb+b2)(ax+b)

= (a“x4 +2a’x°b +a®x’b? + 2a°x%b + 4a°x’b? + 2axb® + a®x’b? + 2axb® +b* )(ax +b)

=(a'x* +4a°x’b + 6a°x’b” + 4axb® +b* ) (ax +b)

=a’x’ +4a'x'b+6a’x’h* +4a*x*0’ + axb* +a*x*b +4a’x’b® +6a°x°b* + 4axh* +b°

=a’x’ +5a’x*b+10a°x’v? +10a°x*b* +5axh* +b°> Gzdeslik (1.8)

Bu 6zdeslikteki her bir terime ait katsayilar sirasiyla a°, a’b, a’b?, a’b?, ab*ve b® genel terimleri goz

ardi edildiginde 1, 5, 10, 10, 5ve 1 seklindedir. Bu katsayilar Ozdeslik (1.7) deki agimda oldugu gibi,
Pascal icgeninde dérdiincii satira denk geldigi gérilmektedir.

Ders 11-12
Uygulama siiresi: 2x40 dk.
Uygulayici: 1. Yazar
Kullanilan Materyaller: Beyaz tahta, renkli kalemler, A4 kagitlar
Amag: ax+b ifadesinin n’nci kuvvetinin geometrik sekillerle kavratmak ve tim kuvvetler igin genelleme
yapabilme becerisi kazandirmak.
ax+b ifadesinin n’nci Kuvveti
Yapilan islemler dogrultusunda ax+b seklindeki cebirsel ifadelerin geometrik sekillerle modellenmesi
sireci tek ve cift kuvvetlere gore tekrar eden karesel alan ve kare prizma hacmi kavramlari oldugu
gorilmektedir. Bu noktadan hareketle ax+b seklindeki cebirsel ifadeler icin soyle bir gorsellestirme
genellemesi yapmak mimkinddr.
(ax+b)n ifadesinde n cift ise: bir kenari ((31)(+L))”’2 olan karenin alani olarak modellenir.

(n-1)/2 n-1)/2

(ax+b)” ifadesinde n tek ise: ayritlari (a_x+b) , (ax+b)( ve (ax+b) olan kare dik prizma

olarak modellenir.
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Ozdeslikler ve Binom Acilimi Basari Testi (OBABT).

1.
2.

3.

10.

Ek 3.

X% +2X+1 cebirsel yapisini tam kare olarak ifade ediniz.
(X+ 3)2 ifadesini sekille ifade ederek agilimini yapiniz.

(X+ 2)3 ifadesini sekille ifade ederek agilimini yapiniz.

X3 -|-3X2 +3X+1 cebirsel yapisini tam kip olarak ifade ediniz.
(x+1)? Yanda verilen gorsel hangi cebirsel ifadenin gorsellerle gdsterimine

ornektir? Bu cebirsel ifadenin agilimini yaparak ¢oziiniz.
(x+1)* (x+1)?
(x+1)*
Yanda verilen gorsel hangi cebirsel ifadenin gorsellerle gosterimine
ornektir? Bu cebirsel ifadenin agilimini yaparak ¢oziiniz.
(an+b)?
ax+b
{ax+b)?
(ax+b)? Yanda verilen gorsel ile ilgili cebirsel ifadenin agilimi yapildiginda elde
edilen sonucun katsayilari Pascal lg¢geninde hangi basamaga denk
(ax+b)} (ax+b)? gelmektedir? Cozerek agiklayiniz.
(ax+b)?

Yanda verilen gorsel ile ilgili cebirsel ifadenin agilimi yapildiginda elde
edilen sonucun katsayilari Pascal lg¢geninde hangi basamaga denk
gelmektedir? Cozerek aciklayiniz.

(x+1)

(x+1)?

Pascal Gicgeninde besinci satira denk gelen (ax + b)5 seklinde bir 6zdeslik yaziniz.

(ax + b)n seklinde verilen 6zdesligin gorsellerle gbsteriminde genel bir kural elde ediniz ve bu kurali

yaziniz.

Ogrenci Gériis Formu (OGF).

1.

Noukw

Bu dersin geometrik sekiller kullanilarak islenmesinin basariniz adina faydasinin/faydalarinin neler
oldugunu dislinliyorsunuz?

Ozdesliklerin geometrik sekillerle ifade edilerek ders islenmesi siirecinin en ¢ok hangi yénii hosunuza
gitti. Nigin?

Sizce bu ders islenirken kullanilan yontem 6nemli midir gerekgelerini agiklayiniz?

Dersin islenmesi slirecinde en ¢ok hangi noktada zorlandiniz. Nigin?

Cebirsel yapilarin geometrik sekillerle ifade edildigini gordigiiniizde neler hissettiniz?

Cebirsel ifadelerin geometrik sekillerle gosterilmesi size ne gibi beceriler kazandirdi?

Cebir’in ya da matematigin baska hangi alanlarinda geometrik sekillerle gosterimi kullanmak isterdiniz.
Neden?

Bu dersin islenisinde kullanmis oldugunuz ydntemin, ders igerigini glnliik yasamla iligkilendirdigini
dislinlyor musunuz?
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