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ABSTRACT

THE EFFECTS OF USING ALGEBRA TILES ON SIXTH GRADE
STUDENTS’” ALGEBRA ACHIEVEMENT, ALGEBRAIC THINKING
AND VIEWS ABOUT USING ALGEBRA TILES

Caylan, Biisra
M.S., Department of Elementary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Cigdem HASER

June 2018, 185 pages

The purpose of the study was to investigate the effects of using algebra tiles on
sixth grade students’ algebra achievement, algebraic thinking and views about
using algebra tiles. The study was conducted in one public middle school in
Hendek, Sakarya in the spring semester of 2017-2018 academic year and
employed a pretest-posttest control group design with 40 sixth grade students.
Two classes taught by the same mathematics teacher were randomly assigned
as experimental group (EG) and control group (CG). EG students interacted
with algebra tiles and CG students received regular instruction without any
manipulatives during the seven hours of algebra instruction. Prior Algebra
Knowledge Test (PAKT) and Algebra Achievement Test (AAT) were
administered to EG and CG students as pretest and posttest respectively. EG
students’ views were gathered by Views about Algebra Tiles Questionnaire
(VATQ). PAKT, AAT and VATQ were developed by the researcher.



EG and CG did not differ in PAKT. The Independent Samples T-test showed
that there was no statistically significant mean difference between EG and CG
in AAT. When EG and CG students’ responses to each question in the AAT
were examined in detail, it was concluded that EG students performed better
than CG students in AAT and more EG students responded to the questions
correctly than CG students. The findings addressed that algebra tiles might
have limited but positive effect on sixth grade students’ algebraic thinking. EG
students expressed that algebra tiles helped them learn meaningfully and

understand better the concepts, and made lessons enjoyable.

Keywords: Algebra Tiles, Algebra Achievement, Algebraic Thinking,
Students’ Views, Middle School Students



0z

CEBIiR KAROSU KULLANIMININ ALTINCI SINIF OGRENCILERININ
CEBIR BASARISI, CEBIRSEL DUSUNMELERI VE CEBIR KAROSU
KULLANIMINA LISKIN GORUSLERI UZERINDEKI ETKILERI

Caylan, Biisra

Yiiksek Lisans, ilkogretim Fen ve Matematik Alanlar1 Egitimi Béliimii

Tez Yoneticisi: Dog. Dr. Cigdem HASER

Haziran 2018, 185 sayfa

Bu ¢alismanin amaci cebir karosu kullaniminin altinct sinif 6grencilerinin cebir
basaris1 ve cebirsel diisiinmeleri lizerindeki etkilerini incelemektir. Bu ¢alisma
aynt zamanda Ogrencilerin cebir karosu kullanimimna iligkin goriiglerini
incelemeyi de amaclamistir. Caligma, 2017-2018 egitim-6gretim yilinin bahar
doneminde Sakarya’nin Hendek ilgesinde bir devlet ortaokulunda 40 altinci
simif 6grencisinin katildigi ontest-sontest kontrol gruplu deneysel desen ile
gergeklestirilmistir. Ayn1 matematik 6gretmeni tarafindan okutulan iki simif
deney (DG) ve kontrol (KG) grubu olarak rastgele atanmistir. DG 6grencileri
derslerde cebir karolarint somut materyal olarak kullanirken, KG 6grencileri
herhangi bir somut materyal kullanmamis, 6gretmen olagan dersini yapmuistir.
Veri toplama araglar1 olarak, arastirmacinin gelistirdigi Cebir On Bilgi Testi

Ontest olarak ve Cebir Basar1 Testi sontest olarak her iki gruba da
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uygulanmustir. Ayrica, Cebir Karosu Kullanima fliskin Ogrenci Goriis Formu

ile DG 6grencilerinin goriisleri alimmustir.

DG ve KG 6grencilerinin cebir 6n bilgileri arasinda bir fark bulunmamustir.
Bagimsiz Orneklem T-testinin sonuglart DG ile KG 6grencilerinin sontest
puanlar1 arasinda istatistiksel olarak anlamli bir fark bulunmadigini
gostermistir. Ayrica, deney ve kontrol grubu Ogrencilerinin Cebir Basari
Testi’ndeki yanitlar1 nitel veri analizi ile detayli bir sekilde incelenmis ve
Ogrencilerin cebirsel diisiinmeleri hakkinda bilgi toplanmistir. Buna gore,
deney grubu Ogrencilerinin sorularin ¢ogunda kontrol grubu 6grencilerinden
daha iyi performans gosterdigi ve daha fazla soruya dogru yanit verdigi
goriilmiistiir. Bu durum cebir karolarinin altinci simif 6grencilerinin cebirsel
diisiinmesinde sinirli ama pozitif bir etkiye sahip oldugunu gostermektedir.
Ayrica, DG 6grencileri derslerde cebir karolart kullaniminin konuyu daha iyi
ogrenmelerine ve anlamalarina yardimec1 oldugunu ve dersleri eglenceli hale

getirdigini belirtmislerdir.

Anahtar kelimeler: Cebir Karolari, Cebir Basarisi, Cebirsel Disiinme,

Ogrenci Gériisleri, Orta Okul Ogrencileri
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CHAPTER 1

INTRODUCTION

1.1 Introduction

One of the important areas in school mathematics is algebra. Initial ideas in
algebra could be considered as the focus of early algebra which is “compass
algebraic reasoning and algebra-related instruction among young learners-from
approximately 6 to 12 years of age” (Carraher & Schliemann, 2007, p. 670).
Algebra teaching and learning should start in early elementary school where
students should be given opportunities to have experiences with algebra to
prepare them for algebra in middle and high school (NCTM, 2000).

In algebra, it is necessary to think not only a few numbers, but sets of numbers.
For this reason, algebra seems more abstract than arithmetic (Palabiyik &
Akkus, 2011). Since algebra seems less concrete for students, they find it
difficult in school mathematics and they encounter serious obstacles in the
mathematics learning process (NCTM, 2000). The difficulty comes from
working with variables and their notations (Kieran & Chalouh, 1993).

Edge and Kant (1992, as cited in Thornton, 1995) stated that words represent
something that is touched or experienced, and therefore, learning a language is
easy. Therefore, when you see a word like banana or computer, you can
visualize it. On the other hand, they stated that learning mathematics is difficult
because it is generally taught with no recognizable meaning. You cannot
visualize anything when you see 2x or x? if you do not know the meanings of
the symbols. In this case, as Edge and Kant addressed, learning mathematics
might be described as learning reading without knowing the meanings of the
words. Hence, it can be said that “conceptualizing variables and manipulating

them are key features of algebra learning” (Akkus, 2004, p. 7). Manipulatives
1



could be the tools to make the algebra learning process meaningful and

effective for students by providing a concrete base for learning.

In the literature, there are several definitions of manipulatives. Moyer (2001)
defines manipulatives as “materials designed to represent explicitly and
concretely mathematical ideas that are abstract” (p. 176). According to Hynes
(1986), manipulatives are “concrete models that incorporate mathematical
concepts, appeal to several senses and can be touched and moved around by
students” (p. 11). Manipulative use enables students to transit from concrete
thinking to abstract thinking (Fennema, 1973). Manipulatives enhance learning
by providing students with characteristics they can see, hear and touch,
increase motivation of students and lessens the rather less interesting
characteristics of mathematics for students. They are specifically useful when

students are introduced new mathematical concepts (Kober, 1991).

Using manipulatives enables students to understand mathematics concepts even
when they have abstract nature (Larbi & Okyere, 2014). Using manipulatives
also results in increase in students’ mathematics achievement (Sowell, 1989).
In addition, Turkish Middle Grades Mathematics Curriculum gives importance
to the use of manipulatives in the learning process. In the curriculum, it is
stated that using manipulatives improves psychomotor skills of the students
and helps them make abstraction and create meaning from concrete
experiences. Furthermore, it is emphasized that with the help of manipulatives,
students can express mathematical thoughts and their communication skills
improve (MoNE, 2013).

According to NCTM (2000), “many students profit from hands-on
collaborative learning that manipulatives afford” (p. 20). Collaborative learning
enables students to come across ideas and questions of their group mates,
check for their own understanding, and comprehend the concepts deeply
(Mercier & Higgins, 2013). Using manipulatives to solve tasks in groups
enhances learning in cooperative learning groups because using manipulatives

motivate and entertain students (Mulryan, 1994).
2



Research studies have shown that students who use manipulatives in
mathematics lessons have higher algebraic abilities such as, representing
algebraic expressions and interpreting them, making connections between
concepts while solving equations and communicating algebraic concepts, than
those who do not. In addition, using manipulatives help middle school students
establish meaningful connections in algebraic thinking (Chappell & Strutchens,
2001). Therefore, it can be said that manipulatives should be used in algebra
learning process especially when students are about to move towards abstract
concepts. One of the manipulatives that can be used in this process is algebra
tiles.

Algebra tiles are used to visualize operations with mathematical expressions
including variables and numbers (Karakirik & Aydin, 2011). They enable
students to figure out mathematical problems algebraically. With the help of
algebra tiles, students can visualize polynomial operations, solve equations
(Heddens & Speer, 2001 as cited in Saraswati, Putri & Somakim, 2016), have a
better understanding of the concepts (Thornton, 1995), and learn the concepts
meaningfully (Larbi & Okyere, 2016). They are able to reach the formal
solution of linear equation with one variable easily with the help of algebra
tiles (Saraswati, Putri & Somakim, 2016).

Previous studies have presented the positive effect of use of manipulatives on
students’ learning of algebra. However, studies showing the effect of specific
manipulatives for specific concepts at earlier levels are rare. Manipulatives are
helpful especially when the topics are learned for the first time in order to
scaffold students’ learning of abstract concepts (Akkaya, 2006 as cited in
Cagdaser, 2008). Therefore, it is important to explore the effect of
manipulatives, and algebra tiles in specific, when students meet the key

concepts of algebra for the first time.



1.2 Purpose of the Study and Research Questions

The purpose of the study is to investigate the effects of using algebra tiles on
sixth grade students’ algebra achievement, algebraic thinking and views about
using algebra tiles. The effect of using algebra tiles on students’ algebra
achievement was investigated by pretest-posttest control group design. The
effects on the algebraic thinking were investigated through deeply analyzing
students’ responses in the posttest. This study also aims to investigate students’
views about using algebra tiles by a questionnaire. In order to investigate the
effects of using algebra tiles on sixth grade students’ algebra achievement,
algebraic thinking and to explore their views about using algebra tiles, the
following research questions and hypotheses were formulated:

1. Is there a statistically significant mean difference between posttest scores
of algebra achievement test for 6™ grade students who use algebra tiles and

those who do not use algebra tiles?

Ho: There is no significant difference between posttest scores of algebra
achievement test for 6™ grade students who use algebra tiles and those

who do not use algebra tiles.

Hi: There is a significant difference between posttest scores of algebra
achievement test for 6™ grade students who use algebra tiles and those

who do not use algebra tiles.

2. How does students’ algebraic thinking differ in the algebra achievement
test for those who use algebra tiles and who do not use algebra tiles?
3. What are the 6 grade students’ views about use of algebra tiles in

mathematics lessons?
1.3 Significance of the Study

There are a number of studies in Turkey which address the potential benefits of
the use of manipulatives while teaching algebra such as algebra tiles, pattern

blocks, balance, colored papers, seesaw, matchstick, and computer-assisted
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visual materials in mathematics lessons (see Akyiiz & Hangiil, 2013; Isik &
Cagdaser, 2009; Kog & Baser, 2012; Palabiyik & Akkus, 2011; Yildiz, 2012).
However, there are not sufficient studies which specifically examine the
effectiveness of use of algebra tiles. The present study focuses on using algebra
tiles as manipulatives in algebra teaching process. Moreover, in this study,
algebra tiles were not used as a part of the lesson for practice or exercise.
Instead, they were used from beginning to end of algebra teaching and learning

process.

Algebra tiles provide geometric interpretation of symbol manipulation and
combine algebraic and geometric concepts. Thus, with the help of algebra tiles,
students can see algebraic concepts from a geometric perspective and realize
that these mathematical concepts are related to each other (Leitze & Kitt,
2000). In addition, algebra tiles are a visual and hands-on way to explore new
concepts at the introductory level for the students. They enable students to state
the rules of algebra from their own experiences (Okpube, 2016). Moreover,
since algebra tiles can be easily made cutting the cardboards (Karakirik &
Aydin, 2011), teachers can create algebra tiles by themselves when the
resources are inadequate. Creating algebra tiles is inexpensive and they can be
easily replicated. From this point of view, it is beneficial to investigate effect of

using algebra tiles which can be easily produced and used by teachers.

The studies about algebra tiles abroad were conducted with middle school
students to teach solving linear equations with one variable (Magruder, 2012;
Saraswati et al., 2016) or with high school students to teach factoring by using
algebra tiles (Sharp, 1995; Thornton, 1995). In addition, there are some studies
about using algebra tiles in polynomial multiplication (Goins, 2001; Johnson,
1993). However, there are not sufficient studies in the accessible literature
related to using algebra tiles of the students who encounter algebra for the first
time. Thus, it is believed that this study may contribute to the literature by
providing knowledge on students’ algebra achievement when they use algebra

tiles, which is a common and easy-to-access manipulative.
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In the 2013 version of Turkish Middle Grades Mathematics Curriculum, the
curricular context in which this study took place, objectives related to algebra
learning area take part in 6™ grade level for the first time and students are
introduced algebraic expressions, variable, term, constant term, and coefficient
concepts (MoNE, 2013). If the students do not learn basic algebraic concepts at
this grade level conceptually and symbolically, they may not understand the
other algebraic concepts in coming years. Research showed that when the
students successfully completed algebra course which they took in middle
schools, they got higher performance on mathematics tests and they understood
advanced mathematics much easier (Wang & Goldschmidt, 2003). Therefore,
exploring the effects of manipulative usage on 6" grade students’ algebra
achievement might provide information on the strength of this achievement for

future mathematics achievement.

Besides, in the light of the findings of this study, it can be determined whether
using algebra tiles in mathematics lessons is effective in terms of students’
algebraic thinking or not and how Turkish students react to use of algebra tiles
in algebra learning process. Therefore, outcomes of this study might provide

information to middle school teachers, teacher educators and program makers.
1.4 Definitions of Terms

Manipulatives: “Concrete models that incorporate mathematical concepts,
appeal to several senses and can be touched and moved around by students”
(Hynes, 1986, p. 11). In this study, manipulatives refer to algebra tiles used for
6" grade algebra topics. In this study, the terms algebra tiles and manipulatives

are used interchangeably.

Algebra Tiles: Algebra tiles are manipulatives that are used to visualize
operations with mathematical expressions including variables and numbers
(Karakirik & Aydin, 2011).

Algebra Achievement: Sixth grade students’ achievement scores on algebra

achievement test which was prepared by the researcher and which includes
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questions addressing students’ algebraic thinking based on the 6™ grade

objectives.

Algebraic Thinking: “The use of any of a variety of representations that handle

quantitative situations in a relational way” (Kieran, 1996, p. 4).

Group Work: Tasks that are completed by small learning groups of 2 or 4

students who work together in the experimental group classroom.
1.5 My Motivation to Conduct the Study

During my teaching practice in the last year of the Elementary Mathematics
Education Program, | had a chance to use manipulatives in a real classroom
environment. The objective which would be accomplished by the 6" grade
students was multiplying an algebraic expression with a natural number. For
this reason, | decided to use algebra tiles and | implemented a task by using
them in the class myself. During the class, students had an experience and
explored the rationale behind the rule with the help of algebra tiles themselves.
Algebra tiles gained their interest and enabled them to concentrate on the topic.
Afterward, | thought whether students’ achievement could be improved by
using algebra tiles and whether they could understand algebraic expressions
meaningfully by using algebra tiles. By means of the present study, | expect to
find the answers of these questions.



CHAPTER 2

LITERATURE REVIEW

2.1 Theoretical Background

Theoretical foundation for the use of manipulatives dates back to
developmental theorists Piaget (1926) and Bruner (1966). According to them,
children are not born with the capacity for abstract thought. Instead, they form
abstract concepts by interacting with objects in their environment. Therefore,
children should be physically involved in hands-on experiences with

manipulatives to add new ideas to their cognitive structure (Fennema, 1973).

Learning theories developed by Dienes, Piaget, Skemp, and Brownell assert
that children might bridge the gap between the world where they live and
abstract mathematics, if their mathematical learning is based on experiences
with manipulatives (Kennedy, 1986). That is, when the children use
manipulatives, they can understand mathematical ideas meaningfully and

transfer these ideas to real life situations easily (Yildiz, 2012).

Piaget (1973), in his Theory of Cognitive Development, described four stages
of children’s cognitive development: Sensorimotor Stage (birth to age 2),
Preoperational Stage (ages 2 to 7), Concrete Operational Stage (ages 7 to 11),
and Formal Operational Stage (age 11 onwards). While going through these
stages, children first use physical actions and then use symbols to create
schemas. In concrete operational stage, children can organize data only if
concrete objects are presented. Piaget (1952) stated that children cannot
understand abstract mathematics through explanations and lectures and they

should have experiences with models and materials.



According to Sowell (1989), children understand mathematical ideas by having
concrete, concrete-abstract, and pictorial-abstract learning experiences before
strictly abstract experiences. Hence, learning experiences should be planned
according to the order of cognitive development stages. Cognitive development
theory implemented to classroom practice requires both concrete and symbolic
models be included in the learning environments so that children with different

levels of development can benefit (Fennema, 1972).
2.2 Students’ Learning of Algebra

Algebra is one of the important areas in school mathematics because it
improves the critical thinking skills of the students. In addition, algebra gives
students an opportunity to solve real life problems and reach various solutions
in a logical way (Brian, 2010 as cited in Anthony, Michael & Victoria, 2012).
Being successful in algebra during middle school years results in higher scores
on mathematics tests, understanding of advanced mathematics better and
higher enrolment in high school (Wang & Goldschmidt, 2003). Therefore,
learning and understanding algebra in middle school years is important.

“Algebraic thinking is the capacity to represent quantitative situations so that
relations among variables become apparent” (Driscoll, 1999, p. 1). Similarly,
Kieran (1996) defines algebraic thinking as “the use of any of a variety of
representations that handle quantitative situations in a relational way” (p. 4).
Developing algebraic thinking leads to meaningful understanding of algebra
rather than focusing on procedures. In addition, development of algebraic
thinking at early ages promotes long term learning of many students (Windsor
& Booker, 2010). Algebraic thinking can be facilitated in a classroom context
where collaborative learning is valued and encouraged and students have
opportunities to communicate their mathematical ideas and assumptions
(Windsor, 2010).

Algebraic thinking can be maximized simply by making necessary changes in

teaching methods instead of making changes in mathematics curriculum
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(Lawrence & Hennessy, 2002). Teachers should design learning environments
that support students’ algebraic thinking by “modeling, exploring, arguing,
predicting, conjecturing, and testing their ideas, as well as practicing
computational skills” (Blanton & Kaput, 2003, p. 75). In addition, teachers
should create algebraic activities by using existing materials. They can
transform arithmetic activities and single-answer word problems to support
students’ algebraic thinking by making them find patterns, make conjectures
and generalizations, and justify mathematical facts and relationships (Blanton
& Kaput, 2003).

According to Kieran (1989, as cited in Girit & Akyliz, 2016), using algebraic
symbols is an essential part of algebraic thinking. However, development of
algebraic thinking does not occur rapidly. It firstly requires experience with
concrete materials and then with pictorial, tabular, graphic and finally with
symbolic representations. Presenting situations including relationships in
contexts and pictures to elementary and middle school students supports
development of their algebraic thinking (Lawrence & Hennessy, 2002).
Especially, using concrete models helps middle school students establish

meaningful connections in algebraic thinking (Chappell & Strutchens, 2001).

In algebra, it is necessary to think not only a few numbers, but sets of numbers.
For this reason, algebra seems more abstract than arithmetic for the students
(Palabiyik & Akkus, 2011). The primary reason of students’ difficulties in
algebra is not understanding the underlying logic (MacGregor, 2004). Similar
to learning arithmetic, in learning algebra, students are inclined to calculate at
first. However, algebra requires recognizing, constructing and manipulating
algebraic expressions before computation. If students do symbolic
manipulation without conceptual understanding, they will only do mechanical

manipulation (Kirshner & Awtry, 2004).

Early research studies have shown some shortcomings students have about
algebra. These are incomplete understanding of equal-sign (Booth, 1984, 1988;

Kieran, 1981, 1985; Vergnaud, 1985), misconceptions related to letters which
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represent variables (Kieran, 1985; Kiichemann, 1981; Vergnaud, 1985),
rejecting that algebraic expression, such as 3a+7, is an answer of the problem
(Sfard & Linchevski, 1994), and having difficulty in solving one-variable
equations where the variable appears on both sides of the equals sign (Filloy &
Rojano, 1989; Herscovics & Linchevski, 1994).

Jupri, Drijvers and van den Heuvel-Panhuizen (2015) address difficulties in
initial algebra into five categories. The first difficulty is applying arithmetical
operations in algebraic expressions such as adding or subtracting like terms.
The second difficulty is understanding the multiple functions of letters because
a letter can have different roles as a placeholder, a generalized number, an
unknown, or a variable in expressions. Ely and Adams (2012) explained the
distinction between these four different uses of letters in algebraic expressions.
Unknown is a specific value (or a few values) that can be found from the given
information. For instance, while in “4+x=9,” the unknown is x which stand for
a unique value, in “x? — 3x = 6,” the unknown is x which represents two values.
Variable is “the letter seen as representing a range of unspecified values, and a
systematic relationship is seen to exist between two such sets of values”
(Kiichemann, 1981, p. 104). In other words, variable does not represent a

unique value or a few values. Instead, it represents a set of values. For
example, in “y = — %x+ 6,” the variable is both x and y. Placeholder is a letter

which represents a number in a specific problem or context. It can also be
called given, constant, parameter or coefficient. For example, in the equation
“ax?> + bx + ¢ = 0, a, b, and ¢ are placeholders (particularly, coefficients).
Generalized number refers to “the use of literal symbols when all replacement
values of the literal symbols will result in a true statement, as with identities”
(Philipp, 1992, p. 160). For instance, the letters in “a(b + ¢) = ab + ac” function
as generalised numbers. Thus, it can be said that several usages of letters and
how to distinguish between them are among the important issues that teachers
should help students make sense (Ely & Adams, 2012).
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The third difficulty is the acceptance of lack of closure or the expected answer
obstacle (Tall & Thomas, 1991). When the algebraic expressions do not have
equal sign or something on the right side, they do not make sense for some
students, because they tend to give specific numerical answers. The fourth
difficulty is understanding the different meanings of equal sign because the
equal sign means calculation in arithmetic but it means equivalence in algebra
(Bush & Karp, 2013; Herscovics & Linchevski, 1994; Kieran, 1981). The
fifth and last difficulty is mathematization, which means converting real life

problems to the world of mathematics, and vice versa (Jupri et al., 2015).

There are also several research studies addressing middle school students’
difficulties related to variables in Turkey (such as Akgiin & Ozdemir, 2006;
Dede & Argiin, 2003; Soylu, 2008) and they indicate similar results with the
studies abroad. Thus, it can be said that students have difficulty in
understanding multiple meanings of letters in general according to the research
studies (Ulusoy, 2013).

In addition, research studies indicated that arithmetic and algebraic concepts
are connected to each other. For instance, the reason of misconceptions while
operating algebraic expressions having integers (particularly negative integers)
and overgeneralizing the notion of cancelling arises from having arithmetic
misconceptions (Norton & Irvin, 2007; Stacey & Chick, 2004; Stacey &
MacGregor, 1994; Wu, 2001). As a result of lack of arithmetic understanding,
students have difficulty in transmission of this understanding to algebraic
contexts. Since most of the algebraic tasks include fractions, decimals, negative
numbers, equivalence, ratios, percentages or rates concepts, students need to
have a conceptual understanding of these concepts to solve algebraic tasks
(Norton & Irvin, 2007; Stacey & Chick, 2004; Stacey & MacGregor, 1994).

Unfortunately, in middle schools, algebra is taught as only applying a set of
rules and following some steps. Moreover, it is taught as not much related with
real life, independent from the other subjects and have no connection to

arithmetic (Kaput, 1999). Therefore, many students do not see algebra as an
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extension of arithmetic and they cannot make a connection between algebraic
concepts and previously learned arithmetic concepts. For example, while 58
percent of the eighth graders were able to identify that m + m + m + m is
equivalent to 4m; seventh graders had more difficulty in recognizing it with 47
percent based on the results from TIMSS (Beaton et al., 1996). In Turkey,
Sengiil and Erdogan (2014) found that 6™ grade students have low performance

in solving declarative, procedural, and conditional problems about algebra.

Although mathematics teachers think that students can easily understand that
variable represents any number, students have a difficulty in understanding it
(Roberts, 1989). Most students see algebra as “little more than many different
types of rules about how to write and rewrite strings of letters and numerals,
rules that must be remembered for the next quiz or test” (Kaput, 1995, p. 4).
However, learning algebra is more than only memorizing a list of rules. To
make algebra learning meaningful, it is required to understand the meaning of
symbols, properties and techniques (Thornton, 1995).

When overreliance on textbook with procedural focus and teacher-centred
instruction exist, students are not able to make transition from arithmetic to
algebra. Therefore, they complain that they do not deeply understand
mathematical concepts and they think it is not worth the effort to learn (Watt,
2005). Students learn algorithms rote and they do not know why they apply
that algorithm. They cannot visualize the solutions. This causes instrumental
learning where students employ rules without thinking about the reason
(Skemp, 1976 as cited in Roberts, 1989). Therefore, it is necessary to provide
students an opportunity to visualize their solutions in algebra teaching in order
to make them understand algebraic concepts so that they will know how to deal

with algebra topics with the reasons.

Although there are many studies about learning/teaching algebra, there are not
many studies about especially how teachers can teach algebra and which

factors should the effective algebra learning environments have (Kaya &
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Kesan, 2014). Thus, teaching algebra in schools remains loyal to traditional

instructions (Doerr, 2004).
2.3 Manipulative Use in Algebra and Algebra Tiles

“Math manipulatives are physical objects that are designed to represent
explicitly and concretely mathematical ideas that are abstract” (Moyer, 2001, p.
176). Manipulatives can be bought as ready-made materials, prepared by
teachers, or students can create themselves with the help of their teachers.
Cuisenaire rods, tangrams, geoboards, pattern blocks, algebra tiles, fraction
strips, and base-ten blocks can be given as examples of manipulatives (Furner
& Worrell, 2017). They can “introduce, practice, or remediate a math concept”
(Boggan, Harper & Whitmire, 2010, p. 2).

Students cannot learn mathematics by only listening to the teacher. Through
the use of manipulatives, students become active participants rather than
passive bystanders (Carbonneau, Marley & Selig, 2013). Students can discover
the patterns themselves and make generalizations with the help of
manipulatives (Roberts, 1989). Furthermore, research showed that most
effective learning takes place when the students build mathematical
understanding themselves with the use of manipulatives (Boggan et al., 2010).
In this way, instruction will be student-centred instead of teacher-centred and
the teacher will be the facilitator when students discover the mathematical

concepts and relationships (Fletcher, 2009).

In mathematics teaching, students should be encouraged to learn by doing and
to have experience with mathematical manipulatives that help development of
cognitive, affective and psychomotor domains (Okpube, 2016). Manipulatives
also generate motivation for students to engage in learning process and enable
students to understand and visualize concepts more clearly (Bruins, 2014).
Therefore, teachers should begin mathematics lessons with concrete
manipulatives, and then pass to the representational models such as pictures,

diagrams, and figures. Finally, at the end of the lessons, students learn symbols
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and operations at the abstract level and they will not need manipulatives
eventually (Furner & Worrell, 2017).

Using manipulatives can be useful for all students with different achievement
levels. Cooper (2012) stated that manipulatives are beneficial even for students
who are proficient in symbolic procedures because they enhance students’
conceptual understanding by providing a different perspective for mathematics.
Furthermore, manipulatives are effective tools for kinesthetic learners at the
elementary and secondary levels because they learn better when they touch or

are physically involved in what they are studying (Corrales, 2008; Gage, 1995).

Manipulatives provide numerous benefits for students. However, there are
several issues that need attention while using manipulatives in the mathematics
classes. First, there are certain difficulties related to using manipulatives in the
classroom. Students can use manipulatives to play games rather than complete
their assignments. Moreover, distributing and collecting manipulatives result in
considerable loss of time. For these reasons, before implementing
manipulatives in the classroom, the teacher should consider the amount of time
and be aware of the possibility that students can use manipulatives as toys
(Magruder, 2012).

Second, the correct use of manipulatives is also important. If manipulatives are
not used appropriately, using manipulatives does not guarantee meaningful
learning. Therefore, appropriate use of manipulatives is necessary for
effectiveness (Furner & Worrell, 2017). Such usage requires that the
manipulative connects informal and formal school mathematics, be appropriate
for the students’ developmental level (Smith, 2009), and be at the level of
students” mathematical ability (Boggan et al., 2010). Students must understand
the mathematical concepts behind the manipulatives rather than seeing them
only as toys. Therefore, teachers should give students time to work with
manipulatives before starting to teach the concepts (Boggan et al., 2010).
Furthermore, mathematics manipulatives should be selected in line with the

goals and objectives in the mathematics curriculum (Smith, 2009) and teachers
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should be aware of when, why and how to use manipulatives in an effective
way in the class (Kelly, 2006). They should help students establish correct
connections between manipulatives and the meaning they represent (Ball,
1992).

While learning algebra, students need a connection between concrete and
abstract concepts. This connection can be provided by manipulatives (Bruins,
2014). Piaget (1952) believed that due to the fact that students cannot
understand abstract mathematics only with the explanations and instructions,
they should have experiences with models and materials. Similarly, according
to Bruner (1960), students’ early experiences and interactions with concrete
objects provide a basis for their future abstract learning. Using manipulatives
helps students make a transition between concrete and symbolic
representations of the concepts (Fennema, 1972). Research suggest that
manipulatives should be used when the basic concepts of algebra (equal sign,
variable and unknown) are introduced to students in order to help them
comprehend these concepts easier, followed by pictures and figures, and finally
mathematical symbols (Akkaya, 2006 as cited in Cagdaser, 2008).

One of the materials that can be used in algebra teaching process is algebra
tiles. Algebra tiles are manipulatives that are used to visualize operations with
mathematical expressions including variables and numbers (Karakirik &

Aydin, 2011). Figure 2.1 shows a set of algebra tiles.
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Figure 2.1 A set of algebra tiles. Adopted from “Supporting Students’
Understanding of Linear Equations with One Variable Using Algebra Tiles,”
by S. Saraswati, 2016, Journal on Mathematics Education, 7, p.24. Copyright
2010 by the American Psychological Association.

“Algebra tiles usually come with a small square, an oblong-rectangular strip,
and a larger square. The tiles are purposely designed so that the side length of
the larger square is not an integral multiple of the side length of the smaller
square” (Chappell & Strutchens, 2001, p. 20). They can be used to model
several mathematical processes in algebra concepts and help students visualize
and conceptually understand these processes (Brahier, 2016). Moreover,
adding, subtracting, multiplying and dividing integers; completing the square;
factoring and distributive property can be taught by using algebra tiles (Leitze
& Kitt, 2000).

Algebra tiles are effective manipulatives because they enable students to make
sense of mathematical problems algebraically (Heddens & Speer, 2001 as cited
in Saraswati et al., 2016). By using algebra tiles, students can explore algebraic
expressions in a visual and hands-on way. Thus, students can learn the rules of
algebra from their own experiences (Okpube, 2016). Furthermore, using
algebra tiles helps students avoid making mistakes and eliminate students’
confusion between expressions such as “2x” and “2+x” (Picciotto & Wabh,
1993) and they provide better understanding of zero principles (Sibbald, 2009).
Students can create varied pairs of zero while simplifying algebraic expressions
and generate different expressions without changing their values (Chappell &
Strutchens, 2001).

Students generally tend to use symbols such as “x” and “y” to represent

variables because of the common usage of these symbols and forget that
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different symbols can also be used. Algebra tiles enable students to understand
the arbitrary nature of the variable concept. On the other hand, algebra tiles
have some limitations. Polynomials beyond first and second degree cannot be
modelled with algebra tiles (Smith, 2017). Besides, modelling complicated
examples with algebra tiles is difficult. Therefore, rules to complicated
examples can be extended by using the symbolic form. Algebra tiles cannot
represent fractions. For this reason, it is difficult to represent division equations
by using algebra tiles (Magruder, 2012). Furthermore, in modelling algebraic
expressions with algebra tiles, one color of the rectangle algebra tile represents
—Xx but area cannot have a negative value in reality. Hence, this can lead

students to a misconception (Isleyen, 2012).

Algebra tiles have been used in several research studies. Sobol (1998) found
that using algebra tiles had significant effect on 7", 8", and 9" grade students’
learning of algebraic concept of zero and operations with integers and
polynomials. Use of algebra tiles increased treatment group students’
understanding in mathematics learning process compared to control group in
Larbi (2011)’s experimental study. Saraswati et al. (2016) found that algebra
tiles helped students find the formal solution of linear equation with one
variable. Using algebra tiles have also been found to assist students when they
make geometric connection to factoring polynomials (Schlosser, 2010). In the
same way, while teaching solving quadratic equations by completing a square,
using algebra tiles helped students build connections between algebraic and
geometric concepts (Vinogradova, 2007). In addition, high school students
expressed meaningful and easy learning through algebra tiles in Sharp (1995)’s
study although there was not any difference between the test scores of students
who used algebra tiles while factoring and those who did not. Similarly,
students who used algebra tiles expressed the process of polynomial
multiplication better (Goins, 2001). Johnson (1993) found that when the
algebra tiles were used, not only students, but also teachers understood

multiplication of polynomial concept much better. Using algebra tiles increased
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treatment group’s scores of students with learning disabilities in Castro’s
(2017) pretest-posttest control group design experimental study. When algebra
tiles were used to improve senior high school students’ conceptual
understanding of a system of two linear equations, Akpalu, Adaboh and
Boateng (2018) found that there was a statistically significant improvement in

the experimental group’s posttest scores.
2.4 Group Work in Middle Schools

Collaborative learning means the grouping and pairing of students working
together to achieve a common academic goal (Gokhale, 1995). The students
are responsible not only for their own learning, but also for other students’
learning. Hence, the success of one student assists the others to become a
successful and this situation ensures individual responsibility (Gokhale, 1995).
Exchange of thoughts in small groups increases interests among the students
and promotes critical thinking (Gokhale, 1995). Working in groups provides
some benefits that teacher centered instruction does not always provide
(Koblitz & Wilson, 2014). For example, when students work in groups, they
remember information longer than students who work individually (Johnson &
Johnson, 1986). According to Bruner (1985), cooperative learning helps
students develop problem solving strategies because they encounter different
explanations of the given task and internalize external knowledge. Small group
work increases conceptual understanding and development of mathematical
reasoning skills. In addition, it promotes positive dispositions towards
mathematics and procedural fluency (Jansen, 2012). While students in a group
are learning a new concept, they might realize what other students in the group
do not understand and they can explain that concept to them and correct their
misconceptions (Webb & Farivar, 1994). Explaining to peers also enables
students to fill in the gaps in their minds and develop their understandings
(Fuchs et al., 1997). Furthermore, group work improves students’ social
interaction and positive feelings towards peers (Hammond & Barron, 2008). In

addition, working in groups enables development of the students’ teamwork
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skills (Felder & Brent, 1996). According to Fletcher (2008), when the group
work is used, algebra learning increases and students’ self-efficacy in algebra
improves. However, not using group work in the classroom results in decline in

confidence, lack of motivation, anxiety towards algebra and passive learning.

Balt (2017) found that there was an increase in 7" grade students’ pretest
scores to the posttest scores when the small group math instruction was used
and most of the students stated that working in small group affected them in a
positive way. Jones (2008) found that after 7" grade students engaged in a
group work over nine weeks, their conceptual thinking in mathematics
improved. In Unlii and Aydintan (2011)’s research study, it was concluded that
cooperative learning was more effective than traditional instruction on 8%
grade students’ mathematics achievement and recalling the concept longer.
Varank and Kuzucuoglu (2007) found that posttest scores of 5™ grade students
who were taught mathematics operations with natural numbers by cooperative
learning method were higher than students who were taught by regular
instruction. Similarly, Bilgin (2004) found that there was a statistically
significant difference between mathematics performances of 7" grade students
who received instruction by cooperative learning method and those who
received regular instruction. In Hinzman (1997)’s research study, middle
school students made comments that using manipulatives in small group work
enabled them to work without being embarrassed when they have a difficulty

while learning algebraic concepts.
2.5 Research Studies in Turkey

In this section, studies conducted in Turkey about students’ learning of algebra

topics by using manipulatives and algebra tiles in specific are summarized.

A quasi-experimental research design study conducted to investigate the effects
of multiple representations-based instruction on 7" grade students’ algebra
performance, attitudes toward mathematics, and representation preference

(Akkus, 2004). Participants were 131 7™ grade students in two public schools
20



in Ankara in 2003-2004 academic year. While two experimental groups
received multiple representations-based instruction, two control groups
received regular instruction. During the multiple representations-based
instruction, algebra tiles, balance, pattern blocks, marbles, cartoons, cotton
buds and activity sheets were used. In order to evaluate students’ algebra
performance; algebra achievement test, translations among representations skill
test, and Chelsea diagnostic algebra test were administered. To learn students’
attitudes towards mathematics; mathematics attitude scale and to determine
students’ representation preferences; representation preference inventory were
implemented. In addition, interviews were made with students from
experimental and control groups. Results of the study showed that students
who took multiple representations-based instruction had higher algebra

performance than students who took traditional instruction (Akkus, 2004).

Palabiyik and Akkus (2011) conducted a research study to investigate the
effects of pattern based and non-pattern based algebra instruction on 7" grade
students’ algebraic thinking and attitude towards mathematics in a public
school in Eskisehir. During the instruction of the experimental group, pattern
based activities including algebra tiles, matchstick and pattern blocks as
manipulatives were conducted. Control group had the regular instruction based
on the Elementary Education Mathematics Curriculum. Researchers
implemented Conceptual Algebra Test, Procedural Algebra Test and Attitudes
Towards Mathematics Scale on 40 students before and after the instruction.
They found that pattern-based instruction had a significant effect on
experimental group students’ conceptual algebra development. On the other
hand, there was no significant difference between the groups in terms of

procedural algebra achievement and attitudes towards mathematics.

In a pretest-posttest experimental study conducted to investigate the effects of
visualization approach on the 8" grade students’ attitudes towards and
achievements in mathematics, researchers implemented Mathematics Attitudes

Scale and Algebraic Expressions and Equations Achievement Test on students
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(Kog & Baser, 2012). Participants were 43 8" grade students of a middle
school in Izmir in the 2010-2011 academic year. In the experimental group,
factorisation and first degree equations with one and two unknowns were
taught with the help of visualization approach. While factorizing algebraic
expressions and modelling them, algebra tiles, computer-assisted visual
materials, concept cartoons, metaphors and activity sheets were used. On the
other hand, control group students took traditional instruction of the same
topic. Researchers found that visualization approach not only affected the
students’ attitudes towards mathematics but also their mathematics

achievement positively (Kog & Baser, 2012).

Yildiz (2012) conducted a qualitative case study to investigate the views of
middle school teachers and students about the use of manipulatives in teaching
and learning mathematics. In this study, base-ten blocks, fraction bars, pattern
blocks, geoboards, four-pan balance and algebra tiles were used as
manipulatives. Participants were four middle school mathematics teachers in a
private school and their 6™, 7, and 8" grade students. Data were collected
through one-to-one interviews, observations and analysis of annual plan, daily
plan, notebooks of students, and the field notes. According to the findings of
the study, most of the middle school students expressed that they desire to learn
mathematics by using manipulatives and they stated that in this way they both
played and learned. In addition, students claimed that using manipulatives
enabled them to have positive attitudes toward mathematics and learn the

concepts much better.

Akyiiz and Hangiil (2013) conducted a research study to investigate and
eliminate 6" grade students’ misconceptions about first degree equations with
one unknown. Participants were 25 6™ grade students in a public school in
Balikesir in the spring semester of the 2011-2012 academic year. Researchers
implemented a test including 20 open-ended items to detect the
misconceptions, and conducted interviews with the students. After that,
activity-based instruction was given to students for eight hours and then post-
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test was given. During the activity-based instruction, algebra tiles, colored
papers, balance, seesaw and model plane were used. Researchers found that
activity-based instruction was effective in overcoming students’
misconceptions. In addition, they suggested that algebra instruction should first
begin with concrete materials, and then move towards symbols in order to

make students understand algebra concepts better.

Giirbliz and Toprak (2014) conducted a research study to design, implement
and evaluate activities that enable 7" grade students to make transition from
arithmetic to algebra. Participants were 58 7" grade students in a public school
in Gaziantep in 2010-2011 academic year. While activity-based instruction was
carried out in the experimental group, regular instruction was given to the
control group. During the activity based instructions, materials such as balance,
counters and algebra tiles were used. A test consisting of 10 open-ended
questions was administered to students before and after the treatment. Results
of the study showed that activity-based instruction was more effective than

regular instruction.
2.6 Summary of the Literature Review

The review of the literature indicated that students have some difficulties while
learning algebra. They have difficulties in understanding the underlying logic
in algebra, why they apply an algorithm and therefore, they learn without
meaning. Furthermore, students could not visualize their solutions. They have
difficulties in understanding multiple functions of letters. Students are not able
to make transition from arithmetic to algebra due to overreliance on textbook
with procedural focus and teacher-centred instruction. They are inclined to
calculate the variables as in arithmetic at first, when they learn algebra.
Algebra seems more abstract than arithmetic for the students because they need
to think not only a few numbers, but sets of numbers in algebra. Manipulatives
can be used in algebra learning process to eliminate these difficulties.
Particularly, with the help of algebra tiles, students can make a transition

between concrete and symbolic representations of the concepts. By using
23



algebra tiles, students can explore algebraic expressions in a visual and hands-
on way and learn the rules from their own experiences. Besides, modelling
with algebra tiles enhances students’ visualization skills and promotes
conceptual understanding. Algebra tiles help students avoid making mistakes

and eliminate their confusion between expressions.

In the international literature, studies were conducted with middle school
students to teach solving linear equations with one variable or high school
students to teach factoring by using algebra tiles. The findings of these studies
revealed that using algebra tiles helped students learn the concepts quicker and
meaningfully. Moreover, students could build connections between algebraic
and geometric concepts. On the other hand, there are not sufficient studies
related to using algebra tiles of the students who encounter algebra for the first
time. In Turkish literature, there are some studies related to the use of
manipulatives in teaching algebra concepts in middle school level. These
studies address use of algebra tiles, pattern blocks, balance, colored papers,
seesaw, matchstick, and computer-assisted visual materials. The findings of the
studies revealed that using these materials positively affected not only
mathematics achievement, but also students’ conceptual development in
algebra and elimination of their misconceptions. However, there are not
sufficient studies which examined the effectiveness of use of algebra tiles in

the accessible literature.
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CHAPTER 3

METHODOLOGY

The aim of the present study was to investigate the effects of using algebra tiles
on sixth grade students’ algebra achievement and algebraic thinking, and to
investigate their views about using algebra tiles. The following research

questions were sought through this aim:

1. Is there a statistically significant mean difference between posttest
scores of algebra achievement test for 6 grade students who use
algebra tiles and those who do not use algebra tiles?

2. How does students’ algebraic thinking differ in the algebra
achievement test for those who use algebra tiles and who do not use
algebra tiles?

3. What are 6" grade students’ views about use of algebra tiles in

mathematics lessons?

This chapter presents the processes of sampling, data collection and analysis.

Details are given below.
3.1 Research Design

In order to find answers to the research questions, both quantitative and
qualitative methods were used. The first research question was sought through
pretest-posttest control group design because this study mainly investigated the
cause—effect relationship (Fraenkel, Wallen, & Hyun, 2011). The Prior Algebra
Knowledge Test was implemented as a pretest to see students’ existing
knowledge about algebraic expressions. Then, students were involved in group
work where they experienced algebra topics with algebra tiles. The Algebra

Achievement Test was implemented as the posttest at the end of the activities.
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Qualitative methodology was used to investigate the second and the third
research questions. Both experimental group and control group students’
responses in the Algebra Achievement Test were examined in detail to answer
the second research question. Since random assignment of the subjects to the
groups was impossible in the schools, already existing classes constituted the
experimental and control groups which were being taught by the same
mathematics teacher, who was the mathematics teacher of the both classes. The
pretest was different from the posttest in terms of the included topics and the
possible effects of algebra tiles were investigated through only posttest. The
third research question was investigated through Views about Algebra Tiles

Questionnaire.
3.2 Population and Sample

In this study, target population was all 6" grade students in Sakarya. All 6™
grade students who attended public schools in Hendek, Sakarya were the
accessible population because Hendek was an accessible area for the
researcher. Since reaching all these students and collecting data from them
might require considerable time and effort that was not much possible for the
researcher at the time of the study, convenience sampling method was used.
For this reason, first, the researcher chose one school from 5 public schools in
Hendek according to her convenience. In the chosen school, there were six
sixth grade classes and 50 sixth grade students from two classes were chosen in
the spring semester of 2017-2018 academic year. The classes chosen were the
ones that were taught by the same mathematics teacher. One class was assigned
as the experimental group and the other class was assigned as the control group
randomly. There were one inclusive student in experimental group and two
inclusive students in control group and there were also 4 immigrant students in
control group. Although these students were implemented the pretest and
posttest, they were not included in the sample of the study considering that they
were either subject to additional training or that they have not received the

previous mathematics education properly due to the language barriers. After
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these students were removed from the data set, there were 26 students with 12
girls and 14 boys in experimental group and 24 students with 10 girls and 14
boys in control group. These two classes consisted of students of similar
mathematics achievement level as the mathematics teacher indicated based on
the school mathematics examinations. Students’ ages in both groups ranged
from 11 to 12. The number of students who took the pretest and the posttest in
experimental and control groups is given in Table 3.1. The table shows that a

total of 40 students composed the sampling of the study.

Table 3.1 The Number of Students who took the Pretest and the Posttest in
Experimental and Control Groups

Groups Pretest Posttest Pretest N Posttest
Experimental 23 23 22
Control 21 20 18
Total 44 43 40
3.3 Context of the Study

The school was a public school which was located in city center of Hendek
district of Sakarya. The school was a double-shift school, that is, middle school
students (Grades 5 through 8) were at school from morning till noon and
primary school students (Grades 1 through 4) were at school from noon till
early evening. The school had a population of 501 students. The majority of
students were coming from middle socioeconomic level families as indicated
by the teacher. The average class size in the school was 25. There were 26
teachers in this school at the time of the study and four of them were
mathematics teachers. There were 20 classrooms and their physical conditions
were similar. There were double seat desks in the classrooms and each of the
class had a smart board and two white boards. There was one science

laboratory in the school.

In Turkish Middle Grades Mathematics Curriculum, objectives related to
algebra learning area take part at the 6" grade level for the first time and there
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are several algebra-related objectives in curriculum until the end of the middle
school. Thus, algebra is one of the important learning areas of mathematics for
the middle school students (MoNE, 2013, 2018).

By the recent revision of middle grades mathematics curriculum in Turkey, it
was seen that there are some changes in algebra topics among the grade levels.
In 2013 Turkish Middle Grades Mathematics Curriculum, at the 6" grade level,
finding asked term in arithmetic sequences, interpretation of algebraic
expressions and making operations with algebraic expressions are aimed. At
the 7" grade level, it is expected from students to understand equal concept and
solve first degree equations in one variable and related problems. In addition,
students should be able to learn coordinate system with its properties and linear
relationships between variables in different settings, and to draw graphs of
linear equations. Algebra learning area takes part at the 8" grade level more
than the other grade levels in 2013 curriculum. In this grade level, students
learn algebraic expressions and identities, linear equations, systems of
equations and inequalities. Moreover, understanding algebraic expressions and
identities, and factorising algebraic expressions are expected from students.
Examination of linear relationships between variables and solving equations
are also included. Middle school algebra topics end with solving systems of
equations in two variables and investigating one variable inequalities (MoNE,
2013).

When 2018 Turkish Middle Grades Mathematics Curriculum is compared to
2013 curriculum in terms of algebra learning area, the most striking change is
that some of the objectives related to algebraic expressions at the 6™ grade
level were transferred to the 71" grade level. That is, while at the 6" grade level,
students are expected to interpret algebraic expressions; at the 7" grade level,
they are required to learn making operations with algebraic expressions and
find asked term in arithmetic sequences in 2018 curriculum. Another change is
that linear equations and coordinate system topics were transferred to 8" grade

level from 7" grade level in 2018 curriculum. Thus, at the 7 grade level,
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students are expected to understand only equal concept and solve first degree
equations in one variable and related problems. In addition to topics in 2013
curriculum, students learn coordinate system and linear equations for the first
time at the 8" grade level in 2018 curriculum. Moreover, it is noticed that
systems of linear equations in two variables topic was removed from this grade
level and it is not included in Turkish Middle Grades Mathematics Curriculum
any longer (MoNE, 2018).

In the present study, data collection tools and lesson plans were prepared
according to the 2013 curriculum because the 2018 curriculum is implemented
to only the 5" grade students. The 6™ grade students have been learning
mathematics based on the 2013 curriculum at the time of the present study.

3.4 Data Collection Tools

The purpose of this study was to investigate the effects of using algebra tiles on
6" grade students’ algebra achievement, algebraic thinking and views about
using algebra tiles. A Prior Algebra Knowledge Test, an Algebra Achievement
Test and a Views about Algebra Tiles Questionnaire were used in order to

gather data.
3.4.1 Prior Algebra Knowledge Test

The Prior Algebra Knowledge Test (PAKT) was an essay type test constructed
to learn students’ prior knowledge about algebraic expressions by the
researcher according to the literature and objectives in Turkish Middle Grades
Mathematics Curriculum (MoNE, 2013) (See Appendix A for Turkish version
of the questions). The 6™ grade objectives in the mathematics curriculum
related to algebraic expressions which were covered in the PAKT are given in
Table 3.2.

29



Table 3.2 Sixth Grade Objectives in the Mathematics Curriculum related to

Algebraic Expressions which were covered in the PAKT

Algebraic Expressions

1. Students write a phrase as an algebraic expression and write a phrase
for a given algebraic expression.

2. Students evaluate an algebraic expression for different values of
variable.

PAKT included 4 essay type questions, all with sub-questions. The test
including 15 questions altogether was administered to both experimental and
control groups as a pretest allowing 40 minutes to learn whether there was an
existing difference between the groups in terms of prerequisite knowledge or

not before the treatment started.

The objectives of each question in Prior Algebra Knowledge Test are given in
Table 3.3.

Table 3.3 Objectives of Each Question in Prior Algebra Knowledge Test

Question | Objectives: Students should be able to
1 write a given phrase as an algebraic expression
2 write a phrase for a given algebraic expression
3 evaluate algebraic expressions for different values of variables
4 a. write a given phrase as an algebraic expression
b. evaluate it for a given value of variable

For the construct-related validity of the test, questions were reviewed by two
researchers studying in the mathematics education field, one with more than 10
years of experience in teaching middle school mathematics. Their opinions
were taken and the test was revised according to these opinions. Each question
in the test was analyzed by giving 1 for each correct answer and 0 for each

incorrect answer. SPSS 20.0 program was used for the analyses.

30



3.4.1.1 Pilot Study of Prior Algebra Knowledge Test

The pilot study version of PAKT included a total of 17 sub-questions under 5
main questions. This version of PAKT was piloted on 55 7" grade students in
one of the middle schools in Hendek, Sakarya during the 1% semester of 2017-
2018 academic year. One question was removed from the test (which is
explained below) and the analysis was conducted for the remaining 15 sub-
questions under 4 main questions. The sub-questions were scored as 1 for each
correct response and O for each incorrect response. Therefore, the maximum

score that one can have in PAKT is 15 and the minimum score is 0.

The descriptive statistics of the pilot study data is given in Table 3.4. As seen
from the Table 3.4, students’ mean score in PAKT is 10.96 with standard
deviation 3.07. Minimum and maximum scores were computed as 4 and 15

respectively.

Table 3.4 Descriptive statistics of the pilot study of PAKT

Statistics

N 55

Mean 10.96

Std. Error of Mean 0.41
Median 12
Mode 12

Std. Deviation 3.07

Variance 9.44

Skewness -44

Kurtosis -.82
Range 11
Minimum 4
Maximum 15

The histogram of the pilot study involving the normal curve is given in Figure
3.1. The shape of the distribution was normal for the pilot study of PAKT, as

Figure 3.1 shows.
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Figure 3.1 Histogram of the pilot study of PAKT

The internal consistency reliability estimate of the test was computed by
Kuder-Richardson (KR-21) formula as 0.73 by assuming that all sub-questions
were in equal difficulty. Common answers of students in each question are
given below in detail along with the questions and sub-questions.

The removed question was about finding the general rule for the given
sequence and the number of squares used in the 13" step. The question is given

in Figure 3.2 below.

I. Find the general rule for the given sequence including identical

squares.
1ststep 2ndstep 3 step 4th step

ii. Find the number of squares used in the 13th step of the
sequence.

Figure 3.2 Removed Question in PAKT
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The question was removed from the test based on the observations made by the
researcher while conducting the test in the classrooms, because none of the
students could write the general rule of sequence algebraically. Instead, they
only wrote “increasing by 2 each time”. In addition, to find the number of
squares in the 13" step, most of the students wrote the number of squares for

each step one by one until the 13"" step.
Question 1

Question 1 was about writing a given phrase as an algebraic expression. The

question is given in Figure 3.3 below.

1) Write each phrase as an algebraic expression.
3 less than twice a number of candies inthejar ............................
12 TL more than half of Asl’s money..................oooooiiiii.
13 less than a number of Efe’s marbles times five..........................
2 less than a number plus twice the same number..........................

The amount of remaining time of the exam when 15 minutes of the time
completed ........................

If the sum of two numbers is 80 and one of the numbers is m, the other
numberis............cceviin...

Figure 3.3 1% Question in PAKT

There were six sub-questions in question 1. The performance of students in

percentage and frequency for each sub-question are given in Table 3.5.
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Table 3.5 Frequency and percentage of correct and incorrect answers, and

empty responses of question 1 in the pilot study of PAKT

Correct (%) Incorrect (%) Empty (%)
Qla 54 (98.2) 1(1.8) -
Q1b 35 (63.6) 20 (36.4) -
Qlc 32 (58.2) 23 (41.8) -
Q1d 27 (49.1) 28 (50.9) -
Qle 46 (83.6) 8 (14.5) 1(1.8)
Q1f 14 (25.5) 30 (54.5) 11 (20)

Students performed differently in items of question 1. Although the items
involved the same objective, the context of the questions seemed to affect
students’ performances. They had the most difficulty in item Q1f. Most of the
students left the item blank or wrote “m” or “40” as an answer. Some students
wrote “m+x=80" as an equation form, but they could not write the answer as
“80-m.”

Question 2

Question 2 was about writing a phrase for a given algebraic expression. The

question is given in Figure 3.4 below.

2) Write a phrase for each algebraic expression given below.

Figure 3.4 2" Question in PAKT

There were four sub-questions in question 2. The performance of students in
percentage and frequency for each sub-question are given in Table 3.6.
34



Table 3.6 Frequency and percentage of correct and incorrect answers, and

empty responses of question 2 in the pilot study of PAKT

Correct (%) Incorrect (%) Empty (%)
Q2a 42 (76.4) 11 (20) 2 (3.6)
Q2b 35 (63.6) 18 (32.7) 2 (3.6)
Q2c 42 (76.4) 11 (20) 2 (3.6)
Q2d 47 (85.5) 7 (12.7) 1(1.8)

In the 2" question, among four items, it was seen that the fewest correct

answers were given to item Q2b because some students wrote the phrase “half

of a number, plus 1” instead of “half of the sum of a number and 1” for mTH

Question 3

Question 3 was about evaluating algebraic expressions for different values of

variables. The question is given in Figure 3.5 below.

3) Evaluate each algebraic expression given below for a
given value of variables.

2(n-3)

° - for n=13

o X forx=6
2

. % +1 fory=5

Figure 3.5 3 Question in PAKT

There were three sub-questions in question 3. The performance of students in

percentage and frequency for each sub-question are given in Table 3.7.
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Table 3.7 Frequency and percentage of correct and incorrect answers, and

empty responses of question 3 in the pilot study of PAKT

Correct (%) Incorrect (%) Empty (%)
Q3a 47 (85.5) 8 (14.5) -
Q3b 43 (78.2) 11 (20) 1(1.8)
Q3c 46 (83.6) 7(12.7) 2 (3.6)

In question 3, among three items, the fewest correct answers were given to

item Q3b. While evaluating the algebraic expression 3X2—+4 for x=6, some

students have failed to realize that 3 is a coefficient of X, and so, it is required

to multiply 6 by 3. Instead, they put 6 in the place of x and wrote 36. Then,
they added 4 to 36 and got 40. After that, they divided 40 by 2 and found the

answer as 20.

Question 4

Question 4 was about writing a given phrase as an algebraic expression and

evaluating it for a given value of variable. The question is given in Figure 3.6

below.

4)

i. Write an algebraic expression for the phrase “7 more
than 3 times a number of fishes in the aquarium.”

ii. Evaluate the algebraic expression you wrote in i, when
the variable is equal to 15.

Figure 3.6 4" Question in PAKT

There were two sub-questions in question 4. The performance of students in

percentage and frequency for each sub-question are given in Table 3.8.
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Table 3.8 Frequency and percentage of correct and incorrect, and empty

responses answers of question 4 in the pilot study of PAKT

Correct (%) Incorrect (%) Empty (%)
Q4a 51 (92.7) 3(5.5) 1(1.8)
Q4b 41 (74.5) 9 (16.4) 5(9.1)

In question 4, items Q4a and Q4b were dependent on each other. That is, to
give an answer to item Q4b, students need to answer item a first. Most of the
students answered item Q4a correct. Some of the students who answered item
Q4a, left item Q4b blank. A few students wrote “3x+7=15" instead of
evaluating the algebraic expression 3x+7 for x=15. This can be due to the fact
that these students did not know the meaning of the word variable which took

place in the question.

The detailed analysis of the responses to the tasks in the pilot study of PAKT
showed that 7" grade students could not perform well in general because of
lack of their prior knowledge in algebraic expressions. After the pilot study,
one question was removed from the test and no changes were made in the rest
of the questions in PAKT.

3.4.2 Algebra Achievement Test

Algebra Achievement Test (AAT) was developed to investigate 6 grade
students’ algebra achievement and algebraic thinking. Two questions (7" and
10™) in the test were taken from“Chelsea Mathematics Diagnostic Tests —
Algebra” developed by Hart, Kiichemann, Brown, Kerslake and Ruddock
(1985) and adapted to Turkish by Altun (2005), and they were modified by the
researcher for the purposes of the study. Other questions were developed by the
researcher according to the literature and objectives in the Turkish Middle
Grades Mathematics Curriculum (MoNE, 2013) (See Appendix B for Turkish
version of the questions). The 6" grade objectives in the mathematics
curriculum related to algebraic expressions which were covered in AAT are

given in Table 3.9.
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Table 3.9 Sixth Grade Objectives in the Mathematics Curriculum related to

Algebraic Expressions which were covered in AAT

Algebraic Expressions

1. Students express the meaning of simple algebraic expressions.
2. Students make addition and subtraction in algebraic expressions.
3. Students multiply an algebraic expression with a natural number.

The test consisted of 11 essay type questions, 6 of which included sub-
questions. The test including 35 questions altogether was administered to both
experimental and control groups as a posttest allowing 40 minutes. The

objectives of each question in AAT are given in Table 3.10.

Table 3.10 Objectives of Each Question in AAT

Question | Objectives: Students should be able to

1 a. determine whether given representations are correct or incorrect
b. rewrite incorrect representations as correct representations

2 write algebraic expressions for the given models

determine variable, term, constant term, coefficients and sum of

3 - : : .
coefficients of given algebraic expressions
4 find the perimeter of a given rectangle in terms of algebraic
expressions
a. write algebraic expressions for the given models
5 b. perform operations with algebraic expressions
c. model the results of operations
6 perform operations for the given algebraic expressions
7 find the perimeter of the polygon in terms of algebraic expressions

whose number of the side is unknown

8 explain which representation is correct

write given algebraic expressions as multiplication of a natural
number and an algebraic expression

10 explain which algebraic expression is greater

find the length of one side of the square in terms of algebraic

11 .
expressions

Questions in the AAT included both sixth grade objectives related to algebraic
expressions in Turkish Middle Grades Mathematics Curriculum (MoNE, 2013)
and items targeting algebraic thinking in ways that are not covered in the

curriculum objectives. In addition, objectives in the curriculum were divided
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into sub-objectives. Accordingly, 1%t and 2" questions were for the objective
“Students express the meaning of simple algebraic expressions.” The 3, 4%
5N and 6" questions were for the objective “Students make addition and
subtraction in algebraic expressions.” The 8" question was for the objective
“Students multiply an algebraic expression with a natural number.” The 7, 9™,
10", and 11" questions were not directly placed under the algebraic
expressions objectives in the curriculum. They addressed students’ algebraic
thinking based on their existing knowledge in algebraic expressions.

For the construct-related validity of the test, questions were reviewed by two
researchers studying in the mathematics education field, one with more than 10
years of experience in teaching middle school mathematics. Their opinions
were taken and test was revised according to these opinions. Each question in
the test was analyzed by giving 1 for each correct answer and O for each
incorrect answer. SPSS 20.0 program was used for the analyses.

3.4.2.1 Pilot Study of Algebra Achievement Test

Prior to the main study, the test was piloted on 52 7" grade students in one of
the middle schools in Hendek, Sakarya during the 1% semester of 2017-2018
academic year because 7" grade students had already learned the 6" grade
topics in the previous academic years. The analysis was conducted for 35 sub-
questions under 11 main questions. The sub-questions were scored as 1 for
each correct response and O for each incorrect response. Therefore, the

maximum score that one can have in AAT is 35 and the minimum score is 0.

The descriptive statistics of the pilot study data is given in Table 3.11. As seen
from the Table 3.11, students’ mean score in Algebra Achievement Test is
14.92 with standard deviation 3.47. Minimum and maximum scores were

computed as 8 and 24 respectively.
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Table 3.11 Descriptive statistics of the pilot study of AAT

Statistics

N 52

Mean 14.92

Std. Error of Mean 0.48
Median 15
Mode 14

Std. Deviation 3.47

Variance 12.07
Skewness 15
Kurtosis -.39
Range 16
Minimum 8
Maximum 24

The histogram of the pilot study involving the normal curve is given in Figure
3.7. The shape of the distribution was normal for pilot study of AAT, as Figure

3.7 shows.

Histogram — Normal
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Figure 3.7 Histogram of the pilot study of AAT

The internal consistency reliability estimate of the test was computed by

Kuder-Richardson (KR-21) formula as 0.62 by assuming that all sub-questions

were in equal difficulty. Common answers of students in each question are
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given below in detail along with the questions and sub-questions. Although the
questions were not given with sub-question indicators such as 1la and 1b, the
findings below are given with these indicators in the order of the sub-questions

in order to report the findings more clear.
Question 1

Question 1 was about determining whether given representations are correct or
incorrect and rewriting incorrect representations as correct representations. The

question is given in Figure 3.8 below.

1) Determine whether given representations are correct or
incorrect and rewrite incorrect representations as correct
representations.

ceenn YTy +1=3y

w X+x-1=-1+2x

Figure 3.8 1% Question in AAT

There were four sub-questions in question 1. The performance of students in

percentage and frequency for each sub-question are given in Table 3.12.

Table 3.12 Frequency and percentage of correct and incorrect answers, and

empty responses of question 1 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Qla 40 (76.9) 12(23.1) -
Q1b 49 (94.2) 2(3.8) 1(1.9)
Qlc 26 (50) 23 (44.2) 3(5.8)
Q1d 38 (73.1) 12 (23.1) 2(3.8)

In thel1® question, among four items, the fewest correct answers were given to

item Qlc. It can be said that half of the students had difficulty in solving
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problems involving fractions because given algebraic expression involved
fraction in item Qlc.

Question 2

Question 2 was about writing algebraic expressions for the given models. The

question is given in Figure 3.9 below.

2

N—r

- I Write algebraic expressions
1

for the models given below.

-x -1

D Algebraic Expression:

Algebraic Expression:

10 000 -0
HEE (/0]

RN

Algebraic Expression:

BN

I EN

- . Algebraic Expression:
N

Figure 3.9 2" Question in AAT

There were four sub-questions in question 2. The performance of students in

percentage and frequency for each sub-question are given in Table 3.13. Based
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on Table 3.13, it can be said that students performed better in writing algebraic

expressions for the given models.

Table 3.13 Frequency and percentage of correct and incorrect answers, and
empty responses of question 2 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q2a 51 (98.1) 1(1.9) -
Q2b 44 (84.6) 8 (15.4) -
Q2c 50 (96.2) 2(3.8) -
Q2d 48 (92.3) 4(7.7) -

Question 3

Question 3 was about determining variable, term, constant term, coefficients
and sum of coefficients of given algebraic expressions. The question is given in

Figure 3.10 below.

3) Determine variable, term, constant term, coefficients and sum of
coefficients of each algebraic expression given below.

Algebraic | Variable | Term(s) | Constant | Coefficient (s) Sum of
Expression (s) Term (s) Coefficient (s)
3k
—6xy +1
2a+5b-8

Figure 3.10 3" Question in AAT

There were fifteen sub-questions in question 3. The performance of students in

percentage and frequency for each sub-question are given in Table 3.14.
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Table 3.14 Frequency and percentage of correct and incorrect answers, and
empty responses of question 3 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)

Q3aa 30 (57.7) 11 (21.2) 11 (21.2)
Q3ab 18 (34.6) 18 (34.6) 16 (30.8)
Q3ac 8 (15.4) 28 (53.8) 16 (30.8)
Q3ad 26 (50) 6 (11.5) 20 (38.5)
Q3ae 22 (42.3) 8 (15.4) 22 (42.3)
Q3ba 28 (53.8) 12 (23.1) 12 (23.1)
Q3bb 3(5.8) 33 (63.5) 16 (30.8)
Q3bc 14 (26.9) 25 (48.1) 13 (25)

Q3bd 8 (15.4) 22 (42.3) 22 (42.3)
Q3be 8 (15.4) 24 (46.2) 20 (38.5)
Q3ca 26 (50) 14 (26.9) 12 (23.1)
Q3ch 4(7.7) 31 (59.6) 17 (32.7)
Q3cc 14 (26.9) 24 (46.2) 14 (26.9)
Q3cd 8 (15.4) 20 (38.5) 24 (46.2)
Q3ce 9(17.3) 20 (38.5) 23 (44.2)

It was seen that many students had difficulty in determining terms in algebraic
expressions (items Q3ab, Q3bb and Q3ch). Some students confused terms with
variables. Some students did not accept constant term as a term. For example,
for the algebraic expression -6xy+1, they wrote “-6xy” as a term. On the other
hand, some students wrote coefficients in the algebraic expressions as terms. In
addition, it was noticed that most of the students failed to write constant terms
(items Q3ac, Q3bc and Q3cc). Some students wrote coefficients as constant
terms. For instance, for the algebraic expression 2a+5b-8, they identified 2, 5, -
8 as constant terms. Or, some students wrote variables as constant terms.
Moreover, some students did not take constant terms as coefficients (items
Q3bd, Q3be, Q3cd and Q3ce). Or, some students who admitted constant terms
as coefficients did not pay attention to the negative sign of the numbers. For
example, for the algebraic expression 2a+5b-8, they wrote 2, 5, 8 as
coefficients. Since they could not identify coefficients correctly, they could not
calculate the sum of coefficients correctly. Results from the 3™ question show
that students could not completely understand variable, term, constant term and

coefficient concepts in the pilot study.
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Question 4

Question 4 was about finding the perimeter of a given rectangle in terms of
algebraic expressions. The question is given in Figure 3.11 below.

4) Find the perimeter of a rectangle whose length
is 3cm less than the width in terms of algebraic
expression.

Figure 3.11 4" Question in AAT

There were not any sub-questions in question 4. The performance of students
in percentage and frequency for the question are given in Table 3.15.

Table 3.15 Frequency and percentage of correct and incorrect answers, and
empty responses of question 4 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q4 5 (9.6) 24 (46.2) 23 (44.2)

Only 5 students responded the 4" question correctly. Some students could
write X-3 as one side of a rectangle but they could not find the perimeter of the

rectangle.
Question 5

Question 5 was about writing algebraic expressions for the given models,
performing operations with algebraic expressions, and modeling the results of
operations. The question is given in Figure 3.12 below.
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5) Write algebraic expressions for
the models given below,
perform operations with

|:| - D . algebraic expressions and
x g

< 1 1 model the results of operations.

[ ]
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D

Algebraic Expression: Algebraic Expression:

[0
QQQQQ

Algebraic Exprezzsion:

Y
Algebraic Expression:

Figure 3.12 5" Question in AAT

There were two sub-questions in question 5. The performance of students in

percentage and frequency for each sub-question are given in Table 3.16.

Table 3.16 Frequency and percentage of correct and incorrect answers, and
empty responses of question 5 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q5a 22 (42.3) 26 (50) 4(7.7)
Q5b 2(3.8) 47 (90.4) 3(5.8)
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Although most of the students wrote algebraic expressions for the given
models, they failed to perform addition and subtraction with algebraic
expressions. In particular, in item Q5b, only two students performed
subtraction correctly. The reason for students’ incorrect answer seemed to be
ignoring distributing negative sign.

Question 6

Question 6 was about performing operations for the given algebraic
expressions. The question is given in Figure 3.13 below.

6) Perform operations for the algebraic expressions
given below.

i) (4x=5) + (—2x+3)

i) (x+3) — (=2x— 1)

Figure 3.13 6" Question in AAT
There were two sub-questions in question 6. The performance of students in
percentage and frequency for each sub-question are given in Table 3.17.

Table 3.17 Frequency and percentage of correct and incorrect answers, and

empty responses of question 6 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q6a 33 (63.5) 18 (34.6) 1(1.9
Q6b 7 (13.5) 42 (80.8) 3(5.8)

In 6™ question, in item Q6a, the majority of students performed addition for
given algebraic expressions correctly. On the other hand, in item Q6b, most of
the students could not perform subtraction correctly. Some students distributed
first negative sign but they ignored distributing second negative sign while

subtracting. They wrote “(x+3)-(-2x-1) = x+3+2x-1" and found ““3x+2”.
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Question 7

Question 7 was about finding the perimeter of the polygon in terms of
algebraic expressions whose number of the side is unknown. The question is

given in Figure 3.14 below.

7)

Assume that one part of the regular

polygon, whose the length of one

side is 4 unit and number of the side

is unknown, is covered by paper.

Find the perimeter of the polygon in
4 terms of algebraic expression.

Figure 3.14 7" Question in AAT

There were not any sub-questions in question 7. The performance of students

in percentage and frequency for the question are given in Table 3.18.

Table 3.18 Frequency and percentage of correct and incorrect answers, and

empty responses of question 7 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q7 12 (23.1) 21 (40.4) 19 (36.5)

Some students identified the number of side of a polygon as x or n, but they
could not write the perimeter of the polygon. Since eight sides of the polygon
were apparent, some students wrote 32 by multiplying 8 and 4. Some of the

students tried to draw sides to complete a given polygon.
Question 8

Question 8 was about explaining which representation is correct. The question

is given in Figure 3.15 below.
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8)

Merve and Yusuf says the

equivalent algebraic expression

of 3(x+4) as shown in the picture.
5

o Explain which representation is
;l, ? correct.

3+ =3x+12

Yusuf

Figure 3.15 8" Question in AAT

There were not any sub-questions in question 8. The performance of students

in percentage and frequency for the question are given in Table 3.19.

Table 3.19 Frequency and percentage of correct and incorrect answers, and

empty responses of question 8 in the pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q8 41 (78.8) 7 (13.5) 4 (7.7)

Most of the students responded 8™ question correctly. The reason of why seven
students thought that Merve represented 3(x+4) = 3x+4 correctly might be
having difficulty in applying distributive property when there were variables

instead of numbers inside the parentheses.
Question 9

Question 9 was about writing given algebraic expressions as multiplication of a
natural number and an algebraic expression. The question is given in Figure
3.16 below.

49



9) Write each algebraic expression given below as
multiplication of a natural number and an
algebraic expression.

e 6X+8
e 9-3x
e -2x-10

Figure 3.16 9" Question in AAT

There were three sub-questions in question 9. The performance of students in
percentage and frequency for each sub-question are given in Table 3.20.

Table 3.20 Frequency and percentage of correct and incorrect answers, and

empty responses of question 9 in pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q9% 21 (40.4) 26 (50) 5(9.6)
Q9% 18 (34.6) 26 (50) 8 (15.4)
Q9c 17 (32.7) 28 (53.8) 7 (13.5)

Some of the students had difficulty in understanding what was asked in the 9™
question. These students either left the question blank or tried to multiply the
given algebraic expressions with any arbitrary number. In addition, some
students wrote “6x+8=6(x+8)” probably because they thought that the number
outside the parenthesis was multiplied by only the first term inside the
parenthesis and it can be said that these students did not know distributive
property well. Few students wrote variable outside the parenthesis and
coefficients inside it such as “9-3x = x(9-3).” In item Q9c, some students
ignored writing given algebraic expressions as multiplication of a natural
number and an algebraic expression and they wrote “-2x-10=-2(x+5).” Results
showed that distributive property concept was not completely comprehended
by the students.
50



Question 10

Question 10 was about explaining which algebraic expression is greater. The
question is given in Figure 3.17 below.

10) When you compare 3n and (n+3) algebraic
expressions for different values of n, which
algebraic expression is greater? Explain.

Figure 3.17 10" Question in AAT

There were not any sub-questions in question 10. The performance of students

in percentage and frequency for the question are given in Table 3.21.

Table 3.21 Frequency and percentage of correct and incorrect answers, and
empty responses of question 10 in pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q10 4(7.7) 27 (51.9) 21 (40.4)

Only 4 students responded the 10™ question correctly. Most of the students
wrote that 3n was greater than n+3 because the operation in 3n was
multiplication, but the operation in n+ 3 was addition. Few students wrote that
they were equal to each other but they could not explain why it was so. Some
students evaluated given algebraic expressions for only one value and
according to the result of this evaluation, they wrote one was greater than

other.
Question 11

Question 11 was about finding the length of one side of the square in terms of

algebraic expressions. The question is given in Figure 3.18 below.
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11)

A The perimeters of ABC
K N equilateral triangle and
KLMN square are equal to
each other. If the length of
one side of the triangle is
L M 8a, find the length of one
side of the square.

Figure 3.18 11" Question in AAT

There were not any sub-questions in question 11. The performance of students

in percentage and frequency for the question are given in Table 3.22.

Table 3.22 Frequency and percentage of correct and incorrect answers, and
empty responses of question 11 in pilot study of AAT

Correct (%) Incorrect (%) Empty (%)
Q11 24 (46.2) 23 (44.2) 5 (9.6)

In the 11" question, most of the students who gave incorrect answer wrote only

6 as an answer instead of 6a.

The detailed analysis of the responses to the tasks in the pilot study of AAT
showed that 7" grade students had lower performance in AAT than PAKT. It
was seen that since 7™ grade students learned algebraic expressions topic in the
6" grade, approximately 8 months before implementing the test, they seemed
to have forgotten the concepts. Particularly, most of the students could not
perform subtraction with algebraic expressions. In addition, the reason of
students’ difficulty can be lack of their prior knowledge in fractions, geometry
concept and distributive property. After the pilot study, none of the questions

were removed or changed in AAT.
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3.4.3 Views about Algebra Tiles Questionnaire

The Views about Algebra Tiles Questionnaire (VATQ) included 5 open-ended
questions and was developed to learn students’ views about using algebra tiles
during the instructions (See Appendix C). The questions in the VATQ were
related to the materials students have used so far, whether using algebra tiles
helped them understand the topic, the difficulties they encountered while using
algebra tiles during the instructions, whether group work helped them learn
algebraic expressions, and their comments about and suggestions for the

instructions including use of algebra tiles.

The items in the questionnaire were shared by mathematics teachers and
mathematics education researchers to ensure the content validity. Although
there was no pilot study for this instrument, two sixth grade students who were
not in the experimental and control group were asked to read the questions in
VATQ to determine the clarity of the questions. The questionnaire was
administered to only experimental group students after the treatment, allowing
20-30 minutes.

3.5 Procedure and Treatment

Prior Algebra Knowledge Test was administered to both experimental control
groups before the treatment. Students were implemented this test after they
learned writing a phrase as an algebraic expression, writing a phrase for a given
algebraic expression, and evaluating algebraic expressions for different values

of variables.

During the treatment, while the experimental group learned expressing the
meaning of simple algebraic expressions, addition and subtraction in algebraic
expressions and multiplying an algebraic expression with a natural number by
using algebra tiles throughout seven class hours in three weeks; algebra tiles
were not used in the control group for the same objectives. Algebra tiles are
rectangle and small square with two different colours, one represents positive

and the other represents negative.
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In the experimental group, instruction about how the algebra tiles can be used
was given to the teacher by the researcher before the study. Then, the
researcher shared the lesson plans she prepared with the teacher. For the
appropriateness of the lesson plans, lesson plans were reviewed by two
researchers studying in the mathematics education field, one with more than 10
years of experience in teaching middle school mathematics. In the
experimental group, students discovered the rules in operations with algebraic
expressions themselves with the help of algebra tiles. For this purpose, first of
all, students modeled algebraic expressions by using algebra tiles. They used
algebra tiles in groups in order to make effective use of algebra tiles to provide
as many pieces for each of 1, x, -1 and —x as possible. Then, they drew pictures
that represented algebra tiles. Finally, they wrote their work by using algebraic
notation and reached the rules. The purpose of this instruction was to make
students perform a transition from concrete representations to abstract concept.
In addition, they did not depend on the tiles to perform operations with
algebraic expressions at the end of the lesson. In addition, exit cards were
given to the students for each of three objectives after they achieved them at
the end of the lessons. Questioning, discussion, cooperative learning and
individual work were used as instructional techniques. For the objectivity of
the study, instruction by using algebra tiles was delivered by the mathematics
teacher in the school. However, during the instruction, the researcher was in
the classroom and she observed the class to ensure that the treatment proceeded

as intended in the lesson plans that the researcher prepared.

On the other hand, in control group, algebra tiles were not used as concrete
manipulatives and regular instruction took place in the classroom. However,
the teacher sometimes drew algebra tiles on the board while explaining the
topics. The teacher used direct instruction, drill and practice and questioning as
instructional techniques. After she explained the topics, she solved examples
related to them. When the students did not understand, she explained again.

Then, she wrote some questions on the board and asked students to solve them.
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The researcher also observed this class in order to make sure that the teacher

was conducting the regular instruction.

At the end of the treatment, Algebra Achievement Test was administered to
both experimental and control groups. Furthermore, the views of students in
experimental group about use of algebra tiles were gathered by the
questionnaire. The treatment in both experimental and control groups were

explained in detail below.
3.5.1 Experimental Group Treatment

In experimental group, three objectives were accomplished with the help of
algebra tiles and lesson plans prepared by the researcher were used (See
Appendix D). These objectives were that students should be (i) able to express
the meaning of simple algebraic expressions, (ii) make addition and subtraction
in algebraic expressions and (iii) multiply an algebraic expression with a

natural number respectively.
3.5.1.1 The First Objective

The first objective was that students should be able to express the meaning of
simple algebraic expressions. For this objective, two class hours were
allocated. Lessons included five phases as engagement, exploration,

explanation, elaboration and evaluation respectively.

At the beginning of the lesson, in the engagement part, the teacher said that
expressing the meaning of simple algebraic expressions would be learned.
Then, she introduced algebra tiles to the students by sticking them on the
board. Algebra tiles were described as rectangle and small square with two
different colours. Rectangle represented x and square represented 1, and the red
ones represented positive and the blue ones represented negative. She stated
that the blue ones were additive inverses for their counterparts and a zero pair
was created when used together. She emphasized that algebra tiles included

both algebra and geometry because area of rectangle was x and area of square
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was 1. She said that algebra tiles would be used to understand algebraic

expressions better by visualizing.

After the algebra tiles were introduced, in exploration part, model of algebra
tiles was stuck to the board by the teacher and students were expected to write
an algebraic expression for the given model. Students raised their hands and
gave different answers such as 3x, 3. Then, they discussed answers as a whole
class and agreed that answer was 2x+1. The same process was repeated for
another model of algebra tiles. Next, students were invited to work in pairs and
algebra tiles were distributed to the pairs. The teacher wrote algebraic
expressions (3x-2 and -5x+6) on the board and told students to model the given
algebraic expressions by using algebra tiles. After groups finished modelling,
they showed the models to the teacher and one group for each of algebraic
expression came to the board and stuck algebra tiles on the board to show their
answers. She asked students to think about 3x-2 algebraic expression again by
showing modelling of it on the board and she asked “How can we represent
this algebraic expression differently?” Students discussed and some of them

gave answers such as 3n-2, 4x-3.

In the explanation part, the teacher explained that 3x-2 algebraic expression
can also be written as x+x+x-1-1. After the students understood, she asked
students to represent other algebraic expressions on the board differently. For
instance, for algebraic expression -5x+6; students said that it comprised of five

times minus x and six times plus one.

In the elaboration part, algebra tiles were collected from the students and the
activity sheet was distributed to them. The teacher asked students to write
different representations of given algebraic expressions individually. Students
had difficulty in representing algebraic expressions including fractions. For this
reason, she gave some clues and asked leading questions. For example, “How
do we subtract factions with same denominator?” and “How do we multiply
fractions?” After the students completed the activity, different students came

to the board and explained results for each item in the activity sheet. For some
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of the items, students gave different answers and they were all correct. For

. . . 2 2.
instance, students represented the algebraic expression ?a as Ta , 2.%, a.

[N

In the evaluation part, the exit card was distributed to the students. Since they
have encountered such kind of material for the first time, they were surprised.
They asked questions such as “Are we going to write an arbitrary algebraic
expression?” and “Can we colour algebra tiles that we drew?” The teacher
explained what was expected from them. After they completed, they gave exit

cards to the teacher while leaving the classroom.
3.5.1.2 The Second Objective

The second objective was that students should be able to make addition and
subtraction in algebraic expressions. For this objective, three class hours were
allocated. Lessons included five phases as engagement, exploration,

explanation, elaboration and evaluation respectively.

In the engagement part, the previous lesson was reviewed and algebra tiles
were stuck on the board by the teacher. By showing one rectangle and one
square piece in a different color, the teacher asked “Do these two pieces cancel
each other and create zero pair?” Students said “No because one represents a
variable and the other represents a number, and they are different from each
other.” The teacher formed groups in the way that there were four students in
each group and groups were heterogeneous in terms of ability level of students.
Next, algebra tiles were distributed to the groups.

In the exploration part, the teacher stuck the algebra tiles modelling (2x+3) +
(x+1) operation on the board and asked groups “How can we make this
operation?” Students responded that “We will add similar shapes together.”
While groups were making addition with algebra tiles, she walked around the
desks and helped students if they needed. After the groups finished, the teacher
showed the result of operation by sticking algebra tiles. One student from each

group came to the board and explained how they performed the addition as a
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group. Most of them explained that “We added xs between each other and ones
between each other.” Later, the teacher drew a rectangle with the length of
long side as 2x+1 and length of short side as 1 on the board. She said “An ant
started walking from one corner around the rectangle and then it returned to
that corner. How much distance did the ant walk?” Some of the students raised
their hands and explained their answers to the class. One student said “I will
add 2x+1 and 2x+1, 1 and 1, then I will add all of the similar ones.”” Another
student said “7 will multiply 2x+1 by 2 and 1 by 2, then I will add all of the
similar ones.” After these explanations, the teacher asked students to find an
answer of the problem as a group. After the groups finished, one student from
each group explained. One student said “Firstly, we added four xs and got 4x,
then we added ones.” Another student said “Firstly, we added the length of
long sides, and then we added the length of short sides. Finally, we added all of
the similar ones. ” Then, the teacher stuck the algebra tiles modelling (-2x+5) +
(x-4) operation on the board and asked groups to model this operation by using
algebra tiles and find the result. After the groups finished, they showed models
to the teacher and one student from each group explained how they made
addition as a group. One student said “+x and —x cancelled each other and —x
remained. +4 and -4 cancelled each other and +1 remained. Therefore, result

is —x+1.” She also showed the result of operation by sticking algebra tiles.

Next, the teacher asked “If the operation was subtraction, how would we
perform it by using algebra tiles?” After the groups discussed, only one group
could give an answer. They said “We will convert subtraction into addition.
Then, in second algebraic expression, red ones will be blue and blue ones will
be red.” The teacher stuck the algebra tiles modelling (2x+2) - (x+1) operation
on the board and asked groups to model this operation by using algebra tiles
and find the result. After the groups finished, they showed models to the
teacher and all groups could perform correctly. She showed once again how to
perform the operation by using algebra tiles on the board. This time, the

teacher stuck the algebra tiles modelling (2x-3) - (-3x+2) operation on the
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board and asked groups to model this operation by using algebra tiles and find
the result. The groups wanted to find result immediately. The teacher said “You
are not required to find the result immediately. Firstly, you should convert
subtraction into addition by using algebra tiles.” After the groups finished,
they showed models to the teacher. She showed once again how to perform
operation by using algebra tiles on the board and also represented operation
algebraically. Finally, she stuck the algebra tiles modelling (2x-3) - (2x+1)
operation on the board and asked groups to model this operation by using
algebra tiles and find the result. While the groups were working, some of the
students asked “Can we explain to our group mates who did not understand?
and the teacher said “yes.” Then, she asked “ho wants to come to the board
and show?” and one student among the students who raised their hands came
to the board and showed by explaining. The teacher also showed how to

represent operation algebraically.

Next, the teacher asked students “How did you make addition and subtraction
in algebraic expressions?” One student said “I brought together and added.”
Another student said “When | added positive and negative, they cancelled each
other.”” Another student said “I converted subtraction into addition. ” Then, the
teacher asked “Can we make a connection between addition-subtraction in
algebraic expressions and addition-subtraction in integers? ” One student said
“We convert subtraction into addition in both algebraic expressions and
integers.” Then, she asked “How can we make addition-subtraction in
algebraic expressions without using algebra tiles?” One student answered

“We convert subtraction into addition and change the signs of subtrahend. ”

In the explanation part, the teacher explained how to make addition and
subtraction in algebraic expressions and gave the definition of term, like term,
constant term, and coefficient. She wrote 2x+3 on the board and showed the
terms, coefficients, constant term and variable of this algebraic expression. One
student asked “/s 3 both a coefficient and a constant term?” The teacher said
“Yes because it is the coefficient of itself.” Then, the teacher asked “While
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writing coefficients should we write negative signs in front of the coefficients?”
Some students said “No” and the teacher asked “What is the coefficient of
-3x?” Some of them said 3 and she asked “What is the coefficient of 3x?”
They said 3 again. The teacher asked “Are algebraic expressions -3x and 3x
same algebraic expressions?” Students said “No” and they understood that the

coefficient of -3x is -3.

In the elaboration part, algebra tiles were collected from the students and the
activity sheet was distributed to them, and the teacher asked students to fulfill
given table individually. After the students completed, the teacher asked
students for correct answer in each blank provided. Students said what they
wrote and they discussed. According to the students’ answers, teacher wrote
the correct answers on the board. Then, another activity sheet was distributed
to the students and they were expected to make addition and subtraction for
given algebraic expressions without using algebra tiles individually. After the
students finished, the teacher showed how to make operations on the board.
She explained by referring to the algebra tiles. For example, for the operation
(5x-10) + (-2x+7), she said “There are 5 red rectangles and 2 blue rectangles.
2 red rectangles and 2 blue rectangles created zero pair. Now, | have 3 red
rectangles. In addition, | have 10 blue squares and 7 red squares. 7 blue
squares and 7 red squares created zero pair. Now, | have 3 blue squares.
Therefore, the result is 3x-3.” She emphasized performing the operations by

combining like terms.

In the evaluation part, the exit card was distributed to the students. After they

completed, they gave exit cards to the teacher while leaving the classroom.
3.5.1.3 The Third Objective

The third objective was that students should be able to multiply an algebraic
expression with a natural number. For this objective, two class hours were
allocated. Lessons included five phases as engagement, exploration,

explanation, elaboration and evaluation respectively.
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In the engagement part, the activity sheet was distributed to the students and
the teacher asked students to read the first question and think about it. After
finding an answer, students raised their hands and one student answered as 6x.
The teacher also wrote the answer as 6.x=6x on the board. Next, they read the
second question and raised their hands to give an answer. One student said
“We will add the length of all sides.” The teacher said “You are expected to
find an area in the question, not perimeter.” Then, students said “We will
multiply the length of long side by the length of short side” and the teacher
wrote 2.(x+3) on the board.

In the exploration part, students were asked to work in pairs and algebra tiles
were distributed to the pairs. The teacher stuck algebra tiles on the board to
remind them and told students to model 3x by using algebra tiles. After the
pairs modelled 3x, the teacher also showed the model on the board by sticking
three red rectangle pieces. Next, students were asked to model multiplication of
(x+1) by 2 by using algebra tiles. While pairs were modelling with algebra
tiles, the teacher walked around the desks and helped students if they needed.
After the groups finished, the teacher showed how to multiply by sticking
algebra tiles and she also represented operation algebraically as 2.(x+1) =
2x+2. Next, the teacher told students to model multiplication of (x-2) by 3 by
algebra tiles. After they finished modelling, the teacher showed how to
multiply by sticking algebra tiles and wrote 3.(x-2) = 3x-6. Finally, the teacher
asked students to model multiplication of (-x-1) with 4. After the pairs
modelled, the teacher also showed modelling on the board and wrote 4.(-x-1) =
-4x-4. This time, model of algebra tiles was stuck to the board by the teacher
and students were expected to write the given model as the multiplication of an
algebraic expression with a natural number. After the students found the
correct answer, the teacher emphasized the commutative property of addition
and wrote on the board as 3.(-3x+2) = -9x+6 = 6-9x = 3.(2-3x) by explaining.
Then, the teacher showed all the models and their algebraic expressions on the

board and asked students “How did we perform multiplication while modelling
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these?” and “How can we perform multiplication in algebraic expressions
without using algebra tiles?” Students discussed and some of them said “/7e

multiply the number outside the parenthesis with inside the parenthesis. ”

In the explanation part, teacher explained how to multiply an algebraic
expression with a natural number. She said “While multiplying an algebraic
expression with a natural number, each term of the algebraic expression is
multiplied with the natural number.” In addition, she explained multiplication
by drawing arrows on the algebraic representations near the algebra tiles on the

board again.

In the elaboration part, algebra tiles were collected from the students and the
activity sheet was distributed to them, and the teacher asked students to
perform given multiplications individually without using algebra tiles. In
addition, students were expected to determine whether given representations
were correct or not, and to correct the incorrect ones. After the students
completed activity, for each item in the activity sheet, different students came
to the board and explained results.

In the evaluation part, the exit card was distributed to the students. After they
completed, they gave exit cards to the teacher while leaving the classroom. The

treatment process in the experimental group is summarized in Table 3.23.
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Table 3.23 Experimental Group Process

Group Work
Objectives Time Tools in _ Instructional ~ The Flow of
Exploration Techniques the Lesson
Phase
Students should 2 class Algebra Tiles  Pairs Questioning  Engagement
be able to hours (as concrete (Groupsof 2 Discussion Exploration
express the material) students) Cooperative  Explanation
meaning of Activity sheets Learning Elaboration
simple algebraic Exit cards Individual Evaluation
expressions. work
Students should 3 class Algebra Tiles  Groupsof4  Questioning  Engagement
be able to make  hours (as concrete students Discussion Exploration
addition and material) Cooperative  Explanation
subtraction in Activity sheets Learning Elaboration
algebraic Exit cards Individual Evaluation
expressions. work
Students should 2 class Algebra Tiles  Pairs Questioning  Engagement
be able to hours (as concrete (Groups of 2 Discussion Exploration
multiply an material) students) Cooperative  Explanation
algebraic Activity sheets Learning Elaboration
expression with Exit cards Individual Evaluation
a natural work
number.

3.5.2 Control Group Treatment

In the control group, three objectives were accomplished by regular instruction
without using algebra tiles. These objectives were the same as the objectives

covered in the experimental group.
3.5.2.1 The First Objective

First objective was that students should be able to express the meaning of
simple algebraic expressions. For this objective, two class hours were

allocated.

At the beginning of the lesson, the teacher asked “What is the necessary
condition for an expression to be an algebraic expression?” One student said
“There must be a letter and operation.” The teacher wrote some expressions
on the board and asked whether these expressions were algebraic expressions
or not. After that, she wrote modelling of algebraic expressions as a title on the

board. She drew rectangles and squares and used black pencil for positive ones
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and blue pencil for negative ones. She drew three black rectangles and asked
algebraic expression for this modelling. One student said 3x. Then, she drew
two rectangles and one square with black pencil and asked algebraic expression
for this modelling. One student said 2x+1 and the other said “Can we write
1+2x?” She said “Yes, you can because of the commutative property of
addition.” The same process was repeated for another algebraic expressions
(-2x-1 and 3x-2). Next, the teacher wrote 3x-5 and -4x+2 on the board and
asked students to model these algebraic expressions by drawing on their
notebooks. Students drew and showed their modelling to the teacher.
Afterwards, the teacher asked “Who wants to come to the board and show?”
and two students among the students who raised their hands came to the board
and drew modelling for each. Then, the teacher wrote -2x-1 algebraic
expression as -x-x-1 and she did the same thing for other algebraic expressions
3x-2, 3x-5 and -4x+2. Next, the teacher asked students to draw modelling of
2x+4 algebraic expression and wrote the expansion of it. She asked “Who
wants to come to the board and show?” and one student among the students
who raised their hands came to the board and drew modelling of it and wrote

expansion. Then, the teacher wrote some algebraic expressions on the board
such as 4b+2, %+% i.x and asked students to represent these algebraic

expressions differently. After the students finished, she explained the results on
the board.

3.5.2.2 The Second Objective

The second objective was that students should be able to make addition and
subtraction in algebraic expressions. For this objective, three class hours were

allocated.

At the beginning of the lesson, the teacher reminded the previous lesson and
wrote 4x+3 as X+x+x+x+1+1+1 on the board. Then, she wrote x+3x on the
board and asked “What is this operation equal to? ” One student said 4x. Next,

she wrote 5x-2x and one student said 3x. The teacher asked “Can we make
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operation by adding and subtracting the coefficients?” Students responded yes.
The teacher wrote -2x-5x and asked its equivalent expression. One student said
-7X. Then, she wrote x+3+x+1. One student said 4x, the other student said
4+2x. Another student said 2x+4. The teacher said “7here is a commutative
property of addition, 4+2x and 2x+4 are the same.” She showed the same
operation by drawing the model. She asked “Did we add x and 3? No, we
added x and x; 3 and 1. That is, we added like terms.” Afterwards, the teacher
asked the equivalent of (3x+4) + (x-1). One student said 4x+3. The teacher
drew the model of same operation and showed that two squares cancelled each
other. Then, she wrote (5x+4) + (-2x-2) and asked the result of this operation.

One student said 3x+2. She explained it by combining like terms.

Next, the teacher asked the result of (-4x-6) + (-2x+4). One student said -6x-2.
Then, the teacher wrote (4x+2) + (-4x-2) and one student said 0. She explained
it by combining like terms and wrote (4x-4x) + (2-2). Afterwards, students
took notes. Then, the teacher asked “How do you make subtraction in
integers?” One student said “/e convert negative to positive”. The teacher
said “We will also convert while making subtraction in algebraic expressions. ”
She wrote (3x+2) — (2x+1) on the board, converted it to addition and explained
how to subtract. She said “We will convert it to addition first and then, we will
make addition.” Then, the teacher wrote (3x+2) — (x-1) on the board and
showed its solution. She wrote “While making subtraction in algebraic
expressions, first, we convert it to addition like in integers because subtraction
means the adding minuend with the opposite sign of subtrahend” on the board
and students took notes. Then, the teacher asked students to find the result of
(3x+2) — (4x+6). After the students found, she showed its solution on the
board. Finally, the teacher wrote some algebraic expressions on the board and
asked students to find terms, variables, coefficients and constant terms of them.
For each algebraic expression, one student said its terms, variables, coefficients

and constant terms and she wrote on the board.
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3.5.2.3 The Third Objective

The third objective was that students should be able to multiply an algebraic
expression with a natural number. For this objective, two class hours were

allocated.

At the beginning of the lesson, the teacher wrote multiplying an algebraic
expression with a natural number as a title on the board. She asked “What is a
natural number?” Students said 0,1,2,3... She asked “What is algebraic
expression?” Students said “There must be a letter and operation.” Then, the
teacher drew three rectangles where each of them representing x, and asked
algebraic expression of this modelling. Students said 3x. She said “We
multiplied 3 and x” and wrote 3.x = 3x. She asked the result of 5.2x and one
student said 10x. The teacher explained it as 5 times 2x by drawing 10
rectangles each of them representing X, and said that coefficients could be
directly multiplied. Then, she asked the result of 3.5x and one student said 15x.
One student asked “If there are big numbers, how wil// we draw?” The teacher
said “You will not draw, you will multiply the coefficients. For example, you
cannot draw 15x.20 = 300x” Next, she asked the result of 3.(x+1) and some
students said 3x+4 or 4x. She explained it by drawing algebra tiles and drawing
arrows that shows multiplication of 3 with both x and 1. Then, she asked the
result of several multiplication such as 5.(2x+1), 3.(x-2), 2.(2b+3k), (6-2m).3,
4.(m-2n+6), 5.(-4k+20+5x). Students raised their hands and for each of them
one student said the result. Afterwards, the teacher asked whether they
understood multiplication or not and students said yes. Then, she allowed them
to take notes. Afterwards, she drew a rectangle with length 12k+7-16t and
width 3 and asked its area. After the students found the result, one student
came to the board and showed the solution. Next, the teacher wrote 2x+2 on
the board and asked “Multiplication of which natural number and algebraic
expression is equal to 2x+2?” One student said it is equal to the multiplication

of 2 and x+1 and the teacher explained. The same process was repeated for
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2x+4, 2x-8 and -4x+16. The treatment process in the control group is

summarized in Table 3.24.

Table 3.24 Control Group Process

Instructional

The Flow of the

Objectives Time Tools !
Techniques Lesson

Students should 2 class Drawing of  Direct Explaining the topic
be able to express  hours algebra tiles  Instruction Solving examples
the meaning of on the board  Questioning Writing questions on
simple algebraic Drill and the board and asking
expressions. Practice students to solve them

Individual work
Students should 3 class Drawing of  Direct Explaining the topic
be able to make hours algebratiles Instruction Solving examples
addition and on the board  Questioning Writing questions on
subtraction in Drill and the board and asking
algebraic Practice students to solve them
expressions. Individual work
Students should 2 class Drawing of  Direct Explaining the topic
be able to hours algebratiles Instruction Solving examples
multiply an on the board  Questioning Writing questions on
algebraic Drill and the board and asking
expression with a Practice students to solve them

natural number.

Individual work

3.6 Data Collection

Data were collected in the spring semester of 2017-2018 academic year
because algebra topics were taught in the spring semester to the sixth grade
students according to the Turkish Middle Grades Mathematics Curriculum.
Pilot studies of Prior Algebra Knowledge Test and Algebra Achievement Test
were conducted in the fall semester of the same academic year in order to

refine the instruments for the students.

Before the data collection process, necessary permissions were taken from the
Ethics Committee of METU Research Center for Applied Ethics. In addition,
since data were collected from the students in a public school, permission from
Ministry of National Education was also taken. Data were collected before the
treatment to learn students’ prior knowledge about algebraic expressions and

after the treatment to examine the effects of using algebra tiles.
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Data collection tools were administered to students in their classes by the
researcher. During the administration of instruments, I, the researcher ensured
that there would be no interaction between the students. For the completion of
Prior Algebra Knowledge Test and Algebra Achievement Test, one class hour
was given to the students. Views about Algebra Tiles Questionnaire was
implemented to the experimental group students to learn the students’ views
about using algebra tiles in mathematics lessons and it took 20-30 minutes to
conduct it. Before the administration of the questionnaire, students were
informed that there was no right or wrong answer for the questions in the
questionnaire. Furthermore, it was announced that their answers would not be

graded and shared with anybody.
3.7 Analysis of Data

In this study, both quantitative and qualitative research methodologies were
used. The first research question was sought through quantitative methods, and
the second and the third research questions were sought through qualitative

methods.

Rubrics were prepared by the researcher and used to evaluate students’
responses in the tests (See Appendix E and Appendix F). In the rubrics, correct
and incorrect answers were written and students’ answers were coded as “1” if

their answers were correct, and coded as “0” if their answers were incorrect.

After the pilot study, analyses of data were made to check the reliability of the
tests. To determine internal consistency of the tests, Kuder-Richardson
approach, particularly formula KR21 was used assuming that the items were in

equal difficulty.

After the main study, to answer the first research question, data were analyzed
by using SPSS 20.0 software program. As descriptive statistics, means and
standard deviations of pretest and posttest scores of both experimental and
control group were computed. As inferential statistics, independent samples t-

test and Mann-Whitney U test was conducted to compare the scores of the
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experimental group and the control group. Before conducting independent
samples t-test, the researcher ensured the assumptions that independence of
observations, level of measurement and normality. To deal with missing values

in statistical analyses, exclude cases pairwise option was selected.

For the second research question, | analysed responses to each question in the
posttest in-depth and tried to detect students’ common mistakes, possible
misconceptions and/or alternative solutions. In order to investigate the third
research question, | went through the responses given by the students by
carefully reading the responses several times and identified two major
categories in their responses: using algebra tiles and group work. Some of the
students referred to these two implementations together. | grouped these
responses separately to reflect their ideas better. Then, | regrouped their
responses for using algebra tiles and group work under major subgroups based
on their reference to their experiences in the class. Using algebra tiles had two
subcategories as effective understanding of algebra and enjoying the class.
Group work had two subcategories as learning easier and enjoyment. Finally,
students' comments which reflected their ideas more comprehensively or in a
more integrated way were grouped separately. | presented the findings based
on major and sub categories. For example, students referred to the benefits of
using algebra tiles mostly in terms of understanding and learning well. 1|

grouped these findings as effective understanding of algebra.
3.8 Assumptions and Limitations

In this study, it is assumed that participants reflected their own opinions and
they were not affected by anyone. Moreover, it is assumed that treatment in the
experimental group and instruction in the control group were conducted as

intended.

In this study, non-random sampling method was used. That is, the school was
not selected randomly. Instead, it was selected according to the convenience of

the researcher. This situation creates a major limitation of the present study
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because sample might not be a representative of the population and thus,

generalizability might be limited.

As a limitation, it can also be said that results of the study was limited with the
data provided by the participants through the instruments prepared by the
researcher. In addition, the length of the treatment was only seven class hours
because the teaching duration of the content was limited to seven class hours in
the Middle Grades Mathematics Curriculum, and it was not possible to extend

the time.
3.9 Internal and External Validity of the Study
3.9.1 Internal Validity

According to Fraenkel, Wallen and Hyun (2011), internal validity is ensured
when “observed differences on the dependent variable are directly related to
the independent variable and not due to some other unintended variable” (p.
166). In this study, pretest-posttest control group design was preferred. In this
design, some issues can be threats to internal validity and the result of the study
can be affected by these threats. In this section, the internal validity threats for

this study were evaluated.

Subject characteristics might be a threat to internal validity when already
existing groups were used. In this study, all participants were at the same age
and classes were heterogeneous with respect to ability level. Therefore, the
effects of subject characteristics threat were reduced.

In this study, students’ pretest and posttest scores were not compared. In
addition, day and time of the testing was not announced beforehand. Hence, the
absence of participants could be incidental rather than intentional and mortality

(loss of subjects) was not a threat for this study.

Unexpected events can become a threat if they affect participants’ responses.
To prevent this, researcher was alert to the extraneous events that may occur in

the school during the data collection and asked the school administrator to
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inform her beforehand if the lessons in experimental and control groups would
be disrupted. No disruption occurred during the instruction of the algebra

topics.

In this study, giving treatment and data collection processes together took
approximately one month and this time period was short for the maturation of
the participants. Furthermore, participants were 11-12 years old students and
students at this age do not mature rapidly. Moreover, control group was
included in the study and the content was taught over the same time period to

both experimental and control group. Therefore, maturation was not a problem.

Essay type questions were used in data collection procedure. For scoring of
these questions, rubrics were prepared and scoring was performed by using
these rubrics for all students by the researcher. Sample size was small and data
were collected only two times. Therefore, data collection and scoring
procedures did not cause any change in the instrument and instrument decay

was not a threat to internal validity.

In this study, data were collected by the researcher in the classrooms for both
experimental and control groups. Therefore, data collector characteristics were

the same for all participants.

The researcher implemented the instruments in the classrooms and instruments
did not include an interview protocol. Thus, students were not asked leading
questions. Nevertheless, researcher could distort the data unconsciously by
favoring one method over other. Therefore, to control data collector bias threat,
all procedures were standardized. Data collection tools were administered to
students in their classes by the researcher and both students in experimental
and control groups were allowed equal time on tests. In addition, they were not
allowed ask questions and the researcher ensured that there was no interaction
between the students in both groups. Rubrics were used to score the PAKT and

AAT responses.
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Testing was not a threat to internal validity. Because pretest was administered

to learn students’ prior knowledge and it was different from posttest.

Hawthorne effect is a positive effect of an intervention resulting from the
subjects’ knowledge that they are involved in a study or their feeling that they
are in some way receiving “special” attention (Frankel, Wallen & Hyun, 2011).
Students who learned algebra by using algebra tiles might have positive
attitudes toward algebra. On the other hand, students in the control group might
have negative attitudes toward algebra since they did not use algebra tiles. In
addition, if the students in experimental group knew that they took part in the
study and received a different treatment, their feelings could have been
improved. In order to limit this effect, first, the mathematics teacher of the
experimental group conducted the treatment. Then, the teacher announced, in
both groups, that the researcher was in the class to observe the classroom.
Therefore, the researcher’s presence in both groups were assumed to affect the
groups in the same way. The researcher was in the classroom one week before
the study and during the study in both groups. In this way, students got used to
the researcher. In addition, after the treatment ended, activities in the
experimental group were also conducted in control group by using algebra tiles
and the effects of subject attitude threat were reduced in these ways.

In this study, data were collected in one school and classroom environments in

the school were similar. Hence, location threat was eliminated to a great extent.

Implementation could be a threat to internal validity in this study because it
was an experimental study. To prevent this bias, the researcher did not conduct
the instruction in the experimental group. Instead, instruction was delivered by
the same mathematics teacher, who was the mathematics teacher of the both
classes, in both experimental and control groups in the school. Furthermore, the
researcher observed both groups during the instructions. In these ways,

implementation threat was eliminated to a great extent.

72



Participants of this study were not chosen according to their extreme scores.
Already existing classes constituted the experimental and control groups.

Therefore, regression was not a threat to internal validity.
3.9.2 External Validity

“External validity is the extent to which the results of a study can be
generalized” (Fraenkel, Wallen & Hyun, 2011, p. 103). While the target
population of this study was all sixth grade students in Sakarya, accessible
population was all sixth grade students who attended to public schools in
Hendek, Sakarya. The school was selected according to researcher’s
convenience. Since non-random sampling method was used, generalization of

the findings to the population might be limited.

“Ecological generalizability refers to the degree to which the results of a study
can be extended to other settings or conditions” (Fraenkel, Wallen & Hyun,
2011, p. 105). The results of the study can be generalized to other public
schools in the district which have the similar conditions and then to similar

public schools.
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CHAPTER 4

RESULTS

This chapter presents the results of the descriptive and inferential statistics

analysis to and findings in detail to respond to the research questions below.

1. Is there a statistically significant mean difference between posttest scores
of algebra achievement test for 6™ grade students who use algebra tiles and

those who do not use algebra tiles?

Ho: There is no significant difference between posttest scores of algebra
achievement test for 6™ grade students who use algebra tiles and those

who do not use algebra tiles.

Hi: There is a significant difference between posttest scores of algebra
achievement test for 6™ grade students who use algebra tiles and those

who do not use algebra tiles.

2. How does students’ algebraic thinking differ in the algebra achievement
test for those who use algebra tiles and who do not use algebra tiles?
3. What are the 6" grade students’ views about use of algebra tiles in

mathematics lessons?

Although the questions were not given with sub-question indicators such as 1a
and 1b, the findings below are given with these indicators in the order of the

sub-questions in order to report the findings more clear.
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4.1 Effects of Using Algebra Tiles on Sixth Grade Students’ Achievement
in Algebra

In order to respond to the first research question, the descriptive and inferential
statistics of the Prior Algebra Knowledge Test (PAKT) and Algebra
Achievement Test (AAT) were presented. Additionally, in-depth analysis of
students’ responses to the PAKT questions were given to document the initial

status of the EG and CG students in terms of prior algebra knowledge.
4.1.1 The Results of PAKT

In order to investigate whether there was a significant mean difference between
the experimental group and control group before the treatment in terms of
pretest scores in PAKT, firstly, assumptions were checked and reported in the
following sections. Since normality assumption could not be ensured, Mann-
Whitney U test, which is a non-parametric technique, was conducted instead of
independent samples t-test.

4.1.1.1 Assumptions of T-Test for PAKT

Before conducting the analysis, assumptions for independent samples t-test
which were level of measurement, independence of observations, and

normality of the dependent variable (Pallant, 2011) were checked.
4.1.1.1.1 Level of Measurement

Pallant (2011) stated level of measurement as “the dependent variable is
measured at the interval or ratio level; that is, using a continuous scale rather
than discrete categories” (p. 205). In this study, dependent variable was the
Prior Algebra Knowledge Test scores and it was a continuous variable.

4.1.1.1.2 Independence of Observations

Pallant (2011) explained that “data must be independent of one another; that is,

each observation or measurement must not be influenced by any other
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observation or measurement” (p. 205). In this study it was assumed that the

measurements were not influenced by each other.
4.1.1.1.3 Normality

According to Pallant (2011), to ensure normality assumption, the populations
from which the samples were taken should be normally distributed. In this
study, sample size were smaller than 30 for both groups. Therefore, in order to
check this assumption, Shapiro-Wilk Test was conducted. The result of
Shapiro-Wilk test for pretest is given in Table 4.1.

Table 4.1 Result of Shapiro-Wilk Test for Pretest

Statistic df Sig.
Experimental 0.888 93 0.014
Group
Control Group 0.881 21 0.015

As seen from the Table 4.1, the significance values for both groups for pretest
were 0.014 and 0.015 violating the normal distribution assumption. Therefore,

a non-parametric technique, Mann-Whitney U test was used.
4.1.1.2 Mann-Whitney U Test Results

Prior Algebra Knowledge Test (PAKT) which included 15 questions was
implemented to 23 students in the experimental group and 21 students in the
control group as a pretest before the treatment. Maximum score that a student
could get from PAKT was 15. Table 4.2 shows the descriptive statistics of both
groups in PAKT.
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Table 4.2 Descriptive Statistics of Scores in PAKT for Both Groups

Experimental Group Control Group
N 23 21
Minimum 0 0
Maximum 15 15
Mean 8.61 6.95
Standard Deviation 5.42 5.56

As seen from the Table 4.2, experimental group students’ mean score in PAKT
(Mean = 8.61, SD = 5.42) was higher than control group students’ mean score
in PAKT (Mean = 6.95, SD = 5.56).

To investigate whether there was a significant mean difference between the
experimental group and control group before the treatment in terms of pretest
scores in PAKT, Mann-Whitney U Test was conducted. The result of Mann-
Whitney U test for pretest is given in Table 4.3.

Table 4.3 Result of Mann-Whitney U Test for Pretest

Mann-Whitney U Sig.

Pretest 205.500 0.395

p>0.05

As seen from the Table 4.3, there was no statistically significant mean
difference between experimental and control groups in terms of pretest scores.
Therefore, pretest scores were not taken as covariate. The students in the
control and experimental group classes were considered as having equal prior

algebra knowledge based on the statistical results.
4.1.1.3 The Detailed Findings of PAKT

Although there was no statistically significant difference between the PAKT
scores of experimental and control groups, a further detailed analysis was
carried out in order to reveal the nature of students’ prior algebra knowledge.

Answers of both experimental (EG) and control (CG) group students for each
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question in PAKT are given below in detail along with the questions and sub-

questions.

Questi

onl

Question 1 was about writing a given phrase as an algebraic expression. The

question is given in Figure 4.1 below.

1)

Write each phrase as an algebraic expression.

3 less than twice a number of candies inthejar ............................
12 TL more than half of Asli’s money................c.ooooiiiiiiiiinn..
13 less than a number of Efe’s marbles times five..........................
2 less than a number plus twice the same number..........................

The amount of remaining time of the exam when 15 minutes of the time
completed ........................

If the sum of two numbers is 80 and one of the numbers is m, the other
NUMbBEriS. ...,

Figure 4.1 1% Question in PAKT

There

were six sub-questions in question 1. The performance of students in

percentage and frequency for each sub-question are given in Table 4.4.

Table 4.4 Frequency and percentage of correct and incorrect answers, and
empty responses of EG and CG in question 1 in PAKT
Experimental Group (N=23) Control Group (N=21)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)
Qla 16(69.6) 7(30.4) - 15(714) 5(238) 1(4.8)
Qlb 15(65.2) 5(21.7) 3(13)  7(33.3) 7(333) 7(33.3)
Qlc 15(65.2) 6(26.1) 2(87) 15(714) 3(143) 3(14.3)
Qld  9(39.1) 13(56.5) 1(43) 8(38.1) 9 (42.9) 4 (19)
Qle 12(522) 6(26.1) 5(21.7) 12(57.1) 2(95)  7(33.3)
QUf 8(34.8) 8(34.8) 7(30.4)  4(19) 8(38.1)  9(42.9)
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In the 1% question, although the objectives of items were the same, context of
the items affected the performance of students. Both EG and CG students had a
difficulty in item Q1d and Q1f because these items were different than the
examples that they saw in the lessons. Some of the students showed acceptance
of lack of closure in their responses and they tried to equalize algebraic
expression to an arbitrary number. Moreover, in item Qle, a few students
wrote 25 as the amount of remaining time of the examination when 15 minutes
of the time completed by thinking that examination duration can only be 40
minutes. In item Q1f, although algebraic expression is required in terms of m,

some students wrote algebraic expression including x.
Question 2

Question 2 was about writing a phrase for a given algebraic expression. The

question is given in Figure 4.2 below.

2) Write a phrase for each algebraic expression given below.

Figure 4.2 2" Question in PAKT

There were four sub-questions in question 2. The performance of students in

percentage and frequency for each sub-question are given in Table 4.5.

79



Table 4.5 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 2 in PAKT

Experimental Group (N=23) Control Group (N=21)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q2a 15(65.2) 7(30.4) 1(43) 9(429) 9(42.9) 3(14.3)
Q2b  12(522) 10(435) 1(43) 9(429) 7(33.3) 5(23.8)
Q2c 12(522) 6(26.1) 5(17) 9(429) 5(23.8) 7(33.3)
Q2d  15(65.2) 7(30.4) 1(43) 7(333) 8(38.1) 6(286)

In the 2" question, both EG and CG students preferred “a number” form such
as “six less than seven times a number”, “five more than half of a number”
while writing a phrase for a given algebraic expression instead of associating to
the real life. It can be said that students had mathematization difficulty that is,
converting mathematics to the real life problems. In addition, some of the
students did not know the order of operations or they did not pay attention to it.
For example, for item Q2a, they wrote two less than five times a number.
Moreover, it was seen that some students confused addition and multiplication.

For instance, for item Q2c, they wrote six less than a number plus seven.

Question 3

Question 3 was about evaluating algebraic expressions for different values of

variables. The question is given in Figure 4.3 below.
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3) Evaluate each algebraic expression given below for a
given value of variables.

2(n-3)

. - for n=13

o X forx=6
2

o % +1 fory=5

Figure 4.3 3" Question in PAKT
There were three sub-questions in question 3. The performance of students in
percentage and frequency for each sub-question are given in Table 4.6.

Table 4.6 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 3 in PAKT

Experimental Group (N=23) Control Group (N=21)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q3a 15(652) 4(17.4) 4(17.4) 10(47.6) 10(476) 1(4.8)
Q3b 10(435) 8(34.8) 5(21.7) 6(286) 12(57.1) 3(14.3)
Q3c 13(565) 4(17.4) 6(26.1) 9(42.9) 5(23.8) 7(33.3)

Students in both EG and CG gave similar answers to the 3" question. Students
gave incorrect answers because of not taking order of operations into
consideration. In addition, in item Q3b, some of them taught that x was a unit
digit and 3x was two-digit number rather that 3 and x was multiplied in 3x
algebraic expression. The reason of students’ difficulty can be lack of their

arithmetic understanding.
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Question 4

Question 4 was about writing a given phrase as an algebraic expression and
evaluating it for a given value of variable. The question is given in Figure 4.4

below.

4)

i. Write an algebraic expression for the phrase “7 more
than 3 times a number of fishes in the aquarium.”

ii. Evaluate the algebraic expression you wrote in i, when
the variable is equal to 15.

Figure 4.4 4" Question in PAKT
There were two sub-questions in question 4. The performance of students in
percentage and frequency for each sub-question are given in Table 4.7.

Table 4.7 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 4 in PAKT

Experimental Group (N=23) Control Group (N=21)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q4a 17(739) 1(43) 5(21.7) 14(66.7) 3(143)  4(19)
Q4b  13(565) 4(17.4) 6(26.1) 11(52.4)  1(4.8)  9(42.9)

In the 4" question, EG and CG students gave similar answers and they
preferred to write variable before coefficient such as E.3 instead of 3E while
writing a given phrase as an algebraic expression. In addition, students in both
groups used different letters such as A, ¢, b, s, m, L, E, G instead of the

commonly used letters like x, y and n.
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These findings showed that EG and CG students did not differ in prior algebra
knowledge. Their responses to the questions were similar in the PAKT in terms

of preferences and mistakes.
4.1.2 The Results of AAT

In order to investigate the first research question, independent samples t-test
was conducted for AAT scores and hypotheses were tested at the 0.05 level of
significance. Before conducting the analysis, assumptions were checked and
reported in the following sections.

4.1.2.1 Assumptions of T-Test for AAT

Before conducting the analysis, assumptions for independent samples t-test
which were level of measurement, independence of observations, and

normality of the dependent variable (Pallant, 2011) were checked.
4.1.2.1.1 Level of Measurement

Pallant (2011) stated level of measurement as “the dependent variable is
measured at the interval or ratio level; that is, using a continuous scale rather
than discrete categories” (p. 205). In this study, dependent variable was the

Algebra Achievement Test scores and it was a continuous variable.
4.1.2.1.2 Independence of Observations

Pallant (2011) explained that “data must be independent of one another; that is,
each observation or measurement must not be influenced by any other
observation or measurement” (p. 205). In this study it was assumed that the

measurements were not influenced by each other.
4.1.2.1.3 Normality

According to Pallant (2011), to ensure normality assumption, the populations
from which the samples were taken should be normally distributed. In this

study, sample size was smaller than 30 for both groups. Therefore, in order to
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check this assumption, Shapiro-Wilk Test, skewness and kurtosis values, and
histograms were examined. Table 4.8 presents the result of skewness and

kurtosis values of posttest.

Table 4.8 Result of Skewness and Kurtosis Values of Posttest

Standard Skewness Kurtosis
Deviation
. Experimental 8.51 -.23 -.48
g Group
3
a  Control Group 10.32 22 -1.34

Skewness and Kurtosis values of scores on posttest were in acceptable range
(between -2 and +2) for a normal distribution (Pallant, 2011) as seen from the
Table 4.8. In addition to skewness and kurtosis values, Shapiro-Wilk test was
conducted. Table 4.9 presents the result of Shapiro-Wilk test for posttest.

Table 4.9 Result of Shapiro-Wilk Test for Posttest

Statistic df Sig.
Experimental 0.977 23 0.858
Group
Control Group 0.930 23 0.154

As seen from the Table 4.9, significance values for both groups for posttest as
0.858 and 0.154 indicate normal distribution.

In addition, histograms with normal curves supported the normality assumption
for posttest scores. Figure 4.5 shows the histogram of posttest scores for
experimental group.
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Histogram —— Normal

for Group= Experimental

| B

Mean = 19,65
Std. Dev. = 8,505
N=23

Frequency

ol

0 T T T T T
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Figure 4.5 Histogram of posttest scores for experimental group

These results showed that the AAT scores satisfied the normality assumption.

Figure 4.6 shows the histogram of posttest scores for control group.

Histogram — Normal
for Group= Control
i Mean = 14,85
N Std. Dev. = 10,323
N=20
31
-
o
c
L
=
o2
=
[T
14
1) T T T T
0 10 20 30
AAT

Figure 4.6 Histogram of posttest scores for control group
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4.1.2.1.4 Homogeneity of Variances

“Samples are obtained from populations of equal variances. This means that
the variability of scores for each of the groups is similar” (Pallant, 2011, p.
206). To test this, Levene’s test for equality of variances was performed.
Results showed that homogeneity of variances assumption was not violated for

posttest (p=.311) and both samples had equal variances.
4.1.2.2 T-Test Results

Algebra Achievement Test (AAT) including 35 questions was administered to
23 students in the experimental group and 20 students in the control group as a
posttest after the treatment. The maximum score that a student could get from
AAT was 35. Table 4.10 shows the descriptive statistics of both groups in
AAT.

Table 4.10 Descriptive Statistics of Scores in AAT for Both Groups

Experimental Group Control Group
N 23 20
Minimum 1 0
Maximum 34 32
Mean 19.65 14.85
Standard Deviation 8.51 10.32

As seen from the Table 4.10, experimental group students’ mean score in AAT
(Mean = 19.65, SD = 8.51) was higher than control group students’ mean score
in AAT (Mean = 14.85, SD = 10.32).

The first research question was “Is there a statistically significant mean
difference between posttest scores of algebra achievement test for 6" grade
students who use algebra tiles and those who do not use algebra tiles?”” For the

first research question the following null hypothesis was tested:

There is no significant difference between posttest scores of algebra
achievement test for the 6™ grade students who use algebra tiles and those who

do not use algebra tiles.
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In order to test the hypothesis, independent samples t-test was performed.

Independent samples t-test results of AAT are given in Table 4.11.

Table 4.11 Result of T-Test of Posttest Scores

Experimental Group Control Group t value
Mean SD Mean SD
AAT 19.65 8.51 14.85 10.32 1.67

p>0.05

As seen from the Table 4.11, there was no statistically significant mean
difference between the groups who received instruction with algebra tiles and

who received regular instruction in terms of posttest scores.

4.2 Effects of Using Algebra Tiles on Sixth Grade Students’ Algebraic
Thinking

In order to investigate the second research question, both experimental group
and control group students’ answers in Algebra Achievement Test were
examined in detail. Answers of both experimental and control group students
for each question in AAT are given below in detail along with the questions

and sub-questions.
Question 1

Question 1 was about determining whether given representations are correct or
incorrect and rewriting incorrect representations as correct representations. The

question is given in Figure 4.7 below.
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1) Determine whether given representations are correct or
incorrect and rewrite incorrect representations as correct
representations.

. yty+1=3y

w X+x-1=-1+2X

+-=2a

:
N ®
N

“.5-c-c+c=5-3c

Figure 4.7 1%t Question in AAT
There were four sub-questions in question 1. The performance of students in
percentage and frequency for each sub-question are given in Table 4.12.

Table 4.12 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 1 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)
Qla 17(73.9) 6(26.1) - 16 (80) 4 (20) -
Q1b 20 (87) 3(13) - 18 (90) 2 (10) -
Qlc 13 (56.5) 10 (43.5) - 13 (65) 7 (35) -
Q1d 13 (56.5) 10 (43.5) - 10 (50) 10 (50) -

In the 1% question, the number of EG and CG students who gave correct and
incorrect answers were close to each other. It can be said that most of the both
EG and CG students could determine whether given representations are correct
or incorrect. The percentages address that EG and CG students had similar
performances in this question. A few students in the groups determined item
Q1b as incorrect and wrote 2x-1 as a correct answer. They thought that -1+2x
and 2x-1 are not equal to each other. This might show students’ lack of

arithmetic understanding, particularly the commutative property.
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Question 2

Question 2 was about writing algebraic expressions for the given models. The
question is given in Figure 4.8 below.

iy Write algebraic expressions
! * for the models given below.

-0 B

Algebraic Expression:

Bl [

Algebraic Expression:

[]

111 AR
EE

EEEE |

Figure 4.8 2" Question in AAT

There were four sub-questions in question 2. The performance of students in

percentage and frequency for each sub-question are given in Table 4.13.
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Table 4.13 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 2 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q2a 19(826) 3(13) 1(43) 11(55)  9(4b) -
Q2b  20(87)  2(87) 1(43) 12(60)  8(40) -
Q2c 19(826) 3(13) 1(43) 11(55) 9 (45) -
Q2d 19(82.6) 3(13) 1(43) 11(55)  9(45) -

In the 2" question, EG students performed better than the CG students while
writing algebraic expressions for the given models. Tasks Q2b, Q2c and Q2d
seemed to be performed better more by EG students than CG students. For
example, Figure 4.9 shows an illustrative example of an EG students’

responses for the first two tasks in this question, which are correct.

2) Asagida ) - J - ile modellenen cebirsel
-x 1 -1
ifadeleri yaziniz.
= I
) Y 5
S LJ - Cebirsel ifade: ] =
—_— -~ )\"I*)
il

E . Cebirsel ifade: ;7( "’2’
[

Figure 4.9 One EG student’s answer to 2" question

On the other hand, an illustrative example of one CG students’ answer to the
same tasks in Figure 4.10 shows that the CG student could not make sense of

the expressions in these tasks.
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2) Asapida -
X X

ifadeleri yazinuz.

J

1

BIE

W4

] -
=Sl

Cebirsel ifade: “ > —L

m

1 -1

ile modellcnen cebirsel

Cebirsel ifade: f,‘ -A

7 1

Figure 4.10 One CG student’s answer to 2" question

In addition, although one student in both groups wrote minus signs, they did
not write plus signs. For example, for item Q2b, they wrote 2x-2, but for item

Q2a, they wrote 3x 5. This can be due to the conception that it is not necessary

to put + sign in front of the number for positive integers.

Question 3

Question 3 was about determining variable, term, constant term, coefficients

and sum of coefficients of given algebraic expressions. The question is given in

Figure 4.11 below.

3) Determine variable, term, constant term, coefficients and sum of
coefficients of each algebraic expression given below.

Algebraic | Variable | Term(s) | Constant | Coefficient (s) Sum of
Expression (s) Term (s) Coefficient (s)
3k
—6xy +1
2a+5b-8

Figure 4.11 3" Question in AAT

There were fifteen sub-questions in question 3. The performance of students in

percentage and frequency for each sub-question are given in Table 4.14.
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Table 4.14 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 3 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q3aa 11(47.8) 9(39.1) 3(13) 12 (60) 4 (20) 4 (20)
Q3ab 14 (60.9) 6(26.1) 3(13) 12 (60) 4 (20) 4 (20)
Q3ac 9(39.1) 11(47.8) 3(13) 8 (40) 7 (35) 5(25)
Q3ad 13(56.5) 6(26.1) 4(17.4) 9 (45) 4 (20) 7 (35)
Q3ae 15(65.2) 5(21.7) 3(13) 12 (60) 2 (10) 6 (30)
Q3ba  11(47.8) 9(39.1) 3(13) 8 (40) 8 (40) 4 (20)
Q3bb  12(52.2) 8(34.8) 3(13) 8 (40) 7 (35) 5(25)
Q3bc  13(56.5) 7(30.4) 3(13) 8 (40) 6 (30) 6 (30)
Q3bd  14(60.9) 6(26.1) 3(13) 10 (50) 3(15) 7 (35)
Q3be 14 (60.9) 6(26.1) 3(13) 9 (45) 4 (20) 7(35)
Q3ca 11(47.8) 9(39.1) 3(13) 13 (65) 2 (10) 5(25)
Q3ch  14(60.9) 6(26.1) 3(13) 7 (35) 7 (35) 6 (30)
Q3cc  13(56.5) 7(30.4) 3(13) 7 (35) 6 (30) 7 (35)
Q3cd 14(60.9) 6(26.1) 3(13) 9 (45) 4 (20) 7(35)
Q3ce 16(69.6) 4(17.4) 3 (13) 7 (35) 5 (25) 8 (40)

In general, EG students were better than CG students in determining variable,

term, constant term, coefficients and sum of coefficients of given algebraic

expressions. CG students confused between variable, term and constant term.

Figure 4.12 presents the responses of a student in EG for the tasks in question

3.

3) Asagida verilen her bir cebirsel ifade icin

tabloyu doldurunuz.

T Katsayi(lar) | Katsayi(ar)

| Cebirsel ifade | Degisken | Terim(ler) | Sabit Togis
(ler) 1 ‘ Terim(ler) |
t M— | ——
3k K | 3K ‘\ oK :_7)
i I Jo =
—6xy +1 x4y i'é)((/’ T 1 s
/ | i e
2a+5b-8 |a,b 129,5b.8] -8 PB,‘S

Figure 4.12 One EG student’s answer to 3" question

Table 4.14 showed that the third task and its subtasks in the question seemed

especially difficult for CG students compared to the EG students. Figure 4.13
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illustrates one CG student’s responses to question 3 which also showed the low

performance in the third task.

3) Asagida verilen her bir cebirsel ifade icin tabloyu doldurunuz.

Cebirsel Ifade m “Terim(ler) | Sabit Katsayi(lar) | Katsayi(lar)
(ler) Terim(ler) Toplam
3k ) ] E =
7L v« 5 \
~6xy +1 o |y b +&
[2a+5b-8 [lotho L (22 ‘
L ol b S

Figure 4.13 One CG student’s answer to 3" question

Question 4

Question 4 was about finding the perimeter of a given rectangle in terms of

algebraic expressions. The question is given in Figure 4.14 below.

4) Find the perimeter of a rectangle whose length
is 3cm less than the width in terms of algebraic
expression.

Figure 4.14 4 Question in AAT

There were not any sub-questions in question 4. The performance of students

in percentage and frequency for the question are given in Table 4.15.

Table 4.15 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 4 in AAT

Experimental Group (N=23)

Control Group (N=20)

Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)
Q4 3(13) 6(26.1) 14(60.9) 4(20) 3 (15) 13 (65)
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Most of the EG and CG students responded to the 4™ question incorrectly or
they left the question blank. Thus, it can be said that both regular instruction
and use of algebra tiles did not help students find the perimeter of a given
rectangle in terms of algebraic expressions. One student in each group
determined the length of the rectangle as 6 cm and the width of the rectangle as
3 cm. It can be said that these students did not consider that algebraic
expression was an answer of the question and they tended to give specific

numerical answers.
Question 5

Question 5 was about writing algebraic expressions for the given models,
performing operations with algebraic expressions, and modeling the results of
operations. The question is given in Figure 4.15 below.
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Write algebraic expressions for
the models given below,
perform operations with
algebraic expressions and
model the results of operations.

] [

|
. .

[ ]

Il
I
-D

Algebraic Expression: Algebraic Expression:

QQQQQ

Algebraic Exprezsion:

Y
Algebraic Expression:

Figure 4.15 5" Question in AAT
There were two sub-questions in question 5. The performance of students in
percentage and frequency for each sub-question are given in Table 4.16.

Table 4.16 Frequency and percentage of correct and incorrect answers, and
empty responses of EG and CG in question 5 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q5a 17(73.9) 4(17.4) 2(87)  5(25) 10(50)  5(25)
Qsb  7(304) 11(478) 5(1L7)  1(5) 14(70)  5(25)
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EG students performed considerably better than CG students in the 5" question.
Most of the students in the EG responded to the first task in the question
correctly and more EG students than CG students were able to respond

correctly to the second task. Figure 4.16 shows one EG student’s responses to
question 5.

, Yanda verilen modellere uygun
5 1
) Sl - - olarak, asagyda modellenen cebirsel
x -X 1 -1 ifadeleri yannz ve yapilan iglemin
sopucunu modelleyiniz.
a= X =L
S g i =
o | EE s
— R
E— 1 + a8 <] i
. wE s
I o
: = 5
(4 }‘.’
—— §
1fage: .."

Cebirsel 1fade ebirse!
2x+5 + X- + 7 LA

8

l X o)

| - J. / C)X*b)

C 1= e

[ .

Ceirel e Ay =6 1:1 @
~ X

Cebirse Ifade: DX "4

Figure 4.16 One EG student’s answer to 5™ question

Only one CG student was able to respond to the second task in the question.
Figure 4.17 shows one CG student’s responses to the tasks in question 5. It
seems that this CG student was not able to fully conceptualize —x and -1 in
algebraic expressions. Some students in CG performed operations between
unlike terms and they added or subtracted like in integers. This might show that
these students had difficulty in applying arithmetical operations in algebraic
expressions particularly adding or subtracting like terms.
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& 1 Yanda verilen modellere uygun

“ | - J . olarak, asagida modellenen cebirsel
1 ifadeleri yazniz ve yapilan iglemin

sonucunu modelleyiniz.

I HE
| . R "
= o
- ‘ L S L.
. o ,'4”\’ |
i ot Jn '..“ ’7=
Cebirsel lfade:~ 2 XS Cebirsel Ifade; | %~ 1% '. . ".é.,é ;.‘ .;
AN -
1) :; 1 . -
W ®
['“ ) - _”J\’ e + 8%
R o I
TR B :;“=
Cebirse fade Sl = -

1 -k
Cebirsel 1fadeSX

Figure 4.17 One CG student’s answer to 5™ question

It can be said that using algebra tiles had a positive effect on performing
operations with the given models of algebraic expressions.

Question 6

Question 6 was about performing operations for the given algebraic

expressions. The question is given in Figure 4.18 below.
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6) Perform operations for the algebraic expressions
given below.

ii) (4%=5) + (=2x+3)

i) (x+3) = (<2x — 1)

Figure 4.18 6" Question in AAT
There were two sub-questions in question 6. The performance of students in
percentage and frequency for each sub-question are given in Table 4.17.

Table 4.17 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 6 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q6a  14(60.9) 6(26.1) 3(13) 8 (40) 8(40)  4(20)
Q6b  12(52.2) 7(30.4) 4(17.4)  3(15) 13(65) 4 (20)

The results showed that using algebra tiles seemed to help EG students when
they performed addition and subtraction with the given algebraic expressions.
Although the number of incorrect responses was high in EG, students in this
group performed considerably better than the CG students as seen in Figure
4.19.
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6) Asa@daki verilen islemleri yapimiz.
i) (4x-5) + (-2x+3)

= 7x-2

i) (x+3)7 -2x—-1)

(x3) Y(+ 2x +1) = 3X t4g

Figure 4.19 One EG student’s answer to 6™ question

Figure 4.20 shows one CG students’ response to the tasks in question 6.

6) Asagdaki verilen islemleri yapimz.

i) (4x=5) + (-2x+3)

i) @3)-2ax-) ==X+~
Figure 4.20 One CG student’s answer to 6™ question

Question 7

Question 7 was about finding the perimeter of the polygon in terms of
algebraic expressions whose number of the side is unknown. The question is

given in Figure 4.21 below.
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7 Assume that one part of the regular

polygon, whose the length of one side
is 4 unit and number of the side is
unknown, is covered by paper. Find
the perimeter of the polygon in
terms of algebraic expression.

Figure 4.21 7" Question in AAT

There were not any sub-questions in question 7. The performance of students

in percentage and frequency for the question are given in Table 4.18.

Table 4.18 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 7 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q7 5(217) 5(21.7) 13(565) 2(10)  5(25) _ 13(65)

Both EG and CG students had a difficulty in finding the perimeter of the
polygon in terms of algebraic expressions whose number of the side is
unknown because most of the EG and CG students responded 7" question
incorrectly or they left the question blank. A few students in both groups wrote
4+x as an answer instead of 4x, or tried to added apparent sides of the polygon.

Question 8

Question 8 was about explaining which representation is correct. The question
IS given in Figure 4.22 below.
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8) Merve and Yusuf says the

equivalent algebraic expression

3(x+4)=3x+4 of 3(x+4) as shown in the picture.
Explain which representation is
B correct.

3x+4)=3x+12

'

Yusuf

Figure 4.22 8" Question in AAT

There were not any sub-questions in question 8. The performance of students

in percentage and frequency for the question are given in Table 4.19.

Table 4.19 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 8 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q8  16(69.6) 6(26.1) 1(43) 12 (60) 3(15  5(25)

The number of EG and CG students who gave correct and incorrect answers to
the 8" question were close to each other. Most of the both EG and CG students
could explain which representation is correct. One student in EG explained the
correct representation by assigning an arbitrary value to the x in both Merve’s

and Yusuf’s responses as a different solution than other students.
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Question 9

Question 9 was about writing given algebraic expressions as multiplication of a
natural number and an algebraic expression. The question is given in Figure
4.23 below.

9) Write each algebraic expression given below as
multiplication of a natural number and an
algebraic expression.

e 6Xx+8
e 9-3x
e -2x-10

Figure 4.23 9" Question in AAT
There were three sub-questions in question 9. The performance of students in
percentage and frequency for each sub-question are given in Table 4.20.

Table 4.20 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 9 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty  Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q9a 12(522) 8(348) 3(13)  5(25) 4(20)  11(55)
Qb  10(435) 9(39.1) 4(17.4)  5(25) 6(30)  9(45)
Q9c  8(34.8) 10(435) 5(21.7)  4(20) 6(30) 10 (50)

Frequencies and percentages on Table 4.20 showed that EG students performed
better than CG students in writing given algebraic expressions as multiplication
of a natural number and an algebraic expression. Figure 4.24 shows one EG

student’s responses to the tasks in question 9.
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9) Verilen cebirsel ifadeleri bir dogal sayi ile bir cebirsel ifadenin carpimi
bi¢iminde yaziniz.
’/‘“\

o 6x+8 PYOW L/.\;:';x—»—g

A\ X+

S~—
P/_\\ ~
e -3 )= Q¢

o —25-10 2(")(" 5)2 _QX -J-D
Figure 4.24 One EG student’s answer to 9" question

One CG student’s responses to the 9™ question’s tasks are given in Figure 4.25.
It seemed that the student did not fully comprehend the transition from
algebraic expression to the multiplication of a natural number and an algebraic
expression. In addition, a few students in CG thought that the number outside
the parenthesis was multiplied by only x because they wrote 6(x+8), 3(9-x),
2(-x-10) respectively as answers. This might show that these students had
difficulty in transmission of arithmetical understanding to algebraic contexts

because this question included distributive property.

. . z i i '}
9) Verilen cebirsel ifadeleri bir dogal sayi ile bir cebirsel ifadenin garpim

bi¢iminde yazimz.
e 6x+8
§(x+8)

e 9-3x

3(9-x)

e -2x-10

2(-x~10)

lew.

Figure 4.25 One CG student’s answer to 9™ question
A few students in both groups multiplied the terms of given algebraic

expressions. For example, for item 9a, they wrote 48x as an answer by

multiplying 6x and 8.

103



Question 10

Question 10 was about explaining which algebraic expression is greater. The
question is given in Figure 4.26 below.

10) When you compare 3n and (n+3) algebraic
expressions for different values of n, which
algebraic expression is greater? Explain.

Figure 4.26 10" Question in AAT
There were not any sub-questions in question 10. The performance of students
in percentage and frequency for the question are given in Table 4.21.

Table 4.21 Frequency and percentage of correct and incorrect answers, and

empty responses of EG and CG in question 10 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q10  2(87) 14(60.9) 7(30.4) 1(5) 7(35)  12(60)

Only a few students in both EG and CG could explain that which algebraic
expression is greater. Most of the EG and CG students responded 10" question
incorrectly or they left the question blank. Some students in both groups
evaluated given algebraic expressions for only one value and according to the
result of this evaluation, they wrote one was greater than other. Using algebra

tiles did not make difference in favour of EG for this question.
Question 11

Question 11 was about finding the length of one side of the square in terms of

algebraic expressions. The question is given in Figure 4.27 below.
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11)

A The perimeters of ABC
K ~  equilateral triangle and
KLMN square are equal
to each other. If the length
of one side of the triangle
L M s 8a, find the length of one
side of the square.

Figure 4.27 11" Question in AAT

There were not any sub-questions in question 11. The performance of students

in percentage and frequency for the question are given in Table 4.22.

Table 4.22 Frequency and percentage of correct and incorrect answers, and
empty responses of EG and CG in question 11 in AAT

Experimental Group (N=23) Control Group (N=20)
Correct Incorrect Empty Correct Incorrect Empty
(%) (%) (%) (%) (%) (%)

Q11 12(522) 6(26.1) 5(21.7) 6(30)  2(10)  12(60)

EG students performed better in 11" question than CG students. Most of the
CG students left the question blank. It can be said that using algebra tiles made
difference in favour of EG for this question. Figure 4.28 shows one EG

student’s answer to the task in question 11.

ABC eskenar Gggeninin cevresi ile

1) \ K N KLMN karesinin ¢evreleri esittir,
\'\ ABC eskenar Gggeninin bir kenar
WA 4 uzunlugu Sa olduguna ghre;
KLMN Karesinin bir kenar
\\ Ll M uzunlugunu bulunuz.
L A ISR
B W [
<o KUrN  boresiain Sie rence
“ N RUT AT (™ i
Qa.bp= e %‘: 6c - 6a
[oae)

Figure 4.28 One EG student’s answer to 11" question
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The detailed analysis of the responses to the tasks in AAT by EG and CG
students showed that more EG students responded to the questions correctly
than CG students. However, students in both groups could not perform well in
some of the tasks such as finding the perimeter of a given rectangle in terms of
algebraic expressions; finding the perimeter of the polygon in terms of
algebraic expressions whose number of the side is unknown; and explaining
which algebraic expression is greater. These findings might show that algebra
tiles might have limited but positive effect on the 6™ grade students’ algebraic

thinking.
4.3 Students’ Views about Using Algebra Tiles

The third research question was “What are the 6™ grade students’ views about
use of algebra tiles in mathematics lessons?” To investigate this research
question, responses to the questions given by the experimental group students

in Views about Algebra Tiles Questionnaire were examined.

Most of the students indicated that they have used counters and fraction tiles as
materials so far. In addition, students expressed that algebra tiles helped them
“learn better”, “understand better”, “remember easily”, “make complicated
operations easier”, “learn faster”, and “make lessons enjoyable”. Moreover,
students generally stated that they did not have any difficulties while using
algebra tiles and learning with them. One student mentioned that “l had a

difficulty at the beginning, but now, | understand better.”

Students referred to the enjoyment and learning easier with their group friends
about group work. One student stated “I helped my group mates for their
understanding.” In addition, some of the students commented on using algebra
tiles in group works. They stated that algebra tiles and group work together

facilitated their understanding. The response of one student illustrates this:

“In group work, students who understood explained others who did
not understand. Before the group work, we were confused about what

to do. We had some questions such as “how will we do?” in our
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minds. However, when we used algebra tiles, we understood

immediately.”

Students made comments on lessons in which they used algebra tiles. The

following excerpts illustrate their positive comments:

“While using algebra tiles, we did not only have fun, but we also
comprehended topic. | have already liked mathematics, now, | began

to like much more. I thanks to the teachers who developed this idea.”

“Using algebra tiles helped me find more tricks, tactics, and methods

and improved my perception.”

“At the beginning, since | did not understand, it was boring. However,
after | learned, it was funny. If we use algebra tiles again, it will be

funny again.”
4.4 Summary of the Findings

The aim of this study was to investigate the effects of using algebra tiles on
sixth grade students’ algebra achievement and algebraic thinking, and to
investigate their views about using algebra tiles. There was no significant
difference in terms of students’ prior algebra knowledge in EG and CG.
Although the difference was not significant between groups, experimental
group (M = 8.61) had higher mean score than control group (M = 6.95). In
addition, it was concluded that there was not a difference between the answers
of experimental group and control group students in Prior Algebra Knowledge
Test. After the treatment, t-test result showed that there was no statistically
significant mean difference between the groups in terms of posttest scores.
Although the mean difference between groups was not significant,
experimental group (M = 19.65) had higher mean score than control group (M
= 14.85). In addition, when both EG and CG students’ answers were examined
in detail, it was concluded that EG students performed better than CG students

in Algebra Achievement Test in writing algebraic expressions for the given
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models; determining variable, term, constant term, coefficients and sum of
coefficients of given algebraic expressions; performing operations with the
given models of algebraic expressions; performing addition and subtraction
with the given algebraic expressions; writing given algebraic expressions as
multiplication of a natural number and an algebraic expression; and finding the
length of one side of the square in terms of algebraic expressions tasks.
However, students in both groups did not perform sufficiently in tasks about
finding the perimeter of a given rectangle in terms of algebraic expressions;
finding the perimeter of the polygon in terms of algebraic expressions whose
number of the side is unknown; and explaining which algebraic expression is

greater.

The findings of the study showed that most of the students indicated positive
effects of using algebra tiles and group work in mathematics lessons. They
stated that using algebra tiles helped them learn and understand better and
made lessons enjoyable. In addition, they stated that working in groups led to

enjoyment and learning easier with group mates.
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CHAPTER 5

DISCUSSION AND CONCLUSIONS

The purpose of the present study was to investigate the effects of using algebra
tiles on sixth grade students’ algebra achievement, algebraic thinking and
views about using algebra tiles. In this chapter, findings are summarized and
discussed. In addition, recommendations and implications for the future studies

are presented.
5.1 Effects of Using Algebra Tiles on Algebra Achievement

When the mean scores of groups in AAT were compared, t-test result showed
that there was no statistically significant mean difference between the
experimental and control groups in terms of posttest scores. Hence, using
algebra tiles in algebraic expressions did not lead to significantly better results
than regular instruction. Although no significant effect was found by the
statistical analysis, experimental group had higher mean score than the control
group. The instructional method, use of algebra tiles, might have played a role

in this score difference.

The result of this study for algebra achievement was consistent with those of
similar research studies conducted by Sharp (1995) and Schlosser (2010).
While differences existed in the students’ grade levels and algebraic concepts
in the mentioned studies, the present study confirmed the results of those

previous studies.

The duration of the treatment was limited to seven class hours in this study and
limited exposure to algebra tiles can be the reason for non-significant results.

The study conducted by Larbi and Okyere (2016) showed significant result in
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favour of experimental group who used algebra tiles when the duration of

treatment was over a period of four weeks.

In addition, although control group students did not use algebra tiles as
concrete manipulatives and did not experience algebra tiles themselves as
experimental group students did, the teacher drew algebra tiles on the board to
familiarise students. This situation can also be the reason for non-significant

results.
5.2 Algebraic Thinking and Using Algebra Tiles in Groups

Although no significant difference was found between the groups according to
the students’ mean scores, qualitative differences were found in students’

learning in about half of the questions in AAT.

In the 1% and 8™ questions in AAT, the number of both experimental group and
control group students’ correct and incorrect answers were close to each other
and they gave similar answers to the questions. Both experimental and control
group students were able to determine whether given representations were
correct or incorrect; and they were able to explain which representation was
correct by using multiplication of a natural number and an algebraic
expression. This can be due to the fact that algebra tiles were not used in
experimental group and similar examples were given in both groups while both
groups were learning different representations of given algebraic expressions.
In addition, both experimental group and control group students knew
distributive property before the study because they learned it at the beginning
of the sixth grade in number and operations learning area and operations with
natural numbers sub-learning area through the objective of “students make
operations related to taking the common multiple parenthesis and applying
distributive property.” Therefore, they could transform their knowledge of

distributive property in natural numbers to in algebraic expressions.

In the 4™, 71" and 10" questions, both experimental group and control group

students had a difficulty in finding the perimeter of a given rectangle in terms
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of algebraic expressions; finding the perimeter of the polygon in terms of
algebraic expressions whose number of the side was unknown; and explaining
which algebraic expression was greater. It can be said that neither regular
instruction nor use of algebra tiles made a difference in students’ responses to
these tasks. The reason of students’ difficulty can be lack of their prior
knowledge in related geometry concepts. Additionally, the fact that students
were not familiar to that kind of tasks can be the reason of students’ lower
performance in these questions. This might also show that students cannot
perform when they were asked to combine their knowledge and skills of
different concepts in a single task.

Experimental group students performed better than control group students in
the rest of the questions in AAT (2", 3 5% 6" 9" and 11" questions).
Experimental group students were better in writing algebraic expressions for
the given models; determining variable, term, constant term, coefficients and
sum of coefficients of given algebraic expressions; performing operations with
the given models of algebraic expressions; performing addition and subtraction
with the given algebraic expressions; writing given algebraic expressions as
multiplication of a natural number and an algebraic expression; and finding the
length of one side of the square in terms of algebraic expressions.

It can be concluded that although there was no statistically significant
difference between experimental and control groups, using algebra tiles during
the instructions made a qualitative difference between students’ learning.
Experimental group students were able to make transition between
representational models and symbolic representations of the algebraic
expressions. In addition, they were able to analyze given algebraic expressions
and determine their parts. They also learned performing addition and
subtraction in algebraic expressions meaningfully. Moreover, experiences with
algebra tiles as concrete manipulative helped students develop algebraic
thinking.
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Students perform better when they use multiple materials while learning
algebra (Kog & Baser, 2012). However, the experimental group students
indicated that they have only used counters and fraction tiles in the
mathematics lesson before they used the algebra tiles. If these students had
used more manipulatives in mathematics lessons especially while learning
algebra topics, it would be possible that they would benefit more from the
treatment. Therefore, algebra instruction should employ more manipulatives to

make students’ learning more meaningful and algebraic thinking better.

Although group work is a beneficial method in general (Koblitz & Wilson,
2014), limited exposure to group work may have prevented seeing its benefits
in the present study. The teacher indicated that experimental group students
have not worked in a group in the mathematics lessons before. Since they
worked in a group while learning algebraic expressions for the first time in the
exploration phase, this can be considered as adaption period. Thus, if the
students worked in a group longer time or if they worked in a group before this

study, different results would have been obtained.

5.3 Students’ Views about Instructions with Algebra Tiles and Group
Work

Students in the present study had never seen or used algebra tiles before. For
this reason, they were surprised at first. At the beginning, some of them
confused which color-tile represented negative and which color-tile represented
positive, and also which piece represented x and which piece represented 1.
After they learned these representations, they did not have any difficulty in
using them. In addition, students were willing to participate in the lessons and
they were active while using algebra tiles. Even rather passive students tried to
model given algebraic expressions by using algebra tiles. These students
participated in group works and pair works, and they also showed their models
on the board. Most of the students seemed to be having fun while using

algebra tiles and they enjoyed through lessons. None of them considered
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algebra tiles as toys or played with them. They concentrated on learning

algebraic expressions with algebra tiles.

Previous studies have found that even though there were not statistically
significant differences in students’ performance in algebra tasks when they
used algebra tiles, students expressed the effect of algebra tiles in their
meaningful learning of the algebra concepts (Schlosser, 2010; Sharp, 1995). In
Yildiz (2012)’s qualitative case study, students stated that they felt both
playing and learning better the concepts. These findings were all consistent
with the present study’s findings. Experimental group students in the present
study also stated that with the help of algebra tiles, they learned concepts faster
and remembered concepts easily.

Students claimed that group work facilitated their understanding, similar to
previous results (Balt, 2017). While students in a group are learning a new
concept, they might realize what other students in the group do not understand
and they can explain that concept to them and correct their misconceptions
(Webb & Farivar, 1994). This was observed during the treatment in the
experimental group and some of the students also expressed that they helped
their groupmates for their understanding during the group works. Good
cooperative learning occurs when the students solve tasks involving use of
manipulatives while working in group because they motivate and entertain
students (Mulryan, 1994). Students in the present study also referred to

enjoyment about both using algebra tiles and working in groups.
5.4 Recommendations for Further Studies

In the present study, there were one experimental group and one control group
in one school. In the future studies, there can be three groups (classes) that one
group uses algebra tiles in group work, other group uses algebra tiles without
group work and the other group uses neither algebra tiles nor group work to
increase the generalizability. Teaching duration of the content was limited to

seven class hours in this study. The length of the treatment can be increased in

113



future studies. In this study, data were collected from only students. Future
research studies can collect data from both students and their teachers about
how algebra tiles increase students’ algebra achievement. In the present study,
effects of using algebra tiles on students’ algebra achievement and algebraic
thinking were investigated. Studies investigating the effects of using algebra
tiles should focus more on students’ conceptual understanding of algebra. In
future studies, interviews can be carried out with students for an in-depth
examination. Furthermore, students’ attitudes and motivations can also be
investigated. While algebra tiles were used in the lessons during the study,
students were not permitted to use them in posttest. It is suggested that algebra

tiles can also be used during the assessment part.
5.5 Implications

The findings of this study addressed that a focus on the qualitative benefits of
the manipulatives, such as meaningful learning of the concepts, should be
carefully investigated when there is no statistically significant effect of the
treatment including manipulatives. Similarly, the nature of the group work and
how group work helped students learning the mathematical concepts even
when students did not have any group work experience before should be
explored in rather qualitative ways. The findings of this study showed that
students can recognize the benefits of a new approach to learning including the
manipulatives and the group work and studies should consider gathering

students’ views when they are subject to a new treatment.

This study presents some implications for middle school mathematics teachers,
teacher educators, program makers and MoNE. Mathematics teachers can use
lesson plans in the present study, activity sheets in the lesson plans, PAKT and
AAT in their lessons or they can prepare their own resources by benefiting
from these resources. MoNE should provide training and seminars to in-service
teachers in order to make them familiar with the manipulatives and to
encourage them to use manipulatives. MoNE should also provide more

manipulatives for the schools. Although the findings of the study do not
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specifically address this issue, students should be given an opportunity to
create manipulatives with the help of their teachers before the related concepts,
if possible. This would familiarize students with manipulatives. In addition,
mathematics laboratories consisting of different manipulatives can be set up in
the schools.

In the questionnaire, students agreed the idea that they liked using algebra tiles
during the instructions about algebraic expressions. Therefore, teachers can
integrate algebra tiles to the lessons including algebra concepts. In addition,
cooperative and discovery learning methods can be used while teaching algebra

concepts in the middle schools.

Pre-service teachers should be given an opportunity to use manipulatives
during their teaching practice in real classroom environments and gain
experience about use of manipulatives in order to use them in their teaching
career. Teacher educators should enable pre-service teachers to prepare lesson
plans and activities including appropriate teaching methods and they should
provide an environment for pre-service teachers to engage in using
manipulatives especially in methods of teaching mathematics courses. There
should be courses that promote pre-service teachers’ skills of creating and
using algebra tiles as well as other manipulatives in teaching algebra topics in

the middle schools.

Program makers, book authors and researchers can take into consideration the
results of this study while writing textbooks for students and teachers. They
can include more tasks encouraging the teachers and the students to use algebra

tiles in algebra concepts.
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APPENDICES

Appendix A: Prior Algebra Knowledge Test

CEBIR ON BILGI TESTI
Sevgili 6grenciler;
Bu testin amaci1 cebirsel ifadeler konusuna iliskin on bilgilerinizi
olgmektir. Sizden beklenen asagida verilen 4 soruyu cevaplandirmanmizdir.

Cevaplarimz herhangi bir sekilde not ile degerlendirme amaciyla

kullanilmayacaktir. Siireniz 40 dakikadir.

Ad Soyad:
Sinif/Sube:

1)  Asagida sozel olarak verilen durumlara uygun cebirsel ifadeleri
yaziniz.

Bir kavanozdaki sekerlerin 2 katinin 3 eksigi............................
Asli’nin parasinin yarisinin 12 TL fazlasi..............cooo,
Efe’nin bilyelerinin 13 eksiginin S katt..................c.oo
Bir saymin 2 eksigi ile 2 katinin toplamit....................o
15 dakikas1 gecen sinavin kalan stiresi..............c.ooooiiiiin..

Toplamlar1 80 olan iki sayidan biri m ise digeri..................c.......
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2)

3)

Asagida verilen cebirsel ifadelere uygun sozel durumlar yaziniz.

Asagida verilen cebirsel ifadelerin degerini degiskenin alacagi dogal

say1 degerleri icin hesaplayimz.

2(n-3)

cebirsel ifadesinin n=13 icin degerini bulunuz.

3x+4

cebirsel ifadesinin x=6 icin degerini bulunuz.

85

. 7 + 1 cebirsel ifadesinin y=S5 icin degerini bulunuz.
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4)

I.  “Bir akvaryumdaki baliklarin sayisinin 3 katinin 7 fazlas1”

ifadesine uygun bir cebirsel ifade yaziniz.

ii.  Yazdigimiz cebirsel ifadenin degerini degiskenin 15 olmasi

durumunda hesaplayiniz.

128



1)

Appendix B: Algebra Achievement Test

CEBIR BASARI TESTI
Sevgili 6grenciler;

Bu testin amaci cebirsel ifadeler konusuna iliskin bilgilerinizi
ol¢mektir. Sizden beklenen asagida verilen 11 soruyu
cevaplandirmanizdir. Cevaplarimiz herhangi bir sekilde not ile

degerlendirme amaciyla kullanilmayacaktir. Siireniz 40 dakikadir.

Ad Soyad:
Sinif/Sube:

Asagida verilen gosterimlerden dogru olanin basina D, yanhs olanin

basina Y yaziniz ve yanhs olanlan diizeltiniz.

ceene YHY+1=3y

W X+x-1=-1+2x

N
N

.5-c-c+c=5-3c

129



2) Asagida - . ile modellenen

X -X 1 -1

cebirsel ifadeleri yaziniz.

Cebirsel ifade:
. Cebirsel ifade:
Cebirsel ifade:

H
. Cebirsel ifade:

3) Asagida verilen her bir cebirsel ifade i¢in tabloyu doldurunuz.

Cebirsel Degisken(ler) | Terim(ler) Sabit Katsayi(lar) | Katsayi(lar)
ifade Terim(ler) Toplam
3k
—6xy +1
2a+5b-8
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4)  Bir dikdortgenin kisa kenar1 uzun kenarindan 3cm eksiktir.

Dikdortgenin cevresini veren cebirsel ifadeyi yaziniz.

Yanda verilen modellere uygun

) - . olarak, asagida modellenen cebirsel

X -X 1 -1 ifadeleri yazimiz ve yapilan islemin

sonucunu modelleyiniz.

l

\ \

Cebirsel Ifade: Cebirsel Ifade:

|

Cebirse Ifade:

\

|

Cebirsel Ifade
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6)

7)

8)

Asagidaki verilen islemleri yapiniz.

i)

i)

(4x-5) + (-2x+3)

(x+3) - (-2x - 1)

Bir kenarmin uzunlugu 4 birim olan ve
kenar sayisin1 bilmedigimiz diizgiin bir
cokgenin bir tarafina kagit
kapandigim varsayalim. Bu durumda
cokgenin cevresini veren cebirsel
ifadeyi yazimz.

Merve ve Yusuf 3(x+4) cebirsel ifadesinin

esitini yandaki gibi soyliiyorlar. Kimin

dogru soyledigini aciklayimiz.
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9) Verilen cebirsel ifadeleri bir dogal say1 ile bir cebirsel ifadenin

carpimi biciminde yaziniz.

e 6X+8
e 9-3x
e —2x-10

10)  3nve (n+3) cebirsel ifadelerini n’nin alacag farkh dogal say1

degerleri icin bityiikliik-kiiciikliik bakimindan karsilastirdigimizda

nasil bir sonuca varirsiiz?

11) K

133

ABC  eskenar iicgeninin
cevresi ile KLMN Kkaresinin
cevreleri esittir. ABC eskenar
iicgeninin bir kenar uzunlugu
8a olduguna gore; KLMN
karesinin bir kenar
uzunlugunu bulunuz.



Appendix C: Views about Algebra Tiles Questionnaire

CEBIiR KAROSU KULLANIMINA iLiSKiN OGRENCi GORUS
FORMU

Sevgili 6grenciler;

Bu formun amacy, sizin cebir karosu kullaniminiza iliskin goriilerinizi
almaktir.  Liitfen elinizden geldigince asagidaki sorular:
cevaplandirmaya cahsimz. Isim belirtmenize gerek yoktur.
Cevaplariniz notlandirma amaciyla kullamlmayacaktir. Bu yiizden

liitfen gercek goriisiiniizii belirtiniz.

1) Matematik derslerinde ya da ders dis1 etkinliklerde daha 6nce herhangi
bir materyal (kesir c¢ubuklari, geometri tahtasi, sayma pullart vb.)

kullandiniz m1?

[IEvet [IHayir

Yamtiniz evet ise, hangi materyalleri kullandiniz? Belirtiniz.

2) Cebir karolar1 konuyu anlamanizi etkiledi mi?
[1Evet LIHayr

Nasil etkiledi? A¢iklayiniz.
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3) Cebir karolartyla 6grenirken herhangi bir zorlukla karsilastiniz mi?
LIEvet [IHayir

Yamitiniz evet ise, nasil bir zorluk yasadiniz? A¢iklayniz.

4) Grup ¢alismalari cebirsel ifadeleri 6grenmenizi etkiledi mi?
LJEvet [ Hayir

Nasil etkiledi? A¢iklayiniz.

5) Cebir karolarmi kullandiginiz derslere iliskin yorumlarinizi ve

Onerilerinizi litfen belirtiniz.
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Appendix D: Experimental Group Lesson Plans

136



Sinif:
Ogrenme Alam:

Alt Ogrenme
Alani:

Kazanmim(lar):

Gerekli On
Bilgiler:

Ogretme-Ogrenme
Yontem ve

Teknikleri:

Beceriler:

Materyaller:

6 Siire: 2 ders saati
Cebir

Cebirsel ifadeler

6.2.1.4. Basit cebirsel ifadelerin anlamini agiklar.

Cebirsel ifade ve degisken kavramlarini bilir.

Soru-cevap
Tartisma

Grup Calismasi
Bireysel Calisma

Iletisim, iliskilendirme, akil yiiriitme ve psikomotor

beceriler

Cebir Karolar1
Etkinlik Kagidi
Cikis Karti (Exit card)
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Giris (Engagement)

Ogretmen, derste Ogrencilerin basit cebirsel ifadelerin anlamini agiklamayi
ogreneceklerini sOyledikten sonra, cebir karolarini asagidaki gibi tahtaya

yapistirir ve kisaca tanitir.

Ogretmen: “Matematik materyallerinden biri olan cebir
karolari, dikdortgenler ve karelerden olugmaktadir. (Kirmizi cebir karolari
gosterilerek) 1 karelerle, x dikdortgenler ile ifade edilir. Mavi cebir karolari ise
kirmiz1 olanlarin toplama islemine gore tersi yani zit isaretlisidir. Kirmiz1 ve

mavi cebir karolar1 birlikte kullanildiginda birbirini gotiiriirler ve 0 elde edilir.

/ ——=>0 /—e%
[ [

Ayrica uzun kenar1 x olan dikdortgenin kisa kenar1 da kiiclik karenin bir

kenarina yani 1'e esittir. Cebir karolar1 isleyisinde hem cebir hem geometri yer
alir. Cebir karolar1 matematigin bir¢ok alaninda kullanilmaktadir. Biz, cebirsel

ifadeleri daha iyi anlamamiz amaciyla gorsellestirmek i¢in kullanacagiz.”

Kesfetme (Exploration)

Ogretmen asagida verilen modelleri tahtaya yapistirir ve ogrencilerden
gosterilen modelleri cebirsel ifade olarak yazmalarm ister. Ogrencilerin

verdigi cevaplar sinif¢a tartisilir ve ortak bir sonuca varilir.
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Cebirsel ifade: 2x+1

Cebirsel ifade: -4x-3

Ardindan, 6grencilere ikiserli gruplar halinde ¢aligmalar1 sOylenir ve gruplara
cebir karolar1 dagitilir. Ogretmen tahtaya 3x-2 cebirsel ifadesini yazar ve
ogrencilerden cebir karolar1 ile gostermelerini ister. Gruplar calisirken,
Ogretmen gruplar arasinda dolasarak gozlem yapar, gerektiginde destek verir.
Gruplar modellemeyi tamamladiktan sonra, bir grup tahtaya gelerek bulduklari

modeli tahtaya yapistirir. Dogrulugu sinifca tartigilir.

Cebirsel ifade: 3x-2

Bu defa, 6gretmen tahtaya -5x+6 cebirsel ifadesini yazar ve 6grencilerden cebir
karolar1 ile gostermelerini ister. Gruplar ¢alisirken, 6gretmen gruplar arasinda
dolasarak gozlem yapar, gerektiginde destek verir. Gruplar modellemeyi
tamamladiktan sonra, bir grup tahtaya gelerek bulduklari modeli tahtaya

yapistirir. Dogrulugu sinifca tartisilir.
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Cebirsel ifade: -5x+6

Tahtada yukaridaki iki model ve cebirsel olarak yazilimlari yer alirken,
Ogretmen Ogrencilerden tekrar 3x-2 cebirsel ifadesini diisiinmelerini ister ve su

soruyu sorar:

e 3X-2 cebirsel ifadesini daha agik nasil yazabiliriz / Bagka nasil ifade

edebiliriz?

Ogrenciler diisiindiikten ve beyin firtinas1 yaptiktan sonra verdikleri cevaplar
sinif¢a tartisilir.

Agciklama (Explanation)

Ardindan 6gretmen, “3x-2 cebirsel ifadesini x+x+x -1-1 seklinde de
yazabiliriz” diye agiklar.

Derinlestirme (Elaboration)

Bu asamada 6grencilerden cebir karolari toplanir ve her bir 6grenciye EK

1’deki etkinlik kagidi dagitilir. Ogrencilerden verilen cebirsel ifadelerin farkli

gbsterimlerini  yazmalar1 istenir. Ogrenciler bireysel olarak calisirlar,
Ogrenciler tamamladiktan sonra, her biri igin bir dgrenci tahtaya cikarak nasil

yaptigini sinifa agiklar.
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Degerlendirme (Evaluation)

Degerlendirme icin, dgrencilere asagidaki ¢ikis karti dagitilir. Ogrenciler
verilen soruyu bireysel olarak cevaplandirarak, karti smiftan ¢ikarken

Ogretmene teslim ederler.

Cikis Kart1 (Exit Card)

CIKIS KARTI
Derste gordiiklerinizden farkli olarak bir cebirsel ifade
yaziniz ve cebir karolariyla gosterilmis halinin seklini
¢iziniz.
Adi Soyadi:
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EK1
ETKINLIK KAGIDI
3X-2 = X+x+x -1-1 gosteriminden yola ¢cikarak, asagida verilen cebirsel

ifadelerin farkh gosterimlerini yazimz.

1) b+b+b+b
2) -2m-6
3) 5¢+3

k 4
)5
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Sinif:
Ogrenme Alam:

Alt Ogrenme
Alani:

Kazanim(lar):

Gerekli On
Bilgiler:

Ogretme-Ogrenme
Yontem ve

Teknikleri:

Beceriler:

Materyaller:

6 Siire: 3 ders saati
Cebir

Cebirsel ifadeler

6.2.1.5. Cebirsel ifadelerle toplama ve ¢ikarma islemleri

yapar.

Cebirsel ifade ve degisken kavramlarini bilir.
Cebirsel ifadenin degerlerini degiskenin alacag: farkli
dogal say1 degerleri i¢in hesaplamayi bilir.

Basit cebirsel ifadelerin anlamini agiklamayi bilir.

Soru-cevap
Tartisma

Grup Calismasi
Bireysel Calisma

Iletisim, iliskilendirme, akil yiiriitme ve psikomotor

beceriler

Cebir Karolari
Etkinlik Kagitlar
Cikis Kart1 (Exit card)
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Giris (Engagement)

Dersin girig kisminda, cebir karolari tahtaya 6gretmen tarafindan asagidaki gibi

yapistirilir ve 6grencilere hatirlatilarak bir 6nceki ders tekrar edilir.

B REEE B

Ogrencilere dorderli gruplar halinde ¢alismalar1 sdylenir ve gruplara cebir

karolar1 dagitilir.

Kesfetme (Exploration)

Ogretmen toplama isleminin asagidaki gibi cebir karolartyla modellenmis
halini tahtaya yapistirir. Ogrencilerden bu islemi yine cebir karolar1 kullanarak
yapmalar1 ve sonuglart da cebir karolariyla gostermeleri istenir. Ayrica, yapilan

islemleri cebirsel olarak da ifade etmeleri sGylenir.

i)

Gruplar calisirken, 6gretmen gruplar arasinda dolasarak gbzlem yapar,
gerektiginde destek verir. Gruplar tamamladiktan sonra, Ogretmen cebir
karolartyla tahtada nasil yapilacagin bir kez daha gdsterir. Ardindan, 6gretmen

tahtaya asagidaki dikdortgeni ¢izerek dgrencilere su soruyu sorar:

Dikdértgenin A noktasinda bulunan bir karinca, seklin ¢evresini bir tam tur

dolaniyor. Karincanin gittigi yolu veren cebirsel ifadeyi nasil yazabiliriz?
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A 2x+1 B

Ogrencilerden sorunun nasil yapilacagina dair tahminleri almir. Daha sonra,
grup olarak sorunun cevabini bulmalar istenir. Gruplar tamamladiktan sonra,

her gruptan bir 68renci nasil yaptiklarini sinifa agiklar.

Ogretmen toplama isleminin asagidaki gibi cebir karolartyla modellenmis
halini tahtaya yapistirir. Ogrencilerden bu islemi yine cebir karolar: kullanarak
yapmalar1 ve sonuglar1 da cebir karolartyla géstermeleri istenir. Ayrica, yapilan

islemleri cebirsel olarak da ifade etmeleri sdylenir.

i)
B EE
— EE

Gruplar c¢alisirken, Ogretmen gruplar arasinda dolasarak gdzlem yapar,
gerektiginde destek verir. Gruplar tamamladiktan sonra, her gruptan bir 6grenci
nasil yaptiklarini sinifa aciklar. Ayrica, 6gretmen cebir karolariyla tahtada nasil

yapilacagini bir kez daha gosterir.

Ogretmen “eger islem ¢ikarma islemi olsaydi cebir karolariyla nasil yapardik?”
diye sorar. Gruplar tartigir ve tahminleri alinir. Daha sonra, 6gretmen ¢ikarma
isleminin asagidaki gibi cebir karolartyla modellenmis halini tahtaya yapistirir.
Ogrencilerden bu islemi yine cebir karolar1 kullanarak yapmalar1 ve sonuglari
da cebir karolariyla gostermeleri istenir. Ayrica, yapilan islemleri cebirsel

olarak da ifade etmeleri soylenir.
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i)

Gruplar calisirken, 6gretmen gruplar arasinda dolasarak gozlem yapar,
gerektiginde destek verir. Gruplar tamamladiktan sonra, 6gretmen cebir

karolariyla tahtada nasil yapilacagini bir kez daha gosterir.

Ogretmen ¢ikarma isleminin asagidaki gibi cebir karolarryla modellenmis
halini tahtaya yapistirir. Ogrencilerden bu islemi yine cebir karolar1 kullanarak
yapmalar1 ve sonuglart da cebir karolariyla gostermeleri istenir. Ayrica, yapilan

islemleri cebirsel olarak da ifade etmeleri sdylenir.

Gruplar c¢alisirken, Ogretmen gruplar arasinda dolasarak gdzlem yapar,
gerektiginde destek verir. Gruplar tamamladiktan sonra, Ogretmen cebir

karolariyla tahtada nasil yapilacagini bir kez daha gosterir.

Ogretmen ¢ikarma isleminin asagidaki gibi cebir karolartyla modellenmis
halini tahtaya yapistirir. Ogrencilerden bu islemi yine cebir karolari kullanarak
yapmalar1 ve sonuglar1 da cebir karolartyla gostermeleri istenir. Ayrica, yapilan

islemleri cebirsel olarak da ifade etmeleri sdylenir.
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B

Gruplar c¢alisirken, Ogretmen gruplar arasinda dolasarak gozlem yapar,

gerektiginde destek verir. Gruplar tamamladiktan sonra, bir Ogrenci cebir

karolariyla nasil yaptiklarini tahtada agiklayarak gosterir.
Yapilanlardan hareketle, 6grencilere asagidaki sorular yoneltilir:

e Toplama ve ¢ikarma islemlerini yaparken nasil bir yol izlediniz?

o Cebirsel ifadelerdeki toplama ve c¢ikarma islemleriyle; tamsayilardaki
toplama ve ¢ikarma islemleri arasinda bir baglant1 kurabilir miyiz?

o Cebir karolar1 olmadan cebirsel ifadelerde toplama ve ¢ikarma islemlerini

nasil yapariz?

Ogrenciler yoneltilen sorularla ilgili beyin firtinasi yaptiktan ve tartistiktan

sonra agiklama kismina gegilir.

Aciklama (Explanation)

v Cebirsel ifadelerde toplama ve ¢ikarma islemleri yapilirken tam
sayilardaki toplama ve ¢ikarma islemleri yontemleri kullanilir.

v Cebirsel ifadelerle ¢ikarma islemi yaparken once ¢ikarma islemi
toplama islemine cevrilir. Sonra toplama islemi yapilir.

v' Bir cebirsel ifadede degiskenleri ve bu degiskenlerinin iisleri ayni olan

terimlere benzer terim denir.
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v Cebirsel ifadelerde toplama ve ¢ikarma islemleri benzer terimlerin
toplanip ¢ikarilmasi ve sabit terimlerin toplanip ¢ikarilmasi olarak ifade
edilir.

v’ Bir cebirsel ifadede “+” veya “-* lerle ayrilan kisimlarin her birine
terim, terimlerin sayisal c¢arpanlarina katsayr denir. Degisken

icermeyen terime ise sabit terim adi verilir.

Derinlestirme (Elaboration)

Bu asamada, 6grencilerden cebir karolar1 toplanir ve EK 1°deki etkinlik kagid
dagitilir. Ogrencilerden verilen her bir cebirsel ifade igin tabloyu bireysel
olarak doldurmalari istenir. Etkinlik tamamlandiktan sonra, 6gretmen her bir
istenilen cevap i¢in, 6grencilerin ne cevap verdigini sorar ve ortak bir karara

varilarak 6gretmen dogru cevaplari tahtaya yazar.

Ardindan, EK 2°deki etkinlik kagidi 6grencilere dagitilir. Ogrencilerden verilen

toplama ve ¢ikarma islemlerini bireysel olarak cebir karosu kullanmadan

yapmalar1 istenir. Ogrenciler tamamladiktan sonra, her islem igin bir dgrenci

tahtaya c¢ikarak nasil yaptigini sinifa agiklar.

Degerlendirme (Evaluation)

Degerlendirme igin, &grencilere asagidaki ¢ikis kartt dagitilir. Ogrenciler

verilen soruyu cevaplandirarak, kart1 ¢gikarken 6gretmene teslim ederler.
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Cikis Kart1 (Exit Card)

CIKIS KARTI

A Yanda verilen ABC ii¢cgeninde
|AB| = 2b+3 cm, |BC| = b-4 cm,
ve C(ABC)= 5b+4 cm
olduguna gore |AC| kenarmin
uzunlugu ka¢ cm’dir?

Adi Soyadi:
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EK1

ETKINLIiK KAGIDI

Asagida verilen her bir cebirsel ifade icin tabloyu doldurunuz.

Cebirsel Degisken | Terim '?s:)llr; Katsay1 K(i};SSh
ifade (ler) (ler) (len) (lar) Toplam
-6a+6b
3X-2y-5
4m+7mn-
n+9
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EK 2

ETKINLIiK KAGIDI

Asagida verilen toplama ve ¢ikarma islemlerini cebir karosu

kullanmadan yapiniz.

1) (bx-10) + (-2x + 7)

2) (8x -15) - (9x -15)

3) (3t +21) + (-2t +11) + (t - 33)
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Sinif:
Ogrenme Alam:

Alt Ogrenme
Alan:

Kazanmim(lar):

Gerekli On
Bilgiler:

Ogretme-Ogrenme
Yontem ve
Teknikleri:

Beceriler:

Materyaller:

6 Siire: 2 ders saati
Cebir

Cebirsel ifadeler

6.2.1.6. Bir dogal sayi ile bir cebirsel ifadeyi carpar.

Cebirsel ifade ve degisken kavramlarimi bilir.
Basit cebirsel ifadelerin anlamini agiklamayi bilir.
Cebirsel ifadelerle toplama ve ¢ikarma islemleri

yapmay1 bilir.

Soru-cevap
Tartisma

Grup Calismasi
Bireysel Calisma

Iletisim, iliskilendirme, akil yiiriitme ve psikomotor
beceriler

Cebir Karolar1
Etkinlik Kagitlar
Cikis Kart1 (Exit card)
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Giris (Engagement)

Ogrencilere EK 1°deki etkinlik kagidi dagitilir ve sorularla ilgili 5 dakika
diistinmeleri istenir. Ardindan 6grencilerin bulduklari sonuglar sinifca tartisilir.
Kesfetme (Exploration)

Ogrencilere ikiserli gruplar halinde calismalar1 sdylenir ve gruplara cebir
karolar1 dagitilir. Ayrica, cebir karolar1 tahtaya 6gretmen tarafindan asagidaki

gibi yapistirilir.

B Eeme B

Ogrencilerden 3x cebirsel ifadesini cebir karolariyla gdstermeleri istenir.
Ogrenciler gosterdikten sonra, dogru model Ogretmen tarafindan tahtaya

yapistirilarak gosterilir. islem sonucu da cebirsel olarak asagidaki gibi yazilir.

X
/—/%

,

3 3.Xx=3X

Ogrencilerden 2 ile (x+1) cebirsel ifadesinin carpimimi cebirsel karolariyla
gostermeleri istenir. Ogrenciler gdsterdikten sonra, dogru model dgretmen
tarafindan tahtaya yapistirilarak gosterilir. Islem sonucu da cebirsel olarak

asagidaki gibi yazilir.
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x+1

2.(xt1)=2x + 2

Ogrencilerden 3 ile (x-2) cebirsel ifadesinin carpimini cebir karolariyla
gostermeleri istenir. Ogrenciler godsterdikten sonra, dogru model dgretmen
tarafindan tahtaya yapistirilarak gosterilir. Islem sonucu da cebirsel olarak

asagidaki gibi yazilir.

X-2

| HE
Bl oo

Ogrencilerden 4 ile (-x-1) cebirsel ifadesinin carpimmi cebir karolariyla

34

gdstermeleri istenir. Ogrenciler gosterdikten sonra, dogru model 6gretmen
tarafindan tahtaya yapistirilarak gosterilir. Islem sonucu da cebirsel olarak

asagidaki gibi yazilir.

-x-1

r A )
|

4.(-x-1) = -4x-4
./ N

\-.

154



Bu defa dgretmen asagida verilen modeli tahtaya yapistirir. Ogrencilerden,
verilen modeli bir dogal say1 ile bir cebirsel ifadenin ¢arpimi bi¢iminde
yazmalar1 istenir. Ogrenciler yazdiktan sonra, tahtaya da asagidaki gibi
Ogretmen tarafindan yazilir. Toplama isleminin degisme 6zelligi vurgulanarak,

her iki sekilde de yazilabilecegi soylenir.

-9x +6 = 3.(-3x+2) = 3.(2-3x) =6-9x

5 farkli model cebirsel gosterimleriyle birlikte tahtada yer alirken,

yapilanlardan hareketle, 6grencilere asagidaki soru yoneltilir:

¢ Cebir karolar1 olmadan cebirsel ifadelerde ¢arpma islemini nasil yapariz?

Ogrenciler yoneltilen sorularla ilgili beyin firtinas1 yaptiktan ve tartistiktan

sonra agiklama kismina gecilir.

Aciklama (Explanation)
“Bir dogal say1 bir cebirsel ifade ile carpilirken; dogal say1 cebirsel
ifadenin her terimi ile ayr1 ayrn c¢arpihir” ifadesi O0gretmen tarafindan

vurgulanir. Tahtada cebir karolarinin yaninda yer alan cebirsel gosterimleri,

Ogretmen asagidaki gibi oklar ¢izerek tekrar agiklar.

>
2.(X+1) =2x+21=2x+2

(X-2) =3.x-32=3x-6
-
4.(-x-1) =4.-x- 4.1=-4x-4

§.§§-§x) =3.2-3.3x =6-9x
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Derinlestirme (Elaboration)

Bu asamada, 6grencilerden cebir karolari toplanir ve EK 2’deki etkinlik kagidi

dagitilir. Ogrencilerden verilen ¢arpma islemlerini bireysel olarak cebir karosu

kullanmadan yapmalar istenir. Ayrica, verilen gosterimlerden dogru ve yanlis

olanlar1 belirlemeleri ve yanlis olanlar1 diizeltmeleri istenir.

Ogrenciler etkinlikleri tamamladiktan sonra, her islem icin bir 6grenci tahtaya

cikarak nasil yaptigini sinifa agiklar.

Degerlendirme (Evaluation)

Degerlendirme igin, &grencilere asagidaki ¢ikis kartt dagitilir. Ogrenciler

verilen soruyu cevaplandirarak, kart1 ¢ikarken 6gretmene teslim ederler.

Cikis Kart1 (Exit Card)

CIKIS KARTI

Yanda verilen dikdortgenin
kenar uzunluklarma gore,
dikdortgenin alammmi  veren

cebirsel ifadeyi yaziniz.

Ad Soyad:
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EK1

ETKINLIiK KAGIDI

Seker dolu bir kavanozun icinde ka¢ tane seker
oldugunu bilmedigimizi ve bu kavanozlardan 6 tane
oldugunu diisiinelim. Bu durumda toplam seker

miktarii nasil ifade ederiz?

Arif Bey’in yeni aldigr halinin kisa kenar1 2 metre,
uzun kenart x+3 metre olduguna goére, halimn
yerde kapladigi alami cebirsel olarak nasil ifade

ederiz?
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EK 2

ETKINLIK KAGIDI
1) Asagida verilen ¢carpma islemlerini yapimz.

3.(8 -2m)

6.(-3x + 2y — 4)

(10a + 8+). 2

2) Asagida verilen gosterimlerden dogru ve yanhs olanlar belirleyiniz ve

yanhs olanlar: diizeltiniz.

4(x-2) = 4x -2

3(-2x +4) =-6x + 7

5(6-x) = -5x + 30
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Appendix E: Rubric for Prior Algebra Knowledge Test

Cebir On Bilgi Testi icin Puanlama Anahtar

1.Madde
0. Yanlis cevaplar

1. Dogru cevaplar
Ornegin: 2x-3, 2y-3, 2a-3, 2k-3...
241224122412, 2+ 12...
5(x-13), 5(t-13), 5(c-13)...
X-2+2X, 3X-2...
X-15, s-15, a-15...
80- m

2.Madde

0. Yanlis cevaplar
1. Dogru cevaplar
Ornegin: Bir saymin 2 eksiginin 5 kati
Ahmet’in bilyelerinin 1 fazlasinin yarisi

Yolcularin 7 katinin 6 eksigi

Bir saymin yarisinin 5 fazlasi

3.Madde
0. Yanlis cevaplar
1. Dogru cevaplar: 4

11
18
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4.Madde (i)

0. Yanlis cevaplar

1. Dogru cevaplar: 3x+7, 3b+7, 3a+7...

4.Madde (ii)

0. Yanlis cevaplar

1. Dogru cevap: 52
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Appendix F: Rubric for Algebra Achievement Test

Cebir Basari Testi Icin Puanlama Anahtari

1.Madde
0. Yanlis cevaplar

1. Dogru cevaplar: Y

< <0

o y+y+1=2y+1

[ ]
N

a
+-=-a
2

e 5_c-c+c=5-c

2.Madde

0. Yanlis cevaplar

1. Dogru cevaplar: 3x + 5
2X -2
-X+3

-4x -6

3.Madde

0. Yanlis cevaplar

1. Dogru cevaplar
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Cebirsel | Degisken(ler) | Terim(ler) Sabit Katsay1 | Katsay (lar)
ifade Terim(ler) (lar) Toplam
3k k 3k - 3 3
-6xy +1 X,y -6xy, 1 1 -6,1 -5
2a+5b-8 a,b 2a, bb, -8 -8 2,5,-8 -1
4. Madde

0. Yanlis cevaplar

1. Dogru cevaplar:
Ornegin: Dikdortgenin kisa kenar1 a-3 ve uzun kenari a olursa;
Cevre= atata-3+a-3 / 2a+2(a-3) / 2(a+(a-3))
2a+2a-6 / 4a-6
Yada
Dikdortgenin kisa kenar1 a ve uzun kenar1 a+3 olursa;

Cevre= at+3+a+3+at+a/ 2(at+3)+2a/2(at+(at+3))

2a+6+2a/ 4a+6

5.Madde (i)

0. Yanlis cevaplar

1. Dogru cevap:

(-3x +5) + (x-7) = -2x-2 - .
|
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5.Madde (ii)
0. Yanlis cevaplar

1. Dogru cevap:

(3x-2) - (5x-6)=-2x+4

6.Madde (i)
0. Yanlis cevaplar

1. Dogru cevap: 2x-2

6.Madde (ii)
0. Yanlis cevaplar

1. Dogru cevap: 3x+4

7.Madde
0. Yanlis cevaplar

1. Dogru cevaplar: 4n, 4x, 4a, 4k...

Kenar sayisina n diyelim.

Bu durumda diizgiin ¢okgenin ¢evresi n.4 / 4.n/ 4n

8.Madde
0. Merve

1.Yusuf
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Agiklama: Dogal sayi ile cebirsel ifade ¢arpilirken, dogal sayi ile cebirsel
ifadenin biitiin terimleri ¢carpilir

(carpma igleminin toplama islemi {izerine dagilma 6zelligi)
Yada
3 defa (x+4) ifadesini toplarsak;

(x+4)+(x+4)+(x+4) = 3x+12

9.Madde
0. Yanlis cevaplar
1. Dogru cevaplar: 6x+8 = 2(3x+4)
9-3x = 3(3-x)

-2x-10 = 2(-x-5)

10.Madde
0. Ayni, 3n biiyiik, n+3 biiyiik
1. n’nin aldig: farkli say1 degerlerine gore degisir
n= 0 ve n=1 i¢in n+3>3n

n>2 i¢in 3n>n+3

11.Madde
0. Yanlis cevaplar
1. Dogru cevap: 6a

ABC eskenar tiggeninin bir kenar uzunlugu 8a ise ¢evresi 24a’dir. ABC
eskenar ti¢cgeni ile KLMN karesinin g¢evreleri esit olduguna gore,
KLMN karesinin de gevresi 24a’dir. Bu durumda, KLMN karesinin bir
kenar uzunlugu 6a’dir.
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Appendix I: Turkish Summary / Tiirk¢e Ozet

CEBIR KAROSU KULLANIMININ 6. SINIF OGRENCILERININ CEBIR
BASARISI, CEBIRSEL DUSUNMELERI VE CEBIR KAROSU
KULLANIMINA ILISKIN GORUSLERI UZERINDEKI ETKILERI

GIRIS
Matematikteki 6nemli alanlardan biri de cebirdir. Cebirde sadece birkac sayiy1
degil, sayilar kiimesini diisiinmek gerekir (Palabiyik ve Akkus, 2011). Bu
nedenle, cebir aritmetikten daha soyut goriinmektedir ve Ogrenciler cebir
Ogrenme siirecinde cesitli zorluklarla karsilasmaktadirlar (NCTM, 2000). 2013
Ortaokul Matematik Ogretim Programi’nda cebir 6grenme alanna iliskin
kazanimlar ilk kez altinci smif seviyesinde yer almaktadir ve ortaokulun

sonuna kadar cebirle alakali ¢esitli kazanimlar mevcuttur. Bu sebeple, cebir

ortaokul Ogrencileri i¢cin matematigin 6nemli 6grenme alanlarindan biridir

(MEB, 2013).

Cebirsel diisiinme ise degiskenler arasindaki iliskiyi acik hale getirecek sekilde
nicel durumlar1 gdsterebilme kapasitesidir (Driscoll, 1999). Isbirlikli
o0grenmeyi tesvik eden, 6grencilerin matematiksel soylemleri ile matematiksel
fikir ve tahminlerini iletebilme firsatlari sunan siif ortamlar1 cebirsel
diisiinmeyi daha ¢ok gelistirir (Windsor, 2010). Cebirsel diisiinmenin gelisimi
bir anda olmaz. Oncelikle somut materyalleri, ardindan resimsel, grafiksel ve
son olarak sembolik gosterimlere iliskin ¢esitli gosterimleri anlamh
baglamlarda deneyimlemek Ogrencilerin cebirsel diislinmelerinin gelisimine

katki saglar (Lawrence ve Hennessy, 2002).

Cebir ortaokullarda birtakim kurallarin uygulanmasit ve belirli adimlarin
izlenmesi olarak oOgretilmekte, sadece ders kitabina bagli kalinmakta ve
O0gretmen merkezli 6gretim benimsenmektedir. Bunlarin sonucunda, 6grenciler

cebiri ezbere Ogrenmekte ve anlatilanlar1 gorsellestirememektedir. Ayrica,
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aritmetik ve cebir konular1 arasinda baglanti kurmakta da zorlanmaktadirlar

(Kaput, 1999; Watt, 2005).

Cebir 6grenme siirecindeki zorluklari ortadan kaldirmak ve &grencilerin
cebirsel diigiinmelerinin  gelisimini  saglamak i¢in somut materyaller
kullanilabilir. Matematik Ogretmenleri Ulusay Konseyi (NCTM) birgok
ogrencinin manipiilatiflerin kullanildig1 uygulamali igbirlikli 6grenmeden yarar
sagladigimi belirtmistir (NCTM, 2000). isbirlikli 6grenme ogrencilere farkli
fikirler ve sorular ile karsilasma, kendi anlamalarin1 kontrol etme ve kavramlari
daha derinlemesine algilama olanagi sunar (Mercier ve Higgins, 2013). Ayrica,
grup calismast ile isbirlikli 6grenmede Ogrenciler manipiilatif kullanarak

problemleri ¢ozdiigiinde motive olurlar ve eglenirler (Mulryan, 1994).

Ozellikle cebir karolar1 ile ogrenciler kavramlarin somut ve sembolik
gosterimleri arasinda gecis yapabilirler. Cebir karolarini kullanarak cebirsel
ifadeleri gorsel ve uygulamali olarak kesfederler ve kurallara kendi
deneyimleri sonucu ulasirlar (Okpube, 2016). Ayrica, cebir karolariyla
modelleme ogrencilerin gorsellestirme becerilerini gelistirir ve kavramsal

anlama diizeylerini arttirir (Brahier, 2016).

Bu calismanin amaci, cebir karosu kullaniminin altinci smif 6grencilerinin
cebir basarisi, cebirsel diistinmeleri ve cebir karosu kullanimina iliskin
goriisleri {izerindeki etkilerini incelemektir. 2013 Ortaokul Matematik Ogretim
Programi’nda cebir 6grenme alanina iliskin kazanimlar ilk olarak altinci sinif
seviyesinde yer almaktadir ve eger 08renciler temel cebirsel kazanimlar1 bu
siif seviyesinde iyi 6grenemezlerse, gelecek yillarda diger cebirsel kavramlari
anlamada zorlanacaklardir. Arastirmalar, Ogrencilerin ortaokulda cebir
konularmni 1yi bir sekilde 6grendiklerinde, matematik testlerinde daha yiiksek
performans gosterdiklerini ve ileri matematigi daha kolay anladiklarim
gostermektedir (Wang ve Goldschmidt, 2003). Bu yiizden materyal
kullaniminin altiner siif 6grencilerinin cebir bagarisina etkisinin aragtirilmasi

gelecek yillardaki matematik basarisi i¢in de bilgi verecektir.
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Alan yazina bakildiginda, uluslararasi ¢aligmalarda ortaokul 6grencilerine bir
bilinmeyenli lineer denklemleri ¢6zmeyi Ogretirken (Magruder, 2012;
Saraswati vd., 2016) ya da lise 6grencilerine ¢arpanlara ayirmay1 6gretirken
(Sharp, 1995; Thornton, 1995) cebir karolarinin kullanildig1 goriilmektedir.
Ayrica, polinomlarin ¢carpiminda cebir karosu kullanimiyla ilgili ¢aligmalar da
vardir (Goins, 2001; Johnson, 1993). Ancak, cebirle ilk defa karsilasan
Ogrencilerin cebir karosu kullanim ile ilgili calismalar oldukga azdir. Diger
taraftan, Tiirkiye’de cebir konularim1 6gretirken cebir karolar1 da dahil olmak
izere cesitli materyallerin kullanildig1 ¢aligmalar yer almaktadir (Akyiliz ve
Hangiil, 2013; Giirbiiz ve Toprak, 2014; Isik ve Cagdaser, 2009; Kog ve Baser,
2012; Palabiyik ve Akkus, 2011; Yildiz, 2012). Ancak, cebir karolariin tek
basina etkisinin incelendigi yeterli calisma bulunmamaktadir. Bu sebeple, bu

calismanin alan yazina katki saglayacag diistiniilmektedir.
Calismanin Amaci ve Arastirma Sorulari

Calismanin amaci, cebir karosu kullanimimin altincr sinif dgrencilerinin cebir
basarist ve cebirsel diisiinmeleri iizerindeki etkilerini incelemektir. Ayrica, bu
calisma cebir karosu kullanimina iligkin 0grenci goriislerini incelemeyi de

hedeflemektedir. Calismada asagidaki arastirma sorularina cevap aranmistir:

Cebir karosu kullanan altinc1 smif 6grencileri ile kullanmayan altinci sinif
ogrencilerinin sontest puanlar1 arasinda istatistiksel olarak anlamli bir fark var

midir?

Cebir karosu kullanan Ogrenciler ile kullanmayan Ogrencilerin cebirsel

diistinmeleri Cebir Basar1 Testi’nde nasil farklilik gostermektedir?

Altinct smif 6grencilerinin matematik derslerinde cebir karosu kullanimina

iliskin gortisleri nelerdir?
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YONTEM
Arastirma Deseni

Aragtirma sorularina cevap bulabilmek igin nicel ve nitel yoOntemler
kullanilmistir. Bu ¢alisma neden-sonug iliskisi arastirdigi igin (Fraenkel,
Wallen, ve Hyun, 2011), ilk arastirma sorusu i¢in Ontest-sontest kontrol gruplu
arastirma deseni gergeklestirilmistir. Cebir On Bilgi Testi dgrencilerin cebirsel
ifadelere iliskin var olan bilgilerini belirlemek amaciyla Ontest olarak
uygulanmistir. Ardindan, 6grenciler cebirsel ifadelere iliskin diger kazanimlari
grup calismast ile cebir karolarmi kullanarak 6grenmislerdir. Etkinliklerin
sonunda Cebir Basar1 Testi sontest olarak uygulanmustir. Ikinci ve iigilincii
arastirma sorulari igin nitel yontemler kullanilmistir. ikici arastirma sorusuna
cevap bulabilmek i¢in deney ve kontrol grubu 6grencilerinin Cebir Basari
Testi’ndeki yanitlar1 detayli bir sekilde incelenmistir. Okullarda 6grencilerin
gruplara rastgele atanmasi1 miimkiin olmadig1 i¢in, ayn1 matematik 6gretmeni
tarafindan okutulan var olan siiflar deney ve kontrol gruplarini olusturmustur.
Ontest icerdigi kazanimlar bakimindan sontestten farkli olup, cebir karosunun
etkileri sadece sontest ile incelenmistir. Ugiincii arastirma sorusu ise Cebir

Karosu Kullanimina iliskin Ogrenci Gériis Formu ile arastirilmustir.
Orneklem

Bu calismada, hedeflenen kitle Sakarya’daki biitiin altinci simif &grencileri
iken, erisilebilir kitle Hendek il¢esindeki bir devlet okuluna giden biitiin altinci
smif 6grencileridir. Bu ¢alisma 2017-2018 egitim-6gretim yilinda Sakarya’nin
Hendek ilgesinde bulunan ve arastirmaciya uygunlugu agisindan segilen bir
devlet okulunda gergeklestirilmistir. Okuldaki alti subeden ayni Ogretmen
tarafindan okutulan iki sube rastgele olarak deney ve kontrol gruplarini
olusturmustur. Deney grubunda 12 kiz ve 14 erkek 6grenci, kontrol grubunda
ise 10 kiz ve 14 erkek oOgrenci vardir. Secilen simiflardaki Ogrencilerin
matematik basarilar1 birbirine yakindir. Ogrencilerin yaslart 11-12 arasinda

degismektedir. Tablo 3.1 deney ve kontrol grubundaki Ontest ve sontest
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uygulanan &grenci sayilarini gostermektedir. Ontest ve sontest uygulanan

toplam 40 6grenci ¢alismanin 6rneklemini olusturmaktadir.

Tablo 3.1 Deney ve Kontrol Grubundaki Ontest ve Sontest Uygulanan Ogrenci

Sayilar
Gruplar Ontest Sontest Ontest N Sontest
Deney Grubu 23 23 22
Kontrol Grubu 21 20 18
Toplam 44 43 40

Veri Toplama Araclarn

Calismanin verileri aragtirmaci tarafindan gelistirilen Cebir On Bilgi Testi,
Cebir Basar1 Testi ve Cebir Karosu Kullanimina Iliskin Ogrenci Gériis Formu

araciligiyla toplanmistir.
Cebir On Bilgi Testi

Cebir On Bilgi Testi altinc1 siif 6grencilerinin cebirsel ifadelere iliskin 6n
bilgilerini 6grenmek amaciyla Ortaokul Matematik Ogretim Programi’ndaki
kazanimlara (MEB, 2013) ve alan yazina uygun olarak arastirmaci tarafindan
gelistirilmistir. Cebir On Bilgi Testi’nde yer alan cebirsel ifadelere iliskin

altinc simif kazanimlar1 Tablo 3.2 de belirtilmistir.

Tablo 3.2 Cebir On Bilgi Testi’nde Yer Alan Kazanimlar

Cebirsel ifadeler

1. Sozel olarak verilen bir duruma uygun cebirsel ifade ve verilen bir
cebirsel ifadeye uygun sozel bir durum yazar.

2. Cebirsel ifadenin degerlerini degiskenin alacagi farkli dogal say:
degerleri igin hesaplar.

Cebir On Bilgi Testi 4 acik uclu soru ve bu 4 sorunun da alt sorulari ile birlikte
toplam 15 sorudan olugmaktadir. Test deney ve kontrol grubu 6grencilerine 40
dakikalik siire igerisinde gruplar arasinda Onbilgileri agisindan fark olup

olmadigini belirlemek amaciyla ontest olarak uygulanmaigtir.
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Testin gegerliligi i¢in sorular matematik egitimi alaninda g¢alisan, biri ortaokul
matematik Ogretmeni olarak 10 yildan fazla deneyime sahip olan, iKi
arastirmaci tarafindan incelenmis ve arastirmacilarin goriislerine gore tekrar
diizenlenmigtir. Testin pilot uygulamasi 40 dakikalik siire icerisinde Hendek
ilgesinde bulunan bagka bir ortaokuldaki 55 7. simif 6grencisine 2017-2018
egitim-ogretim yilmin giiz doneminde uygulanmustir. Testteki sorular dogru
cevaplara 1, yanhs cevaplara 0 verilerek analiz edilmistir. Cebir On Bilgi
Testi’nden alinabilecek en yiiksek puan 15 ve en disik puan 0 olarak
hesaplanmistir. Testin giivenirlik katsayis1 Kuder-Richardson 21 formiilii ile

hesaplanarak 0.73 bulunmustur.
Cebir Basan Testi

Cebir Basar1 Testi altinc1 siif 6grencilerinin cebirsel ifadeler konusundaki
basarisini ve cebirsel diisiinmelerini belirlemek amaciyla hazirlanmstir.
Testteki iki soru (7 ve 10) Hart, Kiichemann, Brown, Kerslake ve Ruddock
(1985) tarafindan gelistirilen ve Altun (2005) tarafindan Tiirk¢e’ ye uyarlanan
“Chelsea Matematik Tan1 Testleri-Cebir” den alinmis ve aragtirmaci tarafindan
modifiye edilmistir. Testteki diger sorular ise Ortaokul Matematik Ogretim
Programi’ndaki kazanimlara (MEB, 2013) ve alan yazina uygun olarak
arastirmaci tarafindan gelistirilmistir. Cebir Basar1 Testi’nde yer alan cebirsel

ifadelere iligkin altinci sinif kazanimlar1 Tablo 3.9 da belirtilmistir.

Tablo 3.9 Cebirsel Ifadelere Iliskin Cebir Basari Testi’nde Yer Alan

Kazanimlar

Cebirsel ifadeler

1. Basit cebirsel ifadelerin anlamini agiklar.
2. Cebirsel ifadelerle toplama ve ¢ikarma islemleri yapar.
3. Bir dogal sayu ile bir cebirsel ifadeyi ¢arpar.

Cebir Bagar1 Testi 11 a¢ik uclu soru ve bunlardan 6 tanesinin alt sorulariyla
birlikte toplam 35 sorudan olusmaktadir. Test deney ve kontrol grubu

ogrencilerine 40 dakikalik siire icerisinde gruplar arasinda cebir basarisi ve
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cebirsel diistinmeleri agisindan fark olup olmadigini belirlemek amaciyla

sontest olarak uygulanmustir.

Cebir Basar1 Testi, hem 2013 Ortaokul Matematik Ogretim Programui cebirsel
ifadelere iliskin altinci smifta yer alan kazanimlara iliskin sorulari hem de
Ogretim programindaki kazanimlarla direk baglantili olmayip cebirsel

diisiinmeyi belirlemeyi hedefleyen sorulart igermektedir.

Testin gegerliligi igin sorular, matematik egitimi alaninda ¢alisan, biri ortaokul
matematik Ogretmeni olarak 10 yildan fazla deneyime sahip olan, iki
arastirmaci tarafindan incelenmis ve arastirmacilarin goriislerine gore tekrar
diizenlenmistir. Testin pilot uygulamast 40 dakikalik siire icerisinde Hendek
ilgesinde bulunan bagka bir ortaokuldaki 52 7. smif 6grencisine 2017-2018
egitim-6gretim yilinin giiz doneminde uygulanmistir. Testteki sorular dogru
cevaplara 1, yanlis cevaplara 0 verilerek analiz edilmistir. Cebir Basari
Testi’nden alinabilecek en yiliksek puan 35 ve en diisiik puan 0 olarak
hesaplanmistir. Testin giivenirlik katsayis1 Kuder-Richardson 21 formiilii ile

hesaplanarak 0.62 bulunmustur.
Cebir Karosu Kullanimina iliskin Ogrenci Goriis Formu

Cebir Karosu Kullanimma iliskin Ogrenci Goriis Formu 5 agik uglu sorudan
olusmaktadir ve ogrencilerin derslerde cebir karosu kullanimina iligkin
goriiglerini 6grenmek amaciyla arastirmaci tarafindan hazirlanmistir. Goriis
formunda o6grencilere daha Once materyal kullanip kullanmadiklari, cebir
karosu kullanmanin konuyu anlamalarini etkileyip etkilemedigi, cebir karosu
kullanirken karsilastiklar1 zorluklar ve grup c¢aligmalarinin cebirsel ifadeleri
ogrenmelerini etkileyip etkilemedigi sorulmustur. Ayrica, dersle ilgili
yorumlar1 ve Onerileri de alinmistir. Goriis formunun gecerliligi icin formda
yer alan sorular matematik Ogretmenleriyle ve matematik egitiminde ¢alisan
arastirmacilarla paylasilmistir. Uygulamadan sonra, goriis formunda yer alan
sorular 20-30 dakikalik siire iginde deney grubunda yer alan Ogrenciler

tarafindan cevaplandirilmistir. Goriis formu igin pilot ¢alisma yapilmamis
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ancak formdaki sorular deney ve kontrol grubunda yer almayan iki 6grenciye

okutulmustur.
Uygulama

Deney ve kontrol gruplarina cebirsel ifadelere iliskin kazanimlar (basit cebirsel
ifadelerin anlamini agiklama, cebirsel ifadelerde toplama ve ¢ikarma islemleri
yapma ve bir dogal say1 ile bir cebirsel ifadeyi carpma) ayni matematik
Ogretmeni tarafindan 7 ders saati boyunca kazandirilmaya calisilmistir. Bu
stiregte, deney grubunda cebir karolar1 somut materyal olarak kullanilirken,
kontrol grubunda kullanilmamis ve 6gretmen olagan dersini yapmustir. Ancak
Ogretmen kontrol grubundaki 6grencilere tanitmak amaciyla cebir karolarini
tahtaya c¢izerek goOstermistir. Uygulamanin ortaokul matematik 6gretim
programindaki karsiligi 7 ders saati olarak belirlendiginden arastirmaci buna
sadik kalmistir. Arastirmaci matematik derslerinde her iki grup i¢in de

siniflarda bulunarak goézlem yapmistir.
Deney Grubu Uygulamasi

Ogretmen, arastirmaci tarafindan hazirlanan ders planlarma gore hareket
etmistir. Deney grubu o6grencileri kesfetme kisminda cebir karolarmi 2-4
O0grenciden olusan gruplarda somut materyal olarak kullanmigslardir. Cebir
karolar1  Ogrencilere dagitilmis ve oOgretmen tarafindan da tahtaya
yapistirilmistir. Ayrica, derinlestirme i¢in etkinlik kagitlar1 ve degerlendirme
icin ¢ikis kartlar1 dgrencilere dagitilmistir. Ogrenciler etkinlik kagitlarindaki ve
cikis kartlarindaki sorular1 ise bireysel olarak cevaplandirmiglardir. Ogretim
yontem ve tekniklerinden soru-cevap, tartisma, grup c¢alismasi ve bireysel

calisma kullanilmistir.
Kontrol Grubu Uygulamasi

Kontrol grubu 6grencileri uygulama boyunca cebir karolarin1 somut materyal
olarak kullanmamislar ve 6gretmen olagan dersini yapmistir. Ancak 6gretmen

kontrol grubundaki O6grencilere tanitmak amaciyla cebir karolarini tahtaya
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cizerek gostermistir. Ogretim yontem ve tekniklerinden anlatim, soru-cevap,
alistirma-uygulama ve bireysel calisma kullanilmistir. Ogretmen konuyu
anlattiktan sonra konuyla ilgili 6rnek sorular ¢dzmiistiir. Ogrenciler tarafindan
anlasilmayan noktalar oldugunda 6gretmen tekrar anlatmis, ardindan da tahtaya

sorular yazarak dgrencilerin cevaplamalarini istemistir.
Veri Analizi

Bu calismada nicel ve nitel arastirma teknikleri kullanilmistir. Ik arastirma
sorusuna cevap bulabilmek i¢in nicel veri analizi kullanilirken, ikici ve ti¢lincii
arastirma sorusuna cevap bulabilmek i¢in nitel veri analizi kullanilmistir.
Puanlama anahtarlar1 aragtirmaci tarafindan hazirlanmis ve Ggrencilerin
testlerdeki  cevaplarin1  degerlendirmek i¢in  kullanilmigtir.  Puanlama
cetvellerinde dogru ve yanlis cevaplar yazilmig; 6grencilerin dogru cevaplari
“l1” olarak kodlanirken yanlis cevaplar “0” olarak kodlanmistir. Pilot
uygulamadan sonra, testlerin giivenirligini test etmek i¢in veriler analiz
edilmistir. Testlerin i¢ tutarliligmi belirlemek i¢in sorularin esit zorluk
derecesinde oldugu kabul edilerek KR21 formiili kullanilmigtir. Ana
uygulamadan sonra, ilk aragtirma sorusunu cevaplandirmak icin veriler SPSS
20 programi kullanilarak analiz edilmistir. Betimsel istatistik olarak deney ve
kontrol gruplarinin 6ntest ve sontest ortalama puan ve standard sapma degerleri
hesaplanmistir. Cikarimsal istatistik olarak, deney ve kontrol gruplarini
karsilagtirmak ig¢in Mann-Whitney U testi ve bagimsiz Orneklemler t-testi
kullanilmistir. Ikinci arastirma sorusu icin posttesteki her bir soruya verilen
yanitlar derinlemesine analiz edilmis ve &grencilerin hatalari, kavram
yanilgilar1 ve alternatif ¢oziimleri belirlenmistir. Uciincii arastirma sorusuna
cevap bulabilmek i¢in goriisme formundaki Ogrenciler tarafindan verilen
cevaplar detayli bir sekilde incelenmis ve verdikleri cevaplar kategorilere

ayrimstir.
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Varsayim ve Simirhihiklar

Bu c¢aligmada, katilimeilarin kimseden etkilenmeyerek kendi gergek fikirlerini
yansittiklart varsayilmistir. Ayrica, deney grubundaki uygulamanin ve kontrol

grubundaki 6gretimin planlandig1 gibi gerceklestigi varsayilmistir.

Calismada rastgele olmayan oOrneklem yontemi kullanilmis ve okul
aragtirmacitya uygunluguna gore se¢ilmistir. Bu durum, Orneklemin
popiilasyonu tam olarak temsil etmesini ve bulgularin genellenebilirligini
sinirlamaktadir. Ayrica, c¢aligmanin bulgular1 katilimeilar tarafindan veri
toplama araglar1 araciligiyla saglanan veriler ile sinirlidir. Milli Egitim
Bakanlig: tarafindan Ortaokul Matematik Ogretim Programi’nda uygulamanin

stiresi 7 ders saati ile sinirlandirilmis ve arastirmaci buna sadik kalmistir.
SONUC

Cebir Karosu Kullaniminin Altinc1 Simif Ogrencilerinin Cebir Basarisina

Etkisi

[k arastirma sorusuna cevap bulabilmek igin Cebir On Bilgi Testi ve Cebir

Basar1 Testi’nin betimsel ve ¢ikarimsal analizleri sunulmustur.
Cebir On Bilgi Testi Sonuglar

15 sorudan olusan Cebir On Bilgi Testi, deney grubundaki 23 dgrenciye ve
kontrol grubundaki 21 O6grenciye uygulamadan Once Ontest olarak
uygulanmistir. Bu testten alinabilecek en yiikksek puan 15 olarak
hesaplanmustir. Tablo 4.2 her iki grubun Cebir On Bilgi Testi’nden almus

olduklari puanlar1 gostermektedir.

Tablo 4.2 Her Iki Grubun Cebir On Bilgi Testi’nden Almis Olduklari Puanlar

Deney Grubu Kontrol Grubu
S 23 21
En Diisiik 0 0
En Yiiksek 15 15
Ortalama 8.61 6.95
Standard Sapma 5.42 5.56
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Tablo 4.2 de goriildigii lizere deney grubu &grencilerinin Ontestte almis
olduklar1 puanlarin ortalamasi (Ort = 8.61, SS = 5.42) kontrol grubundaki
ogrencilerin Ontestte almis olduklar1 puanlarin ortalamasindan (Ort = 6.95, SS

= 5.56) yiiksektir.

Uygulamadan &nce deney grubu ve kontrol grubu 6grencilerinin Cebir On
Bilgi Testi 6ntest puanlari arasinda anlamli bir fark olup olmadigini belirlemek
icin Mann-Whitney U Testi kullanilmistir. Tablo 4.3 Ontest puanlar1 Mann-

Whitney U testi sonuglarini géstermektedir.

Tablo 4.3 Ontest Puanlar1 Mann-Whitney U Testi Sonuglar

Mann-Whitney U Sig.

Ontest 205.500 0.395

p>0.05

Tablo 4.3 te goriildiigii gibi deney ve kontrol grubu dgrencilerinin Cebir On

Bilgi Testi Ontest puanlari arasinda istatistiksel olarak anlamli bir fark yoktur.

Ayrica, deney ve kontrol grubu ogrencilerinin Cebir On Bilgi Testi’ndeki
sorulara verdikleri cevaplar detayli bir sekilde incelendiginde, cebir 6n bilgileri
arasinda fark olmadig1 goriilmiistiir. Her iki gruptaki 6grencilerin de sorulara

verdikleri cevaplar tercih ve hata agisindan benzerdir.
Cebir Basar Testi Sonuclari

35 sorudan olusan Cebir Basar1 Testi deney grubundaki 23 6grenciye ve
kontrol grubundaki 20 Ogrenciye uygulamadan sonra sontest olarak
uygulanmistir. Bu testten alinabilecek en yiiksek puan 35 olarak
hesaplanmigtir. Tablo 4.10 her iki grubun Cebir Basar1 Testi’nden almis

olduklar1 puanlart géstermektedir.
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Tablo 4.10 Her Iki Grubun Cebir Basar1 Testi’nden Almis Olduklar

Puanlar

Deney Grubu Kontrol Grubu
S 23 20
En Diistik 1 0
En Yiiksek 34 32
Ortalama 19.65 14.85
Standard Sapma 8.51 10.32

Tablo 4.10 de goriuldigi lizere deney grubu Ogrencilerinin sontestte almis
olduklar1 puanlarin ortalamasi (Ort = 19.65, SS = 8.51) kontrol grubundaki
Ogrencilerin sontestte almis olduklar1 puanlarin ortalamasindan (Ort = 14.85,

SS =10.32) yiiksektir.

Ik arastirma sorusu “Cebir karosu kullanan altinci simf Ogrencileri ile
kullanmayan altinc1 smif 6grencilerinin sontest puanlar1 arasinda istatistiksel
olarak anlamli bir fark var midir?” Arastirma sorusuna ait su hipotez test

edilmistir:

Cebir karosu kullanan altinc1 smif &grencileri ile kullanmayan altinci sinif
ogrencilerinin Cebir Basar1 Testi sontest puanlar1 arasinda istatistiksel olarak

anlaml bir fark yoktur.

Hipotezi test etmek i¢in bagimsiz 6rneklemler t-testi kullanilmigtir. Tablo 4.11

sontest puanlari t-testi sonuglarini gostermektedir.

Tablo 4.11 Sontest Puanlar1 T-Testi Sonuglari

Deney Grubu Kontrol Grubu t degeri
Ort SS Ort SS
Sontest 19.65 8.51 14.85 10.32 1.67

p>0.05

Tablo 4.11 de goriildiigii gibi deney ve kontrol grubu ogrencilerinin Cebir
Bagar1 Testi sontest puanlar1 arasinda istatistiksel olarak anlamli bir fark

yoktur.
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Cebir Karosu Kullaniminin Altinc1 Simif Ogrencilerinin Cebirsel

Diisiinmesine EtKisi

Ikinci arastirma sorusuna cevap bulabilmek igin deney ve kontrol grubu
Ogrencilerinin Cebir Basar1 Testi’nde verdikleri yanitlar detayli bir sekilde

incelenmistir.

Deney grubu 6grencilerinin kontrol grubu 6grencilerinden daha fazla soruya
dogru yanit verdikleri goriilmiistiir. Verilen model gosterimleri i¢in cebirsel
ifadeleri yazma; verilen cebirsel ifadeler i¢in degisken, terim, sabit terim,
katsayilar ve katsayilar toplamini belirleme; verilen modellere gore cebirsel
ifadelerde toplama ve cikarma islemleri yapma; verilen cebirsel ifadelerde
toplama ve ¢ikarma islemleri yapma; verilen cebirsel ifadeleri bir dogal sayi ile
bir cebirsel ifadenin ¢arpimi bigiminde yazma ve karenin bir kenar uzunlugunu
cebirsel ifade olarak bulma sorularinda deney grubu ogrencileri kontrol grubu
ogrencilerinden daha iyi performans gostermistir. Ancak, verilen dikdoértgenin
cevresini cebirsel ifade olarak bulma; kenar sayist bilinmeyen diizglin ¢okgenin
cevresini cebirsel ifade olarak bulma ve verilen cebirsel ifadelerden hangisinin
daha biiyiik oldugunu aciklama sorularinda her iki gruptaki Ogrenciler de
yeterince iyl performans gosterememistir. Bu durum cebir karolarinin altinci
siif 0grencilerinin cebirsel diisiinmesinde sinirli ama pozitif bir etkiye sahip

oldugunu gostermektedir.
Ogrencilerin Cebir Karosu Kullanimina iliskin Goriisleri

Ucgiincii aragtirma sorusu “Altinc1 sinif dgrencilerinin matematik derslerinde
cebir karosu kullanimina iligkin goriisleri nelerdir?” Bu arastirma sorusuna
cevap bulmak igin Cebir Karosu Kullanimina iliskin Ogrenci Goriis
Formu’ndaki sorulara deney grubu o&grencilerinin verdikleri cevaplar

incelenmistir.

Ogrencilerin biiyiik cogunlugu daha &nce materyal olarak sayma pullar1 ve
kesir c¢ubuklar1 kullandiklarimi belirtmislerdir. Ayrica, Ogrenciler cebir

karolarinin “daha 1yi anlama ve 6grenme”, “daha kolay hatirlama”, “karmagik
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islemleri basitlestirme”, “daha hizli 6grenme” ve “dersleri eglenceli hale
getirme” gibi etkilerinden bahsetmislerdir. Ogrenciler genel olarak cebir
karolarin1 kullanirken ve cebir karolariyla 6grenirken herhangi bir zorlukla

kargilasmadiklarini ifade etmislerdir.

Ogrenciler grup calismasi ile ilgili olarak ise grup calismasmin eglenceli
oldugunu ve grup arkadaslariyla daha kolay 6grendiklerini belirtmislerdir. Baz1
Ogrenciler ise grup calismasinda cebir karosu kullanimi ile ilgili yorum
yapmiglar, cebir karolar1 ve grup calismasinin birlikte Ogrenmelerini

kolaylastirdigini ifade etmislerdir.
TARTISMA

Arastirmanin amaci cebir karosu kullaniminin altine1 sinif 6grencilerinin cebir
basarisi, cebirsel diisiinmeleri ve cebir karosu kullanimina iligskin goriisleri

tizerindeki etkilerini incelemektir.
Cebir Karosu Kullaniminin Cebir Basarisina Etkisi

Gruplarin Cebir Bagar1 Testi’ndeki ortalama puanlari karsilastirildiginda, t-testi
sonuclarina gore deney grubu ile kontrol grubu 6grencilerinin sontest puanlari
arasinda istatistiksel olarak anlamli bir fark bulunmamistir. Istatistiksel
analizler sonucu anlamli bir etki bulunmamasina ragmen, deney grubunun
ortalama puani kontrol grubunun ortalama puanindan yiiksektir. Bu puan

farkinda cebir karosu kullaniminin etkisi olabilir.

Bu calismanin cebir basarisina iligkin sonuglart Sharp (1995) ve Schlosser
(2010) tarafindan yapilan ¢aligmalarin sonuglariyla tutarlilik gostermektedir.
Mevcut c¢alismalarla bu calismanin arasinda 6grencilerin sinif seviyeleri ve
cebirsel konular agisindan farkliliklar olsa da, bu ¢alisma 6nceki ¢alismalarin

sonuclarint dogrulamaktadir.

Bu ¢alismada uygulamanin siiresi 7 ders saatiyle sinirlidir ve cebir karolariyla
olan bu smirh etkilesim istatistiksel olarak anlamli olmayan sonuglara neden

olmus olabilir. Larbi ve Okyere (2016) tarafindan yapilan ¢aligmada, uygulama
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dort haftadan fazla siirmiis ve cebir karosu kullanan deney grubu lehine

istatistiksel olarak anlamli bir fark bulunmustur.

Kontrol grubu o&grencileri cebir karolarmi  somut materyal olarak
kullanmamalaria ragmen, 6gretmen kontrol grubunda cebir karolarini tahtaya
cizerek gostermistir. Bu durum istatistiksel olarak anlamli olmayan sonuglarin

nedeni olabilir.
Cebirsel Diisiinme ve Gruplarda Cebir Karosu Kullanimi

Ogrencilerin puanlarma gore gruplar arasinda istatistiksel olarak anlamli bir
fark bulunmamasina ragmen, Cebir Bagsari Testi’ndeki sorularin yaklagik
yarisinda ogrencilerin  0grenmeleri agisindan nitel bir fark bulunmustur.
Derslerde cebir karosu kullaniminin bu farki yarattigi sdylenebilir. Deney
grubu oOgrencileri cebirsel ifadelerin modelle gosterimleri ve sembolik
gosterimleri arasinda gecis yapabilmislerdir. Verilen cebirsel ifadeleri analiz
edebilmisler ve cebirsel ifadelerle anlamli bir sekilde toplama-gikarma
yapabilmislerdir. Cebir karolarint somut materyal olarak kullanmalari

Ogrencilerin cebirsel diisiinmelerinin gelisimine katki saglamistir.

Deney grubu 6grencileri matematik derslerinde cebir karosu kullanmadan 6nce
sayma pullar1 ve kesir c¢ubuklarmi kullandiklarini belirtmislerdir. Eger bu
ogrenciler, matematik derslerinde o6zellikle cebir konularini 6grenirken daha

fazla materyal kullansalardi, uygulamadan daha fazla yararlanabilirlerdi.

Grup calismasi genel olarak yararl bir yontem olmasina ragmen (Koblitz ve
Wilson, 2014), grup calismasinin kisa siireli kullanimi bu ¢alismada etkilerini
gérmeyi engellemis olabilir. Ogretmenin belirttigine gore, deney grubu
ogrencileri matematik derslerinde daha 6nce grup ¢alismasi yapmamislardir.
Ogrenciler cebirsel ifadeleri dgrenirken ilk kez kesfetme asamasinda grup
calismast yaptiklar1 i¢in, bu siire aligma siireci olarak diisiiniilebilir. Bu
nedenle, 6grenciler daha uzun siire ya da bu ¢alismadan 6nce grup caligsmasi

yapsalardi, farkli sonuglar elde edilebilirdi.
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Ogrencilerin Cebir Karosu Kullanimina ve Grup Calismasina Iliskin

Goriisleri

Bu c¢alismadaki 6grenciler daha 6nce cebir karosu gérmemis ve kullanmamiglar
ve bu sebeple, ilk gordiiklerinde sasirmislardir. Baslangicta, bazi 6grenciler
hangi rengin pozitif, hangi rengin negatif oldugunu ve hangi par¢anin x’1i hangi
parganin 1’1 temsil ettigini karistirmislar ancak ogrendikten sonra cebir
karolarini kullanirken zorlanmamislardir. Ayrica, 6grenciler derslere katilmaya
istekli olmus ve cebir karosu kullanirken aktif olmuslardir. Pasif 6grenciler bile
cebirsel ifadeleri cebir karolariyla modellemeye calismis, grup ¢alismalari ve
ikili galigmalara katilmis, modellerini tahtada gostermislerdir. Ogrencilerin
cogu cebir karosu kullanirken eglenmislerdir. Hicbir 6grenci cebir karolarini
oyuncak olarak goriip oynamamis, cebir karolariyla cebirsel ifadeleri

O6grenmeye yogunlasmislardir.

Onceki c¢alismalarda, Ogrenciler cebir karolarin1 kullandiklarinda cebir
konularindaki performanslarinda istatistiksel olarak anlamli farkliliklar
bulunmamasina ragmen, cebir konularmi anlamli 6grenmelerinde cebir
karolarinin etkilerinden s6z etmislerdir. Yildiz (2012)’in nitel durum
caligmasinda, Ogrenciler hem oynadiklarindan hem de konulari daha iyi
ogrendiklerinden bahsetmislerdir. Ad1 gecen calismalarin bulgularinin tamami
bu calismanin bulgulariyla tutarlilik gostermektedir. Bu calismada da deney
grubu Ogrencileri cebir karolar1 yardimiyla konular1 daha hizli 6grendiklerini

ve daha kolay hatirladiklarini belirtmislerdir.

Balt (2017)’ 1n ¢alismasinda da bahsedildigi gibi, 6grenciler grup ¢alismasinin
anlamalarin1  kolaylastirdigini - sOylemislerdir. Webb ve Farivar (1994)
ogrencilerin grup calismasi ile yeni bir konu Ogrenirken, grup arkadaslari
anlamadiklarinda fark ettiklerinden ve onlara konuyu acgiklayarak kavram
yanilgilarim1  diizeltebileceklerinden bahsetmiglerdir. Bu durum deney
grubundaki uygulama sirasinda gbzlenmis ve bazi 6grenciler de grup ¢aligmasi
sirasinda grup arkadaslarina anlamalar i¢in yardim ettiklerini sdylemislerdir.

Grup calismasi ile isbirlikli d6grenmede Ogrenciler manipiilatif kullanarak
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problemleri ¢6zdiigiinde motive olurlar ve eglenirler (Mulryan, 1994). Bu
calismada Ogrenciler hem cebir karosu kullanirken hem de grup calismasi

yaparken eglendiklerinden bahsetmislerdir.
Oneriler

Bu calismada bir okuldaki bir deney ve bir kontrol grubu yer almistir. Ileride
yapilacak caligmalarda, bir grup grup ¢alismasinda cebir karosu kullanacak
sekilde, bir grup grup ¢alismasi olmadan cebir karosu kullanacak sekilde ve bir
grup da hem cebir karosu kullanim1 hem de grup ¢alismasi olmayacak sekilde
lic gruba yer verilebilir. Bu ¢aligmada konunun 6gretim siiresi 7 ders saatiyle
siirhdir. ileride yapilacak calismalarda uygulama siiresi arttirilabilir. Bu
calismada veriler sadece Ogrencilerden toplanmustir. Ileride yapilacak
caligmalarda cebir karolarinin 6grencilerin cebir basarisin1 nasil arttiracagina
iligkin veriler hem 6grencilerden hem de bu 6grencilerin 6gretmenlerinden
toplanabilir. Bu ¢aligmada cebir karosu kullaniminin 6grencilerin cebir basarisi
ve cebirsel diistinmeleri tizerindeki etkileri incelenmistir. Cebir karosu
kullaniminin 6grencilerin cebire iliskin kavramsal anlama diizeyleri tizerindeki
etkileri de incelenebilir. ileride yapilacak calismalarda dgrencilerle goriismeler
yapilabilir ve tutum ve motivasyonlari da incelenebilir. Bu ¢alismada cebir
karolar1 sadece kesfetme asamasinda kullanilmis olup, ileride yapilacak

calismalarda degerlendirme asamasinda da kullanilabilir.

Matematik Ogretmenleri bu calismadaki ders planlarini, ders planlarinda yer
alan etkinlik kagitlarmi ve Cebir On Bilgi Testi ile Cebir Basar1 Testi’ni
kullanabilir ya da bunlardan yararlanarak kendi kaynaklarmi olusturabilirler.
Gorlis formunda ogrenciler cebirsel ifadeleri Ogrenirken cebir karosu
kullanmayr sevdiklerini belirttikleri  diisliniildiigiinde, 6gretmenler cebir
konularini igeren derslere cebir karolarini entegre edebilirler ve ortaokullarda
cebirsel kavramlarin 6gretiminde bulus yoluyla 6grenme ve isbirlik¢i 6grenme
yontemlerini kullanabilirler. Ayrica, matematik 6gretmenligi programinda,
O0gretmen adaylariin ortaokulda cebir konulari 6gretirken cebir karosu ve

diger manipiilatifleri hazirlama ve kullanma becerilerini gelistirmeye yonelik
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derslere yer verilebilir. Ogrenciler ve dgretmenler icin hazirlanan kitaplarda
cebir konularinda cebir karosu kullanmayr tesvik edecek etkinliklere yer

verilebilir.
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Appendix J: Tez Fotokopisi Izin Formu

ENSTITU

Fen Bilimleri Enstitisi

Sosyal Bilimler Enstitlist i

Uygulamali Matematik Enstitlist

Enformatik EnstitUsu

Deniz Bilimleri Enstitlsu

YAZARIN
Soyadi : Caylan
Adi  : Blsra

Bolimii : ilkégretim Fen ve Matematik Alanlari Egitimi

TEZIN ADI (ingilizce) : The Effects of Using Algebra Tiles on Sixth Grade Students' Algebra
Achievement, Algebraic Thinking and Views about Using Algebra Tiles

TEZIN TURU : Yiiksek Lisans - Doktora |:|

1. Tezimin tamami diinya capinda erisime acilsin ve kaynak gosterilmek sartiyla tezimin bir
kismi veya tamaminin fotokopisi alinsin.

2. Tezimin tamami yalnizca Orta Dogu Teknik Universitesi kullancilarinin erisimine agilsin. (Bu
secenekle tezinizin fotokopisi ya da elektronik kopyasi Kiitiiphane araciligi ile ODTU disina
dagitilmayacaktir.)

3. Tezim bir (1) yil sireyle erisime kapal olsun. (Bu segenekle tezinizin fotokopisi ya da
elektronik kopyasi Kiitiiphane araciligi ile ODTU disina dagitilmayacaktir.) -
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