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ABSTRACT

AN INVESTIGATION OF PRIVATE MIDDLE SCHOOL
STUDENTS’ COMMON ERRORS IN THE DOMAIN OF AREA AND
PERIMETER AND THE RELATIONSHIP BETWEEN THEIR GEOMETRY
SELF-EFFICACY BELIEFS AND BASIC PROCEDURAL AND CONCEPTUAL
KNOWLEDGE OF AREA AND PERIMETER

Orhan, Nagehan
M.S., Department of Elementary Science and Mathematics Education
Supervisor: Assist. Prof. Dr. Cigdem HASER
Co-Supervisor: Assoc. Prof. Dr. Mine ISIKSAL BOSTAN

July 2013, 143 pages

The purposes of the present study were to investigate private middle school
students’ procedural and conceptual knowledge in the domain of area and perimeter
of geometric figures and to examine the most common errors in their knowledge.
Private middle school students’ geometry self-efficacy throughout the grade levels
was also investigated. The other specific interest of the study was to examine how
students’ conceptual and procedural knowledge aspects of area and perimeter of

geometric figures changed with respect to their geometry self-efficacy.

The study was conducted during the second semester of the academic year

2011-2012. The sample was consisted of 111 private middle school students from a
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private elementary school in Cayyolu district in Ankara. Data were collected through
procedural and conceptual knowledge tests prepared by the researcher and geometry
self-efficacy scale developed in a previous research. In order to examine the
relationship between geometry self-efficacy beliefs of students and their procedural
and conceptual knowledge, Pearson product-moment correlation analyses were run.
One-way ANOVA was used to investigate how self-efficacy, procedural knowledge,

and conceptual knowledge changed according to grade levels separately.

The results of data analysis indicated that private middle school students had
common errors and misconceptions about area and perimeter concepts. ANOVA
results revealed that there were no statistically significant differences in private
middle school students’ procedural knowledge and self-efficacy belief scores in
terms of grade levels. However, there was a significant difference in conceptual
knowledge scores of private middle school students. Moreover, according to Pearson
Product Moments Correlation results, there was significant correlation among
students’ procedural knowledge, conceptual knowledge and self-efficacy belief

Scores.

Keywords: Procedural Knowledge, Conceptual Knowledge, Self-Efficacy, Area,

Perimeter, Error



0z

OZEL ORTAOKUL OGRENCILERININ ALAN VE CEVRE KONUSUNDAKI
TiPIK HATALARININ VE GEOMETRIYE YONELIK OZ-YETERLIK
INANISLARI iLE ALAN VE CEVRE KONUSUNDAKI ISLEMSEL VE
KAVRAMSAL BIiLGILERI ARASINDAKI ILISKININ INCELENMES]

Orhan, Nagehan
Yiiksek Lisans, Ilkdgretim Fen ve Matematik Alanlar1 Egitimi Béliimii
Tez Yoneticisi: Yrd. Dog. Dr. Cigdem HASER
Ortak Tez Yoneticisi: Dog. Dr. Mine ISIKSAL BOSTAN

Temmuz 2013, 143 sayfa

Bu calismanin temel amac1 ortaokul 6., 7. ve 8. siif 6grencilerinin geometrik
sekillerin alan1 ve ¢evresi konusundaki islemsel ve kavramsal bilgilerinin ne diizeyde
oldugunu arastirmak ve bu bilgileri 6lgen testlerdeki tipik hatalarini incelemektir.
Ayrica, dgrencilerin geometriye yonelik 0z-yeterlikleri de smif seviyesine gore
incelenmistir. Bu calismanin diger bir amaci da, 6grencilerin alan ve gevre
konusundaki igslemsel ve kavramsal bilgilerinin geometriye yonelik 6z-yeterliklerine

gore nasil degistiginin incelenmesidir.

Bu calisma 2011-2012 oOgretim yilmin 2. doneminde gergeklestirilmistir.

Calismaya Ankara ilinin Cayyolu semtinde bulunan 6zel bir ortaokuldan 111
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ortaokul 6.,7. ve 8. sif 6grencisi katilmistir. Veriler, alan ve ¢evre konusundaki
islemsel ve kavramsal bilgileri 6l¢en basari testleri ve geometriye yonelik 6z-yeterlik
inanislar testi ile toplanmistir. Ogrencilerin geometriye yonelik 6z-yeterlik inanislari
ile islemsel ve kavramsal testlerdeki basarilar1 arasindaki iliskiyi incelemek amaciyla
Pearson carpim-moment korelasyon analizi kullanilmistir. Ogrencilerin geometriye
yonelik 6z-yeterlik inaniglarinin, alan ve ¢evre konusundaki islemsel ve kavramsal
bilgilerinin sinif seviyesine gore nasil degistigini incelemek amaciyla da tek yonlii

varyans analizi kullanilmistir.

Veri analizi sonuglarina gore, 6., 7. ve 8. smif 6grencilerinin alan ve cevre
konusunda bir takim hatalara ve kavram yanilgilarina sahip olduklar1 goriilmiistiir.
Ogrencilerin islemsel bilgipuanlar1 ve geometriye yonelik &z-yeterlikinanis
puanlarinin sinif seviyesine gore anlamli bir sekilde degismedigi ancak kavramsal
bilgi puanlarinin degistigi bulunmustur. Bunun yaninda yapilan korelasyon analiz
sonuglar1 6., 7. ve 8. smf Ogrencilerinin geometriye yonelik 6z-yeterlik inanig
puanlari, islemsel bilgileri ve kavramsal bilgileri arasinda anlamli ve pozitif yonde

bir iligki bulundugu goriilmiistiir.

Anahtar Kelimeler: Islemsel Bilgi, Kavramsal Bilgi, Oz-Yeterlik, Alan, Cevre, Hata
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CHAPTER 1

INTRODUCTION

Mathematics is important in the education of children since it forms a base for
science and technology (MoNE, 2005) and a tool which gives opportunity and
options for people’s futures (NCTM,2000). It is important to learn mathematics with
understanding (Hiebert & Carpenter, 1992).Understanding mathematics is not only
gaining some basic skills or concepts, but also building relationships between them.
This is a highly complex process which is possible when proper ideas exist and new
connections are formed (Lehrer, 1999 as cited in Van De Walle, 2007). Therefore,
when a new mathematical knowledge is understood, this knowledge provides a base
for the new learning and can be implemented in different areas. In this respect,

knowledge types are important in mathematics education.

Hiebert (1986) referred knowledge types in mathematics as conceptual and
procedural knowledge. Hiebert and Lefevre (1986) described conceptual knowledge
as “rich relationships and web of ideas”, whereas procedural knowledge was
described as “rules and step-by-step procedures used in doing mathematical tasks and
symbolism used to represent mathematics” (p.3). Hiebert and Lefevre (1986) argued
that these two types of knowledge cannot be totally separated from each other.
Linking procedural and conceptual knowledge has been the main goal of mathematics
education. As a result of this, several studies were conducted about types of

knowledge.

Studies have addressed conceptual and procedural knowledge in different
aspects such as the relationship between them, the interaction between them, their
development, and their importance (Hapaasalo & Kadijevich, 2000; Rittle-Johnson &
Siegler, 1998; Siegler, 1991; Siegler & Crowley, 1994; Star, 2005). Researchers have

claimed that procedural and conceptual knowledge, which are important elements in

1



mathematical understanding, are positively correlated (Hiebert & Lefevre, 1986;
Rittle-Johnson & Siegler, 1998). The knowledge of the mathematical concepts
depends on the context and topics and the development of the knowledge types and
the interaction between them (Johnson & Siegler, 1998). Therefore, it is more

meaningful to investigate the development of knowledge types on basis of topics.

Considering the mathematical strands, “geometry” and “measurement” have
an important place in mathematics curriculum (Tan, 2010). Geometric figures are
mostly seen in peoples’ life, in everywhere as separate or combined figures (Ozsoy,
2003). Geometry is important in mathematics education because geometric objects
are in real life and geometry is used in science and technology, in mathematical
modeling, and problem solving (Aksu, 2006). Similarly, measurement is significant
because of its well-known importance in quantifying the word (Hart, 1984), in

science, and in everyday experience (Lehrer, 2003).

Besides its considerable involvement in the daily life, measurement supports
learning opportunities for students in domains such as, operations, functions,
statistics, fractions, and geometry (NCTM, 2000). Therefore it is seen as a bridge
across mathematical strands (Clements & Battista, 2001). Most specifically, it
connects two main areas of mathematics: geometry and numbers (Clements, 1999;
Kilpatrick, et al., 2001).

Considering the relationship between measurement and geometry, Van De
Walle (2012) claims that measurement is important for the development and
understanding of perimeter, area, and volume formulas since they require an
understanding of the shapes and relationships. The prosperities of geometric shapes
and the relationships between them can be examined in two dimensions: (i) together
with measure, called as “measurable geometry”; and (i1) without a measure, called as
“non-measurable geometry” (Kiiltiir & Kaplan, 2002). Since measure is used in the
concepts of perimeter, area, and volume, these are accepted in the dimension of
measurable geometry (Dagli, 2010).For example; the proof of the area of the triangle
is a non-measurable geometric activity although the application of this formula is a

measurable geometric activity (Altun, 2008). Since measurement and geometry
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involve several concepts, it is probable that students might have misunderstandings

in these topics as shown in many studies.

In mathematics education, several terms have been used to express students’
problems in mathematics learning. For example, “difficulty” was the most
comprehensive one and it addressed the general problems in learning (Bingdlbali &
Ozmantar, 2009). However, this term seems to be most general to understand
students’ learning problems. Therefore, the terms “error” and “misconception” was

used to express students’ difficulties in more detail.

According to Luneta and Makonye (2010), an error is a mistake or inaccuracy
and a deviation from accuracy. There are unsystematic errors which are unintended
and producing non-recurring incorrect answers (e.g. while calculating the perimeter
of a square whose one side is 6 cm, finding the answer as 25)and there are systematic
errors which produce current incorrect answers (Riccomini, 2005).It was pointed out
that misconceptions are students’ conceptions that produce systematic errors (Smith,
diSessa & Roschelle, 1993). Misconception (e.g. the thought that when the two
figures are combined, the perimeter of the combined figure is equal to the sum of the
perimeters of figures separately) means “the perception of concepts by students in a
different way than their scientifically accepted definitions” (Kesan & Kaya, 2007, p.
27). In this respect, error and misconception are related, but they are different. Errors
can be seen from learners’ products; however misconceptions can be hidden even in
correct answers. Therefore error could be regarded as the conclusion of the
misconception (Kesan & Kaya, 2007). According to Eryillmaz and Stirmeli (2002) all
misconceptions could be accepted as errors; however not all errors could be accepted

as misconceptions.

Students have common misconceptions and errors in certain mathematics
topics and area and perimeter is one of them. Comparison and assessment studies
such as TIMMS and NAEP showed that students performed poorer in understanding
of area and perimeter concepts than in any other topic in the curriculum (Thamson &
Preston, 2004). In the literature most studies investigated that area and perimeter of

geometric figures are the most problematic topics in which students have more
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difficulties and problems than any other topic(Chappell & Thompson, 1999;
Woodward & Byrd, 1983).Specifically, students seemed to have difficulty in
understanding and relating measurement to geometry concepts and utilizing them in
solving non-routine problems since they memorized rules and the formulas for the
area and perimeter of the geometric shapes (Dagli, 2010; Kennedy & Lindquist,
2000).Middle school students, regardless of grade level, have been reported to have
lack of conceptual and procedural knowledge about area and perimeter concepts
(Kidman & Cooper, 1997). Seventh grade students have confused the perimeter and
area concepts and have thought that there was a linear relationship between them
(Moreira& Contente, 1997). Similarly, middle school students in Turkey have been
deduced to have errors and misconceptions especially in perimeter and area concepts
and their formulas (Emekli, 2001; Tan Sisman & Aksu, 2009).

It is important to support procedural knowledge with conceptual knowledge
for a deeper understanding of mathematics (Aksu, 1994; Noss & Baki, 1996). There
are several concepts in the study of measurement in geometric shapes (e.g. perimeter,
surface area). Therefore, it is significant to gain both procedural and conceptual
knowledge in the scope of measurement and geometry. Considering the previous
findings, one of the aims of this study is to investigate students’ procedural and
conceptual knowledge in the domain of area and perimeter in order to have a better

picture of their understanding of these concepts.

The other concern of this study is students’ self-efficacy. Self-efficacy is
defined as, “people’s judgments of their capabilities to organize and execute courses
of action required to attain designated types of performances” (Bandura, 1986, p.
391). In the literature, there are several studies concerning the relationship between
self-efficacy and mathematical knowledge, self-efficacy and mathematics self-
efficacy or geometry self-efficacy. In some studies, it is suggested that self-efficacy
is primarily a domain-specific (which means performing specific tasks, e.g. a
geometry task) construct (Pajares, 1996). As a result of this, Schunk (2008) reported
that “it is important to mention about self-efficacy for concluding from solving
fractions, equations, geometry problems and so on” (p. 106). Therefore, in the

present study, self-efficacy will be investigated in terms of geometry with a specific
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task in the domain of area and perimeter. There is no study in the accessible literature
investigating the relationship between self-efficacy and mathematical knowledge or
geometry knowledge in terms of conceptual knowledge and procedural knowledge.
As stated previously, since mathematical knowledge consists of both procedural and
conceptual understanding and since self-efficacy and mathematical knowledge is
mostly related, it is important to examine students’ procedural and conceptual

knowledge in relation to their self-efficacy.
1.1.Purpose of the Study

The main purpose of this study was to investigate the relationship between
private middle school students’ geometry self-efficacy and their basic procedural and
conceptual knowledge in the domain of area and perimeter. Moreover, their common
errors in area and perimeter tasks were also investigated. One specific interest of this
study was to examine how students’ performance in conceptual and procedural

aspects of area and perimeter changes with respect to their geometry self-efficacy.
1.2.Research Questions

1. What is private middle school students’ (6", 7" and 8" grade) performance on
the conceptual and procedural knowledge tests about area and perimeter?

2. How does private middle school students’ (6", 7" and 8" grades) basic
procedural and conceptual knowledge in the domain of area and perimeter
change through the grade levels?

3. What are the most common errors of private middle school students (6", 7" and
8" grades) in the domain of area and perimeter?
3.1.What are the most common errors of private middle school students (6", 7"

and 8" grades) about area and perimeter in procedural knowledge test?

3.1.1. What are the most common errors of private middle school (6", 7™
and 8" grades) about perimeter of the square, rectangle and
parallelogram?

3.1.2. What are the most common errors of private middle school (6", 7

and 8" grades) about perimeter of the irregular figures?



3.1.3. What are the most common errors of private middle school students
(6" 7™ and 8™ grades) about area of square, rectangle and
parallelogram?

3.1.4. What are the most common errors of private middle school students
(6™ 7" and 8" grades) about area of the polygon which is the
combination of regular geometric shapes?

3.2.What are the most common errors of private middle school students (6", 7
and 8" grades) about area and perimeter in conceptual knowledge test?

3.2.1. What are the most common errors of private middle school students
(6™ 7" and 8" grades) about area of irregular geometric shapes?

3.2.2. What are the most common errors of private middle school students
(6™ 7" and 8™ grades) about surface area?

3.2.3. What are the most common errors of private middle school students
(6™ 7" and 8" grades) about area and perimeter of geometric shapes?

4. What is the geometry self-efficacy belief level of private middle school students?
5. How do private middle school students’ (6", 7" and 8" grades) geometry self-
efficacy belief levels change through the grade level?

6. Is there a significant relationship between private middle school students’ (6", 7"
and 8" grades) geometry self-efficacy beliefs, and their basic procedural and
conceptual knowledge in the domain of area and perimeter?

6.1. Is there a significant relationship between private middle school (6™, 7" and
gt grades) students’ geometry self-efficacy and their basic procedural knowledge in

the domain of area and perimeter?

6.2. Is there a significant relationship between private middle school (6", 7" and
gt grades) students’ geometry self-efficacy and their basic conceptual knowledge in
the domain of area and perimeter?

6.3. Is there a significant relationship between private middle school (6™, 7" and
gt grades) students’ basic procedural knowledge and basic conceptual knowledge in

the domain of area and perimeter?



1.3.Significance of the Study

It is important in mathematics education that students build relationships
between the mathematical concepts and related arithmetic skills (MoNE, 2013).
From this respect, there have been several studies conducted in terms of conceptual
and procedural knowledge in different subject domains. However, not many studies
examined the nature of conceptual and procedural knowledge on the same concept in
different grade levels and its change through the grade levels in private middle
school schools in Turkey. Therefore, this is the one of the main significance for the

present study.

Geometry and measurement are one of the important learning areas in the
elementary mathematics curriculum (Dagli, 2010; Tan, 2010). It is important to pay
more attention to geometry and measurement in schools (NCTM, 2000 as cited in
Smith, Silver & Stein, 2005). Although there are several studies about geometry and
measurement concepts such as perimeter, area, volume, angle, time in the
literature(i.e. Tan, 2010), it is important to examine the extent to which students’
procedural and conceptual knowledge are changed in the domain of area and
perimeter as in the present study. Several studies have been conducted on students’
understanding of area and perimeter; however, not many studies have examined
students’ basic conceptual and procedural knowledge in elementary grades at once.

Therefore, the present study addresses these as main concerns.

Students’ self-efficacy beliefs have been investigated in various academic
areas, including mathematics (Hacket, 1985; Hackett & Betz, 1989; Pajares& Miller,
1994, 1995). Relationships between mathematics self-efficacy beliefs and
mathematics performance, geometry performance, and attitudes toward mathematics,
have been studied by several researchers. However, as in the present study, there has
not been a specific study examining the relationship between self-efficacy and
conceptual and procedural knowledge in the domain of area and perimeter separately
in the accessible literature. Specifically, the extent of students’ performance in
conceptual and procedural aspects of area and perimeter concepts in relation to their

self-efficacy beliefs has not been investigated much. Therefore, this is the one of the
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main concern of the present study. From this respect, carrying out the present study
might be beneficial for teachers in order to design conceptually or procedurally
oriented lessons in terms of different subject matters and according to their students’

self-efficacy beliefs.

In the light of the mentioned gaps in the mathematics education research
literature, investigation of private middle school students’ main conceptual and
procedural knowledge in area and perimeter concepts and the relationship between
geometry self-efficacy beliefs and conceptual and procedural knowledge is likely to
provide an initial attempt in understanding the nature of this aspect of mathematics

education.
1.4.My Motivation for the Study

| have been working as a private middle school mathematics teacher in a
private school in Ankara. Although this is my third year as a mathematics teacher, |
had a chance to see students in all grade levels from 4™ grade to 8™ grade. While |
was teaching the concept “area and perimeter” in different grade levels, | realized
that most students had difficulty in these concepts in line with the literature. They
had problem with formulas. | have realized that they had memorized all formulas
related to area and perimeter of geometric figures without constructing any meaning.
Although they were aware that they knew only formulas but not meaning of the area
and perimeter, they ignored this fact. Therefore, I wanted to examine how the
knowledge of these common concepts changes in private middle school students as
they progress through the grades. I think this study will help me and other teachers in
designing lessons more carefully for each grade level based on the knowledge that
should be strengthened. In my opinion it might also provide several viewpoints for

curriculum developers.

Moreover, | have realized that students feel themselves good at mathematics
if they know all the formulas about the concepts. For example, one of my students
told me that she did not believe that she was good at mathematics although she got

high points from mathematics examinations. When | asked her the reason, she said



that when she knew the formulas and the other things that could be memorized; she
got high points from the mathematics examinations. She thought that her
mathematics was not good if she could not make connections between concepts. At
that time | thought that a study which examined how students’ performance in
conceptual and procedural aspects of area and perimeter changed with respect to
their geometry self-efficacy could help teachers to observe students more carefully
and design more thorough lessons. In my opinion, understanding students’
performance in conceptual and procedural aspects of area and perimeter with respect
to their geometry self-efficacy may help in organizing well-communicated lessons

and meaningful experiences for students.
1.5.Definitions of the Important Terms

The constitutive and operational definitions of the important terms in research

questions are given below.

Procedural knowledge was defined by Hiebert and Lefevre (1986) as “the
knowledge which contains rules and step-by-step procedures used in doing
mathematical tasks and symbolism used to represent mathematics” (p. 25). In this
study, the term procedural knowledge was used as the knowledge type that helped in
applying the formulas to calculate area and perimeter of given figures successfully.

Conceptual knowledge was defined by Hiebert and Lefevre (1986) as “the
knowledge which contains rich relationships and web of ideas” (p. 25). In this study,
the term conceptual knowledge was used as building relationships between area and
perimeter of given figures and stating ideas related to the meaning of area and

perimeter.

Basic conceptual and procedural knowledge was defined specific to the study
as the procedural and conceptual knowledge in area and perimeter of regular and
irregular shapes, rectangular, square, triangle, and parallelogram. This knowledge
was measured by the Procedural Knowledge Test (PKT) and Conceptual Knowledge
Test (CKT) developed by the researcher based on the literature and previously

designed instruments.



Self-efficacy was defined by Bandura (1986) as, “People’s judgments of their
capabilities to organize and execute courses of action required to attain designated
types of performances” (p. 391). In this study, geometry self-efficacy has been the
focus and it was defined as students’ evaluations of their capabilities to organize and
perform certain actions required to manage specific geometric tasks or problems
successfully(Dursun,2010).In this study, geometry self-efficacy scores of participants
were measured by Geometry Self-Efficacy (GSE) Scale which was developed by
Cantiirk-Giinhan and Baser (2007).

Private middle school students were the students who were in 6“‘, 7" and

8"grades in a private school.

Area was defined as “the two dimensional space inside a region” (Van De

Walle, 2007, p. 383).

Perimeter was defined as the “the distance around a region” (Van De Walle,
2012, p. 380).

Error was defined as “a mistake or inaccuracy and a deviation from
accuracy” (Luneta & Makonye, 2010).In this study the term error was used as the
incorrect answers made as a result of having the lack of knowledge or probable

misconceptions.
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CHAPTER 2

LITERATURE REVIEW

The purpose of the present study was to investigate private middle school
students’ procedural and conceptual knowledge in the domain of area and perimeter
and to examine most common errors in their knowledge. The other specific interest
of the study was to examine how students’ conceptual and procedural knowledge
aspects of area and perimeter changes with respect to their geometry self-efficacy.
Moreover, private middle school students’ procedural knowledge, conceptual
knowledge and geometry self-efficacy throughout the grade levels was also

investigated.

In the following part, the literature review of the present study is presented.
Based on the content and main objectives of the study, this chapter is classified into
four sections: related studies on definitions about procedural and conceptual
knowledge and relationships between them, area and perimeter and most common
errors in these concepts, self- efficacy toward geometry, and a summary of the

literature review.
2.1. Procedural and Conceptual Knowledge

Procedural and conceptual knowledge of mathematics has been debated
through the years among mathematics researchers (Hiebert, 1986). Several learning
theories have shown the importance of understanding the role of knowledge in
learning process (Rittle-Johnson, 1999). Schneider and Stern (2006) state that there
are two types of knowledge which shape understanding. The first one is knowledge
of concepts; the second one is knowledge of procedures in a domain. Linking and
developing knowledge of procedures and concepts are required for gaining

mathematical competence (Bisanz & Lefevre, 1992). Hiebert and Carpenter (1992, as
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cited in Tan, 2010) explain the importance of connection and relationship between

kinds of knowledge as:

A mathematical idea or procedure or fact is understood if it is part of an
internal network...The degree of understanding is determined by the number
and the strength of the connections. A mathematical idea, procedure, or a fact
is understood thoroughly if it is linked to existing networks with stronger or

more numerous connections (p.67).

Similarly, Van De Walle (2007) addresses that conceptual and procedural knowledge
should be taught in relation to each other since when one is missing, the rest would
result in errors and lack of enjoyment for students.

2.1.1. Definitions of Procedural and Conceptual Knowledge

As stated in the previous chapter, knowledge types have become one of the
important issues in learning process over the years and different terminologies have
been used by several researchers. For example Resnick (1982) mentioned about
“semantics” and “synax”.Shulman (1986) named the knowledge as “knowing that”
and “knowing why”, whereas Anderson (1983) addressed “knowing that” as
“declarative knowledge” and “knowing why” as “procedural knowledge”. Piaget
(1978) labeled the knowledge as ‘“conceptual understanding” and “successful
action”. Gelman and Meck (1983) called knowledge as “conceptual competence
(knowledge of principles)” and  “procedural competence (procedure
performance)”.Finally, as used in the present study, Hiebert and Lefevre (1986)

categorized as “conceptual knowledge” and “procedural knowledge”.

Hiebert and Lefevre (1986) defined the conceptual knowledge as connected
web of ideas which addressed relationships and connections between ideas.
According to Hiebert and Lefevre (1986) the quality of the conceptual understanding
depends on the creations of new connections and relationships of these connections
with existing ideas. As a support to this idea, Broody et al. (2007) stated that when a
new idea was assimilated into existing schemas, development of conceptual

knowledge was enhanced. Moreover, Kilpatrick et al., (2001, as cited in Tan, 2010)
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argued that a conceptual mathematical understanding required knowing the
importance of a mathematical idea, applying the idea in different contexts and
making an organization between the existing and new ideas. Furthermore, Schneider
and Stern (2004, p.2) addressed conceptual knowledge as “the knowledge of the core
concepts and principles and their interrelations in a certain domain.” They see
conceptual knowledge as the knowledge which can be generalized for several types

of problems in a domain.

Procedural knowledge, on the other hand, was defined as the knowledge of
rules and step-by-step procedures used in performing mathematical tasks and the
symbols used to represent mathematics by Hiebert and Levefre (1986). They
categorized procedural knowledge in two parts. First one is the familiarity with the
symbolic representations of mathematics or being aware of the mathematical
symbols and the rules, whereas second one is the use of algorithms and rules.
Furthermore, in contrast to Schneider and Stern’s (2004) perception of conceptual
knowledge mentioned above, they held procedural knowledge as “the knowledge of
operators and the conditions under which these can be used to reach certain goals”
(p.2). As a result of this, procedural knowledge is seen as tied to specific problem
types. Although procedural and conceptual knowledge is defined separately, their

importance for each other was discussed in most studies.
2.1.2. Connection between Procedural and Conceptual Knowledge

Star (2000) asserts that since the conceptual knowledge required a more
meaningful and deep thinking process, it is accepted as more important in the field of
mathematics education. On the other hand, Van de Walle (2007) stated the
importance of procedures as “Computational procedures offer opportunity to see how
understanding differs from one child to another” (p. 25). However, Star (2002, as
cited in Tan, 2010) concluded that conceptual knowledge would not only address
what was known but also the ways that concepts would be known. Similarly,
procedural knowledge indicated not only what was known about procedures, but also
the ways those procedures could be known (superficially, without rich connections).

Moreover Baroody, et al., (2007) asserted that procedural knowledge could not be
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separated from conceptual knowledge. Although Baroody, et al. and Star (2000) have
a common opinion on the characterization of knowledge types, they contradicted
with the definition of procedural knowledge. Baroody, et al. claimed that conceptual
knowledge is necessary for the procedural knowledge whereas Star (2007) claimed

that procedural understanding would not require conceptual knowledge.

Procedural knowledge of a principle together with its conceptual base enables
students to transfer their knowledge in similar problems (Hiebert & Lefevre, 1986).
To put it differently, integration of the conceptual and procedural knowledge results
in better usage of procedures (Carpenter, 1986). If procedures are given with the
conceptual base, students are able to give meaning to formulas and symbols, as a
result they gain deep understanding about what they are doing (Hiebert & Lefevre,
1986). Furthermore, Kilpatrick, et al. (2001) stated that when students learn
procedures without understanding, they are likely to have difficulty in understanding
the reasons behind the procedures. Similarly, if students do not have sufficient
procedural fluency, they may experience problems in understanding and solving

problems.

Some studies have addressed that procedural skills may develop before
conceptual understanding of the subjects (Briars & Siegler, 1987; Fuson, 1988;
Wynn, 1990). Opposite to these studies, there are researches advocated that
conceptual understanding of the subject is likely to develop before the procedural
understanding of the subject (Byrnes & Wassik, 1991; Gelman & Meck, 1992;
Greeno & Heller, 1983; Wynn, 1998). Regardless of which one is developed the first,
researchers generally agree that connections between procedures and their conceptual
bases increase understanding of mathematics (Hiebert & Lefevre, 1986; Silver 1986;
Star, 2005). In the study conducted by Alibali and Rittle-Johnson (1999) procedural
and conceptual knowledge of 4™ and 5" graders’ in the domain of equivalence were
compared. As a result, it was seen that both kinds of knowledge developed iteratively
and procedural knowledge has an effect on the development of conceptual

knowledge and vice versa.
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The relationship between conceptual and procedural skills has also been a
concern of the field of mathematics education (Resnick & Ford, 1981, as cited in
Hattikudur, 2011). Although most mathematics education researchers have common
opinions on the idea that both conceptual and procedural knowledge is important in
doing and learning mathematics (Hiebert & Lefevre, 1992; Hiebert & Carpenter,
1992; 1986; Star, 2000; Van De Walle, 2007), what would be the most beneficial
among them for mathematics competency andin which order they are developed have
been discussed among mathematics educator (Hiebert & Carpenter, 1992; Rittle-
Johnson & Siegler, 1998; Star, 2000).

The relationship between students’ conceptual and procedural knowledge is
also investigated in terms of different variables such as the students’ confidence
level, cognitive styles, and influences of instruction (Engelbrecht et al., 2005;
Jitendra, et al., 2002). In addition to this, Star (2000) claims that especially the topics
of fractions, decimals, counting, addition, and multiplications have been the focus on
the studies related to conceptual and procedural knowledge. For example, Bekdemir
and Isik (2007) investigated the relationship between procedural and conceptual
knowledge of 8" grade students in the domain of algebra and compared their
knowledge in this area. Moreover, they examined most common errors and
misconceptions. Although students had higher performance in procedural test than in
the conceptual test, their performance in both of the tests was low in general.
Furthermore, it was examined that students could solve the questions required
procedural knowledge; however, they generated several errors in the procedures. In
addition to this, they could not relate and interpret the questions which required

conceptual knowledge.

Similarly, Akkus et al. (2009) investigated the procedural and conceptual
knowledge of 7" grade students in ratio and proportion. According to the purposive
interviews conducted by students, students’ lacked conceptual knowledge while

solving the questions which required procedural knowledge without reasoning.

Since one of the purposes of this study is to investigate the private middle

school students’ procedural and conceptual knowledge in the domain of area and
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perimeter and most common errors in this domain, the studies related to area and

perimeter concept are given below.
2.2. Misconception and Error

Mathematics concepts are important since they build a base for procedural
and conceptual knowledge. Kaptan (1999) defined concept as the common name that
was given to the groups in which properties, ideas, and events are grouped. In terms
of concepts in mathematics, according to Sfard (1991), concept was defined as the
theoretical construct of a mathematics idea (as cited in Li, 2006). Senemoglu(1997)
stated that concepts are the mental tools which make comprehensive information
usable. Moreover it was specified that concepts are the core of the knowledge and
people organize and classify what they have learned in a logical sequence.
Nevertheless, if students formed concepts in non-scientific and undesired ways,

misconceptions appear (Demirel, 2003).

Bingélbali and Ozmantar (2009) stated that the difficulties and
misconceptions of mathematics concepts result from three main reasons. First one is
epistemological reasons which occur because of the nature and feature of the
knowledge. These obstacles are inevitable and the main part of the knowledge is
learned. Second one is the psychological reasons which are related to personal
development including biological, cognitive, and sensory dimensions. Students’
background knowledge, readiness to learn, ability, and skill affect students’ learning.
Pedagogical reasons that are resulted from teaching models, application of these
models, analogies used by the teacher, textbooks, and the concepts in these textbooks

are the third reason of the misconceptions.

Reasons of misconceptions are addressed in different ways in other studies
(Ayas & Demirbasg, 1997; Lawson & Thomson, 1988). In these studies it was stated
that the students’ wrong and deficient perception of the background knowledge,
language problems, no suitable teaching environment, no relationship between
concepts and real life, and no determination of students’ misunderstandings were the

other probable reasons of misconceptions.
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As stated by Hiebert and Lefevre(1986) before, mathematical knowledge was
gained by learners as either procedural or conceptual knowledge. They stated that
while procedural knowledge was taught through practice and drill to be more
efficient and rapid in mathematics tasks, this efficiency and speed caused
misunderstandings for conceptual knowledge. Therefore, misconceptions and errors
could occur while passing from procedures to conceptual knowledge (Luneta &
Makonye, 2010).

In some studies errors were determined as procedurally and conceptually. A
study focusing on conceptual errors rather than procedural errors was conducted by
McGatha, Bush and Rakes (2010). In their study, they followed a group of 7" grade
students whose teachers focused on their conceptual errors. When students came to
8" grade in which they were tested, teachers focused on their procedural errors
instead of conceptual errors. It was examined that the growth of students’
achievement in 7" grade was higher than the growth of students’ achievement in g™

grade.

Students maintain concepts which do not correspond to scientific truths
(Biiytikkasap & Samanci, 1998). These concepts may be defined as the obstructive
knowledge which comprise from personal experiences to avoid learning the
scientifically accepted concepts (Cakir & Yiiriik, 1999). They can also be defined as
misconceptions which address students’ understanding of the concept different from
its actual meaning accepted as scientific (Yagbasan & Giilgigek, 2003). Baki (1998)
defined misconceptions as the behaviors that occur as a result of wrong beliefs and
experiences. Although these definitions are clear, the terms “misconception” and
“error” are generally used interchangeably. Smith, diSessa and Roschelle (1993)
pointed out that misconceptions were students’ conceptions that produced systematic
errors. While all misconceptions could be accepted as errors, all errors could not be

defined as misconception (Eryilmaz & Siirmeli, 2002).

In constructivism, current learning is affected by prior learning. That means
while students are learning something, they give meaning to things they have learned

before. Therefore, they construct their own knowledge (Van De Walle, 2007). In
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learning, they are the active participants and they connect new ideas with existing
ideas (Olivier, 1989). Therefore, prior knowledge is important for students’ new
learning. The important thing is that misconceptions generally comprise prior
learning since misconceptions avoid learning of expert contents (Smith, diSessa &
Roschelle, 1993). Misconceptions are reflected in students’ conceptual structure and
they might affect the learning negatively (Olivier, 1989). Students do not come to
school as empty minds (Resnick, 1983, as cited in Mestre, 1989). Most teachers try
to fill students’ empty minds with the disciplinary concepts which are called as
expert concepts (Yagbasan & Giilgicek, 2003). However, since students have prior
knowledge when they come to class, their conceptions might be inconsistent with the
expert concepts (Smith, diSessa & Roschelle, 1993). Therefore, misconceptions

occur.

Concerning the studies about misconceptions and errors, it was seen that
misconceptions and errors have important roles in students learning. Since one of the
aims of the present study was to examine the most common errors about area and
perimeter of geometric figures, the studies about them will be presented in the

following part.
2.3. Errors in Area and Perimeter

In the elementary mathematics program, it was aimed that students should be
able to recognize the geometric figures which they met in their lives, comprehend
their features, and gain the knowledge and skills to find their area and perimeter by
measuring and calculating (Baykul, 2000). Most students memorize the formulas
while learning the area and perimeter of geometric shapes (Maybery, 1983; as cited
in Clements & Battista, 1992).

Related literature shows that most of the students have difficulty in
understanding geometry and measurement concepts and particularly area and
perimeter (Barret& Clement, 2003; Martin & Kenney, 2002; Walter, 1970).
According to the Van Hiele (1985), students in the middle school identify and
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compare geometric figures; however they do not understand concepts underlying

terms such as perimeter and area.

Most students try to solve the problems about perimeter and area without
understanding the concepts underlying the formulas (Mulcahy, 2007). Sherman and
Randolph (2003) conducted a study with twenty-seven 4™ grade students to
investigate the knowledge of students in the domain of area and perimeter. It was
found that students could apply formulas; however they were not aware of why they
used those formulas. Kidman and Cooper (1997) investigated how 4™ 6" and
8"grade students considered about the area of quadrilaterals in terms of length and
width. About 50% of the students found the area of a quadrilateral by summing up

the length of the edges.

According to NAEP (2007), 4™ and 8" grade students could not distinguish
area concept from the perimeter concept. They could not answer questions related to
the usage of area or perimeter in a given situation. Similarly, Malloy (1999) stated
that students tend to confuse perimeter and area concepts in his study. Furthermore, it
was examined that length measure was generally considered by young children as

area measure (Lehrer et al., 1998).

Seventh grade students were also reported to get confused the area and
perimeter concepts as they believed that there was a linear relationship between area
and perimeter of a figure (Moreira & Contente, 1997). In the study conducted by
Kami and Kysh (2006), it was found that 8" grade students reckoned that when a
figure divided into parts, and a new shape was constructed, the area of the figure

changed.

Several studies have been conducted in order to investigate students’
understanding of area and perimeter concepts in Turkey. Emekli (2001) designed a
study to examine 7™ and 8" grade students’ misconceptions on measurement
concepts. He found that students had significant difficulties about the concepts of
area and perimeter such as conservation of area and perimeter, and the usage of

formulas in these subjects. Moreover, Dagli (2010) investigated the misconceptions
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of 5" grade students in the domain of area and perimeter and found similar results.
This study was conducted with 262 fifth grade students. According to the results of
the study, students had difficulty especially in the area subject. They also confused
area and perimeter concepts. They calculated the perimeter and area of the figure
whose length of the edges was given; however, they could not find the edge which
was not given. Besides these results, more specific results were pointed out in this
study. For example, it was observed that students could find the perimeter and area
of a square, rectangle or triangle easily. However they had difficulty in finding the
perimeter or area of a parallelogram. In addition to these results, students had
difficulty in the type of questions in which students were required to find the

remaining area of a rectangle which had small squares in it.

Students have problems in understanding of that the same quality of objects
can be compared (Zembat, 2009). Because of this misconception, students confuse
the perimeter and area of the given figures and they cannot assimilate that perimeter
is one dimensional and area is two dimensional measurements. Tan Sigsman and Aksu
(2009) conducted a study with 134 seventh grade students and had similar results.
They found that students had difficulty with the formulas, they confused the
perimeter and the area of a figure, and they had problems in understanding the
unchanged area of a figure when that figure was divided into parts and then
combined in different form. They also had difficulty in the changeability of perimeter

of a figure.

In addition to those studies, Tan Sisman (2010) carried out another study
which aimed to examine 6" grade students’ procedural and conceptual understanding
in area, length, and volume. That study was conducted with 445 sixth grade students
attending public schools in Ankara. Students were more successful in the test which
contained questions related to the length measurement than in the test which had
questions related to area and volume measurement. Moreover, students were more

successful in the procedural test rather than the conceptual test.

Kiigiik and Demir (2009) conducted a study in which 7" and 8" grade

students’ basic procedural knowledge and conceptual knowledge in mathematics
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lesson was examined. In the study, when the questions belong to geometry learning
area, it was investigated that only 33.5% of the students could answer the question
related to parallelogram. This result corresponded to the results occurred in
Dagli’s(2010) results that students had difficulty in solving the questions about
parallelograms.

In the study of Sherman and Randolphe (2003) what students knew and how
they knew related to area and perimeter concepts were investigated. In this study, 4
grade students had taken mathematics lessons in which the area and perimeter
concepts were taught for about four weeks. It was examined that understanding the
difference and the relationship between area and perimeter completely made students
solve daily life problems related to area and perimeter. Moreover, it was observed

that memorizing the rules revealed temporary solutions for the problems.

Concerning the studies related to area and perimeter, it was seen that most
studies were about the misconceptions, errors, and achievement of students in the
domain of area and perimeter. Present study is also concerned with the relationship
between students’ knowledge of area and perimeter and their self-efficacy beliefs

towards geometry. Therefore, studies about self-efficacy are also presented below.
2.4. Self-Efficacy Beliefs

Self-efficacy has been studied by educational researchers for years (Hoy &
Spero, 2005). Bandura (1986) defined self-efficacy as “People’s judgments of their
capabilities to organize and execute courses of action required to attain designated
types of performances” (p. 391). Self-efficacy was also defined by Zimmerman
(1995, as cited in Dursun, 2010) as judgments of an individual about his or her own
ability to perform and accomplish a task. On the other hand, Schunk (1991) defined
academic self-efficacy as people’s beliefs about performing an academic task. Social
cognitive theorists claimed that students’ self-efficacy beliefs affected their attempts,
decisions and motivation (Isiksal & Askar, 2005).

Bandura (1986) asserted the sources of self-efficacy as enactive mastery

experiences, vicarious experiences, verbal persuasion and affective and
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psychological states. First source of the self-efficacy is enactive mastery experiences
which have the most effect on self-efficacy (Bandura, 1986). According to Bandura
(1986) this source is related to peoples’ past success and failure. Bandura (1986)
claimed that while success supports self-efficacy beliefs, failure has a negative effect
on self-efficacy.

Vicarious experiences is the second source which means after peoples
observe other peoples’ performances, they regulate their self-efficacy beliefs (Usher
&Pajares, 2006). According to Bandura (1997) and Pajares (1997), if the observer
has limited experiences and he is unsure about his performances, this source becomes

most effective.

According to Usher and Pajares (2006), people sometimes want approvals of
their parents or teachers unless they make self-evaluation of their performances on
tasks which they engage in. That is called verbal persuasion. This source could have
a long term effect on individuals as well as sometimes the effect could become short

term.

The last source is affective and psychological states which encompass
feelings such as anxiety, stress, emotions, and mood. Hodges and Murphy (2009)
claimed that these feelings affected peoples’ self-efficacy beliefs. Because of these
feelings people might have misunderstandings and wrong interpretations about tasks
(Hodges & Murphy, 2009). Pajares (2007) stated that people with high self-efficacy
approached difficult tasks comfortably however, people with low self-efficacy felt
stress towards the task. As a result of this, it is seen that self-efficacy beliefs affects
peoples’ motivation and achievement. Similarly, Gawith (1995) claimed that
although people have the required ability to perform the task, unless they had self-
efficacy beliefs, they could not be successful (as cited in Cantiirk-Giinhan & Baser,
2007).

The importance of self-efficacy beliefs on behavior of individuals has been
widely stated. Self-efficacy beliefs have a significant influence on people’s choices

and people engage in the tasks in which they feel competent (Pajares, 1996). It was
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examined that achievement of students in performing a task was influenced by self-
efficacy beliefs (Bandura, 1993; Pajares, 1997). For example, Schunk and Pintrich
(2008) stated that while students with low self-efficacy beliefs were reluctant to
performing tasks, the students with high self-efficacy beliefs were eager to complete
tasks. In addition to this, Schunk (1995) addressed that students with high self-

efficacy were more eager and consistent while carrying out an academic task.

Moreover, Schunk and Pajares (2002) asserted that self-efficacy beliefs could
change according to the different situations. For example, characteristics of the task,
physical conditions of the students, and physical conditions of the classrooms might
have an influence on self-efficacy beliefs (Schunk, 2008).

Research has concluded that “Self-efficacy is a domain-specific construct”
(Pajares, 1996; p. 106). Similarly self-efficacy was seen by Smith and Fouad (1999)
as a distinctive to a subject area (as cited in Schunk, 2008). In the literature, research
about self-efficacy focused on two points. One of them is the relationship between
carrier and college choices specifically in the area of science and mathematics (e.g.
Farmer, Wardrop, Anderssn & Risinger, 1995; as cited in Zarch & Kadivar, 2006).
The other one is the relationship between the self-efficacy beliefs and academic
constructs such as motivation and achievement (Zarch & Kadivar, 2006).Thorndike
(1986) claimed that self-efficacy is the important predictor of academic performance.
Similarly, it was investigated that mathematics self-efficacy is an important predictor

of problem solving and mental capability (Pajares & Kranzler, 1995).

Establishing the importance of self-efficacy in mathematics education,
NCTM stated that one of the goals for students is “that they become confident in
their ability to do mathematics” (NCTM, 1989, p. 5, as cited in Kahle, 2008).
Mathematics self-efficacy was defined as people’s judgments of their capabilities to
organize and perform a series action required to attain specific mathematics task or
problem successfully (Hackett & Betz, 1989). When the tasks are related to
geometry, this definition turns into people’s judgments of their capabilities to
organize and perform a series of actions required to attain specific geometry task or
problem successfully (Dursun, 2010).
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Several studies were conducted about the relationship between students’
mathematics achievement and self-efficacy beliefs (Hackett & Betz, 1989; Isiksal &
Askar, 2005; Pajares & Miller, 1995). One of them is an experimental study
conducted by Isiksal and Askar (2005). The aim of that study was to examine the
effect of dynamic geometry software and spreadsheet on achievement and
mathematics self-efficacy of 7" grade students. In the study mathematics self-
efficacy, computer self-efficacy scale and mathematics achievement tests were used.
According to the results it was seen that self-efficacy beliefs were not affected by

treatments.

In some researches, it was mentioned that there was no relationship between
students’ academic performances and self-efficacy beliefs (Isiksal, 2002). For
example, Cooper and Robinson (1991) conducted a study with the aim of examining
the relationship between mathematics self-efficacy beliefs and performance. Their
participants were 290 undergraduate students. The result of the study showed that
there was not a significant relationship between mathematics performance and
mathematics self-efficacy. Similarly, another study was conducted by 72 children of
9-10 ages. It was found that self-efficacy did not have an influence on mathematics

performance (Norvich, 1987; as cited in Isiksal, 2002).

A recent study conducted by Tsamir (2012) investigated the relationship
between young children’s geometric knowledge and their self- efficacy beliefs. In the
study, 141students were asked self-efficacy questions and geometry tasks were given
them. Results indicated that students had high self-efficacy and their self-efficacy

was not significantly related to their geometric knowledge.
2.5.Summary of the Literature Review

The importance of procedural and conceptual knowledge in mathematical
competence cannot be denied (Hiebert & Lefevre, 1992). Several studies were
conducted about the different aspects of knowledge types such as, relationship
between them, developmental order of them and their importance (Crowley &
Siegler, 1994; Gelman & Williams, 1998; Hapaasalo & Kadijevich, 2000; Rittle-
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Johnson & Siegler, 1998; Siegler, 1991; Sophian, 1997; Star, 2005).Van de Walle
(2012) addresses that conceptual and procedural knowledge should be taught in
relation to each other since when one is missing, the rest would result in errors and
lack of enjoyment for students. To summarize the common results of the past
research it can be said that students have both types of knowledge, the knowledge
types are linearly correlated with each other, the improvements in one knowledge
type can result in advances in other knowledge types (Rittle-Johnson, et al.,
2001).However; since there are limited studies related to the conceptual and
procedural knowledge changes of private middle school students in the basic
objectives of a specific topic, this part of the topic will constitute as one of the main

theme of the present study.

Moreover, as stated in the related literature, geometry and measurement are
important in mathematics education curriculum. Especially in area and perimeter,
which are addressed together, students in any grade level have difficulty. Related
literature shows that most of the students have difficulty in understanding geometry
and measurement concepts and particularly area and perimeter (Barret & Clement,
2003; Martin & Kenney, 2002; Walter, 1970). There are several studies about the
students’ perceptions, misconceptions, and errors about the domain of area and
perimeter. According to NAEP (2007), private middle school students could not
distinguish area concept from the perimeter concept. Similarly, Emekli (2001) stated
that students had significant difficulties about the concepts of area and perimeter
such as conservation of area and perimeter, and the usage of formulas in these
subjects. However; studies in which basic conceptual and procedural knowledge of

students are examined in upper grades have not been accessed.

Finally, as stated above, literature have several studies about the relationship
between self-efficacy beliefs and mathematics performance. It was examined that
achievement of students in performing a task was influenced by self-efficacy beliefs
(Bandura, 1993; Pajares, 1997). For example, Schunk and Pintrich (2008) stated that
while students with low self-efficacy beliefs were reluctant to performing tasks,
students with high self-efficacy beliefs were eager to complete tasks. Moreover there

were studies about the relationship between self-efficacy beliefs and mathematics
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achievements (Hackett & Betz, 1989; Isiksal & Askar, 2005; Pajares & Miller,
1995).However, there are limited studies about the performance in a geometry task
and geometry self-efficacy. Moreover, it has not been investigated how students with

high self-efficacy perform in a procedurally oriented or conceptually oriented task.
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CHAPTER 3

METHOD

The purpose of the present study was to investigate private middle school
students’ procedural and conceptual knowledge in the domain of area and perimeter
and to examine most common errors in their knowledge. The other specific interest
of the study was to examine how students’ conceptual and procedural knowledge
aspects of area and perimeter changes with respect to their geometry self-efficacy.
Moreover, private middle school students’ procedural knowledge, conceptual
knowledge and geometry self-efficacy throughout the grade levels were also

investigated.

The focus of this chapter is the method employed in this study. This chapter is
devoted to information about the research design, population and sample, data
collection instruments, pilot study, validity and reliability of the study, data
collection procedure, analyses of data, assumptions, limitations, and lastly internal

and external validity of the study.
3.1. Design of the Study

In order to the investigate research questions, quantitative research methods
were used. The main purpose of this study was to investigate the relationship
between students’ procedural and conceptual knowledge, and those with their self-
efficacy beliefs towards geometry. Since this research question of the study intended
to describe an existing relationship between variables which were procedural
knowledge, conceptual knowledge, and self-efficacy towards geometry, correlational

research design was preferred (Fraenkel & Wallen, 2006).

The other purpose of the study was to examine conceptual and procedural
knowledge of private middle school students in the domain of area and perimeter and
their self-efficacy beliefs towards geometry. Due to the fact that this research

guestion aimed at describing some aspects and characteristics such as knowledge,
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survey research design and particularly cross-sectional survey was preferred. The
aim of this research type was collecting data at one point of time from similar but
different populations, in terms of grade level groups in this study, selected to
describe a population (Fraenkel & Wallen, 2006). Data were analyzed through mean,
standard deviation, percentages, frequencies, Pearson Product-Moment Correlation,
and one-way ANOVA.

3.2. Population and Sample

The target population of the study was all private middle school students in
all private schools in Ankara. The private middle school students in private schools
in Cayyolu district in Ankara was the accessible population for this study. The
subjects of the study were the private middle school students (6", 7" and 8™ grade) in
one private school in Ankara. Specific characteristic of the sample was that they
were educated in classrooms which included small number of students and which
were highly equipped in terms of instructional materials such as technological
devices and manipulative. Further, the school was placed in a high socio-economic
level district; and parents were mostly university graduates, and some with graduate

degree.

Convenience sampling methods was used in this study because the researcher
was a mathematics teacher in that school and she was able to reach the sample
conveniently. In convenience sampling method, researchers collect data from the
individuals who are available; however, this sample cannot be accepted as the
representative of any population because it is not randomly selected (Fraenkel &
Wallen, 2006). There were 111private middle school students in the school at the
time of the study. The number of participants of the study in terms of grade level is

given in the Table 3.1 below.

Table 3.1: Numbers of students in terms of grade level

Grade Level 6" grade  7"grade  8Mgrade  Total

Number of Students 31 35 45 111
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3.3. Data Collection Methods and Instruments

Data for this study were collected through conceptual and procedural
knowledge tests and self-efficacy towards geometry scale. Data collection methods,

instruments, and procedures are explained below in detail.
3.3.1. Procedural and Conceptual Knowledge Tests

These tests were partially developed by the researcher. Some of the questions
were developed by the researcher and some of them were taken or adapted from the
literature. All questions in the PKT and CKT presented in the following pages were
translated by the researcher. Before preparing questions for the tests, related
literature was reviewed. It was found that conceptual tasks were generally
characterized as non-routine and novel tasks. These required the use of
understanding of underlying principles or concepts in a mathematics topic, not
necessarily involving computations. Procedural tasks were the tasks which required
the use of step-by-step solution methods, computations, algorithms, or formulas
(Hiebert & Lefevre, 1986; Kulm, 1994). After establishing this distinction, Turkish
Elementary Mathematics Curriculum (grades 1-8) was examined. Since the purpose
of this study was to examine the basic conceptual and procedural knowledge in all
upper grade levels, there was a need to develop a test suitable for all private middle
school levels. Therefore, 6™ grade mathematics objectives were taken into account to
form conceptually and procedurally oriented tests in the domain of area and

perimeter. For the final forms of the PKT and CKT, see Appendix A and B.
3.3.1.1 Procedural Knowledge Test

The main aim of the procedural knowledge test (PKT) was to measure
students’ knowledge of area and perimeter in terms of computational skills such as
using formulas to find area and perimeter of given figures. The PKT consisted of 10
questions which were developed by the researcher through consulting the textbooks,
curriculum documents, a variety of mathematics books, and the existing literature.
Content domains included in the PKT were area and perimeter of regular and

irregular geometric shapes, triangles, squares, parallelograms, and rectangles. Since
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the perimeter of the triangle was not in the private middle school mathematics
program it was not included in the tests. Table 3.2 presents the questions for area and

perimeter concepts and for content domains in the PKT.

Table 3.2: Questions for Area and Perimeter Concepts and Content Domains in the
Procedural Knowledge Test (PKT)

Square Rectangle  Parallelogram Triangle Irregular Shapes
Area Q1,Q2 Q1,02,06 Q1,Q10 Q2,Q3 Q4

Q6 Q8, Q9
Perimeter Q1, Q7 Q1, Q9 Q1 - Q5

Obijectives covered in the PKT in each question are as presented in Table 3.3.

Table 3.3:Table of specifications for procedural knowledge test based on objectives

QUESTIONS | OBJECTIVES : The students will be able to

Q1 calculate perimeters and areas of the square, rectangle, and

parallelogram

Q2 calculate the ratio of the area of a colored triangle located in a

rectangle and the uncolored area in the rectangle

Q3 calculate the area of the acute, obtuse, and right angle triangles

whose one side and the height belong to given side are given

Q4 calculate the area of a polygon which is a combination of the

regular geometric shapes

Q5 calculate the perimeter of irregular shapes.
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Table 3.3. (Continued)

Q6 calculate the area of the rectangle by using small and colored

squares in the rectangle

Q7 calculate the perimeter of a square whose area is given.

Q8 calculate the area of a rectangle whose perimeter and length of the

one of the sides are given.

Q9 calculate the perimeter and area of a rectangle which is formed by
squares.
Q10 calculate the height of the long side of a parallelogram whose short

side, height of the short side, and the long side are given.

*Translations are done by the researcher.
3.3.1.2. Conceptual Knowledge Test

Conceptual knowledge test (CKT) contained 10 open-ended questions. For
this test, two questions (Q1 and Q7) were taken from the PISA 2006 test. Four of the
questions (Q3, Q4a, Q5, Q8, and Q10) were chosen from an instrument designed and
used by Tan (2010). Two of the questions (Q6 and Q9) were taken from the past SBS
examinations. One question was prepared by the researcher. Table 3.4 presents the

questions for area and perimeter concepts and for content domains in the CKT.

Table 3.4: Questions for Area and Perimeter Concepts and Content Domains in the
Conceptual Knowledge Test (CKT)

Square Rectangle Parallelogram Triangle Irregular Shapes
Area Q2, Q3, Q4a Q3, Q5, Q6b Q4a - Q1, Q8a, Q9,
Perimeter Q4a Q6a, Q7 (4) Q4b,Q7(2) -Q7(1,3), Q8h,Q10
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Objectives covered in the CKT in each question are as presented in Table 3.5.

Table 3.5: Table of specifications for conceptual knowledge test based on objectives

QUESTIONS | OBJECTIVES: The students will be able to

Q1 estimate the area of an irregular geometric shape.

Q2 decide how surface area of a structure consisted of unit cubes
changes when one of the unit cubes is taken away.

Q3 decide for which kind of information will be used to calculate the
area of paper to cover a given square prism.

Q4 interpret the change in the area and circumference of a figure
obtained by breaking an initial figure into pieces and then bringing
them together in a different combination.

Q5 interpret the changes in the area of a square whose dimensions
change in a given specific ratio.

Q6 identify changes in area and perimeter of two rectangles in
different combinations.

Q7 choose the figures with the same perimeter among different
figures.

Q8 compare the perimeters and areas of two irregular shapes drawn on
dot paper.

Q9 estimate the area of an irregular geometric shape drawn on a dot
paper.

Q10 identify different irregular shapes with the same perimeter.

*Translations are done by the researcher.
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3.3.2. Geometry Self - Efficacy Scale

The Geometry Self-Efficacy (GSE) Scale (see appendix C) was developed by
Cantiirk-Giinhan and Baser (2007) in order to measure private middle school
students’ self-efficacy toward geometry. The scale consisted of 25 items on a 5-point
Likert type items (1-Never, 2-Sometimes, 3-Undecided, 4-Most of the time, 5-
Always). The scale had three sub-dimensions which were positive self-efficacy

beliefs, negative self-efficacy beliefs, and beliefs on the use of geometry knowledge.

A sample item for each sub-dimension is given in Table 3.6.

Table 3.6: Sample Items of GSE Scale Sub-Dimensions

Sub-dimension

Sample Item

Positive self-efficacy beliefs

When | see a geometrical shape, | can

remember its properties.

Negative self-efficacy beliefs

| cannot explain the relationships

between geometrical shapes.

Beliefs on the use of geometry

knowledge

| believe that if | select a job related to
the use of geometrical knowledge in the

future, | will be successful.

In this scale meant that the participants had high geometry self-efficacy.
Reliability analysis and factor analysis of GSE were employed by Cantiirk-Giinhan
and Bagser (2007) and the scale was found to be highly reliable (r = .90) and valid. In
the present study reliability coefficient was calculated as .77 which is an appropriate
reliability coefficient. For the final form of the GSE scale, see Appendix C. Finally,
the research questions and the data gathering instruments are given in the Table 3.7

below.
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Table 3.7: The Research Questions and Data Gathering Instruments

Research Questions

Data Gathering Instruments

1.

What is private middle school
students” (6™, 7" and 8" grade
students’) performance on the
conceptual and procedural
knowledge tests about area and
perimeter?

Conceptual Knowledge Test
Procedural Knowledge Test

How does private middle school
students” (6™, 7" and 8™ grades)
basic procedural and conceptual
knowledge in the domain of area
and perimeter change through the
grade levels?

Conceptual Knowledge Test
Procedural Knowledge Test

What are the most common errors
of private middle school students
(6", 7" and 8" grades) in the
domain of area and perimeter?

Conceptual Knowledge Test
Procedural Knowledge Test

What is the geometry self-efficacy
belief level of private middle school
students?

Geometry Self-Efficacy Test

How do private middle school
students” (6™, 7" and 8™ grades)
geometry self-efficacy belief levels
change through the grade level?

Geometry Self-Efficacy Test

Is there a significant relationship
between private middle school
students” (6™, 7™ and 8" grades)
geometry self-efficacy beliefs, their
basic procedural and conceptual
knowledge in the domain of area and
perimeter?

Conceptual Knowledge Test
Procedural Knowledge Test
Geometry Self-Efficacy Test

3.4. Pilot Study

After establishing the content validity of all of the instruments, they were
piloted with 6™, 7" and 8™ grade public elementary school students. There were 70
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private middle school students who were taught in one public school and one private
school in Yenimahalle district in the pilot study. The aim of this implementation was
to check the comprehensiveness of items, convenience of time duration, and
difficulty of the items. For conceptual and procedural tasks, students were given 50
minutes for the tests and for the self-efficacy scale, they were given 15 minutes.
Another aim of pilot study was to determine the possible difficulties that may occur
in the actual study. After the pilot study, necessary analyses, stated in the validity and
reliability section in more detail, were conducted with data in order to check the
construct validity and reliability of instruments. In addition to this, any observed
difficulties during administration were considered and revisions were done
accordingly. In the pilot study, students could not complete the tests in 40 minutes.
Therefore, in the actual study students were given 80minutes to complete questions
in the tests and the geometry self-efficacy scale. Moreover, changes in the language

of the questions were done.

3.5 Data Collection Procedure

After the pilot study, the tests were prepared for the actual study to
implement. The study was conducted in a private school which has 111 private
middle school students (31 sixth grade students, 35 seventh grade students and 45
eighth grade students). The tests were implemented to students in their mathematics
lessons. The PKT and CKT were distributed at the same time. They had the chance
to start from the test that they wanted. STG test was distributed after they completed
the PKT and CKT. They were given two lessons time which was 80 minutes. They
had 10 minutes break after the first 40 minutes. The same teacher was in their class

for each application.
3.6. Data Analysis

In this study, data were analyzed according to the research questions which
were designed to examine the 6", 7" and 8" grade students’ procedural and
conceptual knowledge. The aim was to obtain a wider and more detailed picture

about the extent of this knowledge in the domain of area and perimeter through the
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curriculum and how students’ performance in conceptual and procedural aspects of

area and perimeter changed with respect to their geometry self-efficacy.

First of all, all answers of students in conceptual and procedural tests were
examined separately. The frequency of correct, incorrect, and empty answers was
calculated for each question in each test. Moreover, incorrect answers were
investigated in detail. The wrong responses of students were categorized according to
the responses of the students. Then, the frequency of the most common answers was

given in tables for questions.

Second, quantitative research methodologies were used to analyze data
through a number of descriptive and inferential statistics by using PASW 18
software. A codebook was prepared and a number of data screening procedures were
carried out to run the primary data analysis. There were no missing values. Then, in
order to examine the relationship between geometry self-efficacy beliefs of students
and their scores in procedural and conceptual tests, Pearson product-moment
correlation analyses were run. In the geometry self-efficacy test, Likert type items

were scored. The negative items were reversed for the scoring.

One-way ANOVA was used to investigate how self-efficacy, procedural
knowledge, and conceptual knowledge changed according to grade levels. Prior to
running this analysis, the assumptions were checked. Eta squared was calculated to

investigate the practical significance of the results.
3.7. Validity and Reliability of the Instruments

Validity is the “appropriateness, correctness, meaningfulness and usefulness
of the inferences” (Fraenkel & Wallen, 2006, p. 151) claimed based on the results of
the study. For this reason, after questions were prepared, tests were given to the
experts who were five elementary mathematics teachers and two graduate students
and four academicians in the field of mathematics education to gain evidence for the
content validity of instruments. The aims of the tests, and coverage, and objectives of
the study were clearly explained to the experts. Table of specifications of each test

were also presented. They were asked if test items corresponded for the grade levels
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and the aim of the tests, if the language of items was clear, and the order of the
questions were adequate. After opinions were taken, items were examined once more
and suitable changes were completed before the pilot study of the instruments.
According to their comments, language of the some questions was corrected.
Moreover, some questions were taken out from procedural test since they did not
investigate the procedural skills. Also, the number of the questions was decreased

from the tests by taking out the questions with similar objectives.

Internal consistency methods were utilized to examine the reliability of the
instruments. For the statistical analyses of the internal consistency, Cronbach’s alpha
coefficient was obtained through PASW 18 program. The reliability estimated for
scores on PKT was found as .90 and for scores on CKT as .78 in the pilot study.
Since reliability coefficient of a scale should be at least .70 (Fraenkel & Wallen,
2006) to have a reliable instrument, it could be said that PKT and CKT were reliable

instruments.

In addition to the internal consistency between items, there should be a
scoring agreement which refers to inter-rater reliability since there were open-ended
items and they were scored according to a rubric. In order to check inter-rater
reliability, the correlation coefficient was calculated for two independent scorers of
the same instrument. The correlation coefficient was calculated for PKT as .99 and
for CKT was calculated as .99. These values indicated quite high reliability between
scorers. In addition, the Pearson Product-Moment Coefficient was calculated
between two scorers. This correlation coefficient was found as .99 which indicated a
very high consistency between scorers for PKT and CKT. However, in order to
compute the total scores of students for PKT and CKT, the different scores given by
two raters (one rater was the researcher who is a mathematics teacher and the second
rater was another mathematics teacher) were examined again and the exact scores of

students were determined after both scorers agreed.

Geometry self-efficacy scale which was used in the study was developed by
Cantiirk-Giinhan and Baser (2007). For the reliability of GSE scale, Cantiirk-Giinhan
and Bager (2007) administered a pilot study on 385 elementary students. The
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Cronbach alpha values for each sub-dimension of the scale calculated by Cantiirk-

Giinhan and Baser were summarized in Table 3.8:

Table 3. 8: Cronbach Alpha Values

Sub-dimensions Number of items Cronbach alpha
Positive self-efficacy beliefs 12 .88
Negative self-efficacy beliefs 6 .70

Beliefs on the use of geometry 7 .70
knowledge

General 25 .90

According to the information given in Table 6, the reliability of the GSE scale
was satisfactory (.90). Cantiirk-Gilinhan and Bager (2007) conducted factor analysis
to check the validity of the scale. They mentioned that the items loaded in three
factors which explained the 42.4% of the variance. According to the factor analysis
results conducted by the test developers, the first factor explained 27.41 percent of
the variance with 12 items; the second factor explained 9.81 percent of the variance
with 6 items; third factor explained 5.20 percent of the variance with 7 items. For the
content-related validity of the scale, expert (two academicians, two graduate

students, and two mathematics teachers) opinions were taken into consideration.

To establish reliability of the instrument in the present study, internal
consistency methods were used. For the statistical analyses of the internal
consistency, Cronbach alpha coefficient was computed as .77 which was an
acceptable reliability.

3.8. Assumptions and Limitations

There are several assumptions of the present study as in other studies. First of

all it was assumed that procedural knowledge, conceptual knowledge and self-
38



efficacy of students can be measured adequately through the items in the in the
instruments. Second, the participants of the study were assumed to answer the
questions in the instruments sincerely and accurately. Third, it was assumed that the
instruments were completed under similar conditions. Lastly, there was no

interaction between the subjects in order not to affect the results of the study.

There were also the limitations of this study. One of them was the sampling
method. Since the participants were not selected randomly, the results of this study
could not be generalized to a larger population. The other one was the status of the
researcher who was the teacher of 8" grade participants. Since the researcher was
their teacher, they could answer the questions based on their feelings towards their
teachers. For example, students who liked their teacher might have answered the
questions more reluctantly whereas students who did not specifically like their
teacher might not have given importance to questions. Another limitation of the
study was that results were limited with the questions in the instruments.

3.9. Internal and External Validity
3.9.1. Internal Validity

If the difference on dependent variable is caused by only independent
variables rather than unintended variables, this means that the internal validity is
established (Fraenkel & Wallen, 2006). In general, for survey studies, the possible
internal threats are location, instrumentation (instrument decay, data collector
characteristics, and data collector bias), instrument decay and mortality (Fraenkel &
Wallen, 2006). Moreover, location, testing, mortality, instrumentation and subject
characteristics are the common threats for correlation studies (Fraenkel & Wallen,
2006).

Data collector bias might be an internal threat for research studies. Data
collector might behave unconsciously to gather the desired results (Fraenken &
Wallen, 2006). However, in the present study the researcher did not communicate
with students during the implementation. Besides this, a detailed answer key was

prepared and used while scoring the answers. Since the researcher remained unbiased
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and non-directive during the data collection and data analysis, data collector bias did
not become a threat for the present study. Moreover, since the data collector was the
same in all classes in which the implementation occurred, data collector
characteristics could not be a threat for this study. The data collection time and

scoring were scheduled so as to prevent instrument decay.

In studies, when the aim was comparing the groups, the subjects in the groups
might differ from each other in several variables. This threat was called as subjects
characteristics. In this study there were three groups which changed in grade levels,
in other words, in ages. Also, both genders were represented. However, groups were
evaluated in their grade levels for some analysis and questions in the achievement
tests were prepared from the common objectives. Also, students were assumed to
have the same mathematical experiences as they were in the same school. Therefore,

the subject characteristics threat was reduced.

In this study, location might have been a threat since the researcher would
have carried out the study in different classrooms. To eliminate this threat, the
researcher conducted the questionnaire in the mathematics classroom in the school so

that she could eliminate the effect of this threat.

The other threat for the present study might have been mortality which was
also called as loss of subjects. Some of the subjects might have been absent during
the administration time. However, during the application of the test, this problem was

not occurred.

Fraenkel and Wallen (2006) stated that testing which was referred as
influences of instruments on each other could be a threat for studies. However, in this
study this threat did not occurred since PKT, CKT and STG tests measured different

constructs.
3.9.2. External Validity

Fraenkel and Wallen (2006) defined the external validity as the degree to

which results can be generalized to the population. In order to generalize the results
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of the study to the population, the sample should be representative of the population
in terms of nature and environmental issues. Since the sampling method was
convenience sampling and only one private school was used to collect data, the
results of this study could not be generalized to a larger population. Nonetheless, at
certain conditions, the results of this study could be generalized to a population.
Fraenkel and Wallen (2006) defined this type of generalizability as ecological
generalizability which meant “the extent to which the results of a study can be
generalized to conditions or settings other than those that prevailed in
particular study” (p. 108). There may be schools with students who have same
academic and social characteristics in other districts. Thus, the results of this study
may be generalized to a population who has the subjects having the mentioned

characteristics.
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CHAPTER 4

RESULTS

The purpose of the current study was to examine conceptual and procedural
knowledge of private middle school students in the domain of area and perimeter of
geometric figures and their self-efficacy beliefs towards geometry. Another purpose
of the study was to investigate the relationship between students’ procedural and
conceptual knowledge, and their self-efficacy beliefs towards geometry. Moreover,
the most common errors of students in the domain of area and perimeter concepts in

procedural and conceptual tests were identified.

In this chapter, the results of the data analysis are presented in detail
according to the research questions. First of all, descriptive statistics including
minimum and maximum values mean, and standard deviation related to procedural
and conceptual tests’ scores and self-efficacy belief test scores were presented.
Second, in order to examine whether there were significant differences between the
procedural, conceptual and geometry self-efficacy test scores with respect to three
grade levels (6™, 7" and 8™ grade) one way ANOVA was conducted. In addition to
this, students’ answers in the procedural and conceptual tests were analyzed to
examine their performance according to the question types and their most common
errors. For this purpose, questions were categorized for procedural and conceptual
tests in terms of the domain area and perimeter. Also, sub-categorizations were done
under the area and perimeter concepts and frequencies of correct, incorrect and
empty answers were presented. Finally, in order to examine the relationship between
students’ self-efficacy beliefs towards geometry and their procedural and conceptual

knowledge separately, Pearson-product moment correlation analysis was conducted.
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4.1. Analysis of Private middle school Students’ Procedural Knowledge about

Area and Perimeter of Geometric Shapes

In this section descriptive statistics on scores of procedural knowledge test
(PKT) related to area and perimeter of geometric shapes was given. Then, the mean
score of procedural knowledge test were compared according to the grade levels.
Finally, the frequencies of the correct answers and the most common incorrect

answers were presented.
4.1.1. Descriptive Statistics about Procedural Knowledge Test

In this section descriptive statistics about procedural knowledge test about
area and perimeter of geometric shapes were presented. Table 4.1 illustrates
descriptive statistics of three grade level students’ scores of procedural knowledge

test.

Table 4.1Descriptive Statistics of Private middle school Students’ Scores of
Procedural Knowledge Test

Grade Level N Max Min Mean SD

6" grade 31 100 2 45,26 28,25
7" grade 35 100 1 56,63 34,62
8" grade 45 100 3 62,13 25,87
Total 111 100 1 55,68 30,06

Table 4.1 is an overall summary of the descriptive statistics gathered from the
procedural knowledge test scores from the 6™, 7" and 8" grade students. As shown
in the table, the mean score of 6™ grade students was 45, 26 (SD= 28,25), the mean

score of 7" grade students was 56, 63 (SD= 34,62), and the mean score of 8" grade
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students was 62, 13 (SD= 25, 87) while the mean score of all total was 55, 68 (SD=
30, 06) in the procedural knowledge test. As a results, the procedural knowledge test
scores of the 6™ grade students was under the mean of all students’ scores, the
procedural knowledge test scores of the 7" and 8" grade students was above the
mean of all students’ scores. Moreover, it can be seen that the procedural test scores
of 8" grade students was higher than the procedural test scores of 7" grade students
and the procedural test scores of 7" grade students was higher than the procedural

test scores of 6™ grade students.

4.1.2. The Difference in Procedural Knowledge of Private middle school
Students in terms of Grade Level

One of the aims of the present study was to examine how procedural
knowledge of private middle school students changed according to their grade level.
Therefore, mean scores of students from each grade level were compared to see
whether there was a significant mean difference between the scores of the groups. In
order to compare the mean differences between the groups, ANOVA should be used
(Pallant, 2007). Therefore, in order to examine the mean difference of procedural
knowledge test scores in terms of grade levels, one-way ANOVA was used. Prior to
running the analysis, the assumptions of one-way ANOVA were checked. In the next

sections the assumptions and analysis of results were summarized.
4.1.2.1. Assumptions of one way ANOVA

The assumptions of one-way ANOVA were level of measurement,
independence of observations, normality, and homogeneity of variance (Pallant,
2007).

The variables for one-way ANOVA were mean scores of procedural
knowledge test of 6™, 7" and 8" grade students which were continuous variable.

Hence, level of measurement assumption was ensured.

Each measurement of grade levels was not influenced by each other, since

each grade level was taken the tests in different times. It was assumed that their
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scores did not influence one another. Therefore, level of measurement assumption

was ensured.

The other assumption to be considered before conducting one-way ANOVA
was normality. For parametric techniques, mean scores for each variable should be
normally distributed (Pallant, 2007). Since the sample sizes for all groups was large
enough (e.g. 30+), this assumption should not to cause major problems. In order to
check normality of procedural knowledge test scores for each group, histograms,

normal Q-Q plots, and skewness and kurtosis values were checked.

In addition to this, skewness and kurtosis values were checked. Since these
values are between -2 and +2 (Pallant, 2007), the normality of three groups’ scores

was assured. The values are given in the table 4.2 below.

Table 4.2 Skewness and Kurtosis Values of Procedural Knowledge Test Scores for
each grade level

Grade level Skewness Kurtosis Number
6" grade 291 -.975 31
7" grade -501 -1.301 35
8" grade -775 -.380 45

For homogeneity of variance assumption, Pallant (2007) stated that the
variability of all groups should be similar, that is, the samples were obtained from
populations of equal variances. In this analysis, Levene’s Test of Equality of Error
Variances showed that the homogeneity of variance assumption was not assured (p =
.030). However, according to Stevens (1996), “Analysis of variance is reasonably
robust to violations of this assumption, provided the size of your groups is
reasonably similar” (as cited in Pallant, p. 207). Since in the sample, largest/smallest

< 1.5, the violation of this assumption was acceptable.
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4.1.2.2. Results of one - way ANOVA for Procedural Knowledge Test

According to one-way ANOVA results, there was no significant mean
difference (F (2,108) = 3, 03, p>.05) among three grade levels in terms of procedural
knowledge test scores. Although 7" and 8" grade students’ scores were higher than
the 6™ grade students, this difference was not statistically significant. In Figure

4.1PKT scores are given according to grade levels.

PKT Scores

100
98
96

94

92

90 M PKT Scores
88

86

84 T T 1

6th grade 7th grade 8th grade

Figure 4. 1 The PKT Scores of 6™, 7" and 8"Grade Students

4.1.3. The Analysis of the Correct and Most Common Errors in the Procedural

Knowledge Test

Before the analysis, the questions were categorized in terms of the perimeter
and area domains. Then, the perimeter part was also categorized in itself as the
perimeter of regular geometric figures (questions 1, 7 and 9), perimeter of irregular
shapes (questions 5). Similarly area part was classified as the area of regular shapes

(questions 1, 2, 3, 6, 8, 9, 10), area of the combination of regular shapes (question 4).
4.1.3.1. Perimeter of the square, rectangle and parallelogram

The objectives related to perimeter of the geometric figures were examined in

1%, 5™ 7" and the 9™ questions in the procedural test.
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The objective “to calculate perimeters of the square, rectangle and
parallelogram” was examined in the 1% question. The perimeter part of the 1°

question is given in the figure 4.2 below.

Question I Calculate the perimeter of the given figures.
A 7cm B A 10 cm B A 10cm B
- i Fom a_’ﬂ
5 cm 3 cm
C D C D - E D

Figure 4.2 First Question in the Procedural Knowledge Test

In this question the students were expected to calculate the perimeter of the
geometric figures in which the length of the edges and the heights were given. The
answers were examined in terms of the frequency of correct answers, empty answers
and incorrect answers with respect to grade levels. The frequency of correct,

incorrect and empty answers is given in Table 4.3.

Table 4.3 The frequency of correct answers, empty answers and incorrect answers in
the part related to perimeter in the 1% question with respect to grade levels

= = Square Rectangle Parallelogram
€ £ |FRA FWA | FEA FRA FWA | FEA | FRA FWA | FEA
C= | % %) | (%) (%) %) | (%) | (%) (%) (%)
g 27 1 3 26 ?10% 2 17 8 6
S~ | (87%) | (3%) | (10%) | (84%) (6%) | (55%) | (26%) | (81%)
e )
g 33 0 2 30 3 2 21 2 12
S | (94%) (6%) (86%) | (9%) | (5%) | (60%) | (6%) (34%)
e
g 44 1 0 42 2 1 28 5 12
> (98%) | (2%) (93%) | (4%) | (3%) | (62%) | (11%) | (27%)
% Q
3 104 2 5 98 8 5 66 15 30
5 S| (94%) | (2%) | (4%) | (88%) | (7%) | (5%) | (60%) | (14%) | (38%)
)
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FWA: Frequency of wrong answers
FRA: Frequency of right answers

FEA: Frequency of empty answers

According to the above table, large majority of the students gave correct
answer for the square and rectangle part of this question. The most successful group
was 8" grade students and the 7" grade students followed them. Sixth grade students
had lower performance than the 7" and 8" grade students although the success rate of
all grade levels were close to one another.

The analysis showed that students from all grade levels had lower
performance in finding the perimeter of the parallelogram. Most of the students did
not give any answers for parallelogram part noted that they forgot the perimeter
formula of parallelogram.

The objective “to calculate perimeters of the square whose area was given”
was examined in the 7™ question. The 7™ question is given in the figure 4.2.1.2

below.

Question 7: Calculate the perimeter of the square whose area is 64 m*

A B

C D

Figure 4.3: Seventh Question in the PKT

In the 7"question, students were expected to find the length of the one side of
the square and then calculate the area of the square. For this question, the answers
were analyzed in terms of the frequency of correct answer, incorrect answers, and
empty answers with respect to the grade levels. The frequency of correct, incorrect,

and empty answers is given in Table 4.4.
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Table 4.4: The frequency of correct answers, empty answers and incorrect answers in
the 7thquestion with respect to grade levels

The frequency of
The frequency of The frequency of
Grade level ) empty answers
right answers (%) | wrong answers (%)
(%)
6" grade (31) 10 (329%) 19 (61%) 2 (7%)
7" grade (35) 21(60%) 6(17%) 8(23%)
8" grade (45) 35(78%) 6(13%) 4(9%)
Total (111) 66(59%) 31(28%) 14(13%)

According to the table, it was investigated that only about half of the students
gave correct answers for this question. It was seen that 8" grade students performed
higher than the 6™ and 7™ grade students in this task. The lowest performance was
seen in 6" grade students. Only less than 50% of the 6™ grade students gave correct
answers. Moreover, it was seen that 7" grade students gave more empty answers

compared to the 6™ and 8" grade students.

When the most common errors were analyzed, it was seen that there was no
problem in calculating the perimeter of the square. However, students had difficulty
when they calculated the length of the one edge of the square whose area was given.
It was seen that most students tended to divide the area of the square into four or two
to find the length of the edge of the square. This showed that in this type of question,
most common errors were resulted from this reason. The frequency of the most

common incorrect answer for this question is in Table 4.5.
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Table 4.5: The frequency of the most common incorrect answer for the 7th question

in the procedural test

Response type

Frequency of the
6™ grade students
for the response

Frequency of the
7™ grade students
for the response

Frequency of the
8" grade students
for the response

Dividing the area
of the square into

2 to find the ! 4 3
length of the edge
Dividing the area
of the square into g 1 0

4 to find the
length of the side

The objective “to calculate the perimeter of a rectangle which is formed from
squares” was investigated in the 9™ question. The 9" question is given in the figure
4.4 below.

Question 0: Calculate the perimeter of the rectangle which is formed from 3 equal squares

with one side as 7 cm.

Figure 4.4: Ninth Question in the PKT

In this question students were expected to put the 3 square side to side and
calculate the perimeter of the formed rectangle. For this question, the answers were
analyzed in terms of the frequency of correct answer, incorrect answers, and empty
answers for the perimeter part with respect to the grade levels. The frequency of

correct, incorrect, and empty answers is given in Table 4.6.

50



Table 4.6: The frequency of correct answers, empty answers and incorrect answers in

the part related to perimeter of the rectangle in the 9™ question with respect to grade

levels.
The frequency of
The frequency of The frequency of
Grade level ) empty answers
right answers (%) | wrong answers (%)
(%)
6" grade (31) 22 (71%) 8(26%) 1 (3%)
7" grade (35) 22(63%) 5(14%) 8(23%)
8" grade (45) 26(58%) 15(33%) 4(9%)
Total (111) 70(63%) 28(25%) 13(12%)

According to the table, about 63% of the students gave correct answers for
the question. It was investigated that the most successful group was 6" grade
students and the 7" grade students followed them. Eighth grade students had lower
performance with respect to the 6™ and 7" grade students. When the incorrect
answers were examined, it was seen that two students from 6" grade and three

students from 8" grade tended to calculate the perimeter of three squares separately.
4.1.3.2. Perimeter of the irregular figures

The objective “to calculate the perimeter of irregular shapes” was

investigated in the 5™ question. The 5™ question is given in the figure 4.5 below.
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Question 3 In the below ﬂgure] BC|l=3 om. ICD|=4 cm. |DEl=2 em and |FE|= 12 cm.

Calculate the perimeter of the polvgon according to given sides.

Figure 4.5: Fifth Question in the PKT

In the 5™ question in the procedural test, the students were expected to find

the other edges by the help of given edges and then calculate the perimeter of the

polygon. The answers were analyzed in terms of the correct, incorrect, and empty

answers. The frequency of the correct, incorrect, and empty answers is given in table

4.7 below.

Table 4.7: The frequency of correct answers, empty answers and incorrect answers in
the 5th question with respect to grade levels

The frequency of
The frequency of The frequency of
Grade level ) empty answers
right answers (%) | wrong answers (%)
(%)
6" grade (31) 16(52%) 12(39%) 3(9%)
7" grade (35) 17(49%) 8(23%) 10(28%)
8™ grade (45) 28(62%) 10(22%) 7(16%)
Total (111) 61(55%) 30(27%) 20(18%)
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According to the table, only about half of the students gave the correct
answers for the question although the objective corresponding to this question was
even addressed in the 5™gradeand emphasized in the sixth grade. While the most
successful group was 8" grade students (about 67% of the students gave correct
answers for the question), the success rate of 6™ and the 7" grade students followed
8" grade students and it corresponded to about 50% of the students for each. The
most common errors were seen in only 6™ and 8" grade students. The frequency of

the incorrect answers is given in the table 4.8 below.

Table 4.8: The frequency of the most common incorrect answer for the 5th question
in the procedural test

Frequency of the 6™ Frequency of the 8"
Response type grade students for the grade students for the
response response
Adding the only given numbers 2 2
summing up 3, 4 and 2 to
calculate the length of the edge 7 2
AF.

The objectives related to area of the geometric figures were examined in 1%,

2nd 3 4™ g™ g™ 9Mand 10™ questions in the procedural test.
4.1.3.3. Area of the square, rectangle and parallelogram

The objective “to calculate areas of the square, rectangle and parallelogram”
were examined in the 1% question. The area part of the 1% question is given in the

figure 4.6 below.
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10 cm B

Question I Calculate the area of the given figures.

/ Jom
H

In this question students were expected to calculate the area of the geometric
figures in which the length of the sides and the heights were given. The answers were
examined in terms of the frequency of correct answers, empty answers and incorrect

answers with respect to grade levels. The frequency of correct, incorrect and empty

answers is given in Table 4.9.

Table 4.9: The frequency of correct answers, empty answers and incorrect answers in

Figure 4.6: First Question in the PKT (Area Part)

the part related to area in the 1th question with respect to grade levels

Grad Square Rectangle Parallelogram
rade
level FRA FWA | FEA | FRA FWA | FEA | FRA FWA | FEA
eve
(%) %) | (%) | (%) (%) (%) | (%) (%) | (%)
6th
20 20 14
grade 9 2 9 2 11 6
(65%0) (65%) (45%)
(31)
7th
29 29 13
grade 4 2 2 4 6 16
(83%) (83%) (37%)
(35)
8"grade | 42 42 34
2 1 2 1 12 22
45 (93%) (93%) (76%0)
TOTAL | 91 15 c 91 13 . 61 29 "
(111) (82%) | (14%) (82%) | (12%) (55%) | (26%)
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According to the above table, most students (82 % of the all students) gave
correct answer for this question. When examined with respect to the grade level, it
was found that the most successful group was 8" grade students and the 7™ grade

students followed them. Sixth grade students had the lowest performance.

Students from all grade levels showed lower performance in finding the area
of the parallelogram. Students’ most common procedural error was multiplying the
two edges and multiplying the edge and the height and then dividing it by two to find
the area of the parallelogram. The frequency of the most common incorrect answer

for this question is in Table 4.10.

Table 4.10: The frequency of the most common incorrect answer for the 1% question
in the procedural test

Frequency of the
Frequency of the — Frequency of the
rade
Response type 6" grade students . 8" grade students
students for the
for the response for the response
response
Multiplying the two
PIYIng 4 2 8
edges (10x3=30)
Multiplying the edge
and the height and 3 3 1
then dividing it by 2.

The objective “to calculate the area of the painted region by using area of
rectangle and square” was investigated in the 6™ question. The 6™ question is given

in the figure 4.7.
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A 12 units

units and|BD| = 8 units then calculate the area of painted region.

8 units

Question G: There are 4 squares whose edges were 2 units in the rectangle ABCD AB| =12

Figure 4.7: Sixth Question in the PKT

In this question, students were expected to calculate the painted area by

subtracting the area of squares from the area of rectangle. The answers were

examined in terms of the frequency of correct answers, empty answers and incorrect

answers for both with respect to grade levels. The frequency of correct, incorrect,

and empty answers is given in Table 4.11.

Table 4.11: The frequency of correct answers, empty answers and incorrect answers
in the 6th question in the procedural test with respect to grade levels

The frequency of
The frequency of The frequency of
Grade level ) empty answers
right answers (%) | wrong answers (%)
(%)
6" grade (31) 11(35%) 16(%) 4(%)
7" grade (35) 17(49%) 10(%) 8(%)
8™ grade (45) 30(67%) 4(%) 11(%)
Total (111) 58(52%) 30(%) 23(%)
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According to the table, almost only half of the students gave correct answers
for the question. However, some of these students could calculate the area of the
rectangle or the squares but they could not complete the answer. The frequency of
the correct and the incorrect answers for squares and rectangle separately with
respect to the grade levels is given in the table 4.12.

Table 4.12: The frequency of correct answers and incorrect answers in the 6

question for squares and rectangles separately in the procedural test with respect to

grade levels
The frequency of the The frequency of the in
Grade level correct answers correct answers
Squares Rectangle | Squares Rectangle
6" grade ( 31) 12(39%) | 19(61%) |15 8
7" grade (35) 18(51%) | 20(57%) |9 7
8" grade (45) 30(67%) | 30(67%) |4 4
Total 60(54%) | 69(62%) |28 19

According to the table the rate of the students who could only the area of the
rectangle is more than the rate of the students who could find only the area of the
squares. It was investigated that although there are four squares in the rectangle some

students calculated the area for only one square.

The objective “to calculate the area of the rectangle whose perimeter and
length of the one of the edges are given” was examined in the g™ question. The gt

question is given in the figure 4.8 below.
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Question 8 The perimeter of the below rectangle are 48 units. If the length of the [AC] is 4

units, calculate the area of the rectangle.

A B

dunit

Figure 4.8: Eighth Question in PKT

In this question, students were expected to find the length of the unknown
edge of the rectangle and then calculate the area of the rectangle. The responses were
examined in terms of the frequency of correct answers, empty answers and incorrect
answers for each grade level. The frequency of correct, incorrect and empty answers
is given in Table 4.13.

Table 4.13: The frequency of correct answers, empty answers and incorrect answers
in the 8thquestion with respect to grade levels

The frequency of | The frequency of The frequency of
Grade level _

right answers (%) | wrong answers (%) | empty answers (%)
6" grade (31) 17(55%) 11(36%) 3(9%)
7" grade (35) 23(66%) 5(14%) 7(20%)
8™ grade (45) 32(71%) 7(16%) 6(13%)
Total (111) 72(65%) 23(21%) 16(14%)

According to the table, it was examined that 65% of the students gave correct
answers for the questions. As the most successful group was 8"grade students, 6
grade students had the lowest performance in this question. When the errors were
examined, it was seen that four students from 6" grade and one student from 8"grade
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divided the perimeter of the rectangle into four to find the length of the other edge as
the square. Moreover, one 6™ grade student and four 8"grade students had errors in

arithmetic procedures.

The objective “to calculate the area of a rectangle which is formed from three
squares” was investigated in the 9™ question. The 9™ question is given in the figure
4.9 below.

(uestion P: Calculate the area of the rectangle which is formed from 3 squares with one side

as 7 cm.

Figure 4.9: Ninth Question in the PKT (Area Part)

In this question students were expected to put the 3 square side to side and
calculate the area of the formed rectangle. For this question, the answers were
analyzed in terms of the frequency of correct answer, incorrect answers, and empty
answers for the area part with respect to the grade levels. The frequency of correct,

incorrect, and empty answers is given in Table 4.14.

Table 4.14: The frequency of correct answers, empty answers and incorrect answers

in the part related to area of the rectangle in the 9™ question with respect to grade

levels
The frequency of | The frequency of The frequency of
Grade level ]
right answers (%) | wrong answers (%) | empty answers (%)
6" grade (31) 16(52%) 3(10%) 12(38%)
7" grade (35) 22(63%) 5(14%) 8(23%)
8™ grade (45) 34(76%) 9(20%) 2(4%)
Total (111) 72(65%) 17(15%) 22(20%)

59




According to the table, 65% of the students gave correct answers for the
question. It was investigated that this rate was very close to the rate related to the
perimeter part (63%) for the same question. The most successful group was 8" grade
students while the 6™ grade students had the lowest performance. The number of the
students who gave empty answers was more than the number of students who gave
incorrect answers. However, it was seen that three students from 6™ grade and two

students from 8" grade calculated the area of only one square.

The objective “to calculate the other height of parallelogram by the help of its
area” was investigated in the 10" question. The 10™question is given figure 4.10

below.
Question 10: In the parallelogram [AK] perpendicular to [DB] and [AH] perpendicular to
[CD].| AB|=12 ecm] AH|=4 cm and AC|= 8 cm. Calculate the length of the [AK].
A B
K
-
C H D

Figure 4.10: Tenth Question in the PKT

In this question, students were expected to calculate the length of the other
height of the parallelogram by the help of its area. For this question, the answers
were analyzed in terms of the frequency of correct answer, incorrect answers, and
empty answers with respect to the grade levels. The frequency of correct, incorrect,

and empty answers is given in Table 4.15.
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Table 4.15: The frequency of correct answers, empty answers and incorrect answers
in the 10thquestion with respect to grade levels

The frequency of | The frequency of The frequency of
Grade level ]

right answers (%) | wrong answers (%) | empty answers (%)
6" grade (31) 5(16%) 17(55%) 9(29%)
7" grade (35) 10(29%) 9(26%) 16(45%)
8" grade (45) 4(9%) 8(18%) 33(77%)
Total (111) 19(17%) 34(31%) 58 (52%)

According to the table, it was investigated that only 17% of the students gave
correct answers and about half of them gave empty answers for this question. The
most successful group was the 7" grade students and the 6™ grade students followed
them. However, only 9% of the 8" grade students gave correct answers for the
question. The objective related to that question was in the 6" and 7" grade

curriculum. Therefore, 8" grade students might have forgotten the procedures.

When the most common errors were examined it was investigated that the
errors were changed among grade levels. For example, one6™ grade student
multiplied the two edges of the parallelogram to find its area. Three students added
the given numbers without any rationale. One student from 6™ grade and one student
from 8™ grade claimed that the length of [AK] must be equal to the length of the
other height. Moreover, six students from 8" grade tried to find the required height

with Pythagorean Theorem.

The objective “to calculate the area of the acute, obtuse-angled and right-
angled triangles whose side and the height belong to given side” was examined in the

3" question. The 3"question is given figure 4.11 below.
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Question 3: Find the area of below triangles below.

IBC |6 cm

|AH

=3 cm

[KL|= 15 em

|L_\-1= 10 em

T

L

"

|"[1|= 9 cm

S

|S\'| =4cm

Figure 4.11: Third Question in the PKT

In this question students were expected to calculate the area of the rectangles

by multiplying the length of the side and the length of the height and then dividing it

by two. The answers were analyzed in terms of the frequency of correct, incorrect,

empty answers and most common error. The frequency of correct, incorrect, empty

answers is given table 4.16.

Table 4.16: The frequency of correct answers, empty answers and incorrect answers

in the 3"question with respect to grade levels

Acute triangle Right triangle Obtuse triangle
Grade level | FRA | FWA | FEA | FRA | FWA | FEA | FRA | FWA | FEA
(%) (%) (%)
6" grade 17 15 11
9 5 11 5 12 8
(31) (55%) (35%) (35%)
7" grade 15 13 10
13 7 15 7 16 9
(35) (43%) (37%) (29%0)
8" grade 30 29 18
11 4 12 4 13 14
(45) (67%) (64%) (40%)
62 57 39
Total (111) 33 16 38 16 41 31
(57%) (51%) (35%)
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FRA: Frequency of right answers
FWA: Frequency of wrong answers
FEA: Frequency of empty

According to the table it was investigated that about 57% of the students gave
correct answers for the area of the acute triangle, 51% of the students gave correct
answers for the area of the right triangle, and about 35% of the students gave correct
answers for the area of obtuse triangle. This showed that students had lower
performance for the area of obtuse triangle. Moreover, for the area of acute and
obtuse triangles, the most successful group was 8" grade students and 6" grade
students followed them. For the area of right triangle, while the highest performance
belonged to 8" grade students, 7" grade students followed them and 6" grade

students had the lowest performance.

When the incorrect answers were examined, it was seen that most students
did not divide the multiplication of the height and the length of the edge by two. The
frequency of the most common error with respect to the grade levels is given below
table 4.17.

Table 4.17: The frequency of the most common error in the 3™ question in the
procedural test with respect to the grade levels

Response type

Frequency of the
6" grade students
for the response

Frequency of the
7" grade students
for the response

Frequency of the
8" grade students
for the response

Students did
not divide the
multiplication
of the height
and the length
of the side by
two.

10

In the answers of 8" grade students, it was seen that two of them tried to

apply Pythagorean Theorem. Furthermore, while one student from 6™ grade divided

the multiplication of the height and the length of the edge of the acute triangle by
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two, he divided the multiplication of the height and the length of the side of the right

triangle by three and obtuse triangle by four.

The objective “to calculate the ratio of painted area to not painted area which
is formed by a rectangle and a triangle” was investigated in the 2" question in the

procedural test. The 2" question is given in the figure 4.12 below.

Question 2; ABCD is a rectangular area and the CED is a triangular area. |AB |= 5 units and

| BD}=4 units. What is theratio of the area of the painted area to the greq without paint?

A E B

C K D

Figure 4.12: Second Question in the PKT

In this question students were expected to calculate the area of rectangle and
the triangle separately and then find the ration of painted area to not painted area.
The answers were analyzed in terms of the frequency of the correct, incorrect and
empty answers. The frequency of correct answers, empty answers and incorrect

answers is given table 4.18 below with respect to grade levels.

Table 4.18: The frequency of correct answers, empty answers and incorrect answers
in the 2ndquestion with respect to grade levels

The frequency of | The frequency of The frequency of
Grade level )

right answers (%) | wrong answers (%) | empty answers (%)
6" grade (31) 3(10%) 18 10
7" grade (35) 3(9%) 16 16
8™ grade (45) 7(16%) 22 16
Total (111) 13(12%0) 56(51%0) 42(37%)
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According to the table, it was seen that only 12% of the students gave correct
answers for the question. The success rate was very low with respect to the other
questions in the procedural test. Seventh grade students had the lowest performance.
The most successful group was 8" grade students although their success rate was
also very low. However, when the incorrect answers were analyzed, it was examined
that most students calculated the ratio of area of triangle to the area of rectangle. The
frequency of that type of answers is given with respect to the grade level in table 4.19

below.

Table 4.19: The frequency of the most common incorrect answer for the 2th question
in the procedural test

Response type

Frequency of
the 6™ grade
students for
the response

Frequency of
the 7" grade
students for
the response

Frequency of
the 8" grade
students for
the response

Students calculated the ratio of the
area of the triangle to the
rectangle (not to the empty area) |5 9 11
therefore the ratio was found as
Y.

Eleven students from 6" grade, 10 students from 7" grade and 14 students
from 8" grade students were able to calculate the area of triangle correctly. Fifteen
students from 6™ grade, 12 students from 7" grade and 14 students from 8" grade
students were able to calculate the area of rectangle correctly. However, they did not

find the ratio.

4.1.3.4. Area of the polygon which is the combination of regular geometric

shapes

The objective “to calculate the area of a polygon which is combination of the
regular geometric shapes” was investigated in the 4™ question in the procedural test.

The 4™ question is given in the figure 4.13 below.
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Question 4 /In the below figure, ABGH is a rectangle, BCEF is a square and CED is a
right triangle. Calculate the area of the polvgon ACDFGH.

A gcm E’.}r-lgg IC

AN

Figure 4.13: Fourth Question in PKT

In this question students were expected to calculate the area of rectangle,
square, and triangle and then sum up them. The answers were analyzed in terms of
the frequency of correct answers, empty answers and incorrect with respect to grade
levels. The frequency of the correct answers, empty answers and incorrect is given in
the table 4.20.

Table 4.20: The frequency of correct answers, empty answers and incorrect answers
in the 4th question with respect to grade levels

The frequency of | The frequency of The frequency of
Grade level _

right answers (%) | wrong answers (%) | empty answers (%)
6" grade (31) 8(26%) 14 9
7" grade (35) 18(51%) 6 11
8™ grade (45) 26(58%) 10 9
Total (111) 52(47%) 30(27%) 29(26%)
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According to the table, less than half of the students gave correct answers for
the question. While the 8™ grade students were most successful group, the success
rate of the 6" grade students was very low although the related objective was in the
6" grade program. When the errors were examined, one student from 7" and 8"
grade and 5 students from 6™ grade tried to calculate the perimeter of the polygon
rather than the area. Moreover, it was seen that 3 eighth grade students did not

complete the answer since they could not find the area of triangle.

4.1.5. Summary of the results the perimeter concept in procedural knowledge
test

In the procedural test, the students’ procedural knowledge and most common
errors of perimeter of geometric figures were examined through different types of

questions.

In the question in which the side lengths of the figures were given, students
were wanted to calculate perimeter. In this type of questions most of the students
(about 94% of them) could give correct answers. However, it was examined that
students’ procedural knowledge was weak in calculating the perimeter of the
parallelogram. It was seen that most students who gave empty answers for the
parallelogram part said that “I forgot the formula of the perimeter of the

parallelogram.”

While the most successful group was 8" grade students, the success rate of 6"
grade and 7™ grade students were close to each other. When students were asked to
calculate the perimeter of the square whose area was given, their success rate was
decreased. Especially 6™ grade students had very low performance compared to the
7™ and 8™ grade students while the success rate of 7" and 8" grade students was
close to each other. However, when the errors were examined, it was seen that the
procedural error was related to finding the length of the side of the square rather than

calculating the perimeter of the square.

In the question where students were asked to calculate the perimeter of the

rectangle which was formed from squares, 6™ grade students were more successful
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than the 7™ and 8™ grade students. Seventh grade students followed 6" grade

students. It was investigated that 8" grade students had the lowest performance.

Finally, when students were required to calculate the perimeter of an irregular
shape, only about half of the students gave correct answers. While the most
successful group was 8" grade students, 6™grade students were the second most
successful group. Seventh grade students had the lowest performance. However, the

success rate of 6™ grade and 7™ grade students were close to each other.
4.1.6. Summary of the results about the area concept in the procedural test

When the procedural test results were examined in terms of the area concept,
it was analyzed that students had strong procedural knowledge in the area questions
in which the edges and the heights of the regular geometric shapes were given
directly. However, they had difficulty in calculating the area of parallelograms and
obtuse-angled triangle. Furthermore, it was realized that most students had problems
with the heights of these geometric figures therefore; the conception of height might
have led procedurally wrong steps. In addition to these, it was analyzed that in
questions which include parallelograms and triangles, 6™ grade students had higher
procedural performance than 7™ grade and 8" grade students when compared to the

other type of questions.

Students had low performance in questions in which the geometric shapes
were given as a combination of different known shapes (such as questions 2 and 4).
The figures might seem considerably confusing especially for the 6™ grade students.
However, in question 2, since the right answer was related to the ratio concept,

students might have problem with the ratio rather than area.

Finally, in questions where the area of rectangle whose one side and the
perimeter were given was asked, students had difficulty to find the other length of the
edge. The same problem occurred in questions in which it was asked to find the
perimeter of the square whose area was given. Therefore, students had problems to
calculate the length of the side of the rectangle or square whose area or perimeter

was given.
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4.2. Analysis of Private middle school Students’ Conceptual Knowledge about

Area and Perimeter of Geometric Shapes

In this section descriptive statistics on scores of conceptual knowledge test
(CKT) related to area and perimeter of geometric shapes was given. Then, the mean
score of conceptual knowledge test were compared according to the grade levels.
Finally, the frequencies of the correct answers and the most common incorrect

answers were presented.
4.2.1. Descriptive Statistics about Conceptual Knowledge Test

In this section descriptive statistics about conceptual knowledge test about are
and perimeter of geometric shapes were presented. Table 4.21 illustrates descriptive

statistics of three grade level students’ scores of conceptual knowledge test.

Table 4.21: Descriptive Statistics of Private middle school Grade Students’ Scores of
Conceptual Knowledge Test

Grade Level N Max Min Mean SD

6" grade 31 95 12 46,13 21,80
7" grade 35 100 1 53,43 24,65
8" grade 45 100 14 60,09 21,32
Total 111 100 1 54,09 23,07

Table 4.21 is an overall summary of the descriptive statistics gathered from
the conceptual knowledge test scores from the 6™, 7™ and 8™ grade students. As
shown in the table, the mean score of 6" grade students was 46, 13 (SD= 21, 80), the
mean score of 7™ grade students was 53, 43 (SD= 24, 65), and the mean score of 8"
grade students was 60, 09 (SD= 21, 32) while the mean score of all total was 54, 09

69



(SD= 23, 07) in the conceptual knowledge test. The conceptual knowledge test scores
of the 6™ and 7" grade students were under the mean of all students’ scores whereas
test scores of the 8" grade students was above the mean of all students’ scores.
Moreover, it can be seen that the conceptual test scores of 8" grade students was
higher than the conceptual test scores of 7™ grade students and the conceptual test
scores of 7" grade students was higher than the conceptual test scores of 6™ grade

students.

4.2.2. The Difference in Conceptual Knowledge of Private middle school

Students in terms of Grade Level

One of the aims of the present study was to examine how private middle
school students’ conceptual knowledge changed according to the grade level. This
research question addressed a comparison of means for whether there was a
significant mean difference between the scores of the groups. Therefore, in order to
examine the mean difference of conceptual knowledge test scores in terms of grade
levels as mentioned in analysis part related to PCK, one-way ANOVA was used.
Prior to running the analysis, the assumptions of one-way ANOVA for CKT were
checked also. In the next sections the assumptions and analysis of results were

summarized.
4.2.2.1. Assumptions of one way ANOVA for Conceptual Knowledge Test

The assumptions for ANOVA related to conceptual knowledge test were also
checked as in the procedural knowledge test .The variables for one-way ANOVA
were mean scores of conceptual knowledge test of 6%, 7" and 8™ grade students
which were continuous variable. Hence the level of measurement assumption was
ensured. Since for PKT level of measurement assumption and the homogeneity of

variance assumption (p=.63)were ensured, for CKT they were also ensured.

In order to check normality of conceptual knowledge test scores for each
group, histograms and skewness and kurtosis values were checked. The values are

given in the table 4.22 below.
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Table 4.22: Skewness and Kurtosis Values of Conceptual Knowledge Test Scores for
each grade level

6" grade 669 -.324 31
7" grade -.077 -505 35
8" grade 194 -.605 45

4.2.2.2. Results of one-way ANOVA for Conceptual Knowledge Test

According to the one-way ANOVA results, there was statistically significant
difference (F (2, 108) = 3.54, p < .05) among mean scores of students from three

grade levels in conceptual knowledge test scores.

In order to reveal the difference among grade levels, the post-hoc analysis
was performed and the results are presented in Table 4.23.

Table 4.23: Multiple Comparison for Post- Hoc Results for CKT

Grade Level Grade Level Mean Difference Sig.
6" grade 7" grade 7.30 391
8" grade 6" grade 13.96 .025%
7" grade 8" grade 6.66 392

Post Hoc comparison using the Turkey HSD test indicated that the mean
score for 6™ grade students (M = 46.13, SD = 21.80) was significantly different from
8" grade(M = 60.09, SD = 21.32). However, the mean score for 7"grade students was

not significantly different from 6" grade students and8™ grade students.

In Figure 4.14 CKT scores are given according to grade levels.
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CKT Scores
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Figure 4.14: The CKT scores of 6™, 7" and 8"grade students

As can be seen from the above figure, the mean score of 8" grade students
was significantly higher than the mean score of 6™ grade students. The mean score of
7" grade students was close to 6" grade students’ and 8" grade students’ mean

Scores.

The effect size, eta square value, was calculated by dividing the sum of
squares between groups by the total sum of squares (Pallant, 2007). Eta squared was
found as .06which corresponded to a small effect Cohen (1988). Therefore, only 6%

of the variance in the CKT was explained by the grade level in this study.

4.2.3. The Analysis of the Correct, Incorrect and Empty Answers and Most
Common Errors in the Conceptual Knowledge Test

As in the procedural test results, in this part the questions were analyzed by
categorizing them as the area of irregular shapes (questions 1 and 9), surface area
(questions 2 and 3) and area and perimeter of regular shapes (questions 4, 5, 6, 7, 8
and 10).

4.2.3.1. Area of Irregular Geometric Shapes

The objective “compare the area of given irregular geometric shapes” was
evaluated in the 1% question and the objective “to predict the area of an irregular
geometric shape” was evaluated in the 9™ question in the conceptual test. The 1% and

9™Mquestions are given in Figure 4.15.
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Answer: .....

Question 9: estimate the area of below figure.

L

>

e

1 unit

Question 1:Range the below figures from biggest one to the smallest one.

Figure 4.15: The first and ninth questions in the conceptual test

The first question in which students were expected to predict and then order

the given figures from the biggest figure to the smallest one according to their areas

had one correct answer. Hence, the frequency of correct answers, empty answers,

and possible combination of incorrect answers were calculated with respect to grade

levels. The frequency of correct, incorrect and empty answers is given in Table 4.24

and Table 4.26 for these two questions.

Table 4.24: The frequency of students’ answers for the first question in the
conceptual test with respect to the different grade levels

The frequency of

The frequency of

The frequency of

Grade level right answers incorrect answers empty answers
(percentage) (percentage) (percentage)

6" 22 (71%) 8(26%) 1(3%)

7" 30 (86%) 514%) 0

g™ 38(84%) 7(16%) 0

Total 90(81%0) 20(18%) 1(1%)
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According to the above table, it was examined that 81% of the students gave
the correct answer for this question. However, with respect to the grade levels, the
most successful group was 7" grade students and the 8™ grade students followed
them. Sixth grade students had lower performance compared to the 7" and 8" grade
students.

When the most common incorrect answers were examined, it was seen that
the most common answer was “A>C>B”. The frequency of the most common

incorrect answer for this question is in Table 4.25.

Table 4.25: The frequency of the most common incorrect answer for the 9" question
in the conceptual test

Frequency of the Frequency of the Frequency of the
Response type 6" grade students | 7" grade students | 8" grade students

for the response for the response for the response
A>C>B 5 4 2

Similarly, in the 9" question students were expected to predict the given area.
However, this time the area was given on the squared paper. For this question, the
answer was 11, 5 units square. Hence, there were two alternative answers. The
answers“11 and 12 unit squares” were accepted as the correct answer and the others

were incorrect. The frequencies of correct, incorrect, and empty answers are given in

Table 4.26.

Table 4.26: The frequency of students’ answers for the ninth question in the
conceptual test with respect to the different grade levels

Grade level The frequency of | The frequency of | The frequency of
correct answers incorrect answers empty answers
(percentage) (percentage) (percentage)
6" 14(45%) 17 (65%) 0
70 25(71%) 9(26%) 1(3%)
gt 37(82%) 6(13%) 2(5%)
Total 76(69%) 32(29%) 3(2%)
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According to the above table,69% of the all students gave correct answer for
this question. When examined with respect to the grade level, it was found that 6"
grade students’ performance were lower than the 7™ and 8" grade students’
performance. Moreover, 6"grade students who gave correct answer for this question
were less than the 50% of the all 6" grade students.

To sum up, 7" and 8" grade students performed better than the 6"grade
students in tasks including predicting and the comparing the area of geometric

figures although related objectives were in the 6™ grade program.
4.2.3.2. Surface Area

The objective “to decide how surface area of a structure consisted of unit
cubes change when one of the stated unit cube taken away” was evaluated in the2™
question in the conceptual knowledge test. The 2™ question is given in Figure 4.16

below:

Question 2: Which cube should be taken away from the below structure so that the

E surface area of the structure will not change? Why?

1 2

Figure 4.16: The 2" question in the conceptual test

In the 2" question in the conceptual test, students were expected to choose
one of the cubes and explain the reasoning for their answer. Students’ answers were
analyzed in terms of the frequency of correct answer, explanation of the correct
answer, the possible combination of incorrect answers, and empty answers with
respect to the grade levels. The frequency of correct, incorrect, and empty answers is

given in Table 4.27.
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Table 4.27: The frequency of students’ answers for the second question in the
conceptual test with respect to the different grade levels

The frequency of right
answers (percentage)
i The frequency
] Right The frequency of
Right ) of empty
Grade level answer but | incorrect answers
answer and answers
o not (percentage)
sufficient o (percentage)
) sufficient
explanation _
explanation
6™ 4(13%) 1 20 (65%) 6
7" 7(18%) 3 20(57%) 5
gt 12(27%) 1 29(64%) 3
Total 23(21%) 5 (4%0) 69 (62%0) 14(13%)

According to the table above, it was seen that few students (only 21% of all
students) gave correct answer for this question. Eighth grade students were more
successful than 6™ and 7" grade students. However, more than half of the students
from all grade levels could not give correct answer although this objective was
addressed in all grade levels.

The analysis of the most common incorrect answers showed that students
tended to give the answer “the cube with number 3”. All the students who gave this
answer explained their reasoning as “the cube with number 3 is in the middle of the
structure, so the cube with the number 3 does not affect the surface area of the

structure”. The frequency of the most common incorrect answer for this question is
in the table 4.28.
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Table 4.28: The frequency of the most common incorrect answer for the 2™ question

in the conceptual test

Response type

Frequency of the
6" grade students
for the response

Frequency of the
7" grade students
for the response

Frequency of the
8™ grade students
for the response

Explanation: Cube
3. Because, cube 3
is in the middle so 24

15 12

it does not affect

the surface area.

Beside this most common incorrect response, eight of the 7" grade students
and one of the 8" grade students claimed that taking away all of the cubes change the

surface area of the structure since lack of a piece of surface affected the surface area.

The objective “to decide which kind of information will be used to cover a
given box” was evaluated in the 3™ question. The 3" question is given in Figure 4.17

below:

Question 3: There is a present box below. It will be covered by present packet.

Which kind of information should be known to find the amount of packet?

A.The sum of the sides of B.The surface area of the C.The volume of the box

the box box

Because;.................. Because;..................

Figure 4.17: The 3" question in the conceptual test
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In the 3" question in the conceptual test, the students were expected to choose
the correct answer and explain the reasoning for the answer. Students’ answers were
analyzed in terms of the frequency of correct answer, explanation of the correct
answer, the possible combination of incorrect answers, and empty answers with
respect to the grade levels. The frequency of correct, incorrect, and empty answers is
given in Table 4.29.

Table 4.29: The frequency of students’ answers for the third question in the
conceptual test with respect to the different grade levels

The frequency of right The frequency of
answers (percentage) incorrect answers The frequency
(choose surface area) (percentage) of empty
Grade level
o Chose answers
With right No Choose
i ) sum up (percentage)
explanation | explanation ] volume
the sides
6" 19(61%) 1(3%) 5 5 1
7" 24(69%) 0 0 1 10
g™ 32(71%) 1(2%) 7 4 1
Total 74 (67%) 2(2%) | 12(11%) | 10(9%0) 12(11%)

According to the above table, about 69% of the students gave correct answer
for the question. However, two of the students who gave the right answer could not
explain their reasoning. When examined according to the grade levels, more 8" grade
students gave the right answer compared to the 6" and 7 grade students. It was seen
that the success rate of the 6™ grade students was almost close to the 7" grade

students.
4.2.3.3. Area and Perimeter

The objective “to interpret the area and circumference of the figure which is
obtained by breaking the first figure into pieces and then bringing them together in a
different combination” was evaluated in the 4™ question. The 4™ question is given in

Figure 4.18 below:
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Figure 1 SQUARE

Figure 2 The square is divided into

two equal pieces.

) Then, one of the equal
Figure 3 ] o
pieces is divided into two
equal pieces as in the figure.
) All pieces are brought
Figure 4
together.

Question 4: Examine the given table below. Then, answer the question above the
table.

» What can be said for the perimeter of the new figure (figure 4)?

A. The perimeter of the B. The perimeter of the C. The perimeter of the
figure 4 is BIGGER figured is SMALLER figure 4 is EQUAL
than the perimeter of than the perimeter of to the perimeter of

figure 1. figure 1. figure 1.

» What can be said for the area of the new figure (figure 4)?
A.The area of the figure B.The area of the figure C.The area of the figure
4 is BIGGER than the 4 is SMALLER than the 4 is EQUAL to the area

area of figure 1. area of figure 1. of figure 1.

Figure 4.18: The 4™ question in the conceptual knowledge test
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In the 4™ question, students were expected to provide the correct answers for
area and perimeter of the figure and then explain their reasoning. Therefore, the
frequency of correct answers, empty answers, and possible combination of incorrect
answers were calculated with respect to grade levels. Moreover, the most common
wrong explanations were emphasized. The frequency of correct, incorrect, and empty

answers is given in Table 4.30.

Table 4.30: The frequency of students’ answers for the fourth question in the
conceptual test with respect to the different grade levels

) The frequency of
The frequency of right ] TheF
incorrect answers
answers (percentage) of
Grade (percentage)
empty
level ["\With
explanation( ] B C 0
explanation(A) (%)
A)
6" 4(13%) 6(19%) 1(3%) | 20(65%)
| Total | 10(32%) 21(68%) 0
e |7 8(23%) 2(6%) 1(3%) | 22(63%)
S Total | 10(29%) 23(66%) 2(6%)
g™ 16(36%) 3(7%) 4(9%) | 20(44%)
Total 19(43%0) 24(53%) 2(4%)
Total 39(35%) 68(61%) 4(4%)
C C A B
6" 15(48%) 0 8(26%) | 6(19%) | 2(6%)
15(48%) 14(45%)
Area | 7" 21(60%) 1(3%) 7(20%) | 1(3%) | 5(14%)
22(63%) 8(23%)
g™ 33(73%) 0 5(11%) | 4(9%) | 3(7%)
33(73%) 9(20%)
Total 70(63%) 31(28%) 10(9%)

F: Frequency
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This question was examined in two parts. In the first part, the perimeter of the
geometric figure and in the second part the area of the geometric figure was
interpreted. According to the table, only 35% of the all students gave correct answer
for interpreting the perimeter. The rate of success increased to 63% when the area
was in question. This showed that students’ knowledge about perimeter might be
weaker than their knowledge about area. In both parts, 8™ grade students performed
better than the 7" and 6" grade students. However, while 7" graders performed better
than 6™ graders in the area part, they showed lower performance in the perimeter
part. This might be a result of an emphasis in the perimeter concept in the 6™ grade
mathematics through the objective “explain the relationship between sides and
perimeter of polygons.” The perimeter concept was mentioned in the 7t grade

mathematics curriculum as integrated to area concept.

When the explanations of right answers were examined, it was seen that there
were students who gave right answer but they could not explain their reasoning
correctly. For example, 5 students from 6™ grade, 2 students from 7™ grade, and 2
students from 8" grade explained their reasoning as “The perimeter of figure 4 is
bigger than the perimeter of figure 1 because there are more geometric figures in
figure 4”. In addition to this explanation, 2 students from 7" grade and 3 students
from 8" grade explained their reasoning as “The perimeter of parallelogram is
always bigger than the perimeter of a square”. Moreover, most 8" grade students
explained their reasoning as “In a right triangle, hypotenuse is always longer than the
other sides”. It was not unexpected that 8" grade students explained their answers

with the hypotenuse concept since they have learned this concept recently.

The most common wrong explanation for the incorrect answers was analyzed.
The frequency of the most common incorrect answer for the perimeter part of the
4"question is in the table 4.31.
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Table 4.31: The frequency of the most common incorrect answer for the perimeter
part of the 4th question in the conceptual test

Frequency of the Frequency of the Frequency of the
Response type 6" grade students | 7" grade students | 8" grade students
for the response for the response for the response

“Since the shape

does not change” 13(42%) 12(34%) 12(27%)

When the area part was examined, it was realized that more students gave
correct answers for area task compared to the perimeter task. Although there were
not many students who gave the same incorrect explanation for the incorrect answer,
it was seen that one student from each grade level explained their reasoning as “The

area of parallelograms are bigger than the area of squares.”

An objective similar to the objective in the question 4, “to identify the
changes in area and perimeter of two figures in different combinations,” was

evaluated in the 6" question. The 6™ question is given in Figure 4.19 below:

Question 6:
A B. |
C. D. | |

a. There are two equal rectangular areas. In which part, the perimeter of the

combined figures is the smallest one?

b. What could be said about the areas of the combined figures?

Figure 4.19: The sixth question in the conceptual test
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In the sixth question, students were expected to compare the area and

perimeter of the different combinations of the two identical figures and answer the

questions related to this comparison. Students’ answers were analyzed in terms of the

frequency of correct answer, the possible combination of incorrect answers, and

empty answers with respect to the grade levels. The frequency of correct, incorrect,

and empty answers is given in Table 4.32.

Table 4.32: The frequency of students’ answers for the sixth question in the
conceptual test with respect to the different grade levels

The frequency of

The frequency of

The frequency of

Grade .
level right answers Wrong answers empty answers
(percentage) (percentage) (percentage)
6" 20(65%) 7 3
Perimeter | 7" 28(80%) 1 6
g" 34(76%) 11 1
Total 82(74%) 19(17%) 10(9%)
6™ 9(29%) 15 7
Area 7" 12(34%) 11 11
gt 26(58%) 11 8
Total 47(42%) 37(33%) 26(25%)

According to the given table above, similar result was seen as in the 4"

question. Eighth graders performed better than the 6™ and 7" graders. Seventh

graders performed better than the 6" graders in both perimeter and area tasks.

However, as in the fourth question, when examined totally, students showed lower
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performance in the area part. Although there was a not common incorrect answer for
this question, one interesting answer from 6" grade student was that he tried to
complete the figures to a regular shape. Moreover, one of the 8" grade students

claimed that this question could not be solved without any numerical information.

To sum up, similar objectives were examined in questions 4and 6. How
perimeter and area changed when identical figures or the part of a figure reformed
was asked. It was found that for this type of tasks, 8" graders were more successful
than the other grade levels. In general, students from all grade levels showed low

performance in the area concept.

The objective “to relate dimensions of a rectangle with its area” was

evaluated in the 5™ question. The 5™ question is given in Figure 4.20.

Question 5: If you increase the edges of a rectangle to 4 times of its current length,

how will its area change?

A. The area becomes 4 times of the first rectangle.

B CaUS e, . .

B. The area does not change.

B CaUS e, . ..

C. The area changes, but it does not become 4 times of the first rectangle.

BeCaUSE, . ..ot

Figure 4.20: The fifth question in the conceptual test

In the 5" question, students were expected to realize in which rate the area of
rectangle changed according to the changes in the length of its sides. They were
expected to choose the right answer and then explain their reasoning. Students’

answers were analyzed in terms of the frequency of correct answer, the possible
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combination of incorrect answers and empty answers with respect to the grade levels.

The frequency of correct, incorrect, and empty answers is given in Table 4.33.

Table 4.33: The frequency of students’ answers for the fifth question in the
conceptual test with respect to the different grade levels

The frequency of
The frequency of
: wrong answers The frequency of
right answers .
ercentage empty answers
(percentage) (b ge) P
(percentage)
© A B
6" 12(39%) 16 1 2
17(55%)
7" 16(46%) 13 2 4
15(43%)
gt 30(67%) 13 1 2
14(31%)
Total 58(52%) 42(38%) | 4(4%) | 8(6%)

According to the table, only about half of the students gave correct answers
for this question although this kind of questions could be seen commonly in
elementary mathematics curriculum materials. Eighth grade students performed
higher than the 6™ and 7" grade students in this task. Moreover, the rate of correct
answer for these questionsfor6™ graders was close to the rate of correct answers for
this question for 7" graders. When the correct answers were analyzed, it was seen
that two 7™ grade students and 8" grade students provided numbers to calculate the
rate of change. In the answers of students who chose A (becomes 4 times of the first
rectangle)as the right answer, the same common answer emerged. They explained
their reasoning as “The rate of increase in the area is equal to the rate of increase in

the length of sides.”

The objective “to choose the suitable figure with the perimeter with a given

length” was evaluated in the 7™ question. The 7" question is given in Figure 4.21.
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Question 7: A farmer has 32 — meter wire. He wants to enclose a garden with one
row of wire. Decide whether the wire is sufficient or not for the below gardens

which have different shapes.

B

10 m - o 1 m

fm

10 m Y < 10 m

Figure 4.21: The seventh question in the conceptual test

In the 7™ question, the students were expected to calculate or predict (for B)
the perimeter of the given figures and then decide for which ones the wire was
sufficient. For this question, the answers were analyzed under the frequency of
correct answer, incorrect answers, and empty answers for the parts separately with
respect to the grade levels. The frequency of correct, incorrect, and empty answers is

given in Table 4.34.
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Table 4.34: The frequency of students’ answers for the seventh question in the

conceptual test

The frequency of right | The frequency of | The frequency of
answers (percentage) wrong answers | empty answers
(percentage) (percentage)
F1 F2 | F3 | F4 | F1 F2 | F3 F4 | F1 F2 F3 F4
6th | 23(74 | 8(26 | 20(65 | 26(84 | 6 18 7 2 2 5 4 3
%) %) | %) | %)
7th | 1543 | 15(43 | 11(32 | 24(69 | 9 15 16 5 1 5 8 6
%) %) | %) | %)
gth | 27(60 | 19(42 | 22(49 | 34(76 | 12 16 15 6 6 10 8 5
%) %) | %) | %)
65(59 | 42(38 | 53(48 | 84(76 | 27(22 | 49(42 | 38(34 | 13(11 | 19(17 | 20(18 | 20(18 | 14(13
T | %) %) % % % % % % |%) |% | % | %)
o
|_

In the seventh question, students were expected to decide if the wire was
sufficient for the perimeter of each geometric shape. For the first (irregular shape),
third(irregular shape) and the fourth(rectangle)figure, the rate of correct answers of
6" grade students was higher than the rates of 7" and 8" grade students’ correct
answers. However, for the second figure (parallelogram), it was realized that even
less than half of the students could not give correct answer. While the rate of correct
answers of 7" grade students was close to the rate of correct answers of 8" grade

students, 6™ grade students showed lowest performance in this task.

Certain common wrong explanations for students’ answers were detected.
Some students provided their answers based on the appearance of the figures. They
said that since the figures (figure 1 and 3) were irregular, their perimeters were
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bigger than the others (figure 2 and 4) which were more regular. The frequency of

the most common incorrect answer for this question is in the table 4.35.

Table 4.35: The frequency of the most common incorrect answer for the 7™ question
in the conceptual test

Response type

Frequency of the
6" grade students
for the response

Frequency of the
7" grade students
for the response

Frequency of the
8™ grade students
for the response

“Since the figures
are washboard or | 2 7 5
plane”

The objective “to compare the perimeters and areas of two shapes drawn on

dot paper” was evaluated in the 8" question. The 8™ question is given in Figure 4.22.

Question 8:There are two figures below. Give the answers for below questions

according to these figures.

2 1 &

> Are the figures’ areas equal to each other? Why?
A.Their areas are equal to each other. B. Their areas are NOT equal to each
other.
Because;...........oooo Because;................o
» Are the figures’ perimeters equal to each other? Why?
C.Their areas are equal to each other.B. Their areas are NOT equal to each other.

Because;..........oooooi Because;.................

Figure 4.22: The eighth question in the conceptual test
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In the 8™ question, students were expected to find the area and perimeter of
given figures and to realize that different figures could have the same area, same
perimeter, or not. Students’ responses were analyzed under the frequency of correct
answer, incorrect answers and empty answers for the parts (area and perimeter)
separately with respect to the grade levels. Moreover, their explanations were
examined. The frequency of correct, incorrect, and empty answers is given in Table
4.36.

Table 4.36: The frequency of students’ answers for the eighth question in the
conceptual test with respect to the different grade levels

The frequency of The frequency
_ The frequency of
Grade right answers of empty
wrong answers
level (percentage) answers
(percentage)
(percentage)
6" 23(74%) 7 1
Area 70 31(89%) 1 3
g™ 41(91%) 4 0
Total 95(86%) 12(11%) 4(3%)

6" 14(45%) 11 5
Perimeter | 7™ 17(49%) 13 5
gt 31(69%) 13 1

Total 62(56%) 37(34%) 11(10%)

In this question, it was investigated that students had strong conceptual
knowledge to realize the area of a given figure on a dot paper. Most of the students
(about 95%) could give correct answer for the area part. However, in the perimeter
part, the rate of correct answer decreased to 56%. It was seen that the rate of 8"
grade students’ correct answers were more than 7™and 6" grade students’ rate of
correct answers. When students’ answers were examined in detail, certain
conceptions of area and perimeter appeared. A 6™ grade-student and an 8" grade-

student said that “If the area of given figures are different, then their perimeters are
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also different.” Moreover, one student from each grade level said that “Since the

figures are different, the area/perimeter must be different.”

The objective “to identify the different shapes with the same perimeter” was

evaluated in the 10™ question. The 10™ question is given in Figure 4.23.

Question 10: A farmer has 4 gardens in different shapes as given below. This
farmer will enclose his gardens with wire. Therefore, he divided his wire into 4
equal parts. He did not add any piece of wire or need any wire. So, which

statement is the right?

o Il

Garden A Garden B Garden C Garden D
A. Garden D has the biggest perimeter.
B. All gardens have equal perimeter.
C. Garden B has the smallest perimeter.
D. The perimeter of garden C is bigger than the perimeter of garden A.

Why your choice is right? Explain your reasoning.

Figure 4.23: The tenth question in the conceptual test

In the 10™ question, students were expected to choose the correct answer
from the given statements and then explain their reasoning. They were supposed to
realize that different shapes may have the same perimeter. The answers were
examined under the frequency of correct answers, incorrect answers and empty
answers. The explanations from incorrect answers were also investigated. The

frequency of correct, incorrect, and empty answers is given in Table 4.37.
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Table 4.37: The frequency of students’ answers for the tenth question in the
conceptual test with respect to the different grade levels

Grade level The frequency of right | The frequency of | The frequency
answers (percentage) wrong answers of empty
(B) (percentage) answers
With right No A C D (percentage)
explanation | explanation
6" 10(33%) 1(3%) 11 | 2 6 1
7 15(43%) 1(4%) 4 2 9 4
g™ 15(33%) 2(5%) 6 5 | 14 3
Total 40(36%) 4(4%) 21 9 29 8
Total 44(40%) 59(53%) 8(7%)

According to the table above, it was examined that only 40% of the students

gave correct answers and sufficient explanation. In this question, the rate of correct

answers of 7™ grade students was higher than the rate of correct answers of the 6™

and 8™ grade students. Moreover, the incorrect answers were examined and common

incorrect explanations were analyzed. The frequency and the response type of

students who chose A (Garden D has the biggest perimeter) as the right answer is

shown table 4.38 below:

Table 4.38: The frequency of the most common incorrect explanation for choice A in
the 10th question in the conceptual test

Response type

Frequency of the
6™ grade students
for the response

Frequency of the
7™ grade students
for the response

Frequency of the
8" grade students
for the response

“Because the
appearance of
garden D seems
big”.

12

It seemed that the 8" grade students gave importance to the appearance of the

figures much more than the 6™ and 8" grade students.
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Students who chose D (The perimeter of garden C is bigger than the
perimeter of garden A) as the correct answer explained their reasoning as “C is more
regular than the A and the others.” Furthermore, one student from 7" grade and one
student from 8" grade compared the shapes by completing all the shapes to a square
or rectangle.

4.3. Summary of the results about conceptual knowledge test

In the conceptual test, the students’ conceptual knowledge of area and
perimeter of geometric figures were examined through different objectives.
According to the results; students had conceptual difficulties both in area and
perimeter tasks. While they performed better in some tasks such as predicting and
comparing the area of given figures, they had low performance in tasks related to
analyzing different geometric figures with the same perimeter. Seventh and 8" grade
students performed better than the 6™ grade students in comparison and prediction
tasks.

Students’ conceptual knowledge was stronger in area when they were
expected to interpret the area and perimeter of the shapes which are decomposed and
formed differently. On the other hand, when they were expected to interpret
combined figures, they performed better in interpreting the perimeter. Students’
conceptual knowledge of area was also stronger compared to their conceptual

knowledge of perimeter when they were analyzing a figure on a dot paper.

The analysis indicated that students interpreted and compared the area and the
perimeter of the figures by considering their appearance. According to them, the
perimeter of the irregular shapes figures was bigger than the plane ones. It seemed
that students’ conceptual knowledge was affected by the visual evidences they had
about the geometric figures. Furthermore, it was examined that students from all

grade levels had difficulties in tasks related to the perimeter of the parallelogram.

Students had lower performance in relating the length of the edges and the

area of the given rectangle and realizing the different shapes with the same
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perimeter. These kinds of tasks were completed correctly by only less than half of the

students.

4.4. Analysis of Private middle school Students’ Self-Efficacy towards Geometry

Test Scores

In this section descriptive statistics on scores of self-efficacy towards
geometry test (STG) was given. Then, the mean score of self-efficacy towards

geometry test were compared according to the grade levels.
4.4.1. Descriptive Statistics about Self Efficacy towards Geometry Test

In this section, descriptive statistics about self-efficacy towards geometry test
about area and perimeter of geometric shapes were presented. Table 4.39 illustrates
descriptive statistics of three grade level students’ scores of self-efficacy towards

geometry test.

Table 4.39: Descriptive Statistics of Private middle school Students’ Scores of Self
Efficacy towards Geometry (Out of 125)

Grade Level N Max Min Mean SD

6" grade 31 119 41 97,90 17,18
7" grade 35 124 59 95,57 18,94
8" grade 45 120 63 89,27 15,80
Total 111 124 41 93,67 17,48

Table 4.39 is an overall summary of the descriptive statistics gathered from
the self-efficacy towards geometry test scores from the 6™, 7" and 8" grade students.
As shown in the table, the mean score of 6" grade students was 97, 90 (SD= 17, 18),

the mean score of 7™ grade students was 95, 57 (SD= 18, 94), and the mean score of
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8"grade students was 89, 27 (SD= 15, 80) while the mean score of all total was 93,
67 (SD= 17, 47) in the self-efficacy towards geometry test. The self-efficacy towards
geometry test scores of the 6™ and 7" grade students was above the mean of all
students’ scores, the self-efficacy towards geometry test scores of the 8" grade
students was under the mean of all students’ scores. Moreover, it can be seen that the
self-efficacy towards geometry test scores of 6™ grade students was higher than the
self-efficacy towards geometry test scores of 7™ grade students and the self-efficacy
towards geometry test scores of 7 grade students was higher than the self-efficacy

towards geometry test scores of 8" grade students.

4.4.2. The Difference in Geometry Self-Efficacy of Private middle school

Students in terms of Grade Level

One of the aims of the present study was to examine how geometry self-
efficacy of private middle school grade students changed according to the grade
level. This research question also required a comparison of means and look for
whether there was a significant mean difference between the scores of the groups as
in the PCK and CKT scores. Therefore, in order to examine the mean difference of
self-efficacy towards geometry test scores in terms of grade levels, one-way
ANOVA was used. Prior to running the analysis, the assumptions of one-way
ANOVA were checked for geometry test scores. In the next sections the assumptions

and analysis of results were summarized.
4.4.2.1. Assumptions of one way ANOVA

The assumptions of one-way ANOVA were level of measurement,
independence of observations, normality and homogeneity of variance Pallant
(2007). According to the geometry self-efficacy test results, they were summarized

below.

The variables for one-way ANOVA were mean scores of self-efficacy
towards geometry test of 6" 7™ and 8™ grade students which were continuous

variable. Hence level of measurement assumption was ensured.
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Each measurement of grade levels was not influenced by each other, since
students in each grade level took the tests in different places and their scores did not

influence each other. Therefore, level of measurement assumption was ensured.

The other assumption to be considered before one-way ANOVA was
normality. For parametric techniques, mean scores for each variable should be
normally distributed (Pallant, 2007). Since the sample sizes for all groups was large
enough (e.g. 30+), this assumption ought not to cause major problems. In order to
check normality of self-efficacy towards geometry test scores for each group

histograms were checked.

In addition to this, skewness and kurtosis values were checked. Since these
values were between -2 and +2 (Pallant, 2007), the normality of three groups’ scores
was assured. Only the kurtosis value for 6™ grade students’ test scores was above the
+2; however this was ignorable since the other values for normality was acceptable.
The values are given in the table 4.40 below.

Table 4.40: Skewness and Kurtosis Values of Self-Efficacy towards Geometry Test

Scores for each grade level

Grade level Skewness Kurtosis Number
6" grade -1.493 3.026 31
7" grade -.284 -.891 35
8" grade -.091 -1.144 45

For homogeneity of variance assumption, the variability of all groups should
be similar addressing that the samples were obtained from populations of equal
variances. In this analysis, Levene’s Test of Equality of Error Variances showed that

the homogeneity of variance assumption was assured (p=.39).
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4.4.2.2. Results of one-way ANOVA for Self-Efficacy toward Geometry Test

According to the one-way ANOVA results for geometry self-efficacy test
revealed that there was no statistically significant difference (F (2, 108) = 2.62, p >
.05) among three grade level in terms of geometry self-efficacy test scores. Although
there are mean difference in the scores, this mean difference is not statistically
significant. The STG test scores for each grade level were given in the figure
4.24below.

STG Scores
100
98 -
96 -
94 -
92 -
90 - B STG Scores
88 -
86 -
84 - T T )
6th grade 7th grade 8th grade

Figure 4.24: STG Test Scores for the 6™, 7" and 8" grade students

4.5. Correlation among Geometry Self-Efficacy, Procedural Knowledge and

Conceptual Knowledge

One specific aim of the present study was to investigate if there was a
relationship among the scores of PKT, CKT and STG test scores. In order to examine
the strength and the direction of the relationship among these variables Pearson-
Product Moment was calculated. Before conducting the correlation analysis, the

assumptions for the analysis were checked.
4.5.1. Assumptions of Pearson-Product Moment Correlation

The assumptions of Pearson-Product Moment Correlation were level of
measurement, related pairs, independence of observations, normality and

homogeneity of variance (Pallant, 2007).
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In the present study, the dependent variables were PKT, CKT and STG tests
scores which were continuous variables. Therefore, level of measurement assumption

was assured.

It was important to satisfy related pairs assumption that all subjects had a
score on the variables. That assumption was also established since in the present

study all participants had the scores of PCK, CKT and STG test scores.

Independence of observations assumptions were assured since the each
measurement was not influenced by another. In addition, sample size (N= 111) was

appropriate to assure normality assumption of the study.

In order to check normality of procedural test, conceptual test and geometry
self-efficacy test scores, histograms, normal Q-Q plots, and skewness and kurtosis
values were examined. The shape of the graphs showed that variables were normally
distributed. Only the histogram for procedural test score did not seem to be normal,
however the other values showed that the distribution was normal. The skewness and
kurtosis values of PKT, CKT and STG test scores for each group is summarized in
the Table 4.41.

Table 4.41: Skewness and Kurtosis Values of PKT, CKT and STG Test Scores

Skewness Kurtosis N
PKT .15 -. 62 111
CKT -.38 -1.13 111
STG -44 -. 40 111

As indicated in the Table 4.41, the skewness and kurtosis values were placed in the

acceptable range. Therefore, there was no violation for the normality assumption.

Another assumption for the correlation studies was linearity assumption that
the relationship between variables should be linear (Pallant, 2007). In order to
examine the linearity, scatter plots for PKT, CKT and STG test mean scores were
constructed. In the figures 4.25, 4.26 and 4.27 the relationships between PKT and

97



STG test scores, CKT and STG test scores and PKT and CKT scores were shown

respectively.

R2 Linear =019
100+ @ © o

procedural_score

STG_score

Figure 4.25: Scatter plot of PKT Mean Scores and STG Test Mean Scores

The spread of the points in the scatter plot indicated that there was a
reasonable correlation between PKT and STG Test mean scores. The fit line could be
drawn, so the Pearson correlation could be used. Therefore, the assumption was
satisfied. The direction of relationship was positive since the line drawn through
points upward from left to right. That is, high scores in PKT scores were associated
with high scores in STG test scores. As a result, when geometry self-efficacy
increased, the scores in procedural knowledge test increased and the relationship

seemed to be weak.
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Figure 4.26: Scatter plot of CKT Mean Scores and STG Test Mean Scores

The spread of the points in the scatter plot indicated that there was a
reasonable correlation between CKT and STG Test mean scores. The fit line could
be drawn, so the Pearson correlation could be used. The direction of relationship was
positive since the line drawn through points upward from left to right. That is, high
scores in CKT scores were associated with high scores in STG test scores. As a
result, when geometry self-efficacy increased, the scores in conceptual knowledge

test increased and the relationship seemed to be weak.

99



R2 Linear = 0,485
100 s} o

conceptual_score

I
0 20 40 60 80 100
procedural_score

Figure 4. 27: Scatter plot of PKT Mean Scores and CKT Mean Scores

The spread of the points in the scatter plot indicated that there was a
reasonable correlation between PKT and CKT mean scores. The fit line could be
drawn, so the Pearson correlation could be used. The direction of relationship was
positive since the line drawn through points upward from left to right. Thus, the
linearity assumption was assured with fit lines of scatter plots. That is, high scores in
PKT scores were associated with high scores in CKT test scores. As a result, when
procedural knowledge increased, the scores in conceptual knowledge increased and

the relationship seemed to be moderate.

When scatter plots above were examined, the homoscedasticity assumption
was assured in Figure 4.25, Figure 4.26andFigure 4.27 since there was a fairly cigar
shape in these figures. Therefore, the Pearson product-moment coefficient was used
to investigate the correlations between PKT scores and STG test scores, between

CKT scores and STG test scores, and between PKT scores and CKT scores.
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4.5.2. Correlation between Geometry Self-Efficacy and Procedural Knowledge

Preliminary analyses were performed to ensure no violation of the
assumptions of normality, linearity, and homoscedasticity. Results indicated that
there was a significant positive relationship between geometry self-efficacy and
procedural knowledge test scores, r = .435, p< .01. This means that higher levels of
geometry self-efficacy of private middle school students were associated with higher
scores in the PKT. The strength of the relationship was considered as medium
(Cohen, 1988). The coefficient of determination was calculated as .19 which meant

there were 19 percent shared variance between PKT and STG test scores.
4.5.3. Correlation between Geometry Self-Efficacy and Conceptual Knowledge

Preliminary analyses were performed to ensure no violation of the
assumptions of normality, linearity, and homoscedasticity. Results indicated that
there was a significant positive relationship between geometry self-efficacy and
conceptual knowledge test scores, r(109)=.366, p< .01. This meant that higher levels
of geometry self-efficacy of private middle school students were associated with
higher scores in the CKT. The strength of the relationship was considered as medium
(Cohen, 1988). The coefficient of determination was calculated as .13 which meant
there were 13 percent shared variance between CKT and STG test scores.

4.5.4. Correlation between Procedural Knowledge and Conceptual Knowledge

Preliminary analyses were performed to ensure no violation of the
assumptions of normality, linearity, and homoscedasticity. Results indicated that
there was a significant positive relationship between conceptual knowledge test
scores and procedural knowledge test scores, r(109)= .697, p< .01. This meant that
higher scores in CKT were associated with higher scores in the PKT. The strength of
the relationship was considered as large (Cohen, 1988). The coefficient of
determination was calculated as .48 which meant there were 48 percent shared

variance between PKT and CKT test scores.
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4.5.5. Summary of the Inferential Statistics

One of the purposes of the study was to investigate how procedural
knowledge and conceptual knowledge of private middle school students about area
and perimeter of geometric figures and their geometry self-efficacies change in terms
of grade level. For this aim, one- way ANOVAs were conducted. According to the
results, there were no statistically significant difference in private middle school
students’ procedural knowledge and self-efficacies in terms of grade levels.
However, there was a significant difference in conceptual knowledge of private

middle school students.

The other specific aim of the study was to investigate the relationships among
private middle school students’ procedural knowledge, conceptual knowledge and
their geometry self-efficacies. For this aim, Pearson-Product Moment Correlation
was calculated. According to the results, there was significant correlation between
students’ procedural knowledge and conceptual knowledge and geometry self-

efficacies.
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CHAPTER 5

DISCUSSION

The purpose of the present study was to investigate private middle school
students’ procedural and conceptual knowledge in the domain of area and perimeter
of geometric figures and to examine most common errors in procedural and
conceptual knowledge tasks. The other specific interest of the study was to examine
how students’ conceptual and procedural knowledge aspects of area and perimeter of

geometric figures changed with respect to their geometry self-efficacy.

This chapter consists of the summary of the results and the discussion of the
findings of the study. Moreover, recommendations and implications for the future

studies will be presented.

5.1. Students’ Procedural Knowledge about Area and Perimeter of Geometric

Shapes

The descriptive statistics for procedural knowledge test scores of elementary
students showed that the mean of the test scores was not very high. Although 8™
grade students’ mean scores was higher than 7 grade students’ mean scores and 70
grade students’ mean scores on the test was higher than the 6" grade students’ mean
scores, when their mean scores were investigated separately, it was seen that the
mean scores were below 650ut of 100 for all grade levels. These results showed that
students’ procedural knowledge on area and perimeter was not sufficient. Area and
perimeter are considered to be among the mathematics topics that students have
difficulty. Related literature shows that most of the students have difficulty in
understanding geometry and measurement concepts and particularly area and
perimeter (Barret& Clement, 2003; Martin & Kenney, 2002; Walter, 1970).

The results of the one-way ANOVA have revealed that there was no

significant mean difference among three grade levels (6", 7" and 8" grades) in terms
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of procedural knowledge test scores. Hiebert and Levefre (1986) defined procedural
knowledge as being aware of the mathematical rules and usage of algorithms and
rules. For this study it was aimed to examine the usage of the rules which helps to
calculate area and perimeter of geometric shapes. The tests used in the present study
were developed in line with the common objectives of 6™ and 7" grade mathematics
curriculum and 8™ grades students were assumed to have already achieved the
objectives. The results showed that all students from different grade levels might
have almost the same procedural knowledge. Their procedural knowledge about area
and perimeter concepts did not change according to grade level. Since the questions
were related to the common objectives in three grade levels, students might have
practiced with the similar algorithms and rules in all grades. Moreover, since these
topics are related to several mathematics topics (Clements & Battista, 2001; NCTM,
2000), students might have familiarity with these algorithms and rules in all grade

levels.

Students were successful when they calculated the area and perimeter of a
square, rectangle, and parallelogram in general. Moreover, in both area and
perimeter, 6™ grade students had lower performance while 8" grade students had
highest performance. As mentioned above, this result could be due to the situation
that 8™grade students studied these topics more than 6™ and 7™ grade students.
However, in certain kind of questions, for example area of a parallelogram and
triangles, 6™ grade students were more successful. This might be resulted from the
fact that objectives related to these domains were in 6™ and 7™ grade mathematics

curriculum.

The analysis showed that students from all grade levels had lower
performance in finding the perimeter and area of the parallelogram. Most of the
students did not give any answer for parallelogram part and noted that they forgot the
perimeter and area formula of parallelogram. Their lack of experiences with
parallelogram in-and-out of mathematics classes might not have enhanced their
knowledge of parallelogram as strong as other geometric figures. Students’ most
common procedural error was multiplying the two sides and multiplying the sides

and the height and then dividing it by two to find the area of the parallelogram. The
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reason might be students’ confusion of the area of a parallelogram with the area of a
rectangle or a triangle. Moreover, they might have problems with locating the heights
of quadrilaterals. These results showed that students did not have strong procedural
knowledge of calculating the perimeter and area of a parallelogram. The other reason
might be resulted from the fact that students rarely came across parallelograms in
their daily lives compared to squares and rectangles and they forgot the formula
easily. These results were consistent with the other studies conducted about area and
perimeter. For example, Dagh (2010) found that students could find the perimeter
and area of a square, rectangle, or triangle easily. However, they had difficulty in
finding the perimeter or area of a parallelogram. All students had the lowest
performance when they were asked to find the height of a parallelogram by using its
area and one side. Seventh and 6™ grade students were more successful than the 8"
grade students. The objective related to parallelogram was in the 6™ and 7" grade
curriculum. Therefore, 8" grade students might have forgotten the procedures in the

present study.

Findings showed that students did not have much difficulty in calculating the
perimeter of a square or a rectangle. However, they experienced problems when they
calculated the length of the one side of the square or rectangle whose area or
perimeter were given. This showed that students did not have sufficient procedural
knowledge of finding the length of the side of the rectangle or square rather than the
lack of procedural knowledge in finding the area or perimeter of the square and
rectangle. This kind of error might be a result of students’ possible confusion of
perimeter and area formulas. Kidman and Cooper (1997) also reported that 4™, 6"
and 8" grade students tried to calculate the perimeter of given quadrilaterals by
summing up length and width instead of using area formula. Moreover, Van de
Walle stated that the biggest misconception of students was mixing the perimeter and
area (2012).

Students also had problems when they calculated the perimeter and area of
combined geometric shapes. For example, while they were able to calculate the area
or perimeter of a square separately, they had difficulty in calculating the area or

perimeter of a geometric figure which was the combination of squares. It is usually
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assumed that calculating the perimeter and area of combined figures need high order
skills. Since it requires analyzing the figures separately and then considering the
figures as whole, students might have difficulty in dealing with combined figures.
Nevertheless, an interesting result was that 6™ grade students were more successful
in calculating the perimeter of combined figures than the 7" and 8" grade students.
This might be resulted from the fact that 6™ grade curriculum includes objectives
related to calculating area and perimeter of combined figures whereas that objectives
are not given place obviously in 7™ and 8" grade curriculum. On the other hand,
results showed that 8™ grade students were more successful in calculating the area of
combined figures. The strategy used by 8" grade students was to see the figures
separately and this strategy worked for calculating the area part. However, for
calculating perimeter it did not work. Although these kinds of figures might seem
considerably confusing especially for the 6™ grade students, 7" and 8" grade students
also had difficulty. This kind of procedural error might have been resulted from the
misunderstanding in the conception of the problem rather than the procedural skills.
Furthermore, some 8" grade students tried to solve some questions by the help of
Pythagorean Theorem which was not known by 6™ and 7" grade students. This might
have been resulted from the condition that 8" grade students had learned the
Pythagorean Theorem just before the test was implemented. When they saw the right
triangles, they might have decided to apply the Pythagorean Theorem. It can also be
speculated that students’ lack of procedural knowledge for calculating the area and
perimeter of combined figures might be affected by students’ lack of knowledge in

different domains.

Students also had problems in calculating the area of the acute-angled,
obtuse-angled, and right-angled triangles whose one side and the height belonged to
that side was given. Among them, students had problems when they tried to calculate
the area of obtuse-angled triangle. This might be a problem related to the height of
the obtuse triangle because it was out of the triangle. Besides, another reason could
be that students were less familiar with obtuse-angled triangles than the other types
of triangles in their daily lives. One another reason might have been that, teachers do

not mention obtuse-angled triangles in their classes.
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5.2. Students’ Conceptual Knowledge about Area and Perimeter of Geometric

Shapes

The descriptive statistics of conceptual knowledge test showed that
elementary students’ conceptual knowledge test results were not very high (below 65
out of 100) similar to the mean scores of procedural knowledge test. This shows that
students’ conceptual knowledge was not sufficient in the domain of area and
perimeter. It was examined in most studies that students from all grades might have
difficulty in area and perimeter concepts (Barret & Clement, 2003; Martin &
Kenney, 2002; Walter, 1970). Moreover, van Hiele (1985) stated that students did
not understand concepts underlying terms perimeter and area. Therefore, the results

of present study were consistent with these studies.

The mean score of private middle school students and mean scores of each
grade separately for procedural and conceptual knowledge tests were close to each
other. As in the procedural knowledge test, 8" grade students were more successful
than 6™ and 7™ grade students in conceptual knowledge test. As they were taught
these topics, they might make sense of area and perimeter concepts more
conceptually. However, when the mean scores were examined, it was realized that
scores in all grade levels were not very high. This showed that students might lack
conceptual knowledge aspects of area and perimeter of geometric figures. This might
be because students ignored conceptual knowledge of area and perimeter and the
conceptual meaning underlying procedures and algorithms. Besides, teachers might

also emphasize procedural tasks rather than conceptual tasks in their lessons.

One specific aim of the present study was to examine how conceptual
knowledge of elementary students changed according to grade levels. Although
procedural knowledge scores of all grade students were higher than their conceptual
knowledge scores, there was a significant increase in students’ conceptual knowledge
scores by means of grade levels. The ANOVA results showed that there was a
statistically significant difference among the mean scores of students from three
grade levels in conceptual knowledge test. The mean score of 8" grade students was

significantly higher than the mean score of 6™ grade students. However, the mean
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score of 7" grade students was close to 6™ grade students’ and 8" grade students’
mean scores. As mentioned above, since the topics were taught in all grade levels in
elementary school, students’ conceptual knowledge might be improved. As a result
of this, there might be a difference between 6™ and 8" grade students ‘conceptual
knowledge. Furthermore, this might stem from the fact that students develop a better

sense of concepts when they come to 8" grade.

Students’ most common errors were also analyzed in the CKT. The analysis
revealed that students had conceptual difficulties both in area and perimeter tasks. In
general, the most successful group was 8" grade, whereas 6" grade students had the
lowest performance. However, students’ success changed according to the question
types. More specifically, it was examined that 7" and 8™ grade students performed
better than the 6™grade students in tasks including predicting and the comparing of
the area of geometric figures although related objectives were in the 6™ grade
program. Students have been asked to predict and compare objects since their
childhood period in their daily lives. Therefore, success in predicting and comparing
area and perimeter in higher grades might be resulted from this reason. One another
reason might be that students internalized and conceptualized the meaning of area
and perimeter. When most common errors were examined, it was realized that
students might have the conception that the geometric figures which had more curls
were bigger than the plain ones. They might have the wrong conception that if a
figure had curves, its perimeter or area is bigger than the others. Furthermore,
students had weak conceptual knowledge the fact that different shapes might have
the same perimeter. Students might have interpreted the perimeter of a figure

according to the appearance and irregularity.

In prediction and comparison area questions, while 7" and 8" grade students’
performance did not change when they predicted the area given on the squared paper,
it was realized that 6" grade students’ performance was decreased from 75% to 45%.
Here, it might be concluded that 6™ grade students might have difficulty in predicting
the area of a shape with curves given in a squared paper. However, in a similar
question in which figures were given on a dot paper and students were expected to

count the unit squares to find the area of the shape, 6" grade students’ performance
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increased. This showed that when the figures had curves, students’ predictions skills
became weaker. Therefore, it can be said that their conceptual knowledge to predict
the area of an irregular shape which did not include the unit squares were low.
Besides this, it was seen that students tended to count square units to find its
perimeter or they tended to count lines which encircle the shape to find its area. This
showed that students confused area and perimeter as in the study conducted by Tan
(2009).

Private middle school students had the lowest performance in tasks related to
the surface area. Although this topic was covered in all grade levels in the elementary
mathematics curriculum, only 21% of all participated students gave correct answer
for questions about surface area. While related questions could be difficult for 6"
grade students, it should have been answered correctly by students who understood
surface area conceptually sufficient. Yet, 7" and 8" grade students’ performances
were also low in tasks about surface area. This showed that elementary students
might lack conceptual knowledge of surface area. Moreover, based on the results, it
might be concluded that when the surface area was divided into pieces, students had
difficulty to make sense of the area concept while they had better performance in

undivided surface areas.

It was seen that students had difficulty in the changeability of perimeter and
conservation of area when figures were decomposed and combined in a different
shape. Similar results were also indicated in past research studies (Emekli, 2001;
Kamii & Kysh, 2006).Furthermore, it was investigated that only 35% of the all
students gave correct answer for interpreting the perimeter in these tasks. The rate of
success increased to 63% in tasks related to area. This showed that students’
knowledge about perimeter might be weaker than their knowledge about area, as in
Tan and Aksu’s (2009) study conducted with 7" grade students. In area and
perimeter parts, 8" grade students performed better than the 7" and 6™ grade
students. However, while 7" graders performed better than 6™ graders in the area
part, they showed lower performance in the perimeter part. This might be a result of
an emphasis on the perimeter concept in the 6" grade mathematics through the

objective “explain the relationship between sides and perimeter of polygons.” On the
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contrary, in the 7" grade mathematics curriculum the perimeter concept isnot the
focus but the area concept is emphasized mostly as integrated to area concept. There
were also inconsistent results with the present study in the study conducted by Tan
and Aksu (2009). For example, in their study, it was examined that 7" grade students
had more problems about the conservation of the area than the conservation of

perimeter, unlike the findings in this study.

A relationship objective was also investigated with the different combination
of identical figures and similar results were revealed. When the change in the
perimeter and area was asked when identical figures or the part of a figure was
reformed, 8" graders were more successful than the students in other grade levels.
This might be resulted from the fact that 8" graders’ conceptual knowledge were
more utilized in comparing area and perimeter of different combinations of figures
compared to the other grade levels. However, students from all grade levels showed
low performance in the area concept. This might show that area concept was not
learned completely. Students had lack of conceptual knowledge about the
conservation of the area which might address that their conceptual knowledge of area
might be incomplete or inaccurate. These results were inconsistent with in the study
conducted by Kami and Kysh (2006) who found that 8" grade students realized that
when a figure was divided into parts, and a new shape was constructed, the area of

the figure changed.

Moreira and Contente (1997) reported that seventh grade students confused
the area and perimeter concepts as they believed that there was a linear relationship
between area and perimeter of a figure. Also, in the present study, for the type of
tasks in which students were required to realize in which rate the area of the figure
changed according to the changes in the length of its edges, only about half of the
students could give correct answers, although this kind of questions could be seen
commonly in elementary mathematics curriculum materials. Although 8" grade
students performed better than 6" and 7" grade students, when all grades were
examined separately, the rate of success was not high for each grade level. When the
answers were investigated, it was seen that most common error that students have

done was their thinking that the rate of increase in the area was equal to the rate of
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increase in the length of sides. These answers might be a result of the lack of
knowledge of the relationship between the area and the length of sides of a geometric
figure. Moreover, students might have lack of conceptual knowledge of ratio rather

than area and perimeter.

Finally, in the present study, the relationship between procedural and
conceptual knowledge of elementary students was investigated. Results indicated
that there was a significant positive relationship between conceptual knowledge test
scores and procedural knowledge test scores. This meant that the students who had a
strong conceptual knowledge also had strong procedural knowledge and vice versa.
This positive relationship might result from the fact that conceptual knowledge
contain and bring about procedural knowledge. These two types of knowledge are so
interrelated that both conceptual and procedural knowledge are necessary for
complete learning of a topic. It might also be speculated that the development of
both types of knowledge influenced each other in the area and perimeter concepts.

5.3. Students’ Self-Efficacy towards Geometry

In general, descriptive statistics about geometry self-efficacy of elementary
students revealed that elementary students had high (94 out of 125) self-efficacy. The
fact that students were studying at a private school and they had several learning
opportunities might be a reason of their high self-efficacy. The one-way ANOVA
results for geometry self-efficacy test revealed that there was no statistically
significant difference among three grade level in terms of geometry self-efficacy test
scores. Nevertheless, scores of 6™ grade students was higher than 7" grade students’
scores. Similarly, geometry self-efficacy scores of 7™ grade students were higher
than 8" grade students’ scores. Erktin and Ader (2004) investigated that students
who had high mathematics anxiety had low self-efficacy. Since 8™ grade students
were preparing for the high school entrance examination, they might have been
anxious in general due to the examination. Because of this, 8" grade students might
have low self-efficacy whereas 6" grade students might have high self-efficacy

towards geometry. Also, 8" grade students learned more geometry with respect to 6
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and 7" grade students. Therefore, 6" grade students might not be aware of their real

capability in geometry and they might overestimate their capabilities.

Results indicated that there was a significant positive relationship between
geometry self-efficacy and both procedural knowledge and conceptual knowledge
test scores. This meant that higher levels of geometry self-efficacy of private middle
school students were associated with higher scores in the PKT and CKT. In other
words, students who had high self-efficacy towards geometry performed better in
conceptual and procedural tasks in the area and perimeter concepts, confirming the
positive relationship between mathematics performance and self-efficacy found in
another studies (Erktin& Ader, 2004; Pajares & Miller, 1994; Regber, 2011). On the
other hand, Tsamir (2012) investigated the relationship between young children’s
geometric knowledge and their self- efficacy beliefs. Results indicated that students
had high self-efficacy and their self-efficacy was not significantly related to their
geometric knowledge. Therefore, results of the present study might be considered as

inconclusive considering the previous studies.

5.4 Implications and Recommendations for Further Research

In the study the main focus was to investigate private middle school students’
procedural and conceptual knowledge in the domain of area and perimeter of
geometric figures and to examine the most common errors in these types of tests. The
other specific interest of the study was to examine how students’ conceptual and
procedural knowledge aspects of area and perimeter of geometric figures changed
with respect to their geometry self-efficacy. Based on the findings of this study,
several implications for teacher educators, teachers and curriculum developers, and

Ministry of National Education could be deduced.

First, mathematics teachers should be aware of students’ background
knowledge, possible misconceptions and errors before teaching a topic. If teachers
plan their lessons by the existing and possible future of the errors, effective teaching
could be conducted on the basis of students’ needs and the curriculum. In the study,
it was seen that students had both procedural and conceptual difficulties in the

domain of area and perimeter. If teachers enter classrooms by knowing the problems
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of students in procedures and concepts, they might prepare well-oriented lessons. In
mathematics, both procedural and conceptual knowledge is important. Therefore,
teachers could design activities in which students could improve their procedural

skills and conceptual knowledge about the topic.

According to the specific results of the study, teachers could emphasize on
certain points in teaching area and perimeter concepts. For example, in the study it
was investigated that all students had problems with perimeter and area of the
parallelogram. Teachers can provide more meaningful activities to make students’
knowledge permanent both procedurally and conceptually on that concept. Besides
this, students’ evaluation of the figures by looking at its appearance was one of the
remarkable results of the study. Therefore, teachers should make students be engaged
with both realistic measurements and predictions. Furthermore, teachers could design
activities which prove the changeability of the perimeter and the conservation of the
area. Students should be provided with different questions which also included daily
life examples. In this way, different viewpoints should be initiated for students.
Moreover, informal activities focusing on the area and perimeter attributes of figures
rather than the formulas could be included in schools mathematics beginning from

the early years of the primary school.

Not only for area and perimeter topics, but also for other mathematics topics
starting from primary grade levels, studies focusing on students’ procedural and
conceptual knowledge should be conducted. According to the procedural and
conceptual errors, for students and teachers textbooks and teacher books could be
designed. Teachers become aware of what and how they might teach and students
become aware of the nature of the topics. As a result of these, more meaningful
teaching and learning could occur.

Faculties of education could take the findings of this study into the
consideration while training mathematics teachers. During the method courses, topics
should be investigated in detail. Especially, possible procedural and conceptual
errors should be examined for specific topics. As mentioned in most of the study,

teachers’ content knowledge is very important for teaching. As a result of this,
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making pre-service teachers being aware of the topics and teaching of these topics is
also significant. Especially the errors that students might have and how to overcome
those difficulties should be discussed. It is recommended that method lessons should
be designed to make pre-service teachers be knowledgeable about the procedural and
conceptual errors in the mathematics topics. Articles about studies in this domain
could be recommended to not only pre-service teachers but also in-service teachers.
Moreover, factors (e.g. self-efficacy as in the study) that affect students’ performance

could be considered in pre-service and in-service training.

Curriculum developers, textbook authors, and researchers could consider the
results of the present study while preparing guidebooks for teachers. They should
design curriculum and the books by taking into consideration of students’ possible
errors in the area and perimeter domain. The density of the part of the topic for each
grade level could be considered. Also, Ministry of National Education should use the
findings of the present study. The detailed information related to students procedural
and conceptual errors in the domain of perimeter in all grade levels might be

included in the curriculum.

The present study has limitations for generalizability. In the study, the
sampling method was convenience sampling which meant that the researcher
collected data from the individuals who were available (Fraenkel & Wallen, 2006).
In order to make generalization of the findings to the population, further research
including the randomly selected sample from the all elementary schools in Turkey
might be conducted. Moreover, 5 grade students also could be added to sample due
to the new regulations in the education system in Turkey in order to understand the
development of procedural and conceptual knowledge across the middle school
period. Besides, a longitudinal study could be conducted to see the changes in
procedural and conceptual knowledge of elementary students. In this way, the
suitability and design of the objectives in different grade level mathematics
curriculum related to area and perimeter for grade levels could be investigated. Also,
teachers’ content knowledge in area and perimeter and process of teaching these

topics could be investigated in further research.
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5.5. Last words

| started this study with a conversation with one of my students in my mind.
Although she was very successful in her mathematics examinations, she thought that
she was good at only memorized procedures and she thought that she sometimes was
not aware of some concepts. After this conservation, | realized that since she had low
self-efficacy at conceptual tasks, she felt this way. | understood that when students
gave meaning to concepts and when they were aware of procedures which they
solved, they relied on themselves and these students had high self-efficacy.
Moreover, | saw that the students who had high self-efficacy were more successful in

tasks.

| have realized that area and perimeter were problematic topics in all grade
levels. | am teaching 5™ grade students now and | saw similar errors also in their
tasks. However, because of the results of the present study, | taught this topic to my
5™ grade students more carefully. Because, | knew the errors that they might do and |
oriented my worksheets according to special questions in which they might have
done possible errors. Now, | am planning that as | get more experienced, | will
analyze students’ errors in all topics and I will use the results in designing my further

lessons as a middle school mathematics teacher.

Finally, I understood that as mathematics teachers, our duty is not to teach
mathematics but to teach quality mathematics. Knowing both procedural and
conceptual errors about a topic may provide teachers with the opportunity to help

their students discover the truths and errors about a topic on their own.
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APPENDICES

APPENDIX A

CEVRE UZUNLUGU VE ALAN

iSLEM TESTI

Soru 1: Asagida verilen gekillerin ¢evrelerini ve alanlarim hesaplaymiz.

A T7cm B A 10cm B A B
S cm
C D C D ¢ E D
ABCD Karesi ABCD Dikdértgeni ABCD Paralelkenan
|AB=7cm |AB =10cm |AC|=5 cm |AB|=10 cm |BD| =3 cm |AE| =7 cm
CEVRE: CEVRE: CEVRE:
ALAN: ALAN: ALAN:

Soru2: Asagidaki seldlde ABCD dikdértgensel bélgedir. |AB|= 5 bin'm:| BD|=4 birim ise, tarah
bilgenin alanimn tarah olmayan bolgenin alammna oram kag birim karedir?

A E B Ciziim:

Sorul: Asagida verilen iiggenlerin alanlarmm hesaplaviniz.

B H C L M

|BC|=6cm |KL]=15 cm

|AH[ 5 cm | LM 10 cm
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Sorud: Asagida verilen jekilde ABGH bir dikdértgen, BCEF bir kare ve CED bir dik licgendir.
Verilenlere gére, ACDFGH gokgensel bélgesinin alamim hesaplaymiz.

A 5ecm B 4an C Coziim:
D e . SE—

EchE E %cm ;

Soru 5: Asagida verilen sekilde |BC |=3 cm, |CD |=4 cm, |DE| =2 cmve |PE|=12 cmise
ABCDEF ¢okgeninin cevresini hesaplaymiz.

A B Coziim :
3ch C 4cm D
2cm
F, > E
12 cm

Soru6: Asagidaki sekilde ABCD dikdértgenin icinde bir kenar unmlugu 2 birim olan kareler
bulunmaktadir. | AB| =12 birim, |BD| =8 birim ise, boyah (tarah) alan kag birim karedir?

12 birim

Coziim:

8 birim

H

Soru 7: Alani 64 metrekare olan vandaki ABCD karesinin cevresi kac metredir?
A B

Cozim:

126



Soru 8: Asagdaki dikdérigenin cevresi 48 birimdir. AC uzunlugu 4 birm ise, dikddrigenin alam kag
birim karedir?

A B Ciziim:
h
4br
v
C D

Soru9: Birkenaruzunlugu 7 cm olan 3 tane kare van vana konularak bir dikdértgen elde edilivor.
Olusan dikdérigenin alanmm ve cevre uzunlugunu hesaplaymiz.

Yanda verilen paralelkenarda, AK uzimlugu DB kenarma, AH
uzunlugu CD kenarma diktir |AB |= 12 cm, |AH|=4 cm ve |AC|=8
cm ise, AK uzunlugu kag cm dir?

Sornld: A B
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APPENDIX B

CEVRE UZUNLUGU VE ALAN

KAVRAMSAL BILGI TESTI

Soru 1: Asagidaki verilen yekillen alanlanna gére biivikten kiiciige swralavimz.

Soru2: Asagda verilen e kiiplerden olugturulmus cisimden ka¢ numarali kiipii ¢ikarwrsak cismin
viizey alanmnda degisme olmaz? Nedenini agiklaymiz.

e

Cevap:

Soru 3: Asagida kare prizma sellinde olan bir hedive kutusu hedive paket ile kaplanacaktr. Kutuyu
tamamen kaplamada kullanilacak ki git miktarmi bulmak igin asagidaki bilgilerden hangisini bilmek

gerekir? Size gére dogru olan segenegi isaretleverek nedenini agiklaymiz.

7

A, Kutunun ayritlan toplamim
bilmeliyiz.

B. Kutununyizey alamini
bilmeliyiz.

C. Kutunun hacmini bilmeliyiz.
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Soru 4: Asagida verilen tablovuinceleviniz. Tablonun altinda ver alan 2 soruvu verilen tablova gére

cevaplandiriniz.
&
SEKIL1 KARE
SEKIL 2 Verilen kare iki esit pargaya
- bélinivor.
Daha sonra, bu pargalardan bir
SEKIL 3 E‘ tanesi, sekilde gasterildigi gibi
l:l tekrar ortadan ikive avrilivor.
SEKIL 4 Olusan tiim pargalar bir araya
getirilerek vandaki sekil
olusturuluvor.

Asagida verilen seceneklerden, size géire dogru olani isaretleverek, nedenini aciklavimz.

» Yeni olugan geklin cevre uzunlugu igin ne sdvlenebilir?

A. Yeniolusan seklin(4. Sekil) cevre
uzunlugul.seklin gevre
uzunlugundan daha BUYUKTUR.

B. Yeniolusan seklin{4. Sekil) cevre
uzunlugu l.seklin cevre
uzunlugundan daha KUCUKTUR.

Cionki;....

C. Yeniolusanseklin{4. Sekil) cevre
uzunlugul.seklin cevre
uzunluguna ESITTIR.

# Yeni olusan seklin alam igin ne sdvlenebilir?

A, Yeniolusan seklin alani 1. Seklin
alanindan daha BUYUKTUR.

B. Yeniolusan seklin alani 1. Seklin
alanindan daha KUCUKTUR.

C. Yeniolusan seklin alam 1. Seklin
alanina ESIiTTIR.
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Soru 5: Bir dikdrtgenin kenar uzumluklan 4 katina ¢iktigmda alam nasil degisir?

A Alani 4 katmna gikar.

Soru 6:
1.Sekil 2. sekil

3.gekil 4. sekil

a. Elimizde iki e5 dikdérigensel bélge var. Buiki eg dikdértgensel balge yukaridakilerden
hangisindeki gibi birlestirirsek olusan seklin cevre uzunlugu en az clur?

Cevap:

b. . Iki e5 dikdértgensel balge vukaridakiler gibi birlestirildiginde alanlar: hakkmdane
sdvlevebilirsiniz?

Cevap:
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Soru 7: Bir ¢iftginin elinde 32 metrelik tel bulunmaktadr. Bu ¢iftg elindeld teli kullanarak bir tarlanm
cevresine bir sira tel celmek istivor. Elindeld tel ayagida farkl seldllerde verilen tarlalardan hangileri
igin veterli hangileri icin vetersizdir? Nedenini aciklayimz.

1. tarla
.«.H
10 m
Cilinkii;. ...
3. tarla
10 m
Ciinbeiis .

2. tarla
/ T
Fa 1hm . =
Ciinkii;.
4. tarla
6m
“© 10 m =
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Soru 8: Asagida iki sekil verilivor. Bu sekilleri dikkate alarak asagidaki sorular cevaplavimz.

%+ Yukanda verileniki geklin alanlar birbirine egit midir? Size gére dogru olan segenegi

isaretleverek nedenini aciklayimz.

A. Evet, iki seklin alanlan birbirine

ESITTIR.

B. Hayir, iki seklin alanlan birbirine

ESIT DEGILDIR.

+ Yukanda verileniki seklin cevre uzunluklar: birbirine egit midir? Size gére dogru olan

segened isaretleverek . nedenini aciklayvimz.

A. Evet, iki seklin cevre uzunluklan
birbirine ESITTIR.

B. Hayir, iki seklin gevre uzunluklan
birbirine ESIT DEGILDIR.

Cionki;..
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Soru®: Asagida verilen sekilde bovals alamm tahmini olarak ka¢ birim kare oldugunu vazimz.

/ VAP

1 birim

1 birim

Soru 10: Bir ¢iftcinin agagidaki sekillerde verildigi gibi farkls seldllere sahip 4 bahgesi vardwr. Ciftg
bu bahgelerin etrafini tellerle cevirecektir. Bummicin elinde bulunan teli 4 esit parcaya avirivor ve her
bir bahge igin egit miktarlarda tel kullanrvor. Hig bir tel parcas eklenmemis veya artmanus
olduguna gire asagida verlenlerden hangisi dogrudur?

o

A BAHCESI B BAHCESI CBAHCEST

D BAHCESI

A_En biiyiik cevre uzimlugu D bahcesine aittir

B.Tiim bahgelerin cevre uzimluklar birbirlerine esittir.

C.En kisa gevre uzunluguna sahip bahce B bahgesidir.

D. C bahgesinin cevre uzimlugu, A bahcesinin gevre unmlugundan daha biiviiktir.

% Isareflediginiz secenek neden dogrudur. Cevabmizi agiklaymiz.

C
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APPENDIX C

GEOMETRIYE YONELIK OZYETERLIK OLCEGI

Cinsivyet: Smaf:

Bu dlgekte 5°1i derecelendirme vapilmis olup 1 hichir zaman, 2 ara sira, 3 kararsizim,
4 cofu zaman ve 5 her zaman olarak diisinilmistir. Liitfen verilen ifadelerigin 1-5 arasi size
en uvgun olan rakami igaretleviniz.

18. Geometrik selaller arasmdak 1liskilen sdyleyemem

=] g5
= | S z
| 5 = g =&
@ = = = = £
TE|le |5 |2PE| 5
Z m| =< 3 [ SR e
1. Geometrideki kavramlan rahatlikla anlayabilivorum 1 3 4 5
2. Giinliik vasamda gérdiigiim nesneleri geometrik sekillers 1 a 3 4 3
benzetebilirim. -
3. Geometride arkadaglarim kadar 1v1 olmadifum diigiintivomm. 1 " 3 4 3
4. Bir geometrik sekil gérdigiimds onun &zellikderini 1 N 3 4 5
hatirlayabilirim. -
5. Bir geometri sorusu goriince ne vapilacagini bilemem 1 N 3 4 5
6. Saatlerce caligsam bile geometride bagarili olamavacagim 1 N 3 4 5
diigiiniiyorum. -
7. Geometri ile el becerilerimi arttirabilecegim diiginiivorum 1 " 3 4 3
8. Geometri bilgimi diger derslerde kullanabilirim.
1 2 3 4 5
Q. Geometri konusunda veterli bilgive sahip degilim.
1 2 3 4 5
10. Geometri konusunda verilecek olan projelerde basarili
olacagum disinivorum. 1 2 3 4 5
11. Geometri sorusu ¢dzdiikce kendime olan giiventmin arfacagm
ditgiintivorm. 1 2 3 4 5
12. Geometrik sekiller ile ilgili materval gelistiremem. 1 N 3 4 5
13. Geometrik sekiller: kafamda canlandirabilinm. 1 " 3 4 5
R . 1 2 3 4 5
14. Geometri 1le ilgili problemler yazabilmm
- . L L 1 2 3 4 5
15. Geometri konusunda kendimi bagarili gérityonum
16. Bir geometri problemini ¢dzmek 1¢in gereken islem 1 2 3 4 5
basamallarim ¢ikarabilirim.
17. Matematiksel problemlen ¢dzerken geometrik sekillerden 1 2 3 4 5
vararlanirim.
1 2 3 4 5
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19. Geometrik sekillerin sahip olduklan ¢evre uzunhiklarmi tahmin 2 5
edebilirim_

20. Yabanei bir yerde yolumu kaybedersem geometri bilgim ile 2 5
volumu bulabilirim

21. Geometri 1le 11gili sorun vasayan arkadaglarima yardumer 2 3
olabilirim.

22_Bir geometrik seklin dzelliklerini duvdufumda seklini 2 5
¢izebilirim.

23. Geometrik sekiller kullanarak veni bir geometrik sekil 2 5
olusturabilirim.

24 Bir geometri sorusunda iglemlen vaparken telasa kapilacagum 2 5
dilgiiniiyorum.

25 Tleriki yillarda geometri bilgisinin kullanddif bir meslek 2 5

secersem basarih olacagima inaniyorum.
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APPENDIX D

RUBRIC FOR PROCEDURAL KNOWLEDGE TEST

Q1 EXPLANATION POINTS
Finding the area and perimeter of square and 1,5 points each (1,5 x
rectangle correctly 4= 6 pts)
Finding the area and perimeter of parallelogram | 2 points each (2 x 2
correctly = 4 pts)
Each computational error -1 point
Q2
Finding the area of the rectangle correctly 3 points
Finding the area of the triangle correctly 3 points
Finding the ratio correctly 4 points
Each computational error -1 point
Q3
Finding the areas of acute-angled and right- 3 points each (3x2=6
angled triangles correctly pts )
Finding the area of obtuse-angled and right- 4 points
angled triangles correctly
-1 point
Each computational error
Q4
Finding the area of the rectangle correctly 3 points
Finding the area of the square correctly 3 points
Finding the area of the triangle correctly 3 points
Finding the sum 1 point
Each computational error -1 point
Q5
Finding the perimeter of the shape correctly 10 points
Each computational error -1 point
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Q6

Finding the area of the small squares correctly 3,5 points
Finding the area of the rectangle correctly 3,5 points
Finding the difference 3 points
Each computational error -1 point
Q7
Finding the side length of the square correctly 5 points
Finding the perimeter of the square correctly 5 points
Each computational error -1 point
Q8
Finding the sum of the two adjacent side lengths | 3 points
correctly
3 points
Finding the unknown side length correctly
4 points
Finding the area of the rectangle correctly
-1 point
Each computational error
Q9
Finding the area of the rectangle correctly 5 points
Finding the perimeter of the rectangle correctly | 5 points
Each computational error -1 point
Q10
Finding the area of the parallelogram correctly 5 points
Finding the length correctly 5 points
Each computational error -1 point
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APPENDIX E

RUBRIC FOR CONCEPTUAL KNOWLEDGE TEST

Q1 EXPLANATIONS POINTS
Correct range for three figure 10 points
Correct range for only two figure 3 points
No answer, completely irrelevant answer 0 point
Q9
For The answers 11-11,5 and 12 10 points
For the answers 10 and 13 8 points
For the answers 9 and 14 3 points
No answer, completely irrelevant answer 0 point
Q2, Q3,
Q4, Q5,
Q8, Q10
Choosing the correct answer and sufficient 10 points
explanation
Choosing the correct answer and the explanation | 8 points
is close to the correct explanation but not given
exactly
5 point
Choosing the correct answer but no explanation
No answer, completely irrelevant answer 0 point
Q6 Giving correct answer for both perimeter and 5+ 5 =10 points
area part
No answer, completely irrelevant answer 0 point
Q7 Giving correct answer and correct explanation (2,5 x4 )10 points

for four figure separately

Giving correct answer but incorrect explanation
or no explanation

No answer, completely irrelevant answer

6 points

0 point
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APPENDIX F

THE HISTOGRAMS SUPPORTING THE NORMALITY ASSUMPTION
FOR TEST SCORES FOR EACH GRADE LEVELS

Histogram -
for grade_level- 6

Han = 45,2
S e, < 20,252
=3

g
3.
& N

E) i a 80 100
procedural_scare

Figure 1: Histogram of procedural knowledge test scores for 6" grade students

Histogram Normal

for grade_level=7

L]

procedural_score

Figure 2: Histogram of procedural knowledge test scores for 7" grade students

Histogram —— Mormal

for grade_level-8

2 I:‘
T T
0 20 4 [ 100

procedural_score

Figure 3: Histogram of procedural knowledge test scores for 8" grade students
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Figure 4: Histogram of conceptual knowledge test scores for 6™ grade students
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Figure 5: Histogram of procedural knowledge test scores for 7" grade students
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Figure 6: Histogram of procedural knowledge test scores for 8" grade students.
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Figure 7: Histogram of self-efficacy towards g
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eometry test scores for 6™ grade
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Figure 8: Histogram of self-efficacy towards geometry test scores for 7" grade

students
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Figure 9: Histogram of self-efficacy towards geometry test scores for 8" grade

student
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APPENDIX H

TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiist

Sosyal Bilimler Enstitiisii X

Uygulamali Matematik Enstitiisii

Enformatik Enstitiisi

Deniz Bilimleri Enstitiisi I:I
YAZARIN

Soyadi : ORHAN
Adi : Nagehan
Boliimii : Tlkdgretim Bolimii

TEZIN ADI (ingilizce) : An Investigation of Private Middle School
Students” Common Errors in the Domain of Area and Perimeter and the Relationship
Between Their Geometry Self-Efficacy Beliefs and Basic Procedural and Conceptual
Knowledge

TEZIN TURU : Yiiksek Lisans X Doktora

1. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

2. Tezimin igindekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

3. Tezimden bir (1) yil siireyle fotokopi alinamaz. X

Yazarim imzasi: Tarih:
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