AHAVLV INIAHS 'O

G10C¢ N13N

SIXTH GRADE STUDENTS” ACHIEVEMENT LEVELS, ERRORS,
AND UNDERLYING REASONS OF THE ERRORS REGARDING
COMPREHENSION AND ORDERING OF INTEGERS

GIZEM SEVIM ATAYEV

FEBRUARY 2015



SIXTH GRADE STUDENTS' ACHIEVEMENT LEVELS, ERRORS AND REASONS
OF THE ERRORS REGARDING COMPREHENSION AND ORDERING OF
INTEGERS

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF SOCIAL SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

GIZEM SEVIM ATAYEV

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
THE DEPARTMENT OF ELEMENTARY SCIENCE AND MATHEMATICS
EDUCATION

FEBRUARY 2015



Approval of the Graduate School of Social Sciences

Prof. Dr. Meliha ALTUNISIK
Director

I certify that this thesis satisfies all the requirements as a thesis for the degree of
Master of Science

Prof. Dr. Ceren OZTEKIN
Head of Department

This is to certify that we have read this thesis and that in our opinion it is fully
adequate, in scope and quality, as a thesis for the degree of Master of Science

Assoc. Prof. Dr. Mine ISIKSAL-BOSTAN
Supervisor

Examining Committee Members

Assoc. Prof. Dr. Mine ISIKSAL-BOSTAN (METU, ELE)

Assoc. Prof. Dr. Yusuf KOC (G.UN., ELE)

Assist. Prof. Dr. Didem AKYUZ (METU, ELE)




I hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. I also declare
that, as required by these rules and conduct, | have fully cited and referenced
all material and results that are not original to this work.

Name, Last name : Gizem SEVIM ATAYEV

Signature



ABSTRACT

SIXTH GRADE STUDENTS’ ACHIEVEMENT LEVELS, ERRORS, AND
UNDERLYING REASONS OF THE ERRORS REGARDING COMPREHENSION
AND ORDERING OF INTEGERS

Sevim Atayev, Gizem

M.S., Department of Elementary Science and Mathematics Education
Supervisor: Assoc. Prof. Mine ISIKSAL-BOSTAN

February 2015, 165 Pages

Purposes of the study are three-fold. The first purpose is to investigate middle school
sixth grade students’ achievement levels regarding comprehension and ordering of
integers. The second purpose is to investigate errors made by middle school sixth
grade students regarding comprehension and ordering of integer. The third purpose is
to explore underlying reasons of the students’ errors regarding comprehension and

ordering of integers. A mixed-method design was utilized to reach these purposes.

Partipants were 262 sixth grade students from one public middle school in Etimesgut
district of Ankara. Data were collected via Integer Achievement Test (IAT) including
8 open ended questions during 2013-2014 spring semester. Individual interviews

were conducted 8 participants to amplify their answers to the problems.

Findings indicated that achivement levels of the participants in comprehension
questions were considerably high and in ordering questions were modarate. Findings

revealed that students made errors regarding comprehension and ordering of integers.



For the comprehension and ordering questions, identified errors were applying
incomplete solution strategy, not justifying symbol manipulation, misusing positive
and negative signs, ordering as inverse sequence, ordering as arbitrary sequence,
taking incorrect reference point, ignoring the given information and making incorrect
alignment. Reasons of students’ errors were also explored. The reasons for the
students’ errors regarding comprehension and ordering of integers were
misunderstanding of magnitude of numbers on number line, reading the question
carelessly, supposing integers with same signs are closer to each other than they are
to integers with opposite sign and overgeneralizing properties of natural numbers to

integers.

Key Words: Integer, comprehension, ordering, achievement levels, errors
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ALTINCI SINIF OGRENCILERININ TAM SAYILARI KAVRAMA VE
SIRALAMA KAVRAMLARINDAKI BASARI DUZEYLERI, YAPTIKLARI
HATALAR VE BU HATALARIN NEDENLERI

Sevim Atayev, Gizem

Yiiksek lisans, [Ikogretim Fen ve Matematik Alanlari Egitimi

Tez Danigmani: Dog. Dr. Mine ISIKSAL-BOSTAN

Subat 2015, 165 sayfa

Calismanin amagclar ii¢ kisimdan olusmaktadir. Calismanin birinci amaci, altinci
smif Ogrencilerinin tam sayilar1 kavrama ve siralama kavramlarindaki basar
diizeylerini incelemektir. Caligmanin ikinci amaci, bu 06grencilerin tam sayilar
kavrama ve siralama kavramlarindaki yaptiklar1 hatalarin  belirlenmesidir.
Caligmanin  iiclincli amaci, Ogrencilerin  yaptiklar1  hatalarin  nedenlerinin
arastirtlmasidir. Bu amaglara ulagsmak i¢in karma bir arastirma yOntemi

kullanilmistir.

Calismaya Ankara’nin Etimesgut ilgesinden 262 altinci siif devlet ortaokulu
ogrencisi katilmistir. Veriler, 8 acik uglu soru igeren Tam Sayr Basar1 Testi

araciligryla 2013-2014 dgretim yili bahar doneminde toplanmistir. EK olarak, toplam
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8 katilimer ile katilimcilarin testteki cevaplarini agiklamalart amaciyla bireysel

goriismeler yapilmistir.

Calismanin bulgular1 katilimcilarin kavrama sorularindaki basarilarinin yiiksek,
siralama  sorularinda orta seviyede oldugunu gostermistir. Ayrica, bulgular
Ogrencilerin tam sayilar1 kavrama ve siralama konularinda hatalar yaptigim
gostermistir. Kavrama sorulari icin belirlenen hatalar; eksik ¢oziim stratejisi
uygulama, yanlis sembol manipiilasyonu, pozitif ve negatif isaretlerin yanlis
kullanimu, verilen bilgi ihmali ve yanlis hizalamadir. Siralama sorulari i¢in belirlenen
hatalar; ters siralama, rastgele siralama, yanlis referans noktasi alma, yanlis sembol
manipiilasyonu, pozitif ve negatif isaretlerin yanlis kullanimi, verilen bilgi ihmali ve

yanlig hizalamadir.

Ogrencilerin yaptiklar1 hatalarin sebepleri de incelenmistir. Ogrencilerin yaptiklar:
hatalarin sebepleri; sayr dogrusu iizerindeki sayilarin biiyiikliigiinii yanlis anlama,
soruyu dikkatsiz okuma, ayni isaretli tam sayilarin farkli isaretli tam sayilara gore
daha yakin oldugunu varsayma ve son olarak dogal sayilarin 6zelliklerini tam

sayilara genellemedir.

Anahtar Kelimeler: Tam say1, kavrama, siralama, basar1 diizeyi, hata
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CHAPTER 1

INTRODUCTION

The fundamental goal of mathematics education is to enable all students to perform
at the highest level within their mathematical learning process. However, very few
students are able to attain this level; the majority of them experience difficulties in
learning (Tall & Razali, 1993). In addition, Hiebert and Carpenter (1992) stated that
it is crucial to understand mathematics in order to learn it effectively. Understanding
mathematics does not only require acquiring some basic skills or concepts, but also
establishing relationships between them. Only when appropriate ideas exist and new
relationships and connections are established then understanding the highly complex
process of mathematics can be possible (Lehrer, 1999). Therefore, it is significant to
learning mathematics by understanding it because mathematics is a tool by which

people create opportunities and options for their future (NCTM, 2000).

It can be claimed that students investigate answers to questions about mathematics
itself as well as the purposes in learning mathematics by considering students’ long
educational lives. For instance, Lappan et al. (1989) stated that students might think
that making computations, solving mathematical problems, or playing with numbers
are major goals of learning mathematics. In addition, they may consider mathematics
to be the accumulation of disconnected rules (Lappan & Even, 1989). This
perception of middle school students regarding mathematics may continue in this
way throughout the following years of their educational lives. The standards of the
National Council of Teachers of Mathematics (NCTM, 2000) in the USA and the
curriculum documents of the Ministry of National Education (MoNE, 2009) in
Turkey involve widely accepted guidelines on these issues. In Turkey, the
fundamental aims of the middle school curricula involve helping students to acquire
skills of critical thinking, creativity, communication, investigation, problem solving,

1



using information technologies, and entrepreneurship. Additionally, the mathematics
curriculum particularly focuses on reasoning, and relationship among concepts.
These skills allow students to deal with more meaningful learning of mathematics
(MoNE, 2009). Similarly, the last revised mathematics curriculum concentrates on
conceptual learning, relationship among mathematics concepts, being fluent in
operations and problem solving skills. Moreover, the mathematics curriculum
emphasizes that students should value mathematics (MoNE, 2013). Firstly, by
considering the importance of meaningful learning of mathematics, students’

achievement levels in domain of integers were investigated in this study.

Integers have a crucial role in learning mathematics by understanding it because
results of many studies investigating the integer conception revealed that integer is
both complex and requires great effort to learn (Dereli, 2008; Janvier, 1983;
Kilhamn, 2008; Mc Corkle, 2001). Since there are strong prerequisite relationships
among integers and other issues, a student who already has learning difficulties in
integers will find it difficult to succeed in the following subjects such as algebra
(Lamb et al., 2012; Vlassis, 2004). On the other hand, while students are learning
mathematical concepts, they may make some errors and have difficulties in relation
to mathematical concepts. The integer conception is one of the important
mathematical concepts which students tend to have errors, difficulties in while
learning the mathematical concept (Janvier, 1983). Even though students might have
many opportunities to experience basic integer concepts before they begin school,
such as balancing a checkbook, understanding temperatures, and keeping the score
when playing some games, these situations do not prevent making errors and
experiencing difficulties in learning integers. In order to be successful in teaching
such a significant and problematic subject, knowing the errors and difficulties of
students has an important role (Yetkin, 2003). In this regard, students’ errors
regarding comprehension and ordering of integers while solving questions related to
the concepts would be valuable to investigate.

As mentioned above, developing an understanding of mathematics is a difficult goal,
and the subject of integers, which is a part of the mathematical curriculum in middle
schools, is one of its fundamental components (Kilhamn, 2008). Furthermore, to be

more successful in mathematics, a comprehensive understanding of integers

2



associated with misconceptions about integers which cause difficulties is needed
(Akyiiz, Stephan, & Dixon, 2012; Vlassis, 2004). Hence, one of the purposes of the
present study is to investigate underlying reasons of students’ errors regarding

comprehension and ordering of integers.
1.1 Purpose of the Study

Even though integers have been an important part of the mathematics curriculum in
middle schools in Turkey, students still make errors and have difficulties in
understanding integer concepts (Isgiiden, 2008). The findings of the study conducted
by Isgiiden (2008) revealed that students’ difficulties are listed as follows: whether
zero is an integer or not, the place of negative numbers on the number line, placing
integers on a number line, ordering two or more negative integers and relating
integers with other number sets such as whole numbers. In addition to these, the
meaning of integers also poses difficulty for middle school students (Kilhamn, 2008).

The results of these studies demonstrate that learners need help to understand and
construct concepts of integers because they make errors in the integer concept such
as perceiving integers as natural numbers. Students should not overgeneralize natural
number properties to integers. To overcome this overgeneralization made by middle
school students, there is a need for more information associated with how students
think about integers and how their thinking process changes by learning the integer
concept, which can be obtained by identifying students' errors and the underlying
reasons of the errors. Analyzing how Turkish middle school students perceive
integers might help the students and also teachers to deal with integers in a more

meaningful way.

In this study, middle school 6™ grade students’ achievement levels, the errors they
make and the reasons underlying those errors regarding comprehension and ordering
of integers were investigated. Based on these aims, the study adopted the following

research questions:

1. What are the achievement levels of middle school sixth grade students
regarding comprehension of integers and ordering of integers?
2. What are the errors that middle school sixth grade students make regarding

comprehension of integers and ordering of integers?
3



3. What are the reasons underlying middle school sixth grade students’ errors
regarding comprehension of integers and ordering of integers?

1.2 Definitions of the Important Terms

Operational and constitutive definitions that are related to the research questions are

presented below:

Integer: The whole numbers 0, 1, 2, 3, 4... , together with the negatives of the whole
numbers - 1, -2, -3, -4,.... are called integers (Bennett & Nelson, 2001).

Comprehension of Integers: It refers to what integers are, how they are represented,
how they are related to each other and to whole numbers. It also refers to both the
direction and the magnitude of integers (MoNE, 2009).

In this study, comprehension of integers includes: recognizing integers, reading and
writing integers, integer representations, interpretation of integers, the meaning of

integers.

Ordering of Integers: It refers to the fact that integers are sequenced and ordered
(e.g., -7 is the number greater than -8 and less than -6); however, there is no need to

establish a relation to a countable amount or quantity (Clements & Sarama, 2007).

In comparing elements, different criteria are used for different ordering relations.
One can compare every pair of elements in some order, like the familiar less-than
ordering of natural numbers (Ponce, 2007). In this study, ordering integers includes

making comparisons which are less than or greater than between integers.

Error: “An error is a mistake, slip, blunder, or inaccuracy, and a deviation from
accuracy” (Luneta & Makonye, 2010, p.36). In this study, it is defined as the wrong
answers made as a result of negligence, or having deficiency in knowledge.

In this study the nature of error as it was used, is explained in terms of student’s

responses to a question in IAT and students’ explanations in the interview.
1.3 Significance of the Study

Students who experience learning difficulties in any topic are bound to experience

difficulties in achieving success in the subsequent topics (Dikici and Isleyen, 2004).
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Failure to gain a prerequisite concept relevant to the mathematic topic will cause
difficulties in the learning process because math topics have a strong sequential
structure (Altun, 2008). Issues that students have difficulty in must be determined
and it is necessary to identify these challenges (Yudariah ve Roselainy, 2001). In
addition to these, it is necessary for teachers to foreknow the difficulties students
face when they learn certain issues and concepts in order to achieve effective
teaching, and so that they can discuss frequent errors with their students and can plan
their teaching process based on these errors (Fischbein, 1987; Janvier, 1985; Julie
2013; Ponce, 2007; Spang, 2009). Integers are one of the mathematics topics in the
mathematics curriculum as of 6™ grade, and the topic of integers is quite important
because it is functional in the other following topics. The role of integers in the
development of higher level mathematical concepts, such as algebra, makes it one of
the most important and essential conceptual subjects in the middle school
mathematics curriculum (Christou & Vosniadou, 2012, Vlassis, 2004). When
students get to second term of sixth year, they begin to learn algebra that is based on
integers. Furthermore, teaching and learning rational numbers and exponential
numbers that are based on integers begin in seventh grade and continue in eighth
grade. This situation indicates that the topic of integers should be handled and
studied differently at different levels. Therefore, to provide a high level of readiness
in these domains, the identification of errors middle school sixth grade students’

make and the difficulties they encounter come into prominence regarding integers.

Awareness of errors and difficulties faced by students is important for studies
focusing on learning (Rasmussen, 1998). Besides, studies of many researchers
revealed that students have some difficulties in understanding integers at any class
level (Isgiiden, 2008; Koriikcii, 2008). Hence, students' entire educational life in
mathematics is affected by the difficulties that are experienced and unresolved with
regard to integers. In addition, the literature review on learning and teaching integers
in middle schools in Turkey demonstrates many unanswered questions about
students’ errors, the difficulties they encounter. In order to help the students
eliminate their errors by means of correct knowledge, teachers should have an
understanding of the underlying reasons of students’ errors regarding integers.
Moreover, teachers need this information to establish an effective teaching

environment to increase their students’ achievement levels regarding the integer
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concept. Searching the underlying reasons of errors may reveal some misconceptions
related to the concept. If teachers have an understanding of students’ misconceptions
and underlying reasons of errors, they can help the students replace their
misconceptions with scientifically correct knowledge and they can teach how to
conceptually deal with integers. Hence, analyzing underlying reasons of 6" grade
middle school students’ errors regarding comprehension and ordering of integers is
essential. Information obtained from this study may assist teachers in detecting and

correcting common errors that students make while dealing with integers.

Furthermore, when students learn integers, they need to reason with numbers which
cannot be modeled physically. For students, integers are the first number set, which
includes numbers that cannot be modeled physically. Many studies have attempted to
decide which model and real-world contexts would be most useful to enhance
students’ understanding of integers (Akyliz & Stephan, 2012). The literature review
reveals that the more suitable activities and examples of integers are not clear in
terms of learning negative numbers and constructing concepts of negative numbers.
On the other hand, Isiksal (2009) stated that there is no consensus among researchers
regarding the right time of teaching the integer concept and operations. In addition to
these problematic sides of the integer concept, the literature review also reveals that
there are few studies about how students make sense of integers when compared to
the number of studies about natural numbers and fractions (Isiksal, 2009). Moreover,
there are limited studies done in Turkey in the domain of integers (Dereli, 2008;
Ercan, 2010; Isiksal, 2009; Isgiiden, 2008; Kesan & Kaya 2007; Kéroglu& Yesildere,
2004; Kortketi, 2008). Hence, it is significant to conduct a study which shows
students’ achievement levels, errors and underlying reasons of the errors regarding
integers. The results of such a study would give valuable information related to

comprehension and ordering of integers.
1.4 Organization of the Study

In this chapter, the purpose of the study, the significance of the study and the
definitions of important terms have been explained. The second chapter is devoted to
the literature review, which presents definitions of important terms, such as error,
misconception and integer. Additionally, related studies integer, common errors,

difficulties and misconceptions regarding the concept of integers. The third chapter
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includes information about the design of the study, the population and sample, data
collection instruments, data collection procedure, analysis of data, assumptions and
limitations. The fourth chapter presents findings of the study with respect to the
achievement levels of middle school sixth grade students in the questions of the
Integer Achievement Test (IAT), and the errors they made regarding comprehension
and ordering of integers and underlying reasons of the student’ errors. The last
chapter involves the discussion and implications of the study and presents

recommendations for further studies.



CHAPTER 2

LITERATURE REVIEW

The purpose of the current study was two-fold. First, it aimed to investigate middle
school 6th grade students’ achievement levels regarding comprehension and ordering
of integers, and the errors they made regarding this topic. Secondly, it aimed to

examine the underlying reasons of those errors.

In accordance with the purposes of the study, the literature was reviewed and
summarized under four categories, namely mathematical errors and misconceptions,
the definition of integer, common errors, difficulties and misconceptions regarding

the concept of integers and lastly studies on integers.
2.1. Mathematical Errors and Misconceptions

Although the terms error and misconception are generally used together or
interchangeably, error and misconception do not have the same meanings in
mathematical ideas and procedures (Luneta & Makonye, 2010). In order to explain
these terms, the definitions of error and misconception, and the relationship between

them are explained in this section.

In many of the research studies in the related literature, there are various definitions
of the term error. Luneta and Makanye (2010, p. 35) define error as ... a mistake,
slip, blunder, or inaccuracy and a deviation from accuracy”. According to Rouche
(1988), there is a connection between creativity in a new situation and imagination
with an error which reveals inadequacy of knowledge. A lack in mastery of basic
facts, concepts and skills lead to the error. Students make errors that are different
from algorithmically based errors (Olivier, 1989). Additionally, three types of errors
defined, which are unsystematic, systematic or random (Green, Piel, & Flowers,
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2008). Unsystematic errors are unintended, non-repeated and trivial incorrect
answers. Learners can correct unsystematic errors when they recognize them
(Khazanov, 2008). Contrary to unsystematic errors, repeated wrong responses are
systematic errors and these wrong answers are regularly recreated across time and
space. Moreover, learners cannot realize systematic errors, which are based on
symptoms of a faulty hypothesis referred to as misconceptions (Green, et. al, 2008;
Nesher 1987). Lastly, random errors may or may not be repeated. Similar to Green et
al. (2008), Cox (1975) categorized errors into two groups as systematic errors and
random errors. Repeated wrong answers were defined as systematic errors, which is
in agreement with the definition of Green et al. (2008). These types of wrong
answers were detected in specific algorithmic calculations. Conversely, random
errors, which are similar to the random error definition of Green et al. (2008), do not

give any evidence, associated with the repeated wrong thinking process.

As for the reasons why students make errors, it can be inferred that although teachers
have an important role in transferring the currently accepted disciplinary concepts to
students’ fresh minds (Yagbasan & Giilgicek, 2003), students do not come to schools
with fresh minds (Resnick, 1983). They prepossess numerous ideas, knowledge and
conceptions expressing some of the mathematical and scientific phenomena that are
related to the concepts presented in the classroom (Smith, diSessa, & Roschelle,
1993). Sometimes these students’ conceptions are inconsistent with expert concepts,
which lead to the creation of a gap between students’ conceptions and the
corresponding expert concepts. Therefore, misconceptions may be the underlying

reasons of the errors made by students.

At this point, then, it is essential to define the concept of misconception. According
to Yagbasan and Giilgigek (2003), misconception occurs when an individual
attributes meaning to a concept that is fundamentally different from its scientific
meaning. It is seen that the term “conception” comprises the origin of all these terms;
thus, the term “conception” is important in understanding the term “misconception”
(Hammer, 1996), which is used to address students’ conceptions that build a
systematic pattern of errors (Smith, diSessa, & Roschelle, 1993). Similarly,
Yagbasan and Giilgigek stated that misconception is a deviation among the
internalized form of a concept and its scientific meaning (2003). According to Swan
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(2001), a ‘misconception’ is not wrong thinking; however, it is a concept in embryo
or a local generalization that the student has made. Basically, it may be a natural
process of development. These definitions emphasize the fact that it is a conception
deficient in quality to be considered as a scientific conception. Considering how
misconceptions occur, it can be said that misconceptions are often caused when new
information is added to an inadaptable knowledge base, producing consecutive,
synthetic models (Behr, Harel, Post & Lesh, 1992). Behr et al. (1992) claimed that
some misconceptions may derive from new concepts not being vigorously connected
with the student’s previous concepts. On the other hand, some other misconceptions
may stem from the lack of some essential details of the knowledge-scheme which has
been oversighted in the design of the teaching material. Furthermore, misconceptions
can be stable and difficult to change (Garfield & Ahlgren, 1988).

Even though the terms error and misconception are not synonymous, they are highly
interrelated. These terms are used interchangeably because they are generally
confused by many people. Whereas misconception is the perception of people’s
concepts different from their scientifically accepted counterparts (Kesan & Kaya,
2007), error is the consequence of the misconception. Casey, Ernest and Koshy
(2000) defined the term error as “a wrong idea or wrong action that often is the result
of a misconception, but not always so” (p.172). Because of the relationship between
error and misconception, as mentioned in the previous definitions of Kesan et al.
(2007) and Casey et al. (2000), analysis of errors helps to understand the reasons
underlying the errors, which may be misconceptions, and, thus, to focus on the
possible misconceptions held by students. In other words, all misconceptions should
be defined as an error; however, not all the errors can be regarded as a misconception
(Eryilmaz & Siirmeli, 2002). To sum up, according to Nesher (1987), in the
relationship between error and misconception, error is the image on the surface and

there is a misconception that causes and controls the formation of that image.

Thus, it can be maintained that students who make errors in many of the mathematics
topics, one of which is the topic of integers, have misconceptions as underlying
reasons of the error related to those topics. Having defined error and misconception,

the following section will be devoted to the definition of integer.
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2.2. Definition of integer

Teacher and students may describe integer concepts by using written symbols,
spoken language, concrete materials, and real world examples (Herstein, 1996).
However, there is no doubt an account for much of the difficulty of teaching and
learning about integers (Davidson, 1987). In addition, there is no agreement on a
single definition for integers used in the literature (Musser et al., 2003). In
consideration of the purposes of the study, it is essential to review the definitions of

integers that emerge in the related literature.

Integers are defined as follows: "A set which comprises of positive integers, negative
integers, and zero; and the set are shown with the notation of Z" in the middle school
mathematics curriculum (TTKB, 2005, p.132). Another similar definition is
expressed indicating that "The set of integers, I, consists of the positive integers, the
negative integers, and zero. I= {...,-4, -3, -2, -1, 0, 1, 2, 3, 4 ...}" (O’ Daffer,
Charles, Cooney, Dossey, and Schielack, 2008, p.249). One often notices that the
terms “integer”, “directed number”, “positive or negative number”, “signed number”
and “number opposite” are used interchangeably at the middle school level to refer to

the same mathematical entity, namely the set of numbers ...-3, -2, -1, 0, +1, +2, +3...

(Rising, 1974).

Musser, Burger, and Peterson (2003) give a detailed explanation of positive and
negative integers: "A set in which 1, 2, 3 ... are called positive integers, and "“the
numbers -1, -2, -3... are called negative integers". Furthermore, zero does not have a
sign and it is “neither a positive nor a negative integer" (p.319). Dyke, Rogers, and
Adams (2009) state that "positive numbers, zero and negative numbers are called
signed numbers" (p.674). However, signed numbers may not be considered as
integers by middle school students. Hence, teachers should use the term “integers”
rather than the signed numbers terminology when they explain the subject of integers
(Adams, 2009).

In a study by Cohen and Hativa (1995), students expressed negative numbers in
several ways: as a number below zero, smaller than zero, small than all positive
numbers, numbers to the left of zero; zero minus something, or subtracting a large

number from a small number. Moreover, several students expressed negative
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numbers by writing out an example, rather than a verbal definition, which resulted in
a negative number (e.g., 5 - 8), or by drawing a number to the left of zero on a
number line. Furthermore, some students gave examples based on daily experience,
e.g., a thermometer with numbers below zero, or a place that is geographically below

sea level.
For the specific topic of negative numbers, Piaget (1960) affirms:

Regarding the spontaneous numerical operations, we all understood them at all times,
since their application to the economical exchanges or to the paths traveled, which
when buying more than what has been paid, a debt is acquired and when going back
more than what has been advanced, a backwards progress is carried out, which duly
constitutes a use in the action of the negative number. (p.109)

In the explanation of Piaget, many daily life examples are given in order to
understand the action of negative numbers. For instance, when a student experiences
a situation where he/she buys more than what has been paid for, the student can

understand the concept of integers and its necessity.

Now that the concepts of error, misconception and integer have been defined, the
next section will highlight common errors, difficulties and misconceptions regarding

integers.
2.3 Common Errors, Difficulties and Misconceptions Regarding Integers

In primary education, students experience difficulties in understanding and learning
mathematical concepts (Bulut et. al, 2001), particularly ‘integers’, which is one of
the most problematic topics (Dereli, 2008; Hayes & Stacey, 1990; Kilhamn, 2008;
Koriikeii, 2008). Janvier (1983) states that students experience difficulties in
understanding concepts regarding negative numbers and in performing procedures
with negative numbers. The literature review on students’ understanding of integers
shows that students typically have difficulties and misconceptions with regard to
integers. Thus, literature was particularly reviewed in terms of students’ errors,

difficulties and misconceptions with regard to integers.

According to Schindler et al. (2013) both the handling of real-world situations, such
as comparing temperatures below zero, and the handling of inner mathematical

situations, such as solving the equation x+4=1, are associated with the concept of

12



negative integer. Fraenkel (1995) states that negative integers are regarded as a rather
basic topic and, thus, can be learned in middle schools. In fact, according to Peled,
Mukhopadhyay, and Resnick (1988), children build up internal representations of
negative numbers before they receive formal school instruction on negative integers.
Thus, the introduction of negative integers does not create great difficulties for
students, except for the multiplication of a negative number by another negative

number.

Several studies show low success rates of students solving computations involving
negative numbers (Human & Murray 1987, Murray 1985), which indicate deeply-
rooted and widely-held misconceptions. These difficulties are not limited to the
above mentioned multiplication operation, in which students do actually experience
great difficulty; yet the difficulties experienced also stem from other mathematical

operations, such as addition, subtraction and ordering of integers.

Another study, conducted by Pratiwi et al. (2013), aimed to investigate the students’
understanding of the notion of negative number through number line activities. The
study was conducted with nineteen students of 9-10 ages. The research results
revealed that students tried to interpret negative numbers based on their actual
knowledge on natural numbers. In more detail, the students admitted that negative
numbers were the inverse of whole numbers. In other words, students considered that
all properties of negative numbers were the same with the properties of positive
numbers. In fact, students became aware of the fact that the sign before the numbers
attributed meaning to them, so their previous knowledge regarding natural numbers

not only fostered their understanding of integers but also confused them.

Similarly, a study by Bruno et al., (1999) concentrated on students’ difficulties
related to negative numbers. The study revealed that the students encountered
difficulties when they used their existing conceptions about natural numbers to make
sense of negative numbers. It was found that the students could regard negative
numbers as the inverse of positive numbers; however, this idea was deficient.
Similarly, a study by Ponce (2007) found that many students experienced difficulties
in making the transition from working with whole numbers to working with integers.
Consequently, many students become confused about different types of numbers and

do not understand that all different types of numbers are part of the system of real
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numbers (Bruno, et. al., 1999). The results of the study indicated that in order to
prepare children to understand the wider numerical system, the notion of negative

numbers must be well-understood.

In another study, Linchevski and Williams (1999) also state that students have
difficulties in enhancing the concept of negative numbers. Linchevski and Williams
(1999) found that the pre-assumed structure of natural numbers that exists in
students’ minds can serve as an auxiliary element when students learn the positive
numbers. On the other hand, in terms of negative numbers, students cannot reach
informal information by observing and experiencing the environment because there
are no non-positive objects or groups of objects in the physical world (Davidson,
1992; McCorkle, 2001). Actually, students cannot observe negative numbers in the
environment concretely so they have difficulties in learning integers (Davidson,
1992; Mc Corkle, 2001).

A study was conducted by Bishop et al. (2014), which concentrated on obstacles and
affordances of learners within the domain of integers and on the similarities and
differences between children’s conceptions and the historical acceptance of negative
numbers. The researchers stated that adults, as opposed to children, often operate
with numbers proficiently, especially with negative numbers without deep thought.
The various metaphors, contexts, and understandings that they bring with problems
facilitate them to think of and use numbers easily in multiple ways. For instance,
considering the number -5, one can interpret -5 as any of the following: an action of
removing 5 from a set, the integer between -6 and -4, an action of moving 5 units left
or down, the number yielded when 5 is added to O, the location on a number line
(coordinate plane, etc.) 5 units to the left of, or below 0, and a representation of a $5
debt. Moreover, Henley (1999) stated that negative numbers can be considered as
indicators of a process that should be carried out of subtraction in spite to a
mathematical object. In history, mathematicians considered subtractive numbers as
conceptions for negative numbers (Henley, 1999). According to Gallardo (2002) the
minus sign in -3 showed the intention of subtracting 3 from a certain number, but the
subtracted number was not given; thus subtractive numbers were considered as

“quantities to be subtracted” (Henley, 1999, p. 647).
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In addition, Lamb et al. (2012) claimed that students’ interpretation and usage of the
minus sign are facets of symbol sense, which Arcavi (1994) described as “making
friends with symbols” (p. 25). “Making friends with symbols” contains an
understanding of symbols, usage process and reading symbols. In more detail,
students can distinguish the minus sign which represents an operation from the minus
sign which belongs to a negative integer without difficulty. The results of this
research indicated that many students in middle school and even high school do not
have fully improved sense of symbol associated with the minus sign. It was found
that this limited view of the minus sign impedes with students’ abilities to truly
understand some concepts related to integers, such as the process of solving
equations, and to make sense of variables. In the same study, Lamb et al. (2012)
believed that encouraging students’ sense making of the three meanings of the minus
sign and the students’ ability to identify when each meaning might be appropriately
used are significant. The researchers suggested that students needed time and
attention to learn the different meanings of the minus sign, to recognize and
distinguish the appropriate meaning in a problem, to understand when the meaning

shifts during problem solving, and to easily move among the meanings.

One other study carried out by Gallardo (2002), explored students’ efficiency in
operations where the solution of equations were related to the domain of integers in
which spontaneous answers in problems conveyed negative solutions. This study was
conducted with thirty-five students. According to the results of the study, students
considered numbers as they would do in counting objects. The results also revealed
that when students work with negative numbers in the form of symbols, students are
forced to free themselves of the concrete meaning of words that are included in real
life problems. For instance, a student can consider ten feet below sea level or ten
steps backward easily; however, (- 20) has little or no meaning for students; it is an

isolated bit of information.

As for Bishop et al. (2013), they postulate that students, during their school
experiences, experience and develop three underlying understandings of numbers: an
ordinal, a cardinal, and a formal understanding of numbers (Bishop et al., 2013;
Baroody & Wilkins, 1999; Clements & Sarama, 2007; Fuson, 1992; Lakoff &
Nuiiez, 2000). Students need each of these understandings to strongly comprehend
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integers and they utilize more than one understanding of number to reason about a
single integer problem (Bishop et al., 2013). Bishop et al. (2013) stated that the idea
of order is a basic principle of our number system. When students learn counting and
reasoning about smaller and greater numbers, they initially engage in ordering.
Bishop et al. (2013) claimed that an ordinal (or positional) view of number is
associated with the idea of ordering relations. In this view, numbers are sequenced
and ordered such as —4 is a number greater than —5 and less than —3; however, it has
no relation with countability or quantity (Clements & Sarama, 2007). Bishop et al.
(2013) designated that a cardinal view of number, which is a countable quantity, is
the second understanding of a number. A number’s cardinality is the number of
objects it represents; indeed, this way of understanding number is related to
numeration, counting, and magnitude. Bishop et al. (2013) recognized that a
relationship is present between counting and the cardinality of a set of objects within
the realm of whole numbers. For example, counting like 1, 2, 3, 4 can be considered
as the existence of four pencils. Cardinal and ordinal meanings of number are not
meanings that are independent of each other for children. When children’s
mathematics extends to the entire set of integers, one must pay attention to new
issues and questions that emerge with respect to cardinal and ordinal meanings of
number. Bishop et al. (2013) claimed that a formal entity is the third view of number.
Students generalize from what they already know to be true about whole numbers
and operations with them. According to Bishop et al. (2013), in this understanding,
numbers can be treated abstractly. When children’s understandings of numbers
extend to new domains, such as from whole numbers to integers or from whole
numbers to rational numbers, students have opportunities to search for and make use
of underlying structures. For instance, a child might use a formal understanding of a
number to reason about the statement —4—4 by extending principles and rules he or
she has discovered about whole numbers to negative numbers such as any number
subtracted from itself is zero. This type of generalization is an example of a formal

approach to number (Bishop et al., 2013).

In addition, Bishop et al. (2014) state that the idea of order is a fundamental principle
of our number system. Similarly, Lakoff and Nunez (2000) designated order as a
foundational component of mathematical cognition and arithmetic as “motion along

a path” as one of their four “grounding metaphors” (p.21). By using the idea of
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symmetry on the number line, they asserted that negative numbers are constructed as
point locations within this motion metaphor. To illustrate, when some young students
solved problems containing integers, they emphasized the idea of order, not its
formal form. Especially these students constrained some kind of ordering on Z and
then used the ordinal, or positional, nature of numbers in their strategies. “Ordering
negative numbers is complex because there are two possible orderings that are
supported by thinking about common contexts-the standard ordering and ordering by
magnitude (absolute value)” (Widjaja, Stacey &Steinle 2011, 81). Students confused
these two possible orderings so they encountered some difficulties when they ordered
integers. More specifically, students did not know when they should order integers
according to common context-the standard ordering or ordering by magnitude. That’s

why, students made some errors and had difficulties regarding ordering integers.

Bishop et al. (2014) also observed the underlying mathematical ideas of order in
some children’s ways of reasoning. According to the results of the study, 43% (20 of
47) of the students in the study by Bishop et al. used the ordinal and sequential nature
of integers at least once in solutions that included counting or the use of the number
line, the context of motion and movement. For instance, many students who correctly
solved the problem 3 — 5 = ¢ used a counting-back strategy. Generally, students
counted backward beginning with 3, like “3, 2 (put down one finger), 1 (put down
second finger), zero (put down third finger), -1 (put up fourth finger), -2 (put up fifth
finger). The answer is -2.” In this strategy, -2 is a position; it is the place one finds
when beginning with 3 and counting back from 5; it is the number before -1 and after
-3. The results of the study also showed that young children’s conceptions about the
mathematical idea of order were used successfully to solve new and novel problems
including integers although they were not as formalized as the modern mathematical
definition of ordering. Hence, Bishop et al. (2014) stated that an order-based
understanding of negative numbers is a cognitive affordance for children’s integer
reasoning. It was found that ordered numbers are locations on a number line or
elements in an ordered sequence. This view of ordered numbers is also supported by
both mathematicians and children to engage with integer tasks using number lines
and counting sequences. Schindler and Hussman (2013) suggested that previous
knowledge of students regarding the ordering of integers should be considered while

digging into basics of negative integers.
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In another study, Gallardo (1995) documented that less than 40% of the 12-to-13-
year-old children she interviewed were able to subtract integers. Similarly,
Kloosterman (2012) implied that more than one fourth of all 13-year-old children
were unable to add a positive number to a negative number, and further, about half

were unable to divide integers, correctly.

Difficulties experienced by students in relation to integers were also investigated in
Turkey, even though, the number of studies were limited. One example of a study
examining the difficulties experienced in integers by middle school students was
conducted by Koroglu and Yesildere (2004). They studied how the unit of integers
was handled by middle school 7th grade students. The study was conducted with 78
students, thirty-nine of which comprised the experimental group and the other half of
constituted the control group of the research study. Research results revealed that
middle school students had difficulties in expressing sets of integers and held
misconceptions regarding signs. According to the results of the study, middle school
students were not able to decide which number was an integer in the given set of
integers which included only negative numbers. Kéroglu and Yesildere (2004) stated
that the relations between number sets were the main points of consideration in
mathematics. Not being able to determine the relations between integers and natural
numbers, students will establish new misconceptions in mathematics in the following
years. The results of the study also revealed that students could not clearly determine
whether the positive or negative signs of integers (+, or -) indicated the signs of the
integers or the operation of the integers. Actually, one of the misconceptions
encountered in adding or subtracting the integers was that students confused the sign
in front of the integer in that they could not identify whether it belonged to the
operation or the integer. It was found that students were also confused about how to
make operations with integers when integers had different signs. In fact, students
were confused while adding negative and positive integers. Likewise, Spang (2009)
stated that middle school students were not able to distinguish between the
subtraction sign and the sign of a negative number, and nor could they distinguish
between the plus sign and the sign of a positive number. Moreover, it was found that
students experienced difficulties with exponential integers and with dividing zero by
an integer. Koroglu and Yesildere (2004) underlined that students do not understand

logically but memorize the fact that the result of dividing integers by zero is
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undefined. Therefore, students confuse the division of zero by an integer and the
division of integers by zero.

Similar to Koroglu and Yesildere (2004), Ercan (2010) conducted a study with 628
middle school 7" grade students who were selected randomly. Students were
administered a test including examples and non- examples of integers. Research
results indicated that the sign of a number had an important role in deciding whether
a number was an integer or not, and students were not sure when integers were
written in a decimal or a rational number format. This study also required students to
justify their decisions as to why some items in the test were examples of integers and
some were not. The results of the study showed that students were undecided about
the written form of integers through different number sets (e.g. whether 3.0 is an
integer and a decimal number) and many different causes were articulated to verify
why some items were integers and others were not. The justifications provided by
these middle school students pointed out that the concept of integer is perceived

differently and hence they have different integer descriptions.

Another study by Isgiiden (2008) examined the difficulties that 7th and 8th grade
students experienced in integers with respect to writing a set of integers, and placing
positive and negative integers on a number line. The study showed that students
experienced difficulties in the following areas: deciding whether zero is an integer or
not, where the negative integers are on the number line, how negative integers are
ordered. The first difficulty was experienced in deciding whether zero was an integer
or not. For students, zero meant “having nothing” (Lytle, 1992; Levenson, Tsamir &
Tirosh, 2007). Students considered positive integers as counting numbers and they
regarded zero in the same way, so positive integers and zero did not pose any
problems (Steiner, 2009). According to Steiner (2009), in order to be successful with
integers, students need to understand that zero can be considered in many different
ways. Zero might be added to any number without changing the number’s value
because zero is the identity element for the operation of addition. Zero stands for the
same number of positives as negatives and so long as the number of positives added
is the same as the number of negatives added to a number, the value of the result
does not change. Zero can be considered in many ways, such as two neutral pairs,

which is a different meaning from having nothing, and students can be confused by
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this thought. Until the time a student experiences negative integers, zero always
means the same as “nothing”. The second difficulty is related to the places of
negative integers on the number line. The results of Isgiiden’s study indicated that
students were confused about the places of negative integers on the number line. In
fact, some students could not be sure as to whether negative integers were to the left
of zero and positive integers to the right of zero on the number line. The third
difficulty was experienced in the ordering of integers. It was found that students
could not order integers correctly. Likewise, according to Julie et al. (2013) many
students still make errors when they compare two negative integers. Students still
think that the way to compare two negative numbers is the same as the way to
compare two positive integers. For instance, when students were asked to compare -
25 and -20, some students believed that -25 is greater than -20 because 25 is greater
than 20. When they ordered the positive integers, they started from the smallest;
however, when they ordered negative integers, they started to order them from the
largest. More specifically, students were asked to order the following numbers from
the smallest to the largest: -23, -29, 34, 27, 13, -22, -16, and 31. Many of the
students' answers were wrong as they provided a response, such as -16, -22, -23, -29,
13, 27, 31, 34.

By considering these difficulties that students encountered, one can infer that
teaching negative numbers is also crucial in order to decrease the level of difficulties
faced by students. In teaching negative numbers, some contexts had already been
used by researchers such as the context of the temperature, abacus and the dice
(Linchevski & Williams, 1999), assets and debts (Stephan & Akyuz, 2012), and the
use of the number line to represent the operation in negative numbers (Heefer, 2011).
As for a study conducted by Julie et al. (2013), it was indicated that establishing a
context to introduce negative integer was difficult for teachers. According to the
results of the study, at some points, some of the contexts mentioned above could help
the learner to better understand integers. However, some of them were appropriate
for higher grades as they included some abstract calculations. For example, in
Indonesia, students do not know the condition in sub-zero temperatures, so the
construction process of negative integers with the temperature context is difficult for
them (Pratiwi et al.,, 2013). More specifically, these students experience great

difficulty in constructing negative integers in their mind when the teacher uses the
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temperature to introduce negative integers because they do not experience sub-zero

temperatures in their real life context.

As previously mentioned, the research conducted by Pratiwi et al. (2013) implied
that the local culture is an important factor to consider when the teacher chooses a
context to teach a mathematical concept. Results of the study demonstrated that some
of the contexts mentioned above could help the learner to better understand negative
numbers. However, some of those included abstract calculations so they were
appropriate for higher grades, and probably not useful for lower grades. The results
of the study also showed that the students wanted to know why negative numbers
emerged in their life. They need to experience negative numbers in a particular
situation in their life. The first conception of students about negative numbers may
emerge when they are doing an operation of subtraction of numbers without signs,
yielding a result with signed numbers. According to Pratiwi et al. (2013), students’
initial phase of comprehension regarding negative numbers should be reinforced by
means of a meaningful way of learning. Students might conceive negative numbers if
they learn negative numbers through a familiar context that trigger their common

sense and intuition.

In addition to the importance of teaching integers mentioned above, the number line
also has a crucial role in not only teaching but also learning the concept of integer.
Resnick (1983) claimed that even before school entry, most children constitute a
mental number line for the positive numbers. Primarily, children use the number line
to compare the relative sizes of numbers and after the first years of schooling they
progressively connect the number-line representation to the operations of addition
and subtraction. Furthermore, the usage of the number line to make comparisons
among negative numbers was recommended for grade levels between five and eight

in the curriculum of the National Council of Teachers of Mathematics (1989).

Van de Walle (2004) claimed that in order to have a better understanding of integers
and operations with integers, students need experience in both the number line model
and the neutralization model. Wilkins (1996) indicated that the number represents a
given number of objects, which is the cardinal conception of number, while a given
number represents a position relative to other numbers, which is the ordinal

conception of numbers. The number line model accentuates the ordinal concept of
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number, while the neutralization model accentuates the cardinal concept of number.
The cardinal concept of number is learned before the ordinal concept of number
because children usually learn to count numbers of objects before understanding their
order or position (Wilkins, 1996). However, both concepts of ordinal and cardinal
understandings have great significance for students in order to understand integers
completely (Davidson, 1987).

In addition, the number line is used more than the device itself and indicates an
underlying way of reasoning the idea of order. (Wallis, 1685). Two different types of
number line conceptions are studied by Peled (1991). The first type contained a
continuous number line where numbers were ordered from lesser to greater. The
second type of number line contained a divided number line that was disjointed at
zero. Actions were considered either toward or away from zero. The student would
determine how much was needed to obtain zero and then continue from there. In
another study, Janvier (1983) notes two types of models which are equilibrium
models and number line models. Subway stations associated with direction and
weather problems associated with temperature are some applications of the number
line model. These models provide opportunity to implement more concrete meaning
to the numbers on the number line since students are familiar with the idea of

opposites such as “east” and “west” or “above” and “below”.

A research was conducted by Widjaja et al. (2011) to explore the misconceptions of
the number line, which are revealed when pre-service primary teachers locate
negative decimals on a number line. Data were collected from 94 pre-service primary
teachers. The results of the study indicated that many pre-service teachers also
underline the need to provide them with strong visual models of negative numbers
and their ordering in the distorted geography on the number lines. In addition, some
standard models of negative numbers (e.g., lending and borrowing money) are

unhelpful in ordering negative numbers.

Consequently, in order to eliminate misconceptions and minimize errors regarding
negative integers, some activities are suggested in various sources. NCTM (2000)
recommended that by extending the number line and through familiar applications,
all students in grades 3 to 5 ought to investigate numbers less than 0. NCTM (2000)

stated that simple games that include losing and gaining points or experiences with
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debt can enable very young children to grasp the idea that it is possible to have less
than nothing.

For better understanding of negative integers, NCTM, in their publication, Principles
and Standards for School Mathematics (NCTM, 2000) recommends the inclusion of
three activities in the fifth through eighth grade. The first activity entails problem
situations in which students learn that negative numbers are rational extensions of
positive numbers. In this context, students should solve problems of the form x —y,
where x is less than y and both x and y are positive integers. The second type of
activity enables students to compare and contrast two negative integers in order to
understand the similarities and the differences between negative and positive
integers. These types of activities help students to learn order within the negative
integers. In this way, students can realize the importance of the magnitude of
integers. The third type of activity gives students the opportunity to become aware of
the fact that operations with negative integers are just extensions of the properties

and operations with counting numbers.

Thus far, some of the common errors students made, difficulties they encountered
and some misconceptions they held regarding integers have been highlighted.
However, it is also crucial to review various studies conducted on integers, which are

summarized and constitute the topic of the following section.
2.4 Studies on Integers

According to Galbraith (1974) the necessity for negative numbers emerges in the
area of measurement both everyday life and in the mathematical realm of numbers.
Thus, it is natural that the concept of integers is dealt with at all three levels of
education: at elementary, secondary, and tertiary levels. Students encounter the
concept of integers throughout their entire educational life in various contexts. To
illustrate, at middle school level, integers are seen in the measurement of
temperature, credit and bills, sea level, or blood groups, while at higher levels of
education, they are confronted in some theorems, such as Euclid’s Algorithm or

prime numbers (Herstein, 1996).

In the Australian curriculum (Australian Curriculum Assessment and Reporting

Authority (ACARA) (2011), the continuation of number patterns is mentioned as of
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Year 1 and could result in the discovery of negative numbers; however, they are not
specifically mentioned until Year 6. In the years 7 and 8, students need to construct
on their intuitive understandings to use negative and positive integers to represent
and compare quantities and extend the number properties developed with positive

integers to negative integers as well (ACARA, 2011).

A large part of a student’s school life is spent learning the numerical system. Bruno
et al. (1999) designated that there are several extensions of the numerical system to
assimilate. Students begin to study numerical systems using natural numbers and
finish off studying with real numbers. In addition, they have noted that many
students complete their school life feeling confused about the different kinds of
numbers and cannot recognize all kinds of numbers. Neither can these students
realize that all sorts of numbers are part of a single numerical system, which is the
system of real numbers. Bruno and Martinon (1999) claimed that the long process of
number learning is the main reason for such confusion. Furthermore, number
learning often occurs without one single idea on numbers. Similarly, there is no
single unifying perspective regarding how to go about teaching numbers. Therefore,
students normally study each of the numerical systems in an isolated way (Bruno &
Martinon, 1999).

Integers are related to other mathematical concepts. To illustrate, Steiner (2009)
stated that integers are seen not only in algebra, but also in such daily activities as
balancing a checkbook, understanding temperatures, and keeping scores when
playing some games. The results of a study conducted by Steiner (2009) indicated
that the lack of understanding integers is an important reason underlying the
difficulties many students experience in beginning level algebra. “The extension of
the numerical domain from natural numbers to integers during the process by which
twelve to thirteen-year-old students acquire algebraic language constitutes an
essential element for achieving algebraic competence in the resolution of problems
and equations” (Gallardo, 2002, p. 171). Students are interested in negative numbers

as coefficients, constants, and as solutions to equations in algebra.

Likewise, students also experience difficulties in solving algebraic equations
(Vlassis, 2002), simplifying algebraic expressions (Christou & Vosniadou, 2012;

Lamb et al., 2012), and comparing quantities (Vlassis, 2004) although, they receive
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formal school instruction on negative integers in last years. For instance, when
students try to add -2x + 7x, students often separate, or ignore, the negative sign in
the expression -2x, then they add 2x and 7x to obtain 9x, and then they reattach the
negative sign to the expression to get -9x. Students have the tendency to either assign
only natural numbers to literal symbols or treat expressions such as -x as though they
represent exclusively negative quantities (Christou & Vosniadou, 2012; Lamb et al.,
2012). As a result of this study, it was found that the knowledge of negative integers
is of importance in the proficiency of solving algebraic equations and simplifying

algebraic expressions.

The concept of integer is more abstract than natural numbers for middle school
students. In fact, “Non-positive integers are not representable concretely as
manipulable objects” (Davidson 1987, p.431) and they are not physically appreciable
on their own. Hence, representations have a crucial role in the teaching and learning
processes of negative integers. There are most particularly four types of
representation, which appeared to be meaningful in getting to know the negatives
(Bruno, 1997). The first representation is on the number line or other ordinal
arrangements regarding the order of integers (like ... -3-2-1 01 ...). The second one
is a quantity representation, which students mostly learn in relation to natural
numbers (e.g. “4 means four pencils”). The third one is the representation within a
real-world context (e.g. temperatures, debts and assets). Finally, the last
representation is the symbolic representation (e.g. -5 or “minus five®). In addition,
physical models give students opportunities to make abstract ideas more concrete, to
relate new knowledge to previous concepts. Physical models encourage insight into
new ideas, and increase student achievement and motivation (Fennema, 1972;
Parham, 1983; Sowell, 1989; Suydam & Higgins, 1977). According to Steiner (2009)
models have been used to help students obtain a better understanding of integers and
operations with integers. Models should be selected with the intention to motivate
students and help them to connect mathematics to the world in which the learner
lives (Steiner, 2009). In this way, students can transform abstract ideas to concrete
forms which students can relate. Moreover, Russ and Kurtz (1993) stated that models
help teachers to equip students with different learning styles and provide teachers
with more effective tools of assessment and, thus, help them meet individual needs of

students more effectively.
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In another research, although students are first introduced to integers with the general
model of number line, most children and teachers use, it seems that the neutralization
model is more suitable for the comprehension of integers and operations with
integers (Davidson, 1987). Children learn and understand cardinality, which is
associated with the amount or number of objects, before ordinality, which is
associated with position (Davidson, 1987). It would seem, then, that more
researchers should search the neutralization model. Janvier (1983) stated that in
recent years many other studies in which the neutralization model was benefitted
from have been conducted. Some practices of the neutralization method are voting,
dancing, attitude, and hot air balloons, all of which students are familiar with. This
familiarization gives them the opportunity to transfer their previous knowledge to a

new topic.

There are some views related to the concept of integer. Order, magnitude, logical
necessity/formal, and computational ways of reasoning are stated as four cognitive
affordances in the domain of integers (Bishop et al., 2014). According to Henley
(1999) the development of this type of understanding is the main challenge for
mathematicians. That negative integers are the quantities to the left of zero on the
number line is one view of negative numbers as opposed to the view that negative
integers are less than nothing. Their ordering meant that the expression -2 < -1 could
be interpreted as -2 comes before -1. It does not inhibit to the comment that -2 is
smaller in magnitude than -1. Today, students can attain a representation with an
alternative view of numbers as ordinal. Therefore, for children to approach negative
numbers as an instructional goal, one should consider using ordering relations,
magnitude, and logical necessity/formal views of number, and there should be

flexibility among these ways of reasoning.
2.5. Summary of the Literature Review

In this chapter, the literature reviewed related to the purposes of the study was
presented. In accordance with the purposes of the current study, first of all,
definitions of error and misconception and the relationship between them were
stated. Subsequently, definitions of the concept of integer were included. In addition,
studies on students’ common errors, difficulties and misconceptions from related

literature were presented. Lastly, some studies on integers were reviewed.
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In brief, literature indicated that students made errors and held misconceptions in
relation to integers, and that it was not easy to identify all of them; nevertheless,
these issues were highlighted as much as possible. Integers are, indeed, complex for
learners, so they make errors and establish misconceptions related to integers
(Janvier, 1983). To illustrate, middle school students have difficulties in expressing a
set of integers and misconceptions regarding signs (Koroglu & Yesildere, 2004), in
understanding concepts of negative numbers and in performing procedures with
negative numbers (Janvier, 1983). Furthermore, many studies have documented
students’ various difficulties in ordering integers (Bishop, 2014; Julie et al. 2013;
etc.). Whether zero is an integer or not, where the negative integers are on the
number line, and how negative integers are ordered are some examples difficulties,
which are related to ordering integers. Moreover, they have difficulties in solving
computations involving negative numbers and operating with integers (Human &
Murray 1987, Murray 1985). This review indicated that integers is an abstract
concept students learn (Davidson, 1992; Mc Corkle, 2001), and provides a basis for
middle school students regarding the upcoming subjects like solving algebraic
equations, simplifying algebraic expressions, magnitude; therefore, it has an
important role in middle school mathematics (Christou & Vosniadou, 2012; Steiner,
2009; Vlassis, 2002).

As indicated in literature the topic of integers is rarely studied specifically, and the
situation is no different in Turkey, where the number of studies on integers with
middle school sixth grade students is limited (Dereli, 2008; Ercan, 2010; 1§gﬁden,
2008). Some difficulties students experience in relation to integers are stated in
literature. However, there is a gap in the literature in connection to research focusing
on the achievement level of middle school sixth grade students, errors made by the
students regarding comprehension and ordering of integers and the underlying
reasons of these errors. All in all, the literature review supports this study, the
purpose of which was to investigate the achievement levels of middle school sixth
grade students, the errors they made and the underlying reasons of the errors
regarding comprehension and ordering of integers. Results of such a research study
would be a significant contribution to the literature in order to gain awareness of
middle school 6" grade students’ errors and the reasons underlying these errors

regarding comprehension and ordering of integers.
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CHAPTER 3

METHODOLOGY

The focus of this chapter is the methodology used to conduct this study. More
specifically, this chapter will give information about the research design, the
participants, the data collection methods, data analysis procedures, the internal and
external validity of the study, and assumptions and limitations.

3.1 Design of the Study

The purpose of this study was to investigate middle school 6th-grade students’
achievement levels, errors regarding comprehension and ordering of integers and
underlying reasons of those errors. The study was conducted in the spring semester
of the 2013-2014 academic year in Ankara.

The research design of the study could be considered as a mixed method design,
which includes the cross-sectional survey design and semi-structured interviews,
since a single methodology would not have been sufficient to collect the essential
data required to answer the research questions. Creswell and Plano Clark (2007)

defined mixed method as:

Mixed research is a research design with assumptions as well as methods of inquiry.
As a methodology, it involves the assumptions that guide the direction of the
collection and analysis of data and the mixture of qualitative and quantitative
approaches in many phases in the research process. As a method, it focuses on
collecting, analyzing, and mixing both quantitative and qualitative data in a single
study or series of studies. (p. 5)

More specifically, the cross-sectional survey design was used in order to identify
students’ errors. Fraenkel and Wallen (2006) stated that a cross-sectional survey

design includes collecting data at a single point in time from a sample that represents

28



the population. The group could be considered as the middle school 6th-grade
students from 10 different classes of a single school.

Particularly, in order to identify underlying reasons of sixth grade students’ errors
regarding comprehension and ordering of integers, an in-depth study was required;
thus semi-structured interviews were conducted. To sum up, first, quantitative data
were collected through the achievement test and then qualitative data were obtained
through the interviews conducted with selected students.

3.2 Participants of the Study

In this study, all sixth grade students of public middle schools in Ankara were
identified as the target population. The accessible population of this study was
determined as all sixth grade students of public middle schools in Etimesgut, to
which the results of the study will be generalized. Thus, the sampling method used in
the first phase was convenience sampling, which involved collecting data from the
individuals who were readily available (Fraenkel & Wallen, 2006). The study was
conducted in the middle school where the researcher was working as a math teacher.
In the sample selection procedure, the research was carried out with 262 students
who were sixth grade students in one of the public middle schools in the Etimesgut
district, Ankara. The 10 6th grade classes in the middle school comprised the sample
of the study. The average age of these students was 11 and the boy to girl ratio was
almost equal with a slight male dominance, as can be seen in Table 3.1 Detailed
demographics regarding gender, age and grade level of the participants of the study
are presented in Table 3.1 below.
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Table 3.1 Participants’ Demographic Information

Class Sample Age (years) Gender
size (n) Average Boys Girls
6-A 25 11 13(52%) 12(48%)
6-B 26 11.12 13(50%) 13(50%)
6-C 27 11.11 13(48.15%) | 14(51.85%)
6-D 24 10.85 12(50%) 12(50%)
6-E 27 11 14(51.85%) | 13(48.15%)
6-F 26 10.79 13(50%) 13(50%)
6-G 27 11 13(48.15%) | 14(51.85%)
6-H 26 10.85 14(53.85%) | 12(46.14%)
6-1 29 11.14 14(48.28%) | 15(51.72%)
6-J 25 10.96 13(52%) 12(48%)
Total (N) 262 10.98 132(50.37%) | 130(49.63%)

In the second phase of the study, semi-structured interviews were conducted to reach
data regarding the underline reasons of students’ errors. In order to select the
students to be interviewed, participants were categorized into three groups in terms
of their ability levels, measured in accordance with their performance in the
achievement test: The first group was defined as “high”, meaning they correctly
answered most of the items and their scores were higher than 60 according to rubric;
the second group was defined as “medium”, meaning their scores were between 40
and 60; and the third group was defined as “low”, meaning their scores were lower
than 40. Low and medium levels of students were separately asked whether they
were voluntary to participate in semi-structured interviews. 8 students from low and
medium levels (approximately 3% of all participants) were willing to participate in
the interview. The aim of categorizing students and asking each level of students
separately for voluntariness was to provide participation in interviews from low and
medium performance levels. Students were selected from low and medium
performance levels in order to identify the underlying reasons of sixth grade
students’ errors regarding comprehension and ordering of integers. The sampling

procedure and participants of the study is summarized in Figure 3.1.
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Integer 262 sixth grade middle school
Achievement students
Test

8 sixth grade middle
Semi-structured school students
interviews

Figure 3.1 Sampling procedure and participants of the study

3.3 Data Collection Methods

The data for this study were collected through the Integers Achievement Test (IAT),
which was designed and adapted by the researcher based on the objectives of the 6th
grade curriculum of the Ministry of National Education. The interviews were
conducted with the students who were selected based on their responses to the
questions in the achievement test. The data collection methods, instruments, and

procedures are explained below in detail.
3.3.1 Achievement Test

The achievement test (IAT) was developed specifically for this study to identify
middle school sixth grade students’ errors related to comprehension and ordering of
integers. Firstly, the 6th grade objectives of Turkish National Middle School
Mathematics Education Curriculum were examined. In the 6th-grade curriculum,
there were two objectives specific to the topic of integer. The first objective was that
students be able to explain the concept of integers. The second objective was that
students be able to order integers. Subsequently, the literature on the errors and
difficulties of students related to integers was reviewed. Then, taking into
consideration the curriculum objectives, the researcher developed the items of the
Integers Achievement Test (IAT), some of which were adapted from the related
literature. In the process of developing the items of IAT, the researcher matched each

guestion with the objectives in order to ensure that there was at least one item which
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measured an objective stated in the sixth grade mathematics curriculum. IAT, which
was composed of 8 items, was developed using this information. Explanations and

details of each item in IAT are given below.

The first item which was developed by the researcher in IAT measures students’
knowledge of expressing the given statement as an integer. Some statements, such as
“below zero”, “left of zero on the number line”, “loss” and “depth”, indicate negative
integers. On the other hand, some statements, such as “above sea level” and “money
in the wallet”, indicate positive integers. To solve this item, students needed to have
an understanding of daily life examples of negative and positive integers. The 1%

question is presented in Figure 3.2 below:

Q1:
Write each following statement as an integer.
Q) TOC DELOW ZETO ..o
b) 500 mabovesealevel ............oooiiiiiiiiii
C) 12 units left of zero on the number line .............................
d) LOSS Of §25 . onieii

e) $10 inyourwallet ........c.oovviiiiiiiiiiii
f) A depth of 1200 Meters .........c.ovvuiuininiiiiiiiieeeenn

Figure 3.2 The first item of IAT

The second item in IAT measures the students’ knowledge of ordering integers. In
the question, three girls’ comparisons of their hair lengths were given and these
comparisons included negative integers. Students were expected to explain the
ordering of these integers, which represented girls’ hair lengths. The second item was
adapted from the study of Littell (2008). The 2™ question is presented in Figure 3.2

below:
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Q2:

Simge and Riiya are comparing their hair length to their friend Yagmur’s hair
length. Simge states that her hair is +4 cm compared to Yagmur’s hair and Riiya
states that her hair is3 cm compared to Yagmur’s hair. Who has the shortest hair?

Write the girls’ names in order of their length from the shortest to the longest.

Figure 3.3 The second item of IAT

Similar to the first item, the third item, which was developed by the researcher in
IAT, measures the students’ knowledge of comprehending integers. Moreover, the
third item evaluated the students’ knowledge of identifying a location as an integer.
Locations of four fish in an aquarium, whose surface is 0 meter, were shown in the
question. Students were expected to express locations of fish as integers by
considering the surface of the aquarium to be 0 meter. The 3™ question is presented

in Figure 3.4 below:

Qa3:

The locations of four fish in an aquarium are shown. Aquarium is completely
filled with water and the water surface is 0 meter. Between each of the lines to the
left of the aquarium is 1 meter. Write the integers corresponding to the points A,

B, C, D, which shows the locations of the fish in the aquarium.

Om

I
o O w >

Figure 3.4 The third item of IAT

The fourth item in IAT, which was developed by the researcher with the help of an

experienced mathematics teacher, measures the students’ knowledge of ordering
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integers. For this purpose, all buttons of an elevator were given in the figure and
ground floor was represented as zero. Students were expected to identify the numbers
of the elevator buttons, which were pressed by Ayse and the nurse. The fourth

question is presented in Figure 3.5 below:

Q4.

When Ayse took the elevator from the ground floor in a
hospital, she pressed the wrong elevator button. She went
to the radiology service instead of the blood collection
service. With the aid of a nurse in the elevator, the upper
floor was pressed. Identify the number of buttons which
were pressed by Ayse and the nurse. Please explain your

answer.
Zemin (o).. Ayse
==
Intaniye | |
el NUISE: .o
Radyoloji | | ~rroorrrerrrr

Figure 3.5 The fourth item of IAT

The fifth item in IAT also measures the students’ knowledge of comprehending
integers. In this item, four pairs of integers and the reference, which is -2, were
given. Students were expected to identify which integer in the pair was closer to the
reference integer by using a number line. This fifth item was adapted from Lappan

and Glenda (2006). The 5™ question is presented in Figure 3.6 below:
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Q5:

For each pair of temperatures, identify which temperature is further away from-2
OC. Please explain your answers.

a. 6°C or-6°C?

WY
b. -7°Cor3°C?

VY
c. 0°%Cor-5°cC?

Wy e

d. -10°Cor7°C?
Why?

Figure 3.6 The fifth item of IAT

The sixth item in IAT, which measures students’ knowledge of comprehending and
ordering integers, has six sub-questions. In the first part, students were expected to
find the deepest point at which a sea creature lived and students were expected to
provide a detailed explanation for this sub-question. In the second part, students were
expected to identify the sea creature which lived at a depth of 100 m. In the third
part, students were expected to identify the depth of stingray. In the fourth part,
students were expected to decide whether the sea horse or the great white shark lived
closer to sea level. Moreover, students were expected to explain their answer in detail
for this sub-question. In the fifth part, students were expected to write the depth of
each sea creature as an integer. In the last part, students were expected to order the
depth of each sea creature. The sixth item was adapted from the study of Littell,

(2008). The 6™ question is presented in Figure 3.7 below:
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Q6:

Living beings as fish and octopus live in the sea. Factors such as dissolved
oxygen and pressure etc., which are necessary for the existence of these living
beings, can differ with respect to depth. Therefore, these living beings exist at
different depths. In the picture below, some examples of underwater living beings

are given. Answer the questions according to the pictures below.

hjﬂ-;,\-—_,—r_ : HAMMERHEAD GREAT WEITE
=y = AL WE

SHARE SHABRK

100 m % _
" STINGRAY =

Which sea creature exists at the deepest point? Explain your answer.

o &

Which sea creature exists at the 100 m depth? ...................

o

At which depth does stingray exist? ...............cooiiiiiiann.

d. Which of the sea horse and great white shark lives closer to sea level?
Explain your anSwer..........ooveviiiiiiiiiii i

e. Please write depth of each sea creatures as an integer.

f. Please order integers which were found at part e from smallest to

largest.

Figure 3.7 The sixth item of IAT

The seventh item of IAT, which was developed by the researcher, measures students’
knowledge of comprehending integers. In this item, there is a game in which black
cards indicate gain; red cards indicate damage as much as the number written on the
card. Some cards were given and students were expected to write integers for each

card. The 7™ question is presented in Figure 3.8 below:
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Q7:

Ahmet and Batuhan developed a game by using a deck of cards. Cards with pictures
and A are removed from the deck of cards. They decide that each red card indicates
damage to the extent of the number on the card and each black card means gain to

the extent of the number on the card. For example, a card which represents +5 is

shown below.

ih &
L]

¢ ¥

Batuhan’s cards are shown in the figures below. Please, write each card as an

integer.

10 10 ]

= 4 ‘Q« A
4 ¢ )
YR

e o &

P I &
. +*s
v * ¥

Figure 3.8 The seventh item of IAT

The eighth item in the IAT measures students’ knowledge of ordering integers by
using a number line. For this purpose, a rule is developed in that a positive integer
indicates increasing temperature, while a negative integer indicates decreasing
temperature. Students were expected to find the new temperature according to the
result of change in the thermometer by using the number line. The eighth item was
adapted from Lappan and Glenda (2006). The 8th question is presented in Figure 3.9

below:
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Q8:

In this problem, positive integer means increasing temperature and negative integer
means decreasing temperature. Initially, the thermometer showed 25 °C. After
changes in temperature in the thermometer, which degree does it show? (Show
your work on the number line.) (For each part of the question, the thermometer
showed 25 °C, initially.)

Figure 3.9 The eighth item of IAT
3.3.2 Interview Protocol

One of the purposes of this study was to investigate the underlying reasons of middle
school sixth grade students’ errors regarding comprehension and ordering of integers.
In order to reach this purpose, eight participants were selected for interviews that
provided a better understanding of students’ approaches to the IAT items, and an in-

depth exploration of the errors they made and their underlying reasons.

In this phase, eight of the students were interviewed by the researcher individually in
their own classrooms in order to provide a comfortable environment. They were
asked to clarify their written answers, and explain the strategies behind their
solutions. Moreover, they were expected to give explanations for the items they had
left blank or their answers that were unclear. Participants’ initial responses to

interview questions were probed by the interviewer with such questions as “Why do
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you think like this?, How did you get this answer?, What strategy did you use?”.
These kinds of questions were asked for each of the problems. All the interviews
were audio-taped and transcribed. In addition, interviews helped stimulate the
thought processes of students and they enabled the researcher to describe how
students perceived integers. The semi-structured interview protocol is provided in

Appendix D.

3.4 Pilot Study

The pilot study of IAT was conducted in a middle school in the Etimesgut district,
Ankara at the beginning of the 2013-2014 spring semester. The purposes of the pilot
study were to determine the duration of the implementation of the achievement test,
to reveal the points which could cause problems in the actual administration, and to
check the validity and reliability of IAT.

The participants of the pilot study were comprised of 46 middle school sixth grade
students who were administered an eight-item test in their mathematics class
(eighteen sub items) (See appendix C). In the pilot study, students were expected to
complete the given achievement test in thirty minutes; however, they experienced
some difficulties. At the end of the thirty minutes, they either submitted their papers
with some blank answers or requested more time. Thus, the time duration allowed to
complete the test was extended in the actual administration from thirty minutes to
forty minutes. Furthermore, students experienced some problems in the language of
the eighth question. The initial version of the 8" problem is shown in Figure 3.10

below:
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Q8:
In this problem, positive integer means increasing temperature and negative integer

means decreasing temperature. Initially, thermometer showed 25 °C. After changes

in temperature in thermometer, which degree does it show?

Figure 3.10 Initial version of the 8™ question

As difficulties were faced in understanding this question the pilot study, changes
were made in the language of the question. The statements “Show your work on the
number line” and “For each part of the question, the thermometer showed 25 °C,
initially” were added to question for clarification. The final version of 8™ question is

presented in the Figure 3.11 below:

Q8:

In this problem, positive integer means increasing temperature and negative integer
means decreasing temperature. Initially, the thermometer showed 25 °C. After
changes in temperature in the thermometer, which degree does it show? (Show
your work on the number line.) (For each part of the question, the thermometer
showed 25 °C, initially.)

Figure 3.11 The final version of the 8" question

After the pilot study and these revisions, the final version of the questionnaire was
obtained and IAT was administered to 262 middle school sixth grade students. The

last form of IAT is provided in Appendix C.
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3.5 Validity and Reliability

Validity refers to the meaningfulness, appropriateness and correctness of the
conclusions that the researcher draws from the data collected (Fraenkel & Wallen,
2005). In the study, to check the content validity of achievement test, the table of
specification was prepared based on the objectives in the middle school mathematics
curriculum. The instrument was submitted to experts in mathematics education for
content validation. Before the pilot study, three mathematics educators in the Middle
School Mathematics Education program of two different universities had evaluated
the items of the instrument in terms of appropriateness of the items in relation to the
objectives and the purposes of the study, the table of specification, the usage of
mathematical terms, and the clarity of the statements. The table of specification of
IAT is presented in Table 3.2 below:

Table 3.2 Table of Specification for the IAT Items

Objectives
Integers Students are able to 1a, 1b, 1c, 1d, 1e, 1f, 3, 5,
comprehend integers 6b, 6¢, 6e, 7
Integers Students are able to order | 2, 4, 8, 6a, 6d, 6f
integers

Reliability is the consistency of the results at a different point in time, location, and
situation. The more consistent the scores are between different raters and occasions,
the more reliable the assessment is thought to be (Moskal & Leydens, 2000). To
check the reliability of the instrument employed in the current study, two types of
rubrics were prepared by the researcher and the scoring observer agreement method
was used. The data were assessed by a researcher and a second rater, who was a
graduate student in mathematics education, by using these rubrics. The inter-rater
reliability was calculated and a 0.98 correlation was found to exist between the two

ratings.
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3.6 Data Collection Procedure

Before the administration of IAT, the official permissions were taken from the
Middle East Technical University Human Subjects Ethics Committee. Subsequently,
the researcher obtained permission from the head of the school at which the
researcher worked and where the data were to be collected. The purpose and the
procedure of the study were explained to six mathematics teachers of the middle
school. 262 middle school sixth grade students were administered the questionnaire
at the beginning of the 2014 spring semester, in March, after the necessary
permissions were taken. Data were gathered when all topics related to integers were
covered. In total, 40 minutes was given to the students for completing the
achievement test, which was administered in the participants’ own classrooms, which
were similar in terms of environment. Then the interviews, which were mentioned in
detail in the Interview Protocol section, were conducted and audio-recorded. A

schedule indicating the order of data collection is given in Table 3.3.

Table 3.3 Time Schedule for Data Collection

Date Events

October-February 2013-2014 Development of the measuring tool

March 2014 Pilot study-last revision of the measuring tool
March 2014 Implementation of IAT

March- April 2014 Conducting interviews

April- August 2014 Analysis of the data

3.7 Data Analysis

In order to investigate the research questions, an item-based analysis was conducted
using the SPSS PASW program. As the achievement test had two objectives, two
rubrics were developed by the researcher for each objective to evaluate the
achievement levels of the participants. In addition to these, the categorization of
errors were developed to rate the variety of different types of errors that participants
made and the answers of the participants were evaluated quantitatively with respect
to their accuracy using these error categorizations. The rubrics and the categorization

of errors were developed according to the answers of the students in the pilot study
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and also by considering the objectives of the questions. In the first phase, the answers
of items were analyzed with respect to rubrics and categorized by type and
frequency. Table 3.4 and Table 3.5 shows the details of the rubrics.

Table 3.4 Rubric for comprehension questions

Scores Answer Types

0 No answer/ Had no mathematical understanding

1 Identified the integers incorrectly

2 Identified some integers correctly but some integers incorrectly

3 Identified the integers correctly but some integers were not evaluated
4 Identified the integers correctly

Table 3.5 Rubric for ordering questions

Scores Answer Types

0 No answer/ Had no mathematical understanding

1 Ordered the integers incorrectly

2 Ordered some integers correctly but some integers incorrectly

3 Ordered the integers correctly but some integers were not evaluated

4 Ordered the integers correctly but without an explanation or with an inappropriate

explanation

5 Ordered the integers correctly but had limited mathematical knowledge

6 Ordered the integers correctly with an acceptable explanation

In the second phase, errors that were revealed from the responses of the participants,
whose scores were 1, 2 and 3 based on the rubrics for the first and second objectives,
were categorized under two main categories for a better analysis of the students'
errors. All of the answers were separated into categories. More specifically, the error
classification system developed by Tirosh (2000) was adapted as a basis for this data
analysis. She refers to the work of other researchers (Ashlock, 1990; Fischbein, Deri,
Nello, & Marino, 1985; Graeber, Tirosh, & Glover, 1989), who have studied
elements of each of these categories. She classified student error according to the
following three categories: Algorithmically based errors, intuitively based errors and

errors based on formal knowledge. In this research errors based on formal
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knowledge of integers was observed as the first main category. For comprehension
questions, errors based on formal knowledge have three sub-categories as: applying
incomplete solution strategy, not justifying symbol manipulation and misusing
positive and negative signs. The second main category, which did not have a good
match in the literature, but originated from the data was “other errors”. Other errors
have two sub-categories as: ignoring the given information and making incorrect
alignment. For ordering questions, errors based on formal knowledge have five sub-
categories as: ordering as inverse sequence, ordering as arbitrary sequence, taking
an incorrect reference point, not justifying symbol manipulation and misusing
positive and negative signs. Other errors have two sub-categories as: ignoring the
given information, and making incorrect alignment. In conclusion, a total of two
main categories and eight sub-categories were determined, and were checked by a

second coder.

In this study, after sub-categories were prepared, they were reread, reexamined, and
categorized by the researcher first and then by the second coders in order not to miss
any detail. During the process, new sub-categories were added; some of them were
replaced with more appropriate ones. After the necessary changes, the categories

were created as mentioned above.

The third phase of the analysis dealt with reasons underlying errors regarding
comprehension and ordering of integers. In phase two, data obtained from eight
interviews were read and transcribed. Namely, audiotapes of interviews were listened
to and questionnaires of these eight students were checked simultaneously and the
answers were categorized. The reasons that were revealed from the responses of the
eight interviewee and they were categorized based on participants’ responses by the
researcher. The responses were evaluated according to the categories of reasons for a
better in-depth analysis of the underlying reasons of students' errors. In this research
reasons were classified as the following four categories: misunderstanding of the
magnitude of numbers on the number line, reading the question carelessly, supposing
that integers with the same signs are closer to each other than they are to integers
with the opposite sign and, lastly, overgeneralizing the properties of natural numbers

to integers.

44



3.8 Assumptions and Limitations

The main assumptions and limitations about the study are discussed in this section.
Firstly, it was assumed that there were no differences among students regarding their
age, intelligence, and socioeconomic background. Furthermore, it was assumed that
all the students answered all the questions in IAT and the interview honestly,

seriously, and carefully.

Secondly, the sampling procedure could be regarded as a limitation of the study since
the participants were selected by applying the non-random sampling method.
Moreover, the sample includes only sixth grade public middle school students in
Ankara. Hence, the generalizability of the results of this study to a larger population

would be limited.

Thirdly, data were derived from the achievement test which was designed and
adapted by the researcher. If different questions were asked in the achievement test,
results could be different from the actual results. Furthermore, the findings of the
present study were limited to the participants' ability of self-expression since items of
the IAT required expression of their problem solving process or their reasoning for a

given answer.
3.9 Internal Validity (Credibility) and External Validity (Transferability)

In order to trust research results, research studies need to be determined by validity
and reliability of the design. "Regardless of the type of research, validity and
reliability are concerns that can be approached through careful attention to a study’s
conceptualization and the way in which the data are collected, analyzed, and
interpreted, and the way in which the findings are presented” (Merriam, 2009). As
standards of rigor in research studies differ in quantitative and qualitative studies,
credibility, transferability, dependability and confirmability are discussed in
qualitative researches instead of the terminology of internal validity, external
validity, reliability, and objectivity (Lincoln & Guba, 1985).

3.9.1 Internal validity or credibility

Internal validity of the study refers to the observed differences on the dependent

variables affected by the independent variable (Fraenkel & Wallen, 2006). In other
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words, observed results are not related to the dependent variable itself, but to some
unintended variables. For every research design, different internal validity threats can
be cited. Fraenkel and Wallen (2006) stated that there are three main threats to
internal validity in survey research; namely, mortality (loss of subjects),

instrumentation and location.

Mortality: The 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 (Fraenkel & Wallen, 2006). In other words, loss of participants
may affect the results of the study since their data may cause a difference in the
findings. Mortality was not a threat for the current study since cross-sectional survey,
in which data were collected at one point of time, was conducted.

Instrumentation: Instrumentation threat is related to usage of instruments (Fraenkel
& Wallen, 2006). Instrumentation threats involve instrument decay, data collector
characteristics and data collector bias. Scoring procedure and changes in
instrumentation over time means instrument decay (Fraenkel & Wallen, 2006). In
order to control instrument decay, the answers of the students in the current study
were evaluated by two scorers based on the rubrics and scorers agreed on scoring.
Hence, instrument decay was taken under control. Fraenkel and Wallen (2006) state
that if data are collected by different people, data collector characteristics can be a
threat for the study. In this study, in order to control the threat, the data collection
procedure was standardized and then five data collectors were informed by the
researcher about the implementation procedure of the instrument. When the data
collector affects the outcomes of the data, data collector bias can be a threat for the
study (Fraenkel & Wallen, 2006). In the current study, there was no interaction
between data collectors and students during the administration of the achievement
test. Besides, a detailed answer key was prepared and used while scoring the
answers. Since the researcher remained unbiased and non-directive during the data
collection and data analysis, data collector bias did not become a threat for the

present study.

Location: If the location where the data are collected has an effect on the outcomes
of the study, location threat may occur (Fraenkel &Wallen, 2006). Location was not
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a threat for the current study because data were collected from students in their

classrooms.

To overcome probable problems regarding credibility, Merriam (2009) offers five
strategies: triangulation, member checks, adequate engagement in data collection,
researcher’s position, and peer examination. In this study, researcher’s position, and

peer examination were used to increase credibility of the study.
Researcher’s position

Researchers are the primary instrument for gathering and analyzing data for all
qualitative studies (Merriam, 1998). All observations and analyses are decided by
researchers’ worldview, values, and perspectives. In order to gain and derive
meaningful information, the researchers can make arrangements in their data.
Researchers may overlook some particular situations, make mistakes, or biases stand
out; even though, researchers take into consideration for magnifying possibilities for

collecting and producing meaningful information.

"Rather than trying to eliminate these biases or subjectivities, it is important to
identify them and monitor them as to how they may be shaping the collection and
interpretation of data" (Merriam, 2009, p.15). Explanation of the biases uncovers
researchers’ expectations and perspectives which influence research studies
conducted (Fraenkel & Wallen, 2006). In this study, to reduce biases, the researcher
conducted a pilot study for the open-ended questions. What’s more, she described in

detail how the research setting was created and what the research findings were.
Peer examination

Peer examination means making critic on research findings together with colleagues
(Merriam, 1998). "But such an examination or review can also be conducted by a
colleague either familiar with the research or one new to the topic" (Merriam, 2009,
p.220).

In this study, the researcher reexamined findings with the help of one graduate
student, who is in-service mathematics teacher in a public middle school, from the

mathematics education department. In addition, the researcher has also worked with
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her supervisor. The researcher studied with the in-service mathematics teacher to

scan the data and assess whether the findings were convenient with the data.

3.9.2 External validity or Transferability

The external validity “is concerned with the extent to which the findings of one study
can be applied to other situations” (Merriam, 1998). The sample should be
representative of the population in terms of nature and environmental issues to
generalize the results of the study to the population. The results of this study could
not be generalized to a larger population because the sampling method was
convenience sampling and only one public school was used to collect data.
Nevertheless, 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 refers to “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 the same academic
and social characteristics in other districts. Thus, the results of this study may be
generalized to middle school sixth grade students under the same conditions with the

participants of the current study.

"In qualitative research, a single case or small, purposeful sample is selected
precisely because the researcher wishes to understand the particular in depth, not to
find out what is generally true of the many" (Merriam, 2009, p.224). In order to do to
make sure external validity (transferability) in qualitative studies is increased by rich
and thick description for research situation. Moreover, to be able to transfer research
findings to natural situations, transferability is enhanced by rich and detailed
description for research situation (Merriam, 1998). In this study, research findings
are transferred to cases which are similar to the properties of this study. Hence,
results of the study can be transferred to middle school sixth grade students who have

similar experiences with the participants of the interview on integers.
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CHAPTER 4

RESULTS

The purpose of the study was to investigate middle school 6th grade students’
achievement levels regarding comprehension and ordering of integers of integers,

errors that they make regarding this topic and the underlying reasons of those errors.

In this chapter, the results of the data are presented regarding two different objectives
of the study, namely comprehension of integers and ordering of integers. More
specifically, the results addressing the first question of the study are presented under
the following headings: analyses of comprehension questions and analyses of
ordering questions. The results addressing the second research question of the study
are presented under the title errors regarding comprehension and ordering of integers
gathered from the integer achievement test (IAT), which was conducted with the aim
of revealing the errors of 6" graders regarding the comprehension and ordering of
integers. The results addressing the last research question of the study are presented
under the title of underlying reasons of errors regarding comprehension and ordering
of integers, gathered from the interviews.

4.1 Analysis of the Comprehension Questions

The Integer Achievement Test includes four questions and three sub-items of the
fifth question related to comprehension of integers. Comprehension indicates
identifying negative and positive integers in different cases. In this section, the
results of the analysis of the data collected through the comprehension questions are
presented. Middle school 6™ grade students’ achievement levels and errors regarding
comprehension of integers were analyzed benefiting from the rubrics prepared by the
researcher. To this end, their wrong answers and wrong explanations were coded and

categorized under related themes.
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4.1.1 Comprehension Question 1

The first comprehension question is as follows.

Write each following statement as an integer.
9) TPCBELOW ZETO .o
h) 500mabove sealevel ..........coiviiiiiiiiiiie
i) 12 units left of zero on the number line .............................
J) LOSS Of §25 o
K) $10inyourwallet ...........coooiiiiiiiiiiiiiiieee,
) Adepthof 1200 meters ...........oooviiiriiiiiiii e,

Figure 4.1 Comprehension Question 1

As can be seen in the question, students were asked to represent the given statement
as an integer. While “7°C below zero”, “12 units left of zero on the number line”,
“Loss of $25” and “A depth of 1200 meters” indicated negative integers such as -7, -
12, -25, -1200, respectively; “500m above sea level” and “$10 in your wallet ”
indicated positive integers such as +500 and +10, respectively. 6 grade students’

answers were evaluated according to the rubric presented below.

Table 4.1 Rubric for Comprehension Question 1

Scores Answer Types

0 No answer/ Had no mathematical understanding

Identified the integers incorrectly

Identified some integers correctly but some integers incorrectly

1
2
3 Identified the integers correctly but some integers were not evaluated
4

Identified the integers correctly

Based on the rubric, students’ answers were coded as O if they did not provide an
answer to the question or if they had no mathematical understanding. In particular,
responses that were not relevant to integers as they indicated no mathematical
understanding or were left totally blank, students’ responses were coded as O.
Namely, students failed to demonstrate any cognitive evidence of identifying an
integer. Their answers were coded 1 if they identified the integers incorrectly. Their
answers were coded as 2 if they identified some integers correctly but some integers

incorrectly. Students’ answers were evaluated as partially or completely correct. In
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more detail, answers were coded as 3 if students identified the integers correctly, but
some integers were not evaluated. Students’ answers were coded as 4 if all integers
were identified correctly. To summarize, students’ answers were coded as 1 and 2 if
their answers were wrong and their answers were coded as 3 and 4 if their answers
were correct.

The results of the analysis of 262 6" grade students’ answers to comprehension

question 1 are presented in Table 4.2.

Table 4.2 Frequency of the Answers for Comprehension Question 1

Codes 0 5 (1.9%)
1 2 (0.8%)
2 51 (19.5%)
3 13 (5.0%)
4 191 (72.9%)
Total 262 (100.0%)

As can be seen in Table 4.2, 5 students (1.9%) among 262 students did not provide
an answer or had no mathematical understanding. In particular, these students’
responses were not relevant to the integers as they indicated no mathematical

understanding or were left totally blank.

To illustrate, the incorrect answer of Participant 21, which is an example of “had no

mathematical understanding” is presented below:

The response of Participant 21 is as follows:

Asagidaki ifadeleri birer tam say1 olarak yazmlz

a) Sifirn altl%lda 7°C ; ! ‘\‘Q‘m& J&A weis p’i(
b) Deniz seviyesinin 500 m tisti | .k 2@ ........ i T ;

¢) Say1 dogrusunda sifirin 12 birim solu..!.. U s b Sl

d) 25 TL zardr Lo Ml e S5 S B

¢) ClzdandakiPOTL" - | ... 50 Dad SR R

B 1200 metreiderinlik ™ - B aa e e

Figure 4.2 Answer of Participant 21 to ltem 1
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As seen from the participant’s response, “+700, +20, 14+, 26 TL loss, 20 TL” were

not relevant to the correct answer of item 1.

Two students (0.8%) could not represent the given statements with correct integers.
Fifty-one students (19.5%) could represent some of the given statements with correct
integers but they could not represent the rest of the statements with correct integers.
When the correct answers of the students were analyzed, it was seen that 13 students
(5.0%) could represent some of the given statements with correct integers, but the
rest of the statements were not evaluated. The remaining 191 students (72.9%) could
represent all statements with correct integers. To summarize, 53 (20.3%) students’
answers were coded as 1 and 2 because their answers were wrong, and 204 (77.9%)

students’ answers were coded as 3 and 4 because their answers were correct.
To illustrate, the correct answer of Participant 1 is presented below:

Participant 1:

Soru 1:

b) Demz sevxyesmm 500 m tistil

c) Sayi dogrusunda sifirm 12 birim solu......=YQ...ooiiiiiei,

d) 25 TL zarar e ot Pt G
o) Cizdandakid L.~ 5 e Ll i
f) 1200 metre derinlik ... e R

Figure 4.3 Answer of Participant 1 to Item 1

As can be seen in the participant’s answer, “7°C below zero”, “12 units left of zero
on the number line”, “loss of $25” and “A depth of 1200 meters” were identified as -
7, -12, -25, -1200, respectively; “500m above sea level” and “$10 in your wallet ”

were identified as +500 and +10, respectively.

For item 1, the errors made by the students are presented under related themes.
4.1.2 Comprehension Question 2

The second comprehension question is given below.
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The locations of four fish in an aquarium are shown. Aquarium is completely
filled with water and the water surface is O meter. Between each of the lines to the
left of the aquarium is 1 meter. Write the integers corresponding to the points A,
B, C, D, which shows the locations of the fish in the aquarium.

0]y [—

—| OO0

Figure 4.4 Comprehension Question 2

As can be seen in the question, students were asked to identify integers for each
location of the fish. The locations of A, B, C and D indicated -1, -2,-3 and -4,
respectively. 6™ grade students’ answers were evaluated according to the rubric

presented below.

Table 4.3 Rubric for Comprehension Question 2

Scores Answer Types

0 No answer/ Had no mathematical understanding

1 Identified the locations of fishes incorrectly

2 Identified some locations of fishes correctly but some locations of fishes
incorrectly

3 Identified the integers correctly but some integers were not evaluated

4 Identified the integers correctly

The answers of 262 6™ grade students were analyzed and the results are presented in
Table 4.4.
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Table 4.4 Frequency of the Answers for Comprehension Question 2

Codes 0 19 (7.3%)
1 62  (23.7%)
2 7 (2.7%)
3 0 (0.0%)
4 174 (66.4%)
Total 262 (100.0%)

As Table 4.4 illustrates, nineteen students (7.3%) among 262 students did not
provide an answer or had no mathematical understanding. In particular, these
students’ responses were not relevant to the integers as they indicated no
mathematical understanding or were left totally blank. As can be observed in Table
4.4, 62 students (23.7%) could not identify locations of the fish. Furthermore, 7
students (2.7%) could not identify some of the levels of the fish, but they could
identify the rest of the levels where the fish existed. When the correct answers of the
students were analyzed, it was seen that 174 students (66.4%) could identify all the
levels where the fish existed. However, there were no responses that were coded as 3.
In more detail, all of the answers were coded as either right or wrong. To summarize,
69 (26.4%) students’ answers were coded as 1 and 2 because their answers were
wrong, and 174 (66.4%) students’ answers were coded as 3 and 4 because their

answers were correct.
To illustrate, the correct answer of Participant 1 is presented below:

Participant 1:
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Bir akvaryumdaki dort baligin konumu sekilde gosterilmistir. Akvaryum tamamen su
ile doludur ve su yiizeyi 0 m’dir. Akvaryumun solunda verilen ¢izgilerin her birinin arast

1m’dir. Buna gore baliklarin konumlarimi gésteren A, B,C,.D noktalarina kargilik gelen tam

sayilarl yazinz, & @ &
P =
2 A A noktasi:— /
— @ B noktast: —
B C noktast: — 2
M D noktasi: b

Figure 4.5 Answer of Participant 1 to Item 3

As can be seen in the participant’s answer, the location of the fish of A, B, C and D

were identified as -1, -2,-3 and -4, respectively.
For item 2, the errors made by the students are presented under related themes.
4.1.3 Comprehension Question 3

The third comprehension question is presented below.
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Ahmet and Batuhan developed a game by using a deck of cards. Cards with pictures and A
are removed from the deck of cards. They decide that each red card indicates damage to
the extent of the number on the card and each black card indicates gain to the extent of
the number on the card. For example, a card which represents +5 is shown below.

ih &
»
v ¥
Batuhan’s cards are shown in the figures below. Please, write each card as an integer.
& 4 Y ¢
‘ v
¢ ¢ v
RS
% .
X A Rl
P e T &
. a*a
+*
v ; v ¥

Figure 4.6 Comprehension Question 3

As can be seen in the question, there was a game in which black cards indicated gain;
red cards indicated damage to the extent of the number written on the card. Some
cards were given and students were expected to write integers for each card. -10, -5,
+3 and +7 were the answers of the question. 6" grade students’ answers were

evaluated according to the rubric presented below.

Table 4.5 Rubric for Comprehension Question 3

Scores Answer Types

0 No answer/ Had no mathematical understanding

1 Identified cards’ numbers incorrectly

2 Identified some cards’ numbers correctly but some cards’ numbers incorrectly
3 Identified the integers correctly but some integers were not evaluated

4 Identified the integers correctly
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The answers of 262 6™ grade students were analyzed and the results are presented in
Table 4.6.

Table 4.6 Frequency of the Answers for Comprehension Question 3

Codes 0 25 (9.5%)
1 10 (3.8%)
2 45  (17.2%)
3 0 (0.0%)
4 182  (69.5%)
Total 262 (100.0%)

As can be observed, 25 students (9.5%) among 262 students did not answer the
question or had no mathematical understanding. In particular, these students’
responses were not relevant to integers as they indicated no mathematical
understanding or were left totally blank. Ten students (3.8%) could not identify
integers for each game card. As can be observed in Table 4.6, 45 students (17.2%)
could not identify some integers for some cards, but they could identify integers for
the rest of the cards. When correct answers of the students were analyzed, it was seen
that 182 students (69.5%) could identify all integers for each card. However, there
was no answer which was coded as 3. In more detail, all of the students answered the
question either correctly or incorrectly. To summarize, 55 (21.0%) students’ answers
were coded as 1 and 2 because their answers were wrong and 182 (69.5%) students’

answers were coded as 4 because their answers were correct.

As an example, the correct answer of Participant 4 is presented below:
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Participant 4:

Figure 4.7 Answer of Participant 4 to Item 7

As can be seen in the participant’s answer, -10, -5, +3 and +7 were the answers of the

question.
For item 3, the errors made by students are presented under related themes.
4.1.4 Comprehension Question 4

The fourth comprehension question is given below.

For each pair of temperatures, identify which temperature is further away from -2 °C.
Please explain your answers.

e. 6°C or-6°C?

0174 112
f. -7°Cor3°Cc?

VY o e ————_———
g. 0°Cor-5°C?

0074 12

h. -10°Cor7°C?
VY

Figure 4.8 Comprehension Question 4

As can be seen from the question, four pairs of integers and the reference -2 were

given in the question. Students were expected to identify which integer in the pair
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was further away from the reference integer by using the number line. 6, none of -7
and 3, 0 and -10 are the answers of the question, respectively. 6™ grade students’

answers were evaluated according to the rubric presented below.

Table 4.7 Rubric for Comprehension Question 4

Scores Answer Types

0 No answer/ Had no mathematical understanding

Decided further integers correctly

Decided some further integers correctly but some further integers incorrectly

1
2
3 Decided some further integers correctly but some further integers were not evaluated
4

Identified the integers correctly

The answers of 262 6™ grade students were analyzed and the results are presented in
Table 4.8.

Table 4.8 Frequency of the Answers for Comprehension Question 4

Codes 0 24 (9.2%)
1 15  (5.7%)
2 127  (48.5%)
3 7 (2.7%)
4 89  (34.0%)

Total 262  (100.0%)

Table 4.8 shows the assessment of the answers given to comprehension question 4.
As can be seen, 24 students (9.2%) among 262 students did not provide an answer to
the question or had no mathematical understanding. In particular, these students’
responses were not relevant to integers as they indicated no mathematical

understanding or were left totally blank.

To illustrate, the incorrect answer of Participant 21, which is an example of “had no

mathematical understanding”, is presented below:

The response of Participant 21 is as follows:
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Hangi sicaklik -2 OC ye daha uzaktir? (Asagidaki her bir sik igin soruyu yanitlayimz.)

Cevaplarinizi kendi ciimlelerinize gére agiklay, 3z ,
a. 6 °C mi? -6 °C mi? Neden? \@gno.%. gpe. .3 lcmi: \c...ochs Ao
b. §8C mi? 3 °C mi? NedenV@ an.e. g?c\QQf\\fMQS’l S!CQSC\ d&
t%}\ ..... l ........................................................................
f" 0°C mi? -5° Cn?%\leden” \oc‘mQﬁnq Wnla. ?_swh *
d. -100Cm1'77°Cm1‘7Neden7 bl £ "\QL\C—‘" ......... Q.L:‘j (g

Ju Vs e m I LB. o s N R
Figure 4.9 Answer of Participant 21 to Item 5

As can be seen in the participant’s response, there were not relevant answers to the

correct answer of item 5. Student wrote irrelevant things as a response.

Fifteen students (5.7%) could not identify integers further away from -2 for each
choice of the question. As can be observed in Table 4.8, 127 students (48.5%) could
not identify further away integers for some choices of the question, but they could
identify further away integers for the rest of the choices of the question. When the
correct answers of the students were analyzed, 7 students (2.7%) could identify
further away integers for some choices of the question, but the rest of choices were
not evaluated. It was seen that 89 students (34.0%) could identify all further away
integers for each card. In more detail, all of the students answered the question either
correctly or incorrectly. To summarize, 142 (54.2%) students’ answers were coded as
1 and 2 because their answers were wrong and 96 (36.7%) students’ answers were

coded as 4 because their answers were correct.
As an example, the correct answer of Participant 80 is presented below:

Participant 80:
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Hangi sicaklik -2 °C ye daha uzaktir? (Asagidaki her bir sik i¢in soruyu yanitlayimz.)
Cevaplarinizi kendi ctimlelerinize gére agiklayiniz.

a. 6°Cmi? -6 °C mi? Neden? . 6%L. . Sok... 082 honraznda. L. y....
.O:la.bm;.s peke . b v AL, Toplom. § 0o, XLe oo
. -7°C mi? 3 °Cmi? Neden? Z 5/ 2.

c. 0l¢ m 5 C m1‘7 Neden? ..
% ;

..............................................................

.‘i-\ d. -10% mlv 7°C mi? Neden? }An‘m wnend. wﬁ o)
2, 300 oo nste. 3 wohle Toplont. O dhee . yvalitdl......L..

Figure 4.10 Answer of Participant 80 to Item 5

As can be observed in the participant’s answer, Participant 80 identified that 6, none

of -7 and 3, 0 and -10 were further away from the reference integer, respectively.
4.1.4 Comprehension Question 5

The fifth comprehension question is presented below:

Living beings as fish and octopus live in the sea. Factors such as dissolved oxygen and
pressure etc., necessary for the existence of these living beings can differ with respect to
depth. Therefore, these living beings exist at different depths. In the picture below, some
examples of underwater living beings are given. Answer the questions according to the
pictures below.

0om
HAMSI
25m —
AHTAPOT AR
50m _— —
S CEKIC BASLI BEYAZ KGPEKBALIGI

KOPEKBALIGI
75 m 7}5&%«? — o —
P DENiZ ATI
100 m % -
IGMELI VATOZ b

125m ———

b. Which sea creature exists ata depth of 100m? ..o

e. Please write depth of each sea creatures as an inteaer.

Figure 4.11 Comprehension Question 5

Three sub-items (item b, item ¢ and item e) of the fifth question were related to
comprehension of integers. As can be seen in the question, students were asked to
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identify the depth of stingray as -125 in item ¢ and from top to bottom the depths of
each creatures as -25, -50, -75, -100 and -125, respectively in item e. In item b,
students were asked to identify the sea horse, which exists at a depth of 100 m. In
item c, students were asked to identify depth of stingray. In item e, students were
asked to identify each depth of sea creatures as an integer. 6" grade students’

answers were evaluated according to the rubrics presented below.

Table 4.9 Rubric for Comprehension Question 5 (item b)

Scores Answer Types

0 No answer/ Had no mathematical understanding

1 Identified sea creature exists at a depth of 100 m incorrectly

2 Identified some sea creature exists at a depth of 100 m incorrectly but some
incorrectly

3 Identified some sea creature exists at a depth of 100 m correctly but some were not
evaluated

4 Identified sea creature exists at a depth of 100 m correctly

The answers of 262 6™ grade students were analyzed and the results are presented in
Table 4.10, 4.12 and 4.14.

Table 4.10 Frequency of the Answers for Comprehension Question 5 (item b)

Codes 0 8 (3.1%)
1 3 (1.1%)
2 0 (0.0%)
3 0 (0.0%)
4 251  (95.8%)
Total 262 (100.0%)

Table 4.10 shows the assessment results of the answers given to comprehension
question 5 item b. As can be seen, 8 students (3.1%) among 262 students did not
provide an answer to the question or had no mathematical understanding. In
particular, these students’ responses were not relevant to integers as they indicated no
mathematical understanding or were left totally blank. Three students (1.1%) could

not identify the sea creature that existed at a depth of 100m. As can be observed in
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Table 4.10, there was no answer which was coded as 2. When the correct answers of
the students were analyzed, it was seen that 251 students (95.8%) could identify the
sea creature that existed at a depth of 100m. However, there was no answer that was
coded as 3. To sum up, 3 (1.1%) students’ answers were coded as 1 because their
answers were wrong and 251 (95.8%) students’ answers were coded as 4 because

their answers were correct.

Table 4.11 Rubric for Comprehension Question 5 (item c)

Scores Answer Types

0 No answer/ Had no mathematical understanding

1 Identified depth of stingray incorrectly

2 Identified some depth of stingray incorrectly, some of them correctly

3 Identified some depth of stingray correctly, some of them were not evaluated
4 Identified depth of stingray correctly

Table 4.12. Frequency of the Answers for Comprehension Question 5 (item c)

Codes 0 10 (3.8%)
1 3 (1.1%)
2 0 (0.0%)
3 0 (0.0%)
4 249  (95.0%)

Total 262 (100.0%)

Table 4.12 shows the assessment results of the answers given to comprehension
question 5 item c. As can be seen, 10 students (3.8%) among 262 students did not
provide an answer the question or had no mathematical understanding. In particular,
these students’ responses were not relevant to integers as they indicated no
mathematical understanding or were left totally blank. Three students (1.1%) could
not identify the depth of the stingray. As can be observed in Table 4.12, there was no
answer that was coded as 2 or 3. When the correct answers of the students were
analyzed, it was seen that 249 students (95.0%) could identify the depth of the

stingray. In more detail, all of the students answered the question either correctly or

63



incorrectly. To sum up, 3 (1.1%) students’ answers were coded as 1 because their
answers were wrong and 249 (95.0%) students’ answers were coded as 4 because

their answers were correct.

Table 4.13 Rubric for Comprehension Question 5 (item €)

Scores Answer Types

0 No answer/ Had no mathematical understanding

Identified depth of each sea creatures incorrectly

Identified some depth of sea creatures incorrectly, some of them correctly

1
2
3 Identified some depth of sea creatures correctly, some of them were not evaluated
4

Identified depth of each sea creatures correctly

Table 4.14. Frequency of the Answers for Comprehension Question 5 (item e)

Codes 0 39 (14.9%)
1 61  (23.3%)
2 0 (0.0%)
3 0 (0.0%)
4 162 (61.8%)
Total 262 (100.0%)

Table 4.14 shows the assessment results of the answers given to comprehension
question 5 item e. As can be seen, 39 students (14.9%) among 262 students did not
provide an answer to the question or had no mathematical understanding. In
particular, these students’ responses were not relevant to integers as they indicated no
mathematical understanding or were left totally blank. Sixty-one students (23.3%)
could not identify the depths of the sea creatures. As can be observed in Table 4.14,
there was no answer that was coded as 2 or 3. When the correct answers of the
students were analyzed, it was seen that 162 students (61.8%) identified all the
depths of the sea creatures. In more detail, all of the students answered the question
either correctly or incorrectly. To sum up, 61 (23.3%) students’ answers were coded
as 1 because their answers were wrong and 162 (61.8%) students’ answers were

coded as 4 because their answers were correct.
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To illustrate, the correct answer of Participant 80 is presented below:
Participant 80:

b. Hangi deniz canlis1 100 m derinlikte yasamaktadir? D.G.f.l...’t.ﬁ.".tl ...................
¢. Vatoz kag %ermhkte yasamaktﬁu’" S0 R % ....................... %

;Heglr canlmm yasadlgx agrmhgx tam say1, [olarak ifade ediniz. ;' = i ER

1 Hamra =7 o= SO |
Aozi ) wf .......... L qaézbfw~( O

Figure 4.12 Answer of Participant 80 to Item 6-b, 6-c and 6-e

As can be seen in the participant’s answer, Participant 80 identified the depth of the
stingray as -125 in item c and from top to bottom the depths of each creatures as -25,
-50, -75, -100 and -125, respectively in item e. In item b, students identified the sea
horse which existed at a depth of 100m.

For item 5, errors of students are presented under related themes.
4.2. Analysis of the Ordering Questions

The Integer Achievement Test includes three questions and three sub-items of the
fourth question related to ordering of integers. Ordering indicates arranging integers
according to their magnitude from largest to smallest or vice versa. In this section,
the results of the analysis of the data collected through the ordering questions are
presented. Middle school 6™ grade students’ achievement levels and errors regarding
ordering of integers were analyzed benefiting from the rubrics prepared by the
researcher. To this end, their wrong answers and wrong explanations were coded and

categorized under related themes.
4.2.1 Ordering Question 1

The first ordering question is given below.

Simge and Riiya are comparing their hair length to their friend Yagmur’s hair length.
Simge states that her hair is +4 cm compared to Yagmur’s hair and Riiya states that her
hair is-3 cm compared to Yagmur’s hair. Who has the shortest hair? Write the girls’
names in order of their hair lenath from the shortest to the lonaest.

Figure 4.13 Ordering Question 1
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As can be observed in the question, students were asked to order girls’ hair lengths
from the shortest to the longest. Also, they were asked to express their reasons. The
correct answer is Riiya < Yagmur < Simge. 6" grade students’ answers were

analyzed according to the rubric below:

Table 4.15 Rubric for Ordering Question 1

Scores Answer Types

0  No answer/ Had no mathematical understanding

1 Ordered the girls’ hair lengths incorrectly

2 Ordered some girls’ hair lengths correctly but some incorrectly

3 Ordered some girls’ hair lengths correctly but some were not evaluated

4 Ordered girls’ hair lengths correctly but without explanations or with inappropriate
explanations

5 Ordered girls’ hair lengths correctly but had limited mathematical knowledge

6  Ordered girls’ hair lengths correctly with an acceptable explanation

According to rubric, students’ responses were coded as 0 if students did not provide
an answer to the question or students had no mathematical understanding. In
particular, responses that were not relevant to integers as they indicated no
mathematical understanding or were left totally blank, students’ responses were
coded as 0. Namely, students failed to demonstrate any cognitive evidence of
ordering two or more integers. Their answers were coded as 1 if they ordered the
integers incorrectly; their answers were coded as 2 if they ordered some integers
correctly but some integers incorrectly. Students’ correct answers were evaluated as
partially or completely correct. In more detail, answers were coded as 3 if students
ordered the integers correctly, but some integers were not evaluated. Students’
answers were coded as 4 if all the integers were ordered correctly without an
explanation or with an inappropriate explanation. Particularly, irrelevant or
meaningless explanations were described as an inappropriate explanation. Students’
answers were coded as 5 if all the integers were ordered but had limited
mathematical knowledge. In particular, responses in which students gave correct
answers but explained their process only in accordance with the algorithms they had
memorized were coded as 5. Lastly, students’ answers were coded as 6 if all the

integers were ordered correctly with an acceptable explanation. In more detail, clear
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and understandable explanations were described as acceptable explanations. To
summarize, students’ answers were coded as 1 and 2 if their answers were wrong and

their answers were coded as 3, 4, 5 and 6 if their answers were correct.

The analysis results of 262 6™ grade students’ answers are presented in Table 4.16

below:

Table 4.16 Frequency of the Answers for Ordering Question 1

Codes 0 30 (11.5%)
1 51  (19.5%)
2 9 (3.4%)
3 37 (14.1%)
4 58  (22.1%)
5 31 (11.8%)
6 46 (17.6%)

Total 262 (100.0%)

According to Table 4.16, 30 students (11.5%) among 262 students could not provide
an answer or had no mathematical understanding. In particular, these students’
responses were not relevant to integers as they indicated no mathematical

understanding or were left totally blank.

To illustrate, the incorrect answer of Participant 24, which is an example of “had no

mathematical understanding”, is presented below:

The response of Participant 24 is as follows:

Simge ve Riiya sa¢ uzunluklarmi, arkadaglart Yagmur’un sa¢ uzunlugu ile
karsilagtirmaktadir. Simge kendi saginin uzunlugunu Yagmur’un saginin uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi sagmin uzunlugunu Yagmur’un saginin
uzunlugu ile kiyaslandiginda -3 cm oldugunu soyliiyor.

Bu bilgilere gore, sa¢ uzunlugu en kisa olan kimdir? Simge, Riiya ve Yagmur’un sag

uzunluklarim en kisa olandan en uzun olana gére siralayiniz. Cevabiniz agiklayimmz.

)-‘2 Cevf= {1
12

Figure 4.14 Answer of Participant 24 to Item 2
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As observed in the participant’s response, “4x12=12" was not relevant to the correct

answer of item 2.

Fifty-one students (19.5%) could not order girls’ hair lengths from the shortest to the
longest. Nine students (3.4%) could order some girls’ hair lengths, but they could not
order the rest of girls’ hair lengths. When the correct answers of the students were
investigated, it was seen that 37 students (14.1%) could order some girls’ hair
lengths, but the rest of girls’ hair lengths were not evaluated. Fifty-eight students
(22.1%) could order the girls’ hair lengths from the shortest to the longest, but
without an explanation or with an inappropriate explanation. Particularly, irrelevant

or meaningless explanations were described as inappropriate.

To illustrate, the correct answer of Participant 127, which is an example of

“inappropriate explanation”, is presented below:

Simge ve Riiya sa¢ uzunluklarmni, arkadaslari Yagmur'un sa¢ uzunluu ile
kargilagtirmaktadir. Simge kendi sagimin uzunlufunu Yagmur'un saginin uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi saginin uzunlugunu Yagmur’un sag¢inin
uzunlugu ile kiyaslandiginda -3 cm oldugunu soyliiyor.

Bu bilgilere gore, sag uzunlugu en kisa olan kimdir? Simge, Riiya ve Yagmur’un sag

uzunluklarini en kisa olandan en uzun olana gore siralaymiz. Cevabimzi agiklayiniz.
g ]
f@gg < kBt L Simae

OiJJ- M,

\‘,faéom_['o(\ sac 0 ¢ fiuﬁ\@v Cin Sindon (d&

Figure 4.15 Answer of Participant 127 to Item 2

As can be seen in the participant’s response, the explanation of the participant was
not sufficient to understand the participant’s thoughts and the ways by which the
participant solved item 2. The explanation of the participant was meaningless,

thereby inhibiting the comprehension of the reasons provided in the answer.

Thirty-one students (11.8%) could order the girls’ hair lengths but they had limited
mathematical knowledge. Particularly, these students’ responses were correct but
they explained their process only in accordance with the algorithms they had

memorized.
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To illustrate, the correct answer of Participant 54, which is an example of “had

limited mathematical knowledge”, is presented below:

Simge ve Riiya sag¢ uzunluklarim, arkadaglart Yagmur'un sag uzunlugu ile
karsilastirmaktadir. Simge kendi sagmin uzunlufunu Yagmur’un sagmnin uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi sagimn uzunlufunu Yagmur’un saginin
uzunlugu ile kiyaslandiginda -3 cm oldugunu syliiyor.

Bu bilgilere gore, sag uzunlugu en kisa olan kimdir? Simge, Rilya ve Yagmur’'un sag
uzunluklarinm en kisa olandan en uzun olana gore siralayimz. Cevabiizi agiklayimiz.

D > admuc /. OVenQR
Ua& “~N (\'\, ) 5 J

: 2
e = 2 Saq Qs
\ 'l,c.m MOs Y O \

6 ) \J

%)”}3‘* N~ Soa)
L‘%&k\‘ : %@;\\ IR =\ B SOMANN

Figure 4.16 Answer of Participant 54 to Item 2

As can be observed in the participant’s response, “Riiya’s hair length is shorter than
Yagmur’s hair length because -3 is a negative integer” was not a complete
explanation of the correct answer of item 2. The participant’s response was correct
but Participant 54 explained his/her solution process only in accordance with the
algorithms s/he had memorized.

As seen in Table 4.16, only 46 students (17.6%) could order the girls’ hair lengths
with an acceptable explanation. In more detail, clear and comprehensible

explanations were described as acceptable explanations.

To summarize, 60 (22.9%) students’ answers were coded as 1 and 2 because their
answers were wrong, and 172 (68.5%) students’ answers were coded as 3, 4, 5 and 6

because their answers were correct.
To illustrate, the correct answer of Participant 92 is presented below:

Participant 92:
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Simge ve Rilya sag uzunluklarni, arkadaglari Yagmur'un sa¢ uzunlugu ile
kargilagtirmaktadir. Simge kendi sagimin uzunlugunu  Yagmur'un sagmin uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi sagiin uzunlugunu Yagmur’un sagimn

uzunlugu ile kiyaslandiginda -3 cm oldugunu soyliyor.
Bu bilgilere gore, sag uzunlugu en kisa olan kimdir? Simge, Rilya ve Yagmur’un sa¢

uzunluklarini en kisa olandan en uzun olana gore siralayiniz. Cevabinizi agiklayimz.

Roi oY

CJ\\BU ) Q'i;)w\ur : S\mﬁ:,

\\/OS("\\M\)(\ Sc,cm\ 3\9\/' O\of& (,\\r5§7\ g\m?rm,\ +L\ ’R‘\.\j\;(w\ \‘% =3
Aoduo ) RS \ ‘
35@3\/ C 3\’1\@6;1 S‘\(C\m& (\‘\33‘3 Q&l\ j" 7
Figure 4.17 Answer of Participant 92 to Item 2

As can be seen in the participant’s answer, Participant 92 ordered the girls’ hair
lengths from the shortest to the longest correctly. Riiya’s hair length is the shortest;

Simge’s hair length is the longest according to the student’s answer.
4.2.2 Ordering Question 2

The second ordering question is given below.

When Ayse took the elevator from the ground floor in a
hospital, she pressed the wrong elevator button. She went
to the radiology service instead of the blood collection
service. With the aid of a nurse in the elevator, the upper
floor was pressed. Identify the number of buttons which
were pressed by Ayse and the nurse. Please explain your
answer.

Figure 4.18 Ordering Question 2

As can be observed in the question, students were asked to express the numbers of

the elevator buttons which were pressed by Ayse and the nurse. In the question, all

70



the buttons of an elevator were given in the figure and the ground floor was
represented as zero. Ayse pressed the wrong elevator button, and then she asked for
help from the nurse in the elevator in order to go to the right service. Ayse pressed -4
and the nurse pressed -3, which are the correct answers to this question. Students’

answers were analyzed according to the rubric presented below.

Table 4.17 Rubric for Ordering Question 2

Scores Answer Types

No answer/ Had no mathematical understanding

Ordered buttons incorrectly

Ordered some buttons correctly but some incorrectly

Ordered buttons correctly but without explanations or with inappropriate explanations

Ordered buttons correctly but had limited mathematical knowledge

0
1
2
3 Ordered some buttons correctly but some were not evaluated
4
5
6

Ordered buttons correctly with an acceptable explanation

The results obtained from the analyses of the answers of 262 6™ grade students are
presented in Table 4.18.

Table 4.18 Frequency of the Answers for Ordering Question 2

Codes 0 47 (17.9%)
1 83  (3L.7%)
2 11 (4.2%)
3 6 (2.3%)
4 45  (17.2%)
5 5 (1.9%)
6 65  (24.8%)
Total 262 (100.0%)

Table 4.18 displays the descriptive results obtained from the assessment of the
responses to ordering question 2. Forty-seven students (17.9%) among 262 students
did not provide an answer to the question or had no mathematical understanding. In
particular, these students’ responses were not relevant to integers as they indicated no

mathematical understanding or were left totally blank. Eighty-three students (31.7%)
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could not identify the buttons which were pressed by the nurse and Ayse. As can be
seen in Table 4.18, 11 students (4.2%) could identify one of the buttons which were
pressed by nurse and Ayse. The results revealed that 6 students (2.3%) could identify
one of the buttons which were pressed by the nurse and Ayse, but the other button
was not evaluated by the students. Moreover, 45 students (17.2%) could identify the
buttons which were pressed by the nurse and Ayse without an explanation or with an
inappropriate explanation. Particularly, irrelevant or meaningless explanations were
described as an inappropriate explanation. Five students (1.9%) could identify the
buttons which were pressed by the nurse and Ayse, but they had limited
mathematical knowledge. Particularly, these students’ responses were correct but
they explained their process only in accordance with the algorithms they had
memorized. The remaining 65 students (24.8%) could identify the buttons which
were pressed by the nurse and Ayse with an acceptable explanation. In more detail,

clear and comprehensible explanations were described acceptable explanations.

To summarize, 94 (35.9%) students’ answers were coded as 1 and 2 because their
answers were wrong, and 121 (46.2%) students’ answers were coded as 3, 4, 5 and 6

because their answers were correct.
To illustrate, the correct answer of Participant 3 for item 2 is presented below:

Participant 3:

Hastanede zemin kattan asansdre binen Ayse Hamim asansoriin digmesine
yanhs basmig ve Kan Alma biriminin bulundugu kata gidecegine Radyoloji
: servisinin bulundugu kata gitmistir. Asansérde bulunan hemsireden yardim
| isteyerek bir iist katin diigmesine basmasini istemigtir. Ayse Hamim ve

hemsgirenin bastigi diigmelerin numaralarini belirleyiniz. Cevaplarimzi

| acgiklaymmz.

: Ayse Hanim:
Zore.. B 1\(})% = Sy AQS;’(. : M\N\ 1 P\o}x:?\ JAYRENT
bobire... bonems... Bradagats . A Are.. g Q..
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5 Hemsire:
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) bc,\""c: 53 .Q.\’;%‘.‘.‘.‘.(’,.-. Kaﬂ 5 .~?.~.\.'.‘.‘C ..... u‘O\”\bo o 5 5 A O O.S.L.\O!Sa =
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Figure 4.19 Answer of Participant 3 to Item 4
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As can be seen in the participant’s answer, Participant 3 expressed the numbers of

the elevator buttons as Ayse pressing -4 and the nurse pressing -3.
4.2.3 Ordering Question 3

The third ordering question is below.

In this problem, positive integer means increasing temperature and negative integer
means decreasing temperature. Initially, the thermometer showed 25 °C. After
changes in the temperature in the thermometer, which degree does it show? (Show
your work on the number line.) (For each part of the question, the thermometer
showed 25 °C, initially.)

O 100G
. 220
F 43000

Figure 4.20 Ordering Question 3

As can be observed in the question, students were asked to find the new temperature
according to the result of the change in the thermometer by using the number line for
each sub item. +35, -23, +55 are the answers of the question, respectively. Students’

answers were analyzed according to the rubric presented below.

Table 4.19 Rubric for Ordering Question 3

Scores Answer Types

0 No answer/ Had no mathematical understanding

1 Stated temperatures incorrectly

2 Stated some temperatures correctly but some incorrectly

3 Stated some temperatures correctly but some were not evaluated

4 Stated temperatures correctly but without explanations or with inappropriate
explanations

5 Stated temperatures correctly but had limited mathematical knowledge
6

Stated temperatures correctly with an acceptable explanation
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Table 4.20 Frequency of the Answers for Ordering Question 3

Codes 0 83 (31.7%)
1 34 (13.0%)
2 34 (13.0%)
3 4 (1.5%)
4 31 (11.8%)
5 1 (0.4%)
6 75  (28.6%)
Total 262 (100.0%)

According to Table 4.20, 83 students (31.7%) among 262 students did not provide an
answer to the question or they had no mathematical understanding. In particular,
these students’ responses were not relevant to integers as they indicated no
mathematical understanding or were left totally blank. Thirty-four students (13.0%)
could not find the new temperature according to the result of the change in the
thermometer. As can be seen in Table 4.20, 34 (13.0%) students could not find the
new temperature according to the result of the change in the thermometer for some
sub-questions. The results revealed that 4 students (1.5%) could find the new
temperature according to the result of the change in the thermometer for some sub-
questions, but some sub-questions were not evaluated. Moreover, 31 students
(11.8%) could find the new temperature according to the result of the change in the
thermometer without an explanation or with an inappropriate explanation.
Particularly, irrelevant or meaningless explanations were described as inappropriate
explanations. One student (0.4%) could find the new temperature according to the
result of the change in the thermometer but the student had limited mathematical
knowledge. Particularly, the student’s response was correct but she explained the
process only in accordance with the algorithms she had memorized. The remaining
75 students (28.6%) could find the new temperature according to the result of the
change in the thermometer with an acceptable explanation. In more detail, clear and

comprehensible explanations were described acceptable explanations.
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To sum up, 68 (26.0%) students’ answers were coded as 1 and 2 because their
answers were wrong and 111 (42.3%) students’ answers were coded as 3, 4, 5 and 6

because their answers were correct.
To illustrate, the correct answer of Participant 4 for item 3 is presented below:

Participant 4:

Bu problemde pozitif tam say1 sicakligin_yiikselmesi. negatif tam sayi ise sicakligin
diismesi anlamina i ¢_ baslangicta sicaklipn 25 °C’vi

gosterdigine gore sicakhik defisimlerinin her birinin sonucunda termometre ka¢ “C’yi

Osterir? (Sa;

TR ) T

-:.—;’_'—10‘ 1‘—a'i 4 56 d ¥ Gio llt B {,;) (L |‘6,L 4\{1‘% 1’9 2‘0‘|2—l 2!9—9';39‘-‘4 55916&'#2‘32'%
Figure 4.21 Answer of Participant 4 to Item 8

As observed in the participant’s answer, the student found the new temperatures as
+35, -23, and 55 according to the result of the change in the thermometer,

respectively.
4.2.4 Ordering Question 4

The fourth ordering question is given below.
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Q6:

Living beings as fish and octopus live in the sea. Factors as such dissolved oxygen
and pressure etc., which are necessary for the existence of these living beings can differ
with respect to depth. Therefore, these living beings exist at different depths. In the
picture below, some examples of underwater living beings are given. Answer the
guestions according to picture below.

0m
HAMSI
25 m —_—
AHTAPOT v v
50m AN - J— —
i CEKIC BASLI BEYAZ KOPEKBALIGI
75 m

KOPEKBALIGI
’“Q\ga - >y ———
'\-“ =1 [
- ~ - .
g J-/_ DENiz ATI
100 m % -
IGMELI VATOZ A

e

125 m

a. Which sea creature exists at the deepest point? Explain your answer.

d. Which of the sea horse and great white shark lives closer to sea level?

EXPlain YOUr anSWer.........c.oooiiiuiiiiiie e,

f. Please order integers which you find at part e from smallest to largest.

Figure 4.22 Ordering Question 4

Three sub-items (item a, item d and item f) of the fourth question were related to
ordering of integers. As can be seen in the question, students were asked to identify
the creature existing at the deepest point in item a and whether the great white shark
or the sea horse lived closer to sea level item d. In item f, students were asked to
order the integers which were found in part e. 6" grade students’ answers were

evaluated according to the rubrics presented below.

The answers of 262 6™ grade students were analyzed and the results are presented in
Tables 4.21, 4.23 and 4.25.

76



Table 4.21 Rubric for Ordering Question 4 item a

Scores Answer Types

No answer/ Had no mathematical understanding

Stated sea creature exists at the deepest point incorrectly

Stated some sea creature exist at the deepest point correctly but some incorrectly

4 Stated sea creature exist at the deepest point correctly but without explanations or with
nappropriate explanations

5 Stated sea creature exist at the deepest point correctly but had limited mathematical

nowledge

0
1
2
3  Stated some sea creature exist at the deepest point correctly but some were not evaluated
i
Kk
6

Stated sea creature exist at the deepest point correctly with an acceptable explanation

Table 4.22 Frequency of the Answers for Ordering Question 4 item a

Codes 0 14 (5.3%)

1 7 (2.7%)

2 0  (0.0%)

3 0  (0.0%)

4 142 (54.2%)

5 25 (9.5%)

6 74 (28.2%)
Total 262 (100.0%)

Table 4.22 shows the assessment results of the answers given to ordering question 4
item a. Fourteen students (5.3%) among 262 students did not provide an answer to
the question or they had no mathematical understanding. In particular, these students’
responses were not relevant to integers as they indicated no mathematical
understanding or were left totally blank. Seven students (2.7%) could not find the
creature existing at the deepest point in the sea. As can be seen in Table 4.22, there
was no student who had given a partial answer to the question. Moreover, 142
students (54.2%) could find which creature, which was the stingray, existed at the
deepest point in the sea without an explanation or with an inappropriate explanation.
Particularly, irrelevant or meaningless explanations were described as inappropriate
explanations. Twenty-five students (9.5%) could find the creature, which was the

stingray, existing at the deepest point in the sea but they had limited mathematical
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knowledge. Particularly, these students’ responses were correct but they explained
their process only in accordance with the algorithms they had memorized. The
remaining 74 students (28.2%) could find the creature that existed at the deepest
point in the sea with an acceptable explanation. In more detail, clear and

comprehensible explanations were described acceptable explanations.

To summarize, 7 (2.7%) students’ answers were coded as 1 because their answers
were wrong and 241 (91.9%) students’ answers were coded as 4, 5 and 6 because

their answers were correct.

Table 4.23 Rubric for Ordering Question 4 item d

Scores Answer Types

0  No answer/ Had no mathematical understanding

1  Determined sea creature lives closer to sea level incorrectly

2  Determined some sea creature lives closer to sea level correctly but some incorrectly

3 Determined some sea creature lives closer to sea level correctly but some were not
evaluated

4 Determined sea creature lives closer to sea level correctly but without explanations or
with inappropriate explanations

5  Determined sea creature lives closer to sea level correctly but had limited
mathematical knowledge

6 Determined sea creature lives closer to sea level correctly with an acceptable explanation

Table 4.24 Frequency of the Answers for Ordering Question 4 item d

Codes 0 9 (3.4%)

35 (13.4%)

0 (0.0%)

0 (0.0%)

15  (5.7%)

1
2
3
4 83 (31.7%)
5
6

120 (45.8%)

Total 262 (100.0%)

Table 4.24 displays the descriptive results obtained from the assessment of ordering

question 4 item d. Nine students (3.4%) among 262 students did not provide an
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answer to the question or they had no mathematical understanding. In particular,
these students’ responses were not relevant to integers as they indicated no
mathematical understanding or were left totally blank. Thirty-five students (13.4%)
could not decide whether the great white shark lived closer to sea level than the sea
horse or vice versa. As can be seen in Table 4.24, there was no student who had
given a partially correct answer to the question. Moreover, 83 students (31.7%) could
indicate that the great white shark lived closer to the sea level than the sea horse in
the sea, but without an explanation or with an inappropriate explanation. Particularly,
irrelevant or meaningless explanations were described as inappropriate explanations.
Fifteen students (5.7%) could indicate that the great white shark lived closer to the
sea level than the sea horse in the sea but they had limited mathematical knowledge.
Particularly, these students’ responses were correct but they explained their process
only in accordance with the algorithms they had memorized. The remaining 120
students (45.8%) could indicate that the great white shark lived closer to the sea level
than the sea horse in the sea with an acceptable explanation. In more detail, clear and

comprehensible explanations were described as acceptable explanations.

To conclude, 35 (13.4%) students’ answers were coded as 1 because their answers
were wrong and 218 (83.2%) students’ answers were coded as 4, 5 and 6 because

their answers were correct.

Table 4.25 Rubric for Ordering Question 4 item f

Scores Answer Types

No answer/ Had no mathematical understanding

Ordered each sea creatures as integers incorrectly

Ordered some sea creatures as integers correctly but some were not evaluated

Ordered sea creatures correctly but without explanations or with inappropriate

0
1
2  Ordered some sea creatures as integers correctly but some incorrectly
3
4
explanations

5  Ordered sea creatures correctly but had limited mathematical knowledge
6

Ordered sea creatures correctly with an acceptable explanation

79



Table 4.26 Frequency of the Answers for Ordering Question 4 item f

Codes 0 108 (41.2%)
1 54 (20.6%)
2 0  (0.0%)
3 0  (0.0%)
4 26 (9.9%)
5 0 (0.0%)
6 74 (28.2%)
Total 262 (100.0%)

Table 4.26 presents the results of the analysis of the answers given to ordering
question 4 item f. According to Table 4.26, 108 students (41.2%) among 262
students did not provide an answer to the question or they had no mathematical
understanding. In particular, these students’ responses were not relevant to integers
as they indicated no mathematical understanding or were left totally blank. Fifty-four
students (20.6%) could not order the integers which were found in part e. There was
no student who had given a partially correct answer to the question. When the correct
answers of the students were investigated, it was seen that 26 students (9.9%) could
order the integers which were found in part e but without an explanation or with an
inappropriate explanation. Particularly, irrelevant or meaningless explanations were
described as inappropriate explanations. Also, there was no student who could order
the integers which were found in part e with limited mathematical knowledge.
Particularly, no student’s response was correct but one explained one’s process only
in accordance with the algorithms one had memorized. As seen in Table 4.26, only
74 students (28.2%) could order the integers which were found in part e with an
acceptable explanation. In more detail, clear and comprehensible explanations were

described as acceptable explanations.

To summarize, 54 (20.6%) students’ answers were coded as 1 because their answers
were wrong and 100 (38.1%) students’ answers were coded as 4 and 6 because their

answers were correct.

To illustrate, the correct answer of Participant 80 for item 4 is presented below:
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Participant 80:

a. Hangi deniz canhsi en derinde yasamaktadir? Cevabimzi nasil buldugunuzu

ERYEN = O :
aciklayimz. .?am‘\:...‘!omg-.Qm&:}...A‘..;m.\em.:lsg......S..TQ./ ...... 19,7149 Fve

25 A0 Ama. 35 nel Yot 2125 olduBv... Sty 004 va alflia

“4. Beyaz kép?%ahgl mi1 deniz at1 n
} 3 g 3 b
? Agiklayiniz. 2. &0 ko pd Dal

d()h“&uf .................. v? ..... & ................... :

f. e sikkinda buldugunuz tam sayilar kiigiikten bliytige siralayimz.
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¥,
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e
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Figure 4.23 Answer of Participant 80 to Item 6-a, 6-d and 6-f

As observed in the participant’s answer, Participant 80 found the creature at the
deepest point to be the stingray in item a. Participant 80 indicated that the great white
shark lived closer to sea level than the sea horse in item d. Lastly, in item f, the

student ordered the integers found in part e.
4.3 Errors Regarding Comprehension and Ordering of Integers

The second purpose of this study was to investigate middle school sixth grade
students’ errors regarding comprehension and ordering of integers. In accordance
with this purpose, this section deals with errors that emerged in questions regarding
comprehension and ordering of integers. Errors regarding comprehension and
ordering of integers are presented in the following parts.

4.3.1 Errors Regarding Comprehension of Integers

One of the purposes of this study was to investigate errors made by middle school
sixth grade students regarding comprehension of integers. The other purpose was to
investigate the underlying reasons of those errors. Before identifying the underlying
reasons of the participants’ errors, the information about errors regarding
comprehension of integers was analyzed in IAT, which the students had completed.
The findings related to errors regarding comprehension of integers are presented in

this section.

Errors were categorized under two main categories as: errors based on formal

knowledge of integers and other errors. Errors based on formal knowledge of
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integers have three sub-categories as: applying incomplete solution strategy, not
justifying symbol manipulation and misusing positive and negative signs. Other
errors have two sub-categories as: ignoring the given information and making
incorrect alignment. In accordance with the purpose, Table 4.27 presents frequencies

and percentages of errors of the participants, regarding each item on a categorical

basis.
Table.4.27 Frequencies (and percentages) of students’ errors regarding
comprehension questions
ERRORS BASED ON FORMAL OTHER ERRORS
KNOWLEDGE
Categories Applying Not justifying Misusing Ignoring the Making Total
Incomplete Symbol Positive and Given Incorrect
Items Solution Manipulation | Negative Signs | Information | Alignment
Strategy
ltem1-a | 3 (27.3%) 8 (72.7%) - - 11
ltem1-b | 3(37.5%) | 3 (37.5%) 2 (25.0%) - - 8
ltem1-c | 3 (8.6%) 5 (14.3%) 27 (77.1%) - - 35
ltem1-d | 3 (42.9%) 4 (57.1%) - - 7
ltem1-e | 3(37.5%) | 3(37.5%) 2 (25.0%) - - 8
Item 1-f 3 (15.0%) 4 (20.0%) 13 (65.0%) - - 20
ltem 3 - 6 (6.9%) 56 (64.4%) | 10 (11.5%) | 15(17.2%) | 87
ltem 5 124 (98.4%) 2(1.6%) 126
Item 6-b - - 5 (100%) - - 5
Item 6-c - - 4 (44.4%) 5 (56.6%) - 9
Item 6-¢ - 7 (10.5%) 54 (80.1%) 3 (9.4%) - 67
ltem 7 5 (7.6%) 4 (5.3%) 30 (45.5%) | 15(22.7%) | 12 (18.9%) | 66
Total 23 32 205 33 27
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As it can be seen in Table 4.26, students made many errors regarding comprehension
of integer questions. In other words, many students were not able to show correct
expressions for the comprehension of integers. According to Table 4.27, the most
popular error that students made was errors based on formal knowledge of integers.
Misusing positive and negative signs was the most popular error in the sub-categories
of errors based on formal knowledge of integers. Although they are not too frequent,
students made the error of not justifying symbol manipulation in questions that
required identifying integers in problem situations. Applying incomplete solution
strategy was the least popular error that students made. Ignoring the given
information was the most popular error in the sub-categories of other errors. Making
incorrect alignment, which is a sub-category of other errors, showed an increment in
items related to determine an integer for a location in given question. Examples of

students’ responses are given below under the category headings given in Table 4.27.
4.3.1.1 Errors Based on Formal Knowledge

Errors based on formal knowledge refer to axioms, definitions, theorems, and proofs
(Fischbein, 1994). There are three sub-categories of this error type, namely applying
incomplete solution strategy, not justifying symbol manipulation and misusing

positive and negative signs.

Applying Incomplete Solution Strategy: Applying incomplete solution
strategy is the first sub-category in errors based on formal knowledge. Applying
incomplete solution strategy appeared when students knew the general method of
solution; however, they could not apply the method to the question. For example, a
student knew that the statement of under sea level implies a negative integer;
however, the student could not express a depth as a negative integer. The student
wrote his/her solution plan as an answer instead of applying the plan and could not
find final answer. In more detail, a student could not express the statement of “10
meter under sea level” as “-10”. As it is seen in Table 4.27, errors under this sub-
category were the most frequently made errors in items 1-b and 1-d. In item 1-b, 3
students (37.5%) among 8 students and in item 1-d, 3 students (42.9%) among 7
students made errors which were applying incomplete solution strategy. In item 1-a,
3 students (27.3%) among 11 students, in item 1-c, 3 students (8.6%) among 35

students, in item 1-e, 3 students (37.5%) among 8 students made errors which were
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applying incomplete solution strategy. Lastly, in item 1-f, 3 students (15%) among
20 students and in item 7, 5 students (7.6%) among 66 students made errors which
were applying incomplete solution strategy. To illustrate, the error of applying

incomplete solution strategy made by Participant 25 in item 1 is presented below:

Participant 25:

Asagldakl ifadeleri birer tam szg"l olarak yazini 4 ﬁe g*f\ J@
a) ,Slflnn altinda 7°C ?‘%\-L \nda - JC{%& 1Cf) e'k.é\ = “’&

b) 'Deniz seviyesinin 500 m iistii Oota... Jaé;aq ...... C{\(\ "t’ \ o0€ %
¢) Say1 dogrusunda sifirin 12 birim solu. éQ\ .............. . ..... \ a.C,é 76(} ‘:f

d) 25 TL zarar Eofw’ekcn ...... 1.'::....1,/

¢) Ciizdandaki 10 TL Yo Ak e AT 2

f) 1200 metre derinlik Berml &,CE‘S'J\ ...... 7 e

Figure 4.24 Answer of Participant 25 to Item 1

Participant 25 expressed that “7°C below zero™, “12 units left of zero on the number
line”, “loss of $25” and “A depth of 1200 meters” indicated negative meanings;
however, she did not identify these negative meanings as negative integers such as “-
77,4127, “-25”, “-1200”, respectively. Similarly, Participant 25 expressed that “500
m above sea level” and “$10 in your wallet ™ indicated positive meanings; however,
she did not identify these positive meanings as positive integers such as “+500” and

“+10”. Hence, she made the error of applying incomplete solution strategy.

For example, it was seen that Participant 26 made the error of applying incomplete

solution strategy in item 7 as presented below:

Participant 26:
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Figure 4.25 Answer of Participant 26 to Item 7

Participant 26 expressed the colors of each card as red and black. However, he had to
express red cars as negative integers, such as “-10” and “-5” and he had to express
the black cards as positive integers, such as “+3” and “+7”. He could not express
each colored card as an integer, so he made the error of applying incomplete solution

strategy.

Not justifying Symbol Manipulation: Table 4.27 shows that not justifying
symbol manipulation is the second sub-category in errors based on formal
knowledge. Not justifying symbol manipulation meant that the student just picked
some numbers or words from the task or wrote some numbers arbitrary and worked
with them in ways irrelevant to the context of the question or tried to identify an
integer with irrelevant numbers. For example, the student expressed incorrect
representations instead of a negative integer in the context of the question. The
student wrote “0.12” instead of “-12”. This decimal number was irrelevant to the
context of the problem. Another example is a student writing “%?25” instead of “-25”.
This percentage was also irrelevant to the context of the problem Errors under this
sub-category were the most frequently made errors in items 1-e and 1-b. In item 1-¢,
3 students (37.5%) among 8 students; in item 1-b, 3 students (37.5%) among 8
students; in item 1-c, 5 students (14.3%) among 35 students; in item 1-f, 4 students
(20.0%) among 20 students made errors of not justifying symbol manipulation. In
item 3, 6 students (6.9%) among 87 students; in item 6-e, 7 students (10.5%) among
67 students made errors of not justifying symbol manipulation. Lastly, 4 students

(5.3%) among 66 students and 2 students (1.6%) among 126 students made errors of
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not justifying symbol manipulation in item 7. For instance, it was seen that
Participant 1 made the error of not justifying symbol manipulation in item 3 as

presented below:
Participant 1:

Soru 3:

Bir akvaryumdaki dort baligin konumu gekilde gdsterilmigtir. Akvaryum tamamen su
ile doludur ve su yiizeyi 0 m’dir. Akvaryumun solunda verilen ¢izgilerin her birinin aras:

Im’dir. Buna gore baliklarin konumlarim gosteren A, B,C,D noktalarina karsilik gelen tam

sayilart yazu; * : k L
‘ ‘% : e Anoktasn:-\-S

: %"}@ . 2 PB noktasi: +.9 "f |

® > e % = |

¢ @ ¥ C noktast: _(1 {

cH 2 D noktasi: 4=S

o

o0

Unlnl llnnljln—ll 1

Figure 4.26 Answer of Participant 1 to Item 3

Participant 1 had to express each level of the fish in the aquarium. “-17, “-2”, “-3”
and “-4” were the levels of A, B, C and D, respectively. However, she did not
identify the levels of the fish with correct integers. She stated that “+5”, “+9”, “-4”
and “+5” were the levels of the fish, respectively. These integers were not relevant
with the actual levels of the fish. Therefore, she made the error of not justifying

symbol manipulation.

To illustrate, the error of not justifying symbol manipulation made by Participant 27

for item 6-e as presented below:

Participant 27:

&«
e. Her bir canlinin yasadig: derinligi tam say1 olarak ifade ediniz.
L0, 28 bhaws. Do SO. . ehIS. . A10D.
R i i e T

Figure 4.27 Answer of Participant 27 to Item 6-e
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Participant 27 had to express the depth of each sea creature as integers such as “-25”
for the anchovy, “-50” for the octopus, “-75” for the sharks, “-100” for the sea horse
and “-125” for the stingray. However, he expressed the depth of each sea creature in
percentages such as “25%”, “50%”, “75%”, “100%” and “125%". These percentages
were irrelevant to the context of the question. So he made the error of not justifying

symbol manipulation.

Misusing Positive and Negative Signs: It was observed that misusing
positive and negative signs is the last sub-category in errors based on formal
knowledge. This error type was related to students’ limited conceptions about
integers. In this error type, students could not determine when they needed to use
integers. Students could use positive integers instead of negative integers or vice
versa. As presented in Table 4.27, misusing positive and negative signs was the most
frequently made error in items 1-a, 1-c, 1-d, 1-f, 3, 5, 6-b, 6-¢, 7. In item 6-e, 54
students (80.1%) among 67 students; in item 1-a, 27 students (77.1%) among 35
students; in item 1-c, 8 students (72.7%) among 11 students; in item 1-f, 13 students
(65%) among 20 students made the error of misusing positive and negative signs. In
item 3, 56 students (64.4%) among 87 students; in item 1-d, 4 students (57.1%)
among 7 students made the error of misusing positive and negative signs. Moreover,
in item 7, 30 students (45.5%) among 66 students; in item 6-c, 4 students (44.4%)
among 9 students; in item 1-b and 1-e, 2 students (25.0%) among 8 students and 2
students (25.0%) among 8 students made the error of misusing positive and negative
signs. In item 5, 124 students (98.4%) among 126 students made the error of
misusing positive and negative signs. Lastly, 5 students (100%), who were all those
students who made some errors in item 6-b, made the error of misusing positive and
negative signs in item 6-b. To illustrate, the error of misusing positive and negative

signs made by Participant 27 for item 1-c is presented below:

Participant27:

_—> ; 5 /
;g)/Sayl dogrusunda sifirin 12 birim solu.. 'f‘- Y ﬁbﬂ Z(, ik /) 2zt ).(; 7@ ‘

Figure 4.28 Answer of Participant 27 to Item 1-c
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Participant 27 could not express the statement of “12 units left of zero on the number
line” as a negative integer such as “-12”. He wrote a positive integer as “+12” instead
of a negative integer as “-12”. Hence, he made the error of misusing positive and

negative signs.

For example, it was seen that Participant 27 made the error of misusing positive and

negative signs in item 3 as presented below:

Participant 27:

Bir akvaryumdaki dort baligin konumu sekilde gosterilmistir. Akvaryum tamamen su
ile doludur ve su yiizeyi 0 m’dir. Akvaryumun solunda verilen ¢izgilerin her birinin arasi

Im’dir. Buna gére baliklarin konumlarini gésteren A, B,C,D noktalarina karsilik gelen tam

sayllgyazmlz. i;‘,- AMAMA % ‘ ‘

OM o g & 4 L
Fo T -1 A noktasi:
Nl ; Tis #
#!% O Ll I 2”‘:"’57,‘;%3’ »
i i i noktasi: 7 !
B . @ D noktasi: L?, m
S0
G D
B

Figure 4.29 Answer of Participant 27 to Item 3

Participant 27 did not identify each level of the fish as negative integers such as “-1”,
»-27,7-3” and “-4”. Instead, he wrote positive integers such as “1”, “2”, “3” and “4”
for each level of the fish. Therefore, he made the error of misusing positive and

negative signs.
4.3.1.2 Other Errors

In this study, the category of other errors includes the students' errors other than
those in the first category of errors based on formal knowledge. There are two sub-
categories of this error type, namely ignoring the given information and making

incorrect alignment.

Ignoring the Given Information: Ignoring the given information is the first

sub-category of other errors. This error was related to what was being given and what
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was being asked for in the questions. Students ignored some information when they
tried to solve the question. In other words, students did not take into consideration all
the information given in the questions. In this type of error, the solution methods

used by the students were correct; however, their final answers were incorrect.

As can be observed in Table 4.27, ignoring the given information was the most
frequently made error in item 6-c. It was seen that 5 students (56.6%) among 9
students made the error of ignoring the given information in item 6-c. In item 7, 15
students (22.7%) among 66 students; in item 3, 10 students (11.5%) among 87
students; in item 6-e, 3 students (9.4%) among 67 students made the error of
ignoring the given information. To illustrate, the error of ignoring the given
information made by Participant 175 for item 6-c is presented below:

Participant 175:

c. Vatoz ka¢ m derinlikte yasamaktadir? /10_0 L

Figure 4.30 Answer of Participant 175 to Item 6-c

In the question, Participant 175 wrote “120 m” instead of “125 m”. He ignored the
information given on the picture in the question. However, he needed to be careful
about the given information in order to give a complete answer to question 6-c.

Hence, he made the error of ignoring the given information.

For example, it was seen that Participant 24 had made the error of ignoring the given
information for the problem in item 6-e as presented below:

Participant 24:

Figure 4.31 Answer of Participant 24 to Item 6-e

Participant 24 did not express the depth of each sea creature as an integer. She only
expressed the depth of one sea creature as “125”. However, she needed to write the

depths of each sea creature in the question. The depth of one sea creature was not
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enough to answer this question because there should have been six depths in the
answer, totally. Thus, she made the error of ignoring the given information.

Making Incorrect Alignment: It was seen that making incorrect alignment is
the second sub-category of other errors. In this error, students could not align the
correct integers to correct locations which were given in the question. Moreover,
students could identify the sign of each integer for each card; however, they could
not write the correct number for all the cards. As can be observed in Table 4.27, 27
students made the error of making incorrect alignment in item 3 and 7. This error
was the most frequently made error in item 3. In item 3, 15 students (17.2%) among
87 students and in item 7, 12 students (18.9%) among 66 students made the error of
making incorrect alignment. The answer of Participant 9 can be presented as the first

example for this type of error.

Participant 9:

Bir akvaryumdaki dort baligin konumu sekilde gosterilmistir. Akvaryum tamamen su
ile doludur ve su yiizeyi 0 m’dir. Akvaryumun solunda verilen ¢izgilerin her birinin arasi

1m’dir. Buna gore baliklarin konumlarim gosteren A, B,C,D noktalarina karsilik gelen tam

sayxlarll e?.zmlz. k' &" g’

& &
A noktasi; === -i-""‘

"’! B noktasi: ‘?'f"Q'N\ ,‘* |
B: C noktasi: ™~ L !
= D noktasi: = 5m

8
gg"oo

Figure 4.32 Answer of Participant 9 to Item 3

Participant 9 did not identify all the locations where the fish existed. For the
locations of the points C and D, she wrote “-4” and “-5” instead of “-3” and “-4”,
respectively. She did not align the locations of points C and D according to the lines
given on the left of the aquarium. Therefore, she made the error of making incorrect

alignment.

For example, it was seen that Participant 1 made the error of making incorrect

alignment in item 7 as presented below:
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Participant 1:

Figure 4.33 Answer of Participant 1 to Item 7

Participant 1 did not identify one of the cards with a correct integer. She identified
the correct signs of all cards; however, she did not write the correct integer for the
card, heart 5. She wrote “-4” instead of “-5” for heart 5. This is an example of the

error of making incorrect alignment.

As a consequence, this study showed that sixth grade students made errors regarding
comprehension of integers. The other purpose of this study was to investigate sixth
graders’ errors regarding ordering integers which is explained in the following

heading.
4.3.2 Errors Regarding Ordering of Integers

One of the purposes of this study was to investigate errors made by middle school
sixth grade students regarding ordering of integers. The other purpose was to
investigate underlying reasons of those errors. Before identifying the underlying
reasons of participants’ errors, the information about errors regarding the ordering of
integers was analyzed in IAT, which the students had completed. The findings

related to errors regarding the ordering of integers are presented in this section.

Errors were categorized under two main categories as: errors based on formal
knowledge on integers and other errors. Errors based on formal knowledge have five

sub-categories as: ordering as inverse sequence, ordering as arbitrary sequence,
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taking incorrect reference point, not justifying symbol manipulation and misusing
positive and negative signs. Other errors have two sub-categories as: ignoring the
given question and making incorrect alignment. In accordance with the purpose,
Table 4.28 represents frequencies and percentages of errors of the participants,

regarding each item on a categorical basis.

Table.4.28 Frequencies (and percentages) of students’ errors regarding ordering

questions

ERRORS BASED ON FORMAL KNOWLEDGE OTHER ERRORS

Categori | Ordering | Ordering Taking Not Justifying | Misusing Ignoring Making Total
es as as Incorrect Symbol Positive the Given Incorrect
Inverse Arbitrary | Reference Manipulation and Information | Alignment
Iltems Sequence | Sequence Point Negative
Signs
Item 2 8 41 10 59
(13.6%) (69.5%) (16.9%)
Item 4 22 14 43 16 95
(23.2%) (14.7%) (45.3%) (16.8%)
Item 6-a 4 3 7

(67.1%) | (42.9%)

Item 6-d 32 1 1 34
(94.0%) (3.0%) (3.0%)
Item 6-f 54 54
(100.0%)
Item 8 16 1 11 28
(57.1%) (3.6%) (39.3%)
Total 120 44 30 2 43 21 17

As it is seen in Table 4.28, students made errors regarding ordering of the integer
questions. In other words, many students were not able to show the correct
expressions for the ordering of integers. According to Table 4.28, the most popular
error is errors based on formal knowledge of integers that students made. Ordering
as inverse sequence is the most popular error in the sub-categories of errors based on
formal knowledge of integers. Ordering as arbitrary sequence is the second popular
error and misusing positive and negative signs is the third popular error in the sub-
categories of errors based on formal knowledge of integers. Although they are not
too frequent, students made the error of taking incorrect reference point. Not
justifying symbol manipulation is the least popular error that students made. In the
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sub-categories of other errors, making incorrect alignment is the most popular error.
Ignoring the given information is the second popular error in the sub-categories of
other errors. Examples of students’ responses are given under the category headings

given in Table 4.28.

4.3.2.1 Errors Based on Formal Knowledge

Errors under this category have been mentioned in the previous section which was
about errors of comprehension of integers. There are five sub-categories of this error
type, namely ordering as inverse sequence, ordering as arbitrary sequence, taking
incorrect reference point, not justifying symbol manipulation and misusing positive

and negative signs.

Ordering as Inverse Sequence: It was observed that ordering as inverse
sequence is the first sub-category of errors based on formal knowledge regarding
ordering of integers. Ordering as inverse sequence appeared when students could not
order integers correctly. They wrote not only the largest integer as the smallest
integer, but also the smallest integer as the largest integer. For instance, students
wrote “-3>-2>-1” instead of “-1>-2>-3" when they tried to order integers from the
largest to the smallest. As seen in Table 4.27, errors under this sub-category were
the most frequently made errors in item 6-d and 6-f. In item 6-d, 32 students (84.3%)
among 38 students and in item 6-f, 54 students (100.0%) among 100 students made
errors of ordering as inverse sequence. Moreover, in item 6-f, there was only one
error type, which was ordering as inverse sequence. In item 4, 22 students (23.2%)
among 95 students; in item 2, 8 students (13.6%) among 59 students and in item 6-a,
4 students (57.1%) among 7 students made the error of ordering as inverse sequence.
To illustrate, the error of ordering as inverse sequence made by Participant 137 for

item 2 is presented below:

Participant 137:
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Simge ve Riiya sag uzunluklarini, arkadagian Yagmur'un sag uzunlugu ile
kargilagtirmaktadir. Simg:e kendi sagimun uzunlugunu Yagmur'un sagiun uzunlugu ile
kiyasladiginda +4 cm olduZunu; Riiya ise kendi saguun uzunlufunu Yagmur’un saginin
uzunlugu ile kiyaslandiginda -3 cm oldugunu soylityor.

Bu bilgilere gore, sag uzunlugu en kisa olan kimdir? Simge, Riiya ve Yagmur’un sag¢

uzunluklarin en kisa olandan en uzun olana gore stralayimz. Cevabinizi agiklaymniz.
Riga. >¥agru-> Simge

4. gors. Hoelon helugurus, suliger - T Aee Lk g
S%L%‘mf —prablom, gbn?ﬁar nun -2 loso. domekt-

Figure 4.34 Answer of Participant 137 to Item 2

Participant 137 did not order the girls’ hair lengths from the shortest to the longest.
First, he had to indicate each hair lengths as an integer. Then he had to order these
integers from the smallest to the biggest. He tried to explain the implications of “+4”
and “-3” given in the question; however, he did not use these implications when he
tried to order the girls’ hair lengths. Hence, ordering as inverse sequence emerged as

an error in the response of Participant 137.

For example, it was seen that Participant 256 made the error of ordering as inverse

sequence in item 6-f as presented below:

Participant 256:

—

f. e sikkinda buldugunuz tam sayilar1 kiigiikten biiylige siralayiniz.

Figure 4.35 Answer of Participant 256 to Item 6-f

Participant 256 did not order the integers found in part e from the smallest to the
biggest. She expressed the biggest integer as the smallest integer and vice versa. If
she had changed the sign of the bigger integer instead of the sign of the lower
integer, the ordering would have been right. Thus, she made the error of ordering as

inverse sequence.
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Ordering as Arbitrary Sequence: Table 4.28 shows that ordering as
arbitrary sequence is the second error type in the categories of errors based on
formal knowledge. In this error, students ordered the integers randomly, so the
answers were incorrect. Students’ answers were not based on any criterion. For
example, they wrote “-3>-1>-2” instead of “-1>-2>-3” when they tried to order the
integers from the largest to the smallest. The error within this sub-category was the
most frequently made error in item 2. In item 2, 41 students (69.5%) among 59
students and in item 6-a, 3 students (42.9%) among 7 students made the error of
ordering as arbitrary sequence. For instance, it was seen that Participant 198 made
the error of ordering as arbitrary sequence in item 2 as presented below:

Participant 198:

Simge ve Riiya sa¢ uzunluklarim, arkadaslari Yagmur’un sag uzunlugu ile
kargilastirmaktadir. Simge kendi sacinin uzunlugunu Yagmur’un saginin uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi sag:xmh uzunlugunu Yagmur’un saginin
uzunlugu ile kiyaslandiginda -3 cm oldugunu séyliiyor.

Bu bilgilere gore, sa¢ uzunlugu en kisa olan kimdir? Simge, Riiya ve Yagmur’un sag

uzunluklarmi en kisa olandan en uzun olana gére siralayiniz. Cevabinizi agiklaymiz.
YO@me 4 R¢30< Simge_

Figure 4.36 Answer of Participant 198 to Item 2

Participant 198 did not order the girls’ hair lengths from the shortest to the longest.
He did not explain the reasons of his answer. He tried to order the girls’ hair lengths
arbitrarily without any explanation. Therefore, ordering as arbitrary sequence

emerged as error in the response of Participant 198.

To illustrate, the error of ordering as arbitrary sequence made by Participant 20 for
item 6-a is presented below:

Participant 20:
'a. Hangi deniz canlisi en derinde yasamaktadir? Cevabinizi nasil buldugunuzu

agiklaymniz. .4&pel.. .bn\@. sl Qxf//\u = .LSQ@L&;I@L.A_&\).&.GMLS, .
.Q.E/.,.AA.chN.I....lc,ljt.\....e—.’.\....ll&f\m« ..... ?;QLM.QQQ'Q[Q/‘AK.

Figure 4.37 Answer of Participant 20 to Item 6-a
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Participant 20 did not find the stingray to be existing at the deepest point in the sea.
He said that the shark exists at the deepest point in the sea. The stingray existed at “-
125 m”; however, the shark existed at “~-75” m in the sea. He did not identify depths
of each sea creature as integers, so he could not find the sea creature which existed at
the deepest point in the sea by ordering the integers. Hence, he made the error of
ordering as arbitrary sequence.

Taking Incorrect Reference Point: It was observed that taking incorrect
reference point is the third error type in categories of errors based on formal
knowledge. In this error, a reference point was given to order integers in the
questions; however, students did not take into account the reference point given in
the questions. They tried to give base their answer on another reference point found
by the students themselves. For example, ground floor was given as “0” (zero) in the
question; students did not take into account ground floor as a reference point when
they tried to solve the questions. As seen in Table 4.28, in item 4, 14 students
(14.7%) among 95 students and in item 8, 16 students (57.1%) among 28 students
made errors which were taking incorrect reference point. To illustrate, the error of
taking incorrect reference point made by Participant 200 for item 4 is presented
below:

Participant 200:

Soru 4:

Hastanede zemin~}<a(tan asdngore binen Aflse Hanim asansoriin diigmesine
yanliy basmig ve ,‘K'c:.'z Alna biriminin bulunduZu kata gidecegine Radyoloji
servisinin bulﬁndugu kata gitmistir. Asansorde bulunan hemsireden yardim
- isteyerek bir {ist katin diigmesine basmasini istemigtir. Ayse Hamim ve
. hemgirenin bastif diigmelerin numaralarini belirleyiniz. Cevaplarimzi

agiklayimz.

=¥ Ayse Hanim:

Ska.a\....o.\sg,g.do...o.l;m.a\.sb..iq(.n..anm“s...seaybl»f@....
.’cc“.n..:F@Am ....................................................................
Hemsgire: |y

Nemsine.. 4. Lady.. bon..alpm. katna. bostuishia ..
Qx_»r.\b\ﬁ...%iéa.c@i....:jm....Ls-.Ieo.hixm..ﬁu..d&ﬂsh()....:...
.do,.z&.tm .........................................................................

Figure 4.38 Answer of Participant 200 to Item 4
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Participant 200 did not identify the buttons of the elevator as integers. In the
question, ground floor was represented as zero. She had to identify the other buttons
according to ground floor. Based on ground floor being represented as “0” (zero), the
other buttons from surgery to garage were represented as “-17, “-2”, “-3”, “-4” and -5
respectively. While she was solving the question, she ignored the reference point
which was the ground floor. Consequently, she did not order the buttons with correct
integers. Therefore, taking incorrect reference point emerged as an error in the

answer of Participant 200.

The answer of Participant 75 in item 8 can be presented as an example for this type

of error.

Participant 75:

Bu problemde pozitif tam say1 sicaklifin yiikselmesi, negatif tam say1 ise sicaklign
diismesi . anlamma gelmektedir. Termometre baslangigta sicaklignt 25 Iy
gosterdigine gore sicaklik degigimlerinin her birinin sonucunda termometre kag 0Cyi

gosterir? (Say1 dogrusunda gosteriniz.) (Her bir sik i¢in baslangic sicakligi 25 0C>dir.)

Figure 4.39 Answer of Participant 75 to Item 8

Participant 75 did not use the given reference point, which was 25 °C when she tried
to solve the question. As a result, she did not find the new degrees after changes in
temperatures. She tried to solve all parts of question with different initial
temperatures such as “+10”, “-2”, “+30”, respectively. Hence, taking incorrect

reference point was seen as an error in this solution.

Not Justifying Symbol Manipulation: It was seen that not justifying symbol
manipulation is the fourth sub-category of errors based on formal knowledge. As
mentioned in 4.3.1, this error was related to irrelevant methods of solution or
numbers and numbers within the context of the problem. As can be seen in Table

4.28, it was the least seen error in the answers of the participants. In item 6-d, 1
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student (5.2%) among 38 students and in item 8, 1 student (3.6%) among 28 students
made the error of not justifying symbol manipulation. The answer of Participant 204

in item 6-d can be presented as an example for this type of error.
Participant 204:

d. Beyaz kopek baligi m1 deniz ati mi1 deniz seviyesine daha yakin yasamaktadir?
Atttz . BIIRUTL i A R

Figure 4.40 Answer of Participant 204 to Item 6-d

Participant 204 had to choose between the sea horse and the great white shark to
answer the question. Octopus was given as an answer to the question; however,
octopus was irrelevant to the question. Hence, this error type was not justifying

symbol manipulation.

To illustrate, the error made by Participant 113 was not justifying symbol

manipulation for item 8 as presented below:

Participant 113:

Bu_pr iti iikselmesi, negatif tam say ise sicakligin

elme dr Termometre _baslangicta  sicakligi 25 °C’ yl

gosterdigine gore, sxcakllk degngmlﬁ[mm he; bmgln songcunda termometre kac °Cyi
gusmm._(,Sa;u_@grusunda gdsterini 1k i 5125 °C*dir.)
Qc ...Hef.-.,..(::..c....511:?.4.4.40....25....gos+enrA.Q. .................

........ { 0..25 250 wsterir

) SR 28.:..:'.5......3031‘9‘/)46&1‘9410 ..................
52‘5 & +#30% s ,39.'..9..5.5..3’4@0...0...‘5051.‘8.0.(7 ................................
-0
> 0 e e e o e R
b/(*
< b e hox ' L e L] ’ S
q) \N +;o i R S g 1250 7
B}%‘V‘l]!llll']lly, i A L B N
s g e 2t 2 | 2S >
C) .. T S i R G i >

25 26 Q% ’)_g 29 = #30
Figure 4.41 Answer of Participant 113 to Item 8

Participant 113 could not find the correct solutions in the question. He picked some

numbers from the task and worked with them in irrelevant ways to the context of the
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problem. In more detail, he multiplied each choice with 25 °C. These multiplications
were irrelevant with the solution of the problem. Hence, not justifying symbol

manipulation was seen as an error in the answer of Participant 113.

Misusing Positive and Negative Signs: It was seen that misusing positive and
negative signs is the last sub-category of errors based on formal knowledge. As
mentioned in 4.3.1, this error was related to students’ limited conceptions about
integers. As can be observed, in item 4, 43 students (45.3%) among 95 students and
in item 6-d, 4 students (10.5%) among 38 students made the error of misusing
positive and negative signs. As an example, the answer of Participant 13 is given

below.

Participant 13:

Hastanede zemin kattan asansére binen Ayse Hanim asansdriin diigmesine
yanlig basmis ve Kan Alma biriminin bulundugu kata gidecegine Radyoloji
servisinin bulundugu kata gitmistir. Asansérde bulunan hemsireden yardim
. isteyerek bir iist katin diigmesine basmasimi istemistir. Ayse Hamim ve
hemsirenin bastigi diigmelerin numaralarini  belirleyiniz. Cevaplarimzi

aciklaymiz.

Ayse Hanim:

Hemgire:

Figure 4.42 Answer of Participant 13 to Item 4

Participant 13 did not use negative integers in her solution. She had to order the
buttons of the elevator as negative integers because all the buttons were under ground
floor. However, she expressed that “+4” and “+3” represented radiology and blood
service, respectively. Hence, misusing positive and negative signs emerged as an

error in the response of Participant 13.

99



4.3.2.2 Other Errors

Errors under this category have been mentioned in the previous section which was
about errors of comprehension of integers. There are two sub-categories of this error

type, namely ignoring the given information and making incorrect alignment.

Ignoring the Given Information: It was observed that ignoring the given
information is the first error type within the category of other errors. As mentioned in
4.3.1, students’ procedures were correct; however, their final answers were incorrect
in this error. In this error, they did not take into account some of the given
information. Only in item 8, 11 students (39.3%) among 28 students; in item 2, 10
students (16.9%) among 59 students made the error of ignoring the given
information. For example, it was seen that Participant 27 made the error of ignoring

the given information in item 8 as presented below:
Participant 27:

Bu problemde pozitif tam say1 sicakligin yiikselmesi, negatif tam sayi ise sicakhin
diismesi anlamina gelmektedir. Termometre baglangigta sicakligi 25 O0Cyi
gosterdigine gore sicaklik degisimlerinin her birinin sonucunda termometre kag ’cyi
gosterir? (Say1 dogrusundé gosteriniz.) (Her bir sik i¢in baslangi¢ sicakligi 25 OC*dir.)
a. +10°C

Figure 4.43 Answer of Participant 27 to Item 8

In his solution, the student drew number lines to represent changes in temperature. In
the question, the initial temperature was given as 25°C for all parts of the question.
However, he ignored the given information when he solved the question. He tried to
solve the question by assuming that the initial temperature was not 25°C. Hence,

ignoring the given information was seen as an error in this solution.

To illustrate, the error of ignoring the given information made by Participant 35 for

item 2 is presented below:
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Participant 35:

Simge ve Riiya sag uzunluklarini, arkadaglari Yagmur’un sa¢ uzunlugu ile
karsilastirmaktadir. Simge kendi saginin uzunlugunu Yagmur’un saginin uzunlugu ile
klyasladlgmda’ﬂ} cm oldugunu; Riiya ise kendi saginin uzunlugunu Yagmur’un saginin
uzunlugu ile kiyaslandiginda -3 cm oldugunu séyliiyor.

Bu bilgilere gére, sa¢ uzunlugu en kisa olan kimdir? Simge, Rilya ve Yagmur’un sag

uzunluklarini en kisa olandan en uzun olana gore siralayiniz. Cevabinizi agiklayiniz.
Figure 4.44 Answer of Participant 35 to Item 2

Participant 35 did not order all the girls’ hair lengths. She only ordered two of the
girls’ hair lengths. She ignored Yagmur’s hair length when ordering hair lengths. In
more detail, one of the hair lengths was missing in the student’s solution. Thus,

ignoring the given information was seen as an error in the answer of Participant 35.

Making Incorrect Alignment: As can be observed in Table 4.28, making
incorrect alignment is the second error type in the sub-category of other errors. As
mentioned in 4.3.1, students could not align the correct integers to the correct
locations, which were given in the question. In item 4, 16 students (16.8%) among 95
and in item 6-d, 1 (3.0%) student among 34 students made the error of making
incorrect alignment. For example, it was seen that Participant 177 made the error of

making incorrect alignment in item 6-d as presented below:

Participant 177:

Figure 4.45 Answer of Participant 177 to Item 6-d

Participant 177 did not align the level of the sea horse and the level of the great white
shark according to the sea level. Their levels were different; however, he said that
their levels were the same. In other words, the student said that the great white shark
and the sea horse existed at the same level. Therefore, he made the error of making

incorrect alignment.
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4.4 Underlying Reasons of Errors regarding Comprehension and Ordering of
Integers

The purpose of this study was to investigate middle school 6th grade students’
achievement levels, and the errors that they made regarding comprehension and
ordering of integers. The other purpose was to investigate the underlying reasons of
those errors. Before identifying the underlying reasons of the participants’ errors,
information about errors regarding comprehension and ordering integers was
analyzed in IAT, which students had completed before the interviews and were

presented in the previous section.

In this section, after the in-depth analysis of the responses collected from the
interviews for which the number of participants was reduced, made for the purpose
of identifying the underlying reasons of students’ errors, the reasons revealed from
the responses and explanations of the eight interview participants were categorized

under four headings.

Students' responses in the interviews showed that the reasons behind their errors
could be grouped under four categories as: misunderstanding of the magnitude of
numbers on the number line, reading the question carelessly, supposing that integers
with the same signs are closer to each other than they are to integers with the
opposite sign and, lastly, overgeneralizing properties of natural numbers to integers.
In accordance with the purpose, in this section, the researcher described possible
underlying reasons of errors students made during the learning process of
comprehending and ordering integers. Table 4.28 represents frequencies of reasons
behind errors of the students who participated in the interviews, regarding each item

on a categorical basis.
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Table.4.29 Frequencies of reasons behind students’ errors regarding comprehension

and ordering questions

REASONS
Categor | Misunderstanding Reading the Supposing integers with Overgeneralizing
ies of the magnitude of question the same signs are closer properties of natural
numbers on the carelessly to each other than they numbers to integers
ltems number line are to integers with the
opposite sign
Item 1-c 3 - - -
Item 1-f 2 - - -
Item 2 - 1 - -
Item 3 4 - - -
Item 4 4 5 - -
Item 5 - - 4 -
Item 6-c 2 - - -
Item 6-e 4 - - -
Item 6-f - - - 2
Item 7 - 2 - -
Item 8 - 6 - -
Total 19 14 4 2

According to Table 4.28, the most popular reason was misunderstanding of the
magnitude of numbers on the number line. Reading the question carelessly was the
second popular reason. Although they were not too frequent, supposing integers with
the same sign are closer to each other than they are to integers with the opposite
sign and, overgeneralizing properties of natural numbers to integers were other
reasons behind students’ errors. Examples of students’ responses and explanations to

interview questions are given below under the category headings given in Table 4.28.
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Misunderstanding of the Magnitude of Numbers on the Number Line

It was seen that misunderstanding of the magnitude of numbers on the number line is
the first and the most popular underlying reason of students’ errors regarding
comprehension and ordering of integers. This underlying reason appeared when
students could not identify or order integers on the number line correctly. As it was
seen in Table 4.29, this reason was observed in item 1-c, item 1-f, item 3, item 4,
item 6-c and item 6-e. In item 1-c, 3 students; in item 1-f, 2 students; in item 3, 4
students; in item 4, 4 students; in item 6-c, 2 students and in item 6-e, 4 students
made errors owing to this underlying reason. In addition to these, there were two
different versions of the reason of misunderstanding of the magnitude of numbers on

the number line.

The first version of the reason was observed in item 1-c. Findings revealed that
students had difficulties in understanding the some of the properties of numbers on
the number line. In more detail, they considered that the left of zero on the number
line represented positive integers, whereas the right of zero on the number line
represented negative integers. The conception of the number line was not learned
completely by the students. Students were confused about the places of the positive
and negative integers in reference to zero on the number line. Participant 80 was one
of the students who made an error which is misusing negative and positive signs in
item 1-c because of the misunderstanding of the magnitude of numbers on the
number line and she explained her method of solution as follows:

¢) Sayi dogrusunda sifirin 12 birim solu......... )“\9—-—. .......................

Figure 4.46 Answer of Participant 80 to item 1-c

Participant 80: “The answer is +12 because when you go to the right of the
number line, numbers decrease. When you go to the left of the number line,

numbers increase.”

As can be clearly seen in the explanation of the student, Participant 80 considered the

left of the zero on the number line to represent positive integers. She also considered
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the right of the zero on the number line to represent negative integers. She confused

the places of positive and negative integers in reference to zero on the number line.

The second version of this reason was observed in item 1-f, item 3, item 4, item 6-c
and item 6-¢. Students do not comprehend the actual meaning of “depth” in reference
to sea level or water surface. Actually, the meaning of depth includes under sea level
or under 0. However, students ignored the actual meaning of “depth” when they tried
to solve integer questions. Thus, students could not determine the locations under
water by using negative integers. Furthermore, they considered that when the depth

increased, the number which represented the depth also increased.

Participant 94 was one of the students who made an error which is misusing negative
and positive signs in item 1-f because of misunderstanding of the magnitude of

numbers on the number line, and she explained her method of solution as follows:

@1200 metre derinlik N *'(m AT SR S

Figure 4.47 Answer of Participant 94 to item 1-f

Participant 94: “The answer is +1200. If the depth increases, the number will
increase. The deeper the location is, the bigger the number which represents the

depth is.”

Although her response suggested that she viewed her explanation meaningful, she
did not successfully answer the question, in which the student was expected to
indicate the 1200 meter depth as -1200. According to Participant 94, when the depth
increased, the integer also increased. So she considered that the depth should be

represented with a positive integer instead of a negative integer.

Participant 94 was one of the students who made an error which is misusing negative
and positive signs in item 3 because of misunderstanding of the magnitude of

numbers on the number line and she explained her solution as follows:
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Bir akvaryumdaki dort baligin konumu sekilde gdsterilmistir. Akvaryum tamamen su
ile doludur ve su yiizeyi 0 m’dir. Akvaryumun solunda verilen ¢izgilerin her birinin arasi
Im’dir. Buna gore baliklarin konumlarini gosteren A, B,C,D noktalarina kargilik gelen tam

sayilar1 yazimz. & . a

R — ‘
A i A noktasi:
{M— @ B noktas: 2_
B C noktast: ﬂ;
fm c @ D noktasx:A
e | OO
D

ol OO0
G r—

Figure 4.48 Answer of Participant 94 to item 3

Participant 94: “The aquarium shows which fish is at the deepest point or the
shallowest point. Which fish is at the deepest point is given in the question as
information. If the sea level is represented with O, the location of fish A is -1.

Sorry, +1. If we go one unit below sea level, the location of fish A will be +1.”

Analysis of the explanation provided by Participant 94 shows that she could not
successfully answer the question that required the student to identify the location of
fish A as -1 meter. Participant 94 had difficulty seeing the relationship between the
depth and negative integers. So she considered that the depth should be represented

with a positive integer instead of a negative integer.

Participant 95 was one of the students who made an error which is misusing negative
and positive signs in item 3 because of misunderstanding of the magnitude of

numbers on number line and he explained his method of solution as follows:
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Bir akvaryumdaki dort baligin konumu sekilde gosterilmistir. Akvaryum tamamen su
ile doludur ve su yii;eyi 0 m’dir. Akvaryumun solunda verilen ¢izgilerin her birinin arasi

Im’dir. Buna gore baliklarin konumlarini gosteren A, B,C,D noktalarina karsilik gelen tam

sayilari yaziniz. i " - »
0M e
A 3 A noktasi: 1 M

/\(Fﬂ— @ B noktast: 2 /)
- B C noktast: ,r g

Y — < x> ;

4 c D noktast: )
| ‘o0

; D

41— oo

T

Figure 4.49 Answer of Participant 95 to item 3

Participant 95: “The locations of fish A, B, C and D are +1, +2, +3 and +4,

respectively because the fish are under water level in the aquarium.”

As can be clearly seen in the explanation of Participant 95, he did not need to use
negative integers to represent the locations of the fish under the O level in the
aquarium. He considered that the inside of the aquarium should be represented with
positive integers instead of negative integers. He confused the places of positive and

negative integers according to 0 level in an aquarium.
Reading the Question Carelessly

It was observed that reading the question carelessly is the second underlying reason
of students’ errors regarding comprehension and ordering of integers. This
underlying reason appeared when students could not understand the question
completely. Moreover, students could not comprehend what was asked in the
question and some of the statements given in some questions. Students understood
questions; however, their understandings missed a piece of information from the
question. These incomplete understandings ended up with incorrect answers in

students’ solutions.

As it was seen in Table 4.29, this reason was observed in item 2, item 4, item 7 and
item 8. In item 2, 1 student; in item 4, 5 students; in item 7, 2 students; and also in

item 8, 6 students made errors owing to this underlying reason.
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Participant 75 was one of the students who made an error which is ignoring the given
information in item 6-e because of reading the question carelessly and he explained

his solution as follows:

erblrcanlmm asadigi derjnligi tam say1 ola:ak 1fadee : ;
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Figure 4.50 Answer of Participant 75 to item 6-e

Participant 75: “I ordered the depths of each sea creatures from the smallest to
the biggest. I notice what is asked in the question, now. The ordering was not
asked in the question. However, | ordered the integers in item 6-e. | confused
the questions of 6-e and 6-f.

As can be clearly seen in the explanation of Participant 75, he did not understand the
given information in the question correctly. He did not understand what was asked in

the question. Hence, he could not give the correct answer for this question.

Participant 95 was one of the students who made an error which is ignoring the given
information in item 4 because of reading the question carelessly and he explained his

solution as follows:
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Figure 4.51 Answer of Participant 95 to item 4
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Participant 95: “I did not notice that the numbers of the buttons should be
identified as integers. So | did not use an integer when | explained the answers.
Ayse went to radiology. The nurse went to the blood selection service. Later
Ayse wanted help from the nurse in order to go to the blood selection service.
However, | noticed that | needed to give my answer by using integers after |
read the question again. The button which was pressed by Ayse is -4. The

button which was pressed by the nurse is -3.”

Although his response suggested that he viewed his explanation meaningful, he did
not successfully answer the question that required him to identify the buttons which
were pressed by the nurse and Ayse. He could not understand all the given
information in the question completely. So he did not use the numbers when he gave

his answers to item 4.

Supposing integers with the same sign are closer to each other than they are to

integers with the opposite sign

Table 4.29 demonstrates supposing integers with the same sign are closer to each
other than they are to integers with the opposite sign is the third underlying reason of
students’ errors regarding comprehension and ordering of integers. This underlying
reason appeared when students considered that a negative integer is always closer to
another negative integer than a positive integer. Meanwhile, a positive integer is
always closer to another positive integer than a negative integer. Furthermore,
students ignored the distance between two integers when they tried to find the
furthest one between a negative and a positive integer according to another negative
integer. They considered that a positive integer is always further away to a negative
integer than another negative integer without any calculation of the distance between
integers.

As it was seen in Table 4.29, this reason was observed only in item 5. In item 5, 4

students made an error owing to this underlying reason.

Participant 88 was one of the students who made an error which is misusing negative
and positive signs in item 5 because of supposing integers with the same sign are
closer to each other than they are to integers with the opposite sign, and he explained

his solution as follows:
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Hangi sicaklik -2 OC ye daha uzaktir? (Asagidaki her bir ik i¢in soruyu yanitlayimz.)
Cevaplarinizi kendi ciimlelerinize gore agiklaymiz.

a. 6°C mi? -6 °C mi? Neden?™-

b§7 OC mi? 3 °C mi? Neden? . -
E " & ; e

Figure 4.52 Answer of Participant 88 to item 5

Participant 88: “A negative integer is closer than a positive integer to another
negative integer. -6 and -2 are negative integers, so -6 and -2 are closer to each other

than +6.”

Participant 88 considered that a negative integer is always closer to another negative

integer. This idea caused him to provide an incorrect answer.

Overgeneralizing properties of natural numbers to integers

It was observed that not realizing differences between integers and natural numbers
is the fourth underlying reason of students’ errors regarding comprehension and
ordering of integers. When students did not realize differences between integers and
natural numbers, this reason of making an error emerged. Students overgeneralized
properties and rules of natural numbers to integers, so they gave incorrect answers to
integer questions. For instance, students considered that -1 is the smallest negative
integer in all negative integers. As it was seen in Table 4.29, this underlying reason
was observed only in item 6-f. In item 6-f, 2 students made errors owing to this
underlying reason.

Participant 75 was one of the students who made an error which is ordering as
inverse sequence in item 6-f because of overgeneralizing properties of natural

numbers to integers, and he explained his solution as follows:

%&c sikkinda buldugunuz tam sayilar: kiigiikten biiytige siralayiniz.
G AR ,) F 0 BT 1 S SR
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Figure 4.53 Answer of Participant 75 to item 6-f

Participant 75: “The answer is -25< -50< -75< -100< -125 because 25 is normally

smaller than the other numbers.”

The analysis of the explanation provided by Participant 75 shows that he
overgeneralized the rules for natural numbers to integers, especially in ordering

questions. Thus, his answer was incorrect.

As a consequence, this study showed middle school sixth grade students’
achievement levels, the errors they made regarding comprehension and ordering of

integers. In addition, there were various reasons underlying those errors.

4.5 Summary of Findings

The aims of this study were three-fold. The first purpose of this study was to
investigate middle school sixth grade students’ achievement levels while solving
questions regarding comprehension and ordering of integers. According to the
findings of the study, achievement level of students was higher in comprehension
questions; also achievement level of students was medium in ordering questions. As
a matter of fact, students’ achievement level was higher in comprehension questions

than ordering questions.

The second purpose of the present study was to investigate errors made by middle
school sixth grade students related to comprehension and ordering of integers.
According to the results, it was found that the students made errors while solving the
questions related to comprehension and ordering of integers. Their errors were
categorized into two main categories as: errors based on formal knowledge of
integers and other errors. Errors based on formal knowledge of integers had three
sub-categories regarding comprehension questions as: applying incomplete solution
strategy, not justifying symbol manipulation and misusing positive and negative
signs. The most common error was misusing positive and negative signs in the sub-
categories of errors based on formal knowledge regarding comprehension questions.
Other errors have two sub-categories regarding comprehension questions as:
ignoring the given information and making incorrect alignment. Moreover, nearly an

equal number of students made these errors. On the other hand, while students tried
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to solve the questions regarding ordering questions, they also made some errors from
each main category. Errors based on formal knowledge of integers had five sub-
categories regarding ordering questions as: ordering as inverse sequence, ordering as
arbitrary sequence, taking incorrect reference point, not justifying symbol
manipulation and misusing positive and negative signs. The most common error was
ordering as inverse sequence in the sub-category of errors based on formal
knowledge regarding ordering questions. Other errors have two sub-categories which
are same with sub-categories of other errors regarding comprehension questions.

Furthermore, nearly an equal number of students made these errors.

The third purpose was to investigate underlying reasons of errors made by middle
school sixth grade students regarding comprehension and ordering of integers.
According to the results, four reasons were found behind students’ errors regarding
comprehension and ordering of integers; namely, misunderstanding of magnitude of
numbers on the number line, reading the question carelessly, supposing integers with
same signs are closer to each other than they are to integers with opposite sign and
lastly, overgeneralizing properties of natural numbers to integers. The most
frequently found reason was misunderstanding of magnitude of numbers on the

number line.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

The motivation for this study was to investigate middle school sixth grade students’
achievement levels and to examine errors made by the students regarding
comprehension and ordering of integers. The study also aimed at revealing
underlying reasons of the errors made by the students. In Chapter I, the need for
analyzing students’ achievement levels, errors and underlying reasons of the errors
they made while solving questions regarding integers was established. In Chapter I,
definitions of error, misconception and integer were provided. Furthermore, the
results of several studies related to integers, errors made by students’ errors and
difficulties encountered by students related to integers were mentioned. Next,
Chapter 11l dwelled on the development of the achievement test in addition to
research design and methodology. Both quantitative and qualitative findings of the
study were presented in parallel with the research questions in Chapter I1V. This final
chapter concentrates on the research questions in light of the quantitative and
qualitative findings in Chapter 1VV. Moreover, some implications for educational

practices are suggested and some recommendations are made for future studies.
5.1 Discussion of the Results

The purposes of this study were to investigate middle school sixth grade students’
achievement levels and errors they made regarding comprehension and ordering of
integers. This study also aimed at examining the underlying reasons of errors.

This chapter is organized in such a way that each section refers to the research
questions in order. To be more specific, in the first section the achievement levels of
the participants in comprehension and ordering questions are discussed. Next,

students’ errors are discussed with an emphasis on their frequencies. Lastly, the
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underlying reasons of students’ errors are discussed. The results are also compared

and contrasted with previous research studies in the literature.
5.1.1 Discussion of Achievement Level

To address the first research question, the achievement levels of students in
comprehension and ordering of questions were investigated. The results of middle
school sixth grade students’ answers to the five comprehension questions showed
that the majority of them answered the questions correctly. In other words, in most of
the comprehension questions, nearly two third of the students gave correct answers.
More specifically, 204 students among 269 students answered the first
comprehension question correctly; 174 students among 269 students answered the
second comprehension question correctly; 182 students among 269 students
answered the third comprehension question correctly; and 96 students among 269
students answered the fourth comprehension question correctly. Lastly, 251 students,
249 students and 162 students among 269 students correctly answered the fifth
comprehension questions parts b, ¢ and e, respectively. This high achievement level
of students might be due to their experiences in the three understandings of number;
namely, an ordinal, a cardinal, and a formal understanding of number (Bishop et al.,
2013; Baroody & Wilkins, 1999; Clements & Sarama, 2007; Fuson, 1992; Lakoff &
Nuiiez, 2000). In more details, students have experience related to cardinality of
numbers so this experience might help students to identify integers. Moreover, each
of these understandings contribute highly to the comprehension of integers, and
students utilize more than one understanding of number to reason when they solve
comprehension questions in the IAT (Bishop et al., 2013). Another reason of the high
achievement level of students might be due to their internal representations regarding
negative numbers before they receive formal school instruction on negative integers
(Peled, Mukhopadhyay & Resnick, 1988). In other words, before students learn the
concept of integer in the school, they hold some information and experience related

to negative numbers.

More specifically, the achievement of students in comprehension question 1 may
derive from the fact that students’ teachers might generally have used the statements
asked in the question to introduce the integer topic. For example, teachers use

statements such as “500 m above sea level”, which was asked in the question, as real
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life examples of the integer topic. Moreover, students’ textbooks include similar
statements which consist of daily life examples related to integers. The achievement
level of nearly two third of students in comprehension questions 1, 2, 3 and 5 (item b,
item ¢ and item e) was found to be high. This might be due to the fact that these four
questions involve models such as the aquarium, deck of cards, number line, and a
picture from under sea level. Models have been used to help students obtain a better
understanding of integers and should help to connect mathematics to the world in
which the learner lives. In this way, students can convert abstract ideas to concrete
form which students can relate (Steiner, 2009). Thus, models included in the
comprehension questions help students understand the questions more easily and
concretely, thus enabling students to obtain high achievement levels in
comprehension questions 1, 2, 3 and 5 (item b, item ¢ and item €). When the
achievement levels of students in comprehension question 4 were taken into
consideration in comparison to those of other comprehension questions, the findings
revealed that there was a decrease in the achievement level of students. More
specifically, only 96 students among 269 students answered comprehension question
4 correctly. In the question, students had to decide upon the closer integer to the
given integer which was different from zero. In the textbooks, there are such
questions asking for the integer that is closer to zero. However, there is no question
that asks for the integer that is closer to the given integer which is different from
zero. In fact, the questions in the textbook require students to find the closer integer
according to only zero. Therefore, the lower achievement levels in this question
might be due to the fact that the question is different from the questions given in the
textbooks of the students in the integer topic. This reason is also valid for the
moderate level of achievement of students regarding ordering question 3, in which
students were asked to find the final temperatures according to the changes given in
the question by using a number line. Moreover, the moderate level of student
achievement in ordering question 3 might have resulted from the fact that students
could not use the number line efficiently. Consequently, it can be said that students
were not familiar with the type of questions asked in comprehension question 4 and
ordering question 3 in terms of the context used in the question, so there was a
decrease in the achievement levels in comprehension question 4 and ordering

question 3.

115



It was observed that comprehension question 5 (item b) was the most correctly
answered comprehension question, whereas comprehension question 4 was the least
correctly answered one. When the highest rate of correct answers in comprehension
question 5 (item b) is to be considered, it might be the case that students can see the
depths of each sea creature from the picture given in the question directly. In more
detail, students do not need to interpret any information given in the question to give

a correct answer to comprehension question 5 (item b).

According to the results of middle school sixth grade students’ answers to the
ordering questions, it was found that nearly all students correctly answered ordering
question 4 (item a), nearly two third of them correctly answered ordering questions 1,
4 (item d) and nearly half of them correctly answered ordering questions 2, 3 and 4
(item f). More specifically, the number of students who answered ordering question 1
correctly was 172 out of 269. For ordering question 2, 121 students among 269
students answered the question correctly. In ordering question 3, 111 students among
269 students answered it correctly. The number of students who answered ordering
question 4 correctly was 241 out of 269, 218 out of 269 and 100 out of 269 for 6a, 6d
and 6f, respectively. Students’ achievements in the ordering questions were found to
be at moderate level. The reason of this finding may be the case that some ordering
questions involve a number line. Students used to use number lines when they
ordered numbers. Resnick (1983) claimed that even before school entry, most
children constitute a mental number line for the positive numbers. Primarily, children
use the number line to compare the relative sizes of numbers, and after the first years
of school they progressively connect to the number-line representation to the
operations of addition and subtraction (Resnick, 1983). Number lines made ordering
integers easy for students. In other words, students understood the ordering questions
and they ordered integers easily because number lines helped them to order integers.
Thus, students’ familiarity with number lines facilitated ordering integers, enabling

students’ to obtain moderate levels of achievement in ordering questions.

Another reason of this finding may be the case that students learn counting and
reasoning about smaller and greater, children experienced ordering, initially (Bishop
et al., 2013). In other words, they used to order reasoning about smaller and greater.

However, reasoning about greater and smaller with negative numbers is difficult for
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students when the findings of Isgiiden (2008) are taken into account. Students still
think that the way to compare two negative numbers is the same as the way to
compare two positive integers (Julie et al., 2013). This erroroneous way of thinking
might be the reason why the achievement level of students in the ordering questions
was not high. To be more specific, the moderate achievement level of students in
ordering question 1 may derive from students’ reasoning about smaller and greater
because many of the students solved these questions using the strategy of comparing
instead of representing each hair length as an integer and then ordering these
integers. As mentioned previously, students learn to reason about smaller and greater
in early grades (Bishop, 2013 et al., 2013). The reason underlying the moderate
achievement level of students in ordering question 2 might be students’ challenges in
understanding gradual parts of the question. In more detail, students have to answer
the first part of the question before they answer the second part of the question. The
lowest achievement level of students was observed to be in ordering question 4,
which includes part f. This might have resulted from students’ generalizations about
whole numbers and integers. In the question, students were expected to order five
negative numbers from the smallest to the biggest. However, some of them ordered
the negative numbers by considering them as positive numbers. For example,
students thought that -25 is smaller than -50. In fact, students considered negative
numbers as whole numbers. They generalized what they already knew to be true
about whole numbers to operations in integers (Bishop et al., 2013). Hence, the
reason why students obtained the lowest achievement level in ordering questions 4,
which includes part f, can be attributed to students’ generalization of the rule of

ordering whole numbers to ordering negative numbers.

To sum up, the findings indicated that students’ achievement level in comprehension
questions is higher than their achievement level in ordering questions. In fact, the
results revealed that students obtained high achievement levels in more of the
comprehension questions than they did in the ordering questions.

5.1.2 Discussion of Students’ Errors Regarding Comprehension and Ordering

of Integers

The students’ errors were investigated to address the second research question of the

present study. The results of the study revealed an overall lack of experience of
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students with integer concepts. The students made errors in the items that assessed
their knowledge regarding comprehension and ordering of integers. Considering the
students’ errors based on IAT items, two main groups of errors based on formal
knowledge and other errors were identified regarding comprehension and ordering of
integers. The category of errors based on formal knowledge have six sub-categories,
namely applying incomplete solution strategy, not justifying symbol manipulation,
misusing positive and negative signs, ordering as inverse sequence, ordering as
arbitrary sequence and taking an incorrect reference point. The second category
called other errors has two sub-categories, namely ignoring the given information

and making incorrect alignment.

Errors based on formal knowledge revealed information regarding the students’
conceptual knowledge. The most common error based on formal knowledge was the
misusing of positive and negative signs. In this error, students used positive integers
instead of negative integers. This finding was also consistent with the findings of
previous research studies in which students’ errors and difficulties regarding integers
were reported (Dereli, 2008; Hayes and Stacey, 1990; Janvier, 1983; Kilhamn, 2008;
Koriikcti, 2008). The reason of this error might be students’ lack of conceptual
knowledge regarding integers since if they had conceptualized the integers as a
different number set from whole numbers, they might not have made this error. In
other words, the students who made this error might not have known the difference
between negative and positive numbers. Students who made the error of misusing
positive and negative signs did not represent the depths given in the questions as
negative integers. Another example is that students who made this error did not
represent the left of the number line with a negative integer. This might be due to the
fact that students might not have known the relationship between integers and natural
numbers, which is in line with the findings of Kéroglu and Yesildere (2004). The
second common error based on formal knowledge was ordering as an inverse
sequence, which was made while ordering integers given in the questions. This error
might also have occurred due to the lack of conceptual knowledge regarding integers
since most probably they ordered the integers by considering them as natural
numbers. To state it differently, students assumed that the properties of integers and
natural numbers were the same, so they could not order the given integers correctly,

which is in line with the findings of Julie et al. (2013). In other words, many students
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still make errors when they compare two negative integers because they think that
the way to compare two negative numbers is the same as the way to compare two
positive integers (Julie et al., 2013). The third common error based on formal
knowledge was ordering as arbitrary sequence. The students who made this error
ordered integers randomly. This error might also have occurred due to lack of
conceptual knowledge regarding integers and the concept of ordering since it is
highly likely that they ordered integers randomly. In fact, students’ lack of
conceptual knowledge regarding the concept of ordering was the main reason of
ordering as arbitrary sequence. These findings concur with the findings of Bishop et
al. (2014) because in their study, they stated that ordering relations or an order-based
understanding of negative numbers is a cognitive affordance for children’s integer
reasoning. Order-based understanding of negative numbers poses difficulties for the
students so they made errors in ordering as arbitrary sequence. Hence,
overgeneralizing properties of natural numbers to integers might be the main reason
underlying the misusing of positive and negative signs, ordering as inverse sequence

and ordering as arbitrary sequence.

Taking the incorrect reference point was another error based on formal knowledge.
The students who made the error of taking the incorrect reference point did not
understand the right reference points in the questions. In more detail, this error was
observed when the students did not understand the given reference points in the
questions and, thus, based their answers on incorrect reference points. In other
words, they tried to solve the questions by ignoring the given reference points. For
this reason, taking the incorrect reference point was observed as a sub-category of
errors based on formal knowledge. This might be due to the fact that students may be
unfamiliar with these types of questions which required taking the reference point as
zero and then identifying other integers in the questions. In parallel with the findings
of Steiner (2009), students need to understand that zero as a reference point can be
considered in many different ways in order to overcome the error of taking the

incorrect reference point.

Applying an incomplete solution strategy was another error based on formal
knowledge. This sub-category of error based on formal knowledge was observed

when students knew the general method of solution in a question; however, they

119



could not apply the method. The reason of this error might be students’
incompetence of applying their solution plan to the questions. In fact, although
students are conscious about the ways of correct solutions, they did not know how
they could implement their plan in order to solve the questions correctly. The last
sub-category of error based on formal knowledge was not justifying symbol
manipulation. This error emerged when students just picked some numbers or words
from the task and worked with them in ways irrelevant to the context of the question
or tried to identify an integer with irrelevant numbers. This error was also observed
in some other studies (Janvier, 1983; Linchevski & Williams, 1999). Besides,
students might not have understood the given information in the questions, causing
them to work with irrelevant numbers instead of the given integers. In fact, students
worked on methods of solutions that were inappropriate instead of correct methods
of solution, so the error of not justifying symbol manipulation was observed. The
reason of this error might be students’ lack of general mathematical knowledge. To
be more specific, the students’ lack of mathematical knowledge related not only to

the integer concept but also to other mathematical topics.

On the other hand, there were errors other than the errors based on formal
knowledge, which was mentioned under the category of other errors. The most
common type of errors within this category was ignoring the given information. This
error was observed when students did not take into consideration all the information
given in the questions. This may have resulted from making a minor error while
reading the questions carelessly since most of the students who made this error read
one or two pieces of information incorrectly. Another reason underlying the other
errors sub-category might be the lack of students’ understanding of what was being
given and what was being asked for in the questions. The last sub-category of other
errors was making incorrect alignment. In this error, students could not align the
correct integers to the correct locations which were given in the question. In other
words, the students were confused about the location of the integers given in the
picture or model in the questions, thus causing this error to emerge. Some common
explanations might be given for these findings. The common reason underlying these
errors might be reading items carelessly since the given answers were not
appropriate. In other words, the reason underlying them might be the insufficient

attention devoted to the reading of the questions.
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5.1.3 Discussion of Underlying Reasons of Students’ Errors Regarding
Comprehension and Ordering of Integers

To address the third research question, the reasons underlying students’ errors were
investigated. The findings related to this research question were discussed in the
following parts in order of most to least frequently observe. Analyses revealed four
reasons that were common for students’ errors regarding comprehension and
ordering questions. These were misunderstanding of the magnitude of the numbers
on the number line, reading the question carelessly, supposing that integers with the
same signs are closer to each other than they are to integers with the opposite sign
and, lastly, overgeneralizing the properties of natural numbers to integers. Besides,
the most common reason was found: misunderstanding of the magnitude of the

numbers on the number line.

To begin with, misunderstanding of the magnitude of the numbers on the number
line seemed to be a problem that was hindering students’ from giving the correct
answers in the questions. Similarly, low achievement of students was documented in
previous studies (Bishop et al., 2013; Widjaja et al., 2011). In line with the results of
these studies, the findings of the present study highlighted students’ lack of
knowledge regarding the number line and the magnitude of numbers. For instance,
some students considered that the left of zero on the number line represented positive
integers, whereas the right of zero on the number line represented negative integers.
This inadequate and incorrect knowledge constituted a handicap mostly in
comprehension questions 1 (item c, item f), 2, 5 (item c, item e) and ordering
question 2. This finding of the current study is consistent with that of Widjaja et al.,
(2011), who explored misconceptions regarding the number line. This finding was
parallel with the results of the study of Baturo (2000). In the study, it is suggested
that the number line comprises a difficult model for students to manipulate (Baturo,
2000). The reason for this finding might be related to the fact that while teaching the
number line, the teacher may not be laying sufficient emphasis on all its properties
and he/she may not be giving students the opportunity to gain practice in examining
all the properties of the number line. In fact, students’ experiences related to the

number line are not sufficient to solve integer questions by using the number line. In
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addition, students’ teachers might not have used sufficient examples with the number

line related to integers in their classroom instruction.

Another example is that some students did not infer that the meaning of below zero
or left of the number line could form the word “depth”. In more detail, they
considered that when the depth increased, the number which represented the depth
also increased because students had misunderstandings about the magnitude of
numbers on the number line. To illustrate, students represent a depth, which shows
the place of sea creatures under sea with a positive number instead of a negative
number. The findings of the present study revealed that students do not need to use
negative integers to represent a depth. It might be inferred that students were also
unfamiliar with the examples which involved “depth”. If teachers use vertical
number lines instead of usual number lines, students might use negative integers to

represent a depth.

As a second common underlying reason of students’ errors regarding comprehension
and ordering of integers was reading the question carelessly. Generally, students’
procedures were correct; however, their final answers were incorrect because of lack
of attention. In fact, students could not comprehend exactly what was asked in the
question and some of the statements given in some questions. To be more exact,
students actually understood the questions; however, their understandings missed a
piece of information incorrectly. These understandings ended up with incorrect
answers in their methods of solution. This finding is in agreement with the findings
of Ryan and William (2007), which showed these reasons do not stem from students’
conceptual development, but from students’ lack of adequacy in mathematical

language (Yurtsever, 2012).

Data analysis also demonstrates that supposing that integers with the same signs are
closer to each other than they are to integers with the opposite sign was the third
reason, which is also a misconception. This was observed in only ordering question
2. Students ignored the distance between two integers when they tried to find the
furthest one between a negative and a positive integer according to another negative
integer. They considered that a positive integer is always further away to a negative
integer than another negative integer without any calculation of the distance between.

For example, this might be due to the fact that students were confused about the
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places of negative numbers on the number line (isgiiden, 2008). The students
misapplied the rules for ordering natural numbers to integers. In more detail, the
students were unable to combine the information of negative numbers and the

number line; therefore, they could not make a correct judgment of ordering integers.

As a fourth and last reason underlying students’ errors regarding comprehension and
ordering of integers was overgeneralizing properties of natural numbers to integers,
which is also a misconception. This reason emerged only in ordering question 5
(item f). Literature review revealed that students have a tendency to make errors
because of overgeneralizing properties of natural numbers to integers (Bruno et al.,
1999; Linchevski & Williams, 1999; Ponce, 2007; Pratiwi et al., 2013). In line with
the findings of previous research, some students experienced difficulties in the
question in such a way that they ordered negative numbers by assuming them like
natural numbers. In other words, students try to interpret negative numbers based on
their actual knowledge on whole numbers. However, the number of students who
made errors because of overgeneralizing properties of natural numbers to integers
was found to be low despite the great emphasis on this reason, which is also a
misconception as stated in the related literature. That is to say, the students could
deal with the ordering questions that required ordering negative and positive
numbers, and a few students experienced challenges. This finding might have
resulted from the fact that the ordering questions in the current study, such as item
item f, were conventional ordering questions that appear in the initial stages of
formal learning of ordering positive and negative numbers. In other words, students
might have recognized the question structure as usual questions that they deal with in
their school lessons. Considering the analysis results of the interview data, it can be
inferred that students focus solely on the sentences and numbers in the problem.
Therefore, while interpreting the results of the current study it is important to note
that the high or moderate level of achievement in comprehension and ordering
questions should not be understood as if students’ understanding of integer is
conceptual. In fact, students might not have sufficient conceptual understanding
related to integers, which can be inferred from analysis results of the data obtained in

interviews.
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All in all, it was seen that the results of this study not only confirmed the findings of
previous studies but also moved the discussion one step ahead. The present study not
only examined students’ achievement level in comprehension and ordering questions
but also dealt with errors of students and why they might have solved the questions
incorrectly. Therefore, this study took a deeper look at students’ development of
integer reasoning, particularly comprehending and ordering integers, and hence
obtained the elements of the bigger picture. Thus, it is highly likely that the findings
of this study will provide some implications for educational practices and
recommendations for further studies. Therefore, the following two sections seek to
shed light into the practical and research-based issues in line with the findings of the

present study accompanied with the findings of previous studies.
5.2 Implications for Educational Practices

Findings of the present study revealed that students’ achievement level in ordering
questions were at moderate level. However, despite this moderate level of
achievement in ordering questions, it was observed that students also made errors
regarding ordering of integers. In fact, a moderate level of achievement in ordering
questions does not indicate that students might not have made errors in ordering
questions. It was discussed that a moderate level of achievement of students in
ordering questions might be resulting from the fact that students learn counting and
reasoning about smaller and greater. In fact, children experienced ordering, initially
(Bishop et al., 2013). In other words, they used to order reasoning about smaller and
greater in their early years of education. Therefore, decreasing or preventing
students’ errors in ordering questions, should be promoted in order to develop
students’ conceptual understanding of ordering integers. Students’ errors increase
particularly in non-routine questions in the IAT. Hence, non-routine questions, such
as ordering question 1, should be asked to students when the teacher covers the
ordering of integers in order to develop students’ understanding regarding ordering

of integers.

The findings of this study provides mathematics teachers, curriculum developers,
textbook writers and teacher educators with essential information related to students’
achievement level in comprehension and ordering questions, students’ errors

regarding comprehension and ordering of integers and the underlying reasons of
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students’ errors. The findings of this study revealed that sixth grade students made
six different errors regarding comprehension and ordering of integers. Mathematics
teachers, curriculum developers, textbook writers and teacher educators should take
the students’ errors into consideration to establish an effective teaching environment

and prepare effective learning materials while teaching the integer concept.

More specifically, teachers could benefit from findings of the study regarding middle
school sixth grade students’ errors and underlying reasons of these errors regarding
comprehension and ordering of integers. Firstly, teachers could benefit from middle
school sixth grade students’ errors and reasons of the errors regarding comprehension
and ordering of integers. Seminars or in-service programs to provide awareness may
be organized for teachers in order to prepare suitable teaching plans which could
eliminate the errors. For example, teachers can solve additional questions regarding
comprehension and ordering integers in order to develop middle school students’
conceptual understandings of integers. Hence, their errors can be eliminated.
Moreover, some of the students’ errors might be due to their misconceptions. Hence,
the teachers can become aware of students’ errors and in this way they can
investigate the reasons underlying students’ errors regarding comprehension and
ordering of integers. Some of the reasons underlying students’ errors might be
misconceptions regarding the concepts. Thus, teachers can find appropriate solutions

and overcome those errors and misconceptions.

Furthermore, teacher educators can also benefit from the findings of the study. More
specifically, pre-service middle school mathematics teachers can be informed about
middle school students’ errors and the underlying reasons of errors regarding
comprehension and ordering of integers. Since pre-service teachers will be aware of
the defined errors and the reasons underlying them, they can prepare suitable
teaching plans to prevent these errors when they are in-service teachers. In addition,
discussions related to how pre-service teachers make their prospective students
understand the comprehension and ordering of integers might improve their
pedagogical content knowledge related to integers. These discussions could be
beneficial for improving pre-service teachers’ affects in teaching the concept of

integers conceptually.

125



5.3 Recommendations for Further Research Studies

The participants of the current study were selected by means of convenience
sampling from the accessible population which consisted of public schools in the
Etimesgut District of Ankara. Since the sampling method is not one of the random
sampling methods, the findings of the study could not be generalized to a large
population. Some recommendations might be made considering the sample of the
study. In order to generalize the findings of the study to a population, the same study
could be replicated with a sample randomly selected from nationwide schools in such

a way that the sample would be representative of all sixth grade students in Turkey.

As mentioned above, the concept of integer is complex and cannot be understood and
learned all at once by children; it has to be acquired through a long process of
sequential development through carefully organized sequences of teaching. There is
still much scope in this area for further research. The researcher investigated the
errors and possible reasons of sixth graders’ errors through the application of IAT
and an interview to analyze the answers of the students in-depth. Further research
could be designed as interventions to find out how misconceptions which emerged as
the reasons of errors can be remedied. In other words, in further work, an
experimental research could be done by designing a method of instruction to

examine the effect of the treatment.

The research in this study may prove useful in the areas of both professional
development of teachers and practice. The identification of these specific errors
related to integers along with their reasons can be a powerful tool to pinpoint the

weak areas in instruction that need to be developed further.

This study was designed as a survey method supported with individual interviews;
hence, some changes might be done in the research methodology of the present
study. In order to see the changes in students’ achievement levels, errors and reasons
of the errors, a longitudinal study beginning with students in sixth grade and
observing the same students’ development of comprehension and ordering of
integers throughout their middle school education might be conducted. In other
words, further studies could be conducted with a smaller group that can be observed

for the changes over a few years.
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Kurum yonetcilent uygun gordugu takdude gonulluluk esasina gore uygulanmasint rica

edenim
Celalettin BAKIR
Ilge Milli Egitim Muduru a
Sube Muduiu
EKLER

1-Anket (7 sayfa)

Dagitim
1-Erzurumlu Ibrahim Hakki Ortaokulu
2-Hasan sukian Saiuhan Ortaokulu

Bu belge 5070 savih Flekuonih Imza Kanununun 5 imci maddes: gercginee guvenh clehnonik imza 1le imzalanmigtue
viak tevidrhup Zcviaksorgu meb gov i adiesinden 1R2¢a-bY6-3dd3-b892-0022 kodu 1le vapilabili

Istasyon Mh Akasya Cad 06790 Lumesgu/ANKARA Ayrmuli bilgiigin Scylettin YILDIZ Set
I lekuonmk Ag hitp //etimesgut meb gov u/ Tel (0312)245 1602
c-posta etimesgutl6@meb gov Faks (0312)244 5990
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APPENDIX C. INTEGER ACHIEVEMENT TEST

Sevgili Ogrenciler,

Bu caligsma sizin tam sayilari nasil yorumlayacaginiz ile ilgilidir. Sorulara vereceginiz
yanitlar, bilimsel bir arastirmada kullanilacak ve gizli tutulacaktir. Liitfen sorulan dikkatlice
okuyarak eksiksiz yanitlayiniz.

Tesekkiir ederim.

Gizem SEVIM
ATAYEV Orta Dogu
Teknik Universitesi

KiSISEL BiLGILER

LAdINZ: ...
2. 0KUIUNUZ: ..o
3. Simfimz: [ 7. Simf L1 6. Simf

4. Yasimz: [1 10-12 1 12 ve tistii

5. Cinsiyetiniz: [ Kiz 1 Erkek

6.Matematik Notu (1.donem): .................
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TAM SAYILAR BASARI TESTi

Bu test tam sayilarla ilgili 8 soru icermektedir. Baz1 sorular bir ya da birkag alt
sorudan olugmaktadir. Liitfen tiim sorulari cevaplamaya calisiniz.

Soru 1:

Asagidaki ifadeleri birer tam say1 olarak yaziniz.
a) Sifirmaltinda 7°C
b) Deniz seviyesinin 500 m Ustli =~ ..ot
€) Sayi dogrusunda sifirin 12 birim solu.............coooviiiiiiiiiiiiin...
d) 25 TL zarar
e) Ciizdandaki 10 TL e
f) 1200 metre derinlik L

Soru 2:

Simge ve Riiya sa¢ uzunluklarini, arkadaslar1 Yagmur’un sa¢ uzunlugu ile
karsilagtirmaktadir. Simge kendi saginin uzunlugunu Yagmur’un saginin uzunlugu ile
kiyasladiginda +4 cm oldugunu; Riiya ise kendi sacinin uzunlugunu Yagmur’un
sacinin uzunlugu ile kiyaslandiginda -3 cm oldugunu sdyliiyor.

Bu bilgilere gore, sa¢ uzunlugu en kisa olan kimdir? Simge, Riiya ve
Yagmur’un sa¢ uzunluklarmi en kisa olandan en uzun olana gore siralaymniz.

Cevabinizi aciklayimiz.
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Soru 3:

Bir akvaryumdaki dort baligin konumu sekilde gosterilmistir. Akvaryum

tamamen su ile doludur ve su yiizeyi 0 m’dir. Akvaryumun solunda verilen ¢izgilerin

her birinin arast 1m’dir. Buna gore baliklarin konumlarin1 goésteren A, B,C,D

noktalarina karsilik gelen tam sayilar1 yaziniz.

om

A noktasi:

@ B noktasi:

B C noktast:

m D noktast:

@

Zemin (0)

Ameliyathane

intaniye

Kan Alma

Radyoloji

Garaj

Soru 4:

Hastanede zemin kattan asansore binen Ayse Hanim asansoriin
diigmesine yanlis basmis ve Kan Alma biriminin bulundugu kata
gidecegine Radyoloji servisinin bulundugu kata gitmistir.
Asansorde bulunan hemsireden yardim isteyerek bir {ist katin
diigmesine basmasini istemistir. Ayse Hanim ve hemsirenin bastigi
diigmelerin numaralarini belirleyiniz. Cevaplariniz1 agiklayiniz.

Ayse Hanim:




Soru 5:

Hangi sicaklik -2 °c ye daha uzaktir? (Asagidaki her bir sik i¢in soruyu yanitlayiniz.)

Cevaplarimizi agiklayiniz.

a. 6°C mi?-6°C mi?

Neden? ..ooovvveniiee ...

b. -7°C mi? 3°C mi?

Neden? ..ooovvveiiieiiiiiin.

c. 0°%Cmi?-5°C mi?

Neden? oo,

d. -10°C mi? 7°C mi?

Neden? .oooovvveieie i,

Soru 6:

Balik, ahtapot gibi baz1 canlilar suda yasamaktadir. Bu canlilarin yasamalari

icin  gerekli

olan ¢oziinmiis oksijen,

basing v.s. gibi oOzellikler farklilik

gostermektedir. Bu yiizden, bu canlilar su seviyesine farkli mesafede yasamaktadir.

Asagidaki resimde suda yasayan bazi canli Ornekleri verilmistir. Resime gore

asagidaki sorular1 cevaplayiniz.

0Om

HAMSI

25 m
AHTAPOT

50m ) i —
sa &l CES CEKIC BASLI

KOPEKBALIG
L
sm — _—
xg%ﬁ? %—2

S ——

BEYAZ KOPEKBALIGI

iGNEL VATOZ

',Ijn DEMIZ ATI

o —ﬁ
1
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a. Hangi deniz canlis1 en derinde yasamaktadir? Cevabinizi nasil buldugunuzu

ACTKIAYINIZ. ..ot e e e e

b. Hangi deniz canlis1 100 m derinlikte
yasamaktadir? ...
C. Vatoz ka¢c m derinlikte
yasamaktadir? ... ...
d. Beyaz kopek baligi m1 deniz at1 m1 deniz seviyesine daha yakin yasamaktadir?

AGIKIAYINIZ. ..o

Soru 7:

Ahmet ve Batuhan iskambil kagitlarini kullanarak bir oyun gelistirmistir. 52 kartlik
bir iskambil kagidi destesi i¢inden resimli kartlar1 ve “A” harfinin oldugu kartlar
cikarmiglardir.

Her kirmiz1 kartin {lizerinde yazan say1 kadar zarar, her siyah kartin ise iizerinde
yazan rakam kadar kazang olduguna karar verilmistir. Ornegin, asagidaki kart +5 tam

sayisina karsilik gelmektedir.

id &
s

v ¥

Asagida Batuhan’in ¢ektigi kartlar gosterilmistir. Bu kartlarin hangi tam sayilara

karsilik geldigini yaziniz.
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Soru 8:

Bu problemde pozitif tam say1 sicakligin yiikselmesi, negatif tam say1 ise sicakligin
diismesi anlamima gelmektedir. Termometre baglangigta sicaklign 25 0C’yi
gosterdigine gore sicaklik degisimlerinin her birinin sonucunda termometre kag OC’yi
gosterir? (Sayr dogrusunda gosteriniz.) (Her bir sik igin baslangic sicakligi 25
OC’dir.)

a. +10°C
b. -2°C
c. +30°C
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APPENDIX D. INTERVIEW QUESTIONS
Goriisme Sorular:

1) Yaptigin ¢6ziim yolunu anlatir misin?
2) Neden bu sekilde diistindiin?

3) Neden bu ¢dziim yolunu tercih ettin?
4) Problemden ne anladin?

5) Problemi ¢ozerken verilen bilgileri inceledin mi?
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APPENDIX E: TURKISH VERSION OF EIGHT INTERVIEWEES’
EXPLANATION

80 kodlu 6grencinin soru 1-c i¢in agiklamast:

[+12. Cilinkii say1 dogrusunda saga gittikge sayilar kiigililiiyor. Sola
gittikge sayilar biiyiiyor. ]

94 kodlu 6grencinin soru 1-f i¢in agiklamasi:

[+1200 ¢iinkii derinlik arttik¢a asagiya dogru say1 da biiyiiyecek. Yani,
indikce daha da ¢ogalacak.]

94 kodlu 6grencinin soru 3 i¢in agiklamasi:

[Akvaryum bana hangisinin en derinde olup veya yiksekte olup
olmadigimi gosteriyor. Baliklarin hangisinin daha derinde olup daha da
yiiksek pozitif, negatif olup tam say1 olarak belirttigini soru bana bilgi
olarak vermis. Su yiizeyi 0 ise, A baliginin konumu -1 pardon +1 olur.

Bir asagiya inersek +1 olur.]
95 kodlu 6grencinin soru 3 i¢in agiklamas:

[A balig1 +1, B balig1 +2, C balig1 +3 ve D balig1 +4 ¢linkii baliklar

akvaryumun asagi tarafinda.]
75 kodlu 6grencinin soru 6-¢ i¢in agiklamast:

[Her bir deniz canlisinin yasadigi derinligi kiiclikten biiyiige siraladim.
Simdi, sorunun ne sordugunu fark ettim. Soruda siralama sorulmamis

ama ben tam sayilar1 siralamigim. 6-€ ile 6-f sorularini karistirmigim. ]
95 kodlu 6grencinin soru 4 i¢in agiklamast:
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[Diigmelerin numaralarint belirlemem gerektigini fark etmemisim. Bu
yiizden tam say1 kullanmadan aciklama yaptim. Ayse Hanim radyolojiye
cikmis. Hemsire ise Ayse hanimin istegi iizerine kan alma birimine
¢ikmis. Ama simdi soruyu tekrar okuyunca cevabimi say1 olarak vermem
gerektigini fark ettim. Ayse Hanim’in bastigi diigme -4’diir. Hemsirenin

bastig1 diigme ise -3’diir. |
88 kodlu 6grencinin soru 5 i¢in agiklamasi:

[a. Eksi hani eksiye daha yakindir. -6 da eksi var. -2 de — var. Ikisi de negatif
oldugu i¢in birbirine daha yakindir.]

75 kodlu 6grencinin soru 6-f i¢in agiklamasi:

[-25< -50< -75< -100< -125. Ciinkii 25 normalde de rakamlarda Obiir

rakamlara gore kiiclik oldugu i¢in. ]
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APPENDIX F. TURKISH SUMMARY

Giris

Matematik egitimin 6ncelikli hedeflerinden biri tiim 6grencilerin matematik 6grenme
siirecinde en yiiksek performanslarint gostermelerini saglamaktir. Ama ¢ok az
O0grenci bu seviyeye ulasabilmektedir ve ¢ogu Ogrenci, matematik 6grenmede
zorluklar yasamaktadir (Tall & Razzali, 1993). Ayrica, matematigi 6grenmek igin
onu anlamak sarttir (Hiebert & Carpenter, 1992). Matematigi anlamak, bazi temel
yeteneklerin yani sira bu temel yetenekler arasindaki iligkileri 6grenmeyi de igerir.
Matematigi anlayarak oOgrenmek ¢ok Onemlidir c¢linkii matematik insanlarin

gelecekleri i¢in firsatlar yaratabildikleri dnemli bir aragtir (NCTM, 2000).

Tam sayilar matematik egitiminde dnemli bir role sahiptir ¢iinkii tam sayilar lizerine
yapilan bir¢ok arastirmanin sonucu, tam sayilar konusunun karmasik ve 6grenmek
igin ciddi emek gerektiren bir konu oldugunu gostermistir (Dereli, 2008; Janvier,
1983; Kilhamn, 2008; Mc Corkle, 2001). Tam sayilar konusu cebir gibi diger temel
matematik konular1 i¢in 6n kosul durumunda oldugundan, tam sayilar konusunda
zorluk yasayan 6grenciler, baglantili konularda da zorluklar yasamaktadir (Lamb et
al., 2012; Vlassis, 2002). Tam sayilar, 6grencilerin 6grenirken hata yapmaya egilimli
oldugu matematik konularindan biridir (Janvier, 1983). Tam sayilar gibi 6nemli ve
sorunlu bir matematik konusunun o6gretiminde basarili olmak igin, dgrencilerin
yaptiklar1 hatalar1 ve yasadiklar1 zorluklar1 bilmek, bahsedilen basariya ulasmakta
onemli bir role sahiptir (Yetkin, 2003). Sonu¢ olarak, 6grencilerin tam sayilari
kavrama ve siralama konularinda yaptiklar1 hatalar1 aragtirmak onemli bir baslik
olusturmaktadir. Ayrica, bu hatalarin kaynaklarim1 yani sebeplerini bilmek, bu
hatalar1 6nlemekte etkili olacag: icin 6grencilerin tam sayilar1 kavrama ve siralama
konularindaki yaptiklar1 hatalarin nedenleri de arastirmak i¢in 6nemli bir baslik

olusturmaktadir.
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Cahismanin Amaclari

Bu calismanin amaci ii¢ kisimdan olusmaktadir: Calismanin birinci amaci, altinci
siif Ogrencilerinin tam sayilart kavrama ve siralama konularindaki basari
seviyelerini tespit etmektir. Calismanin ikinci amaci, altinct sinif 6grencilerinin tam
sayillar1 kavrama ve siralama konularindaki yaptiklar1 hatalar1 incelemektir.
Calismanin tiglincii amaci ise, altinci simif 6grencilerinin tam sayilar1 kavrama ve

siralama konularindaki yaptiklart hatalarin arkasindaki sebepleri incelemektir.

Calismanin Onemi

Herhangi bir matematik konusunda zorluklar yasayan 6grenciler, zorluk yasanilan
konuyu takip eden diger matematik konularinda, istenilen basariya ulagmakta da
problem yasamaktadirlar (Dikici & Isleyen, 2004). Onkosul durumundaki herhangi
bir matematik konusunda istenilen basari1 seviyesine ulagilmamasi, bu konuyla
baglantili diger matematik konularinda da zorluklara sebep olacaktir ¢iinkii
matematik konular1 giliglii sirali ve baglantili bir yapiya sahiptir (Altun, 2008).
Ogrencilerin zorluk yasadig1, hata yaptig1 konularin belirlenmesi ve bu hatalarin
tanimlanmasi gereklidir (Yudariah ve Roselainy, 2001). Bunlara ek olarak, etkili bir
Ogretim yapabilmek i¢in Ogretmenlerin, ogrencilerin hangi konularda hangi
zorluklar1 yasadiklari1 bilmeleri bir gerekliliktir. Ogretmenler siklikla yapilan
hatalar1 6grencileri ile tartismali, ders planlarini bu hatalar1 g6z 6niinde bulundurarak
hazirlamalidir (Fischbein, 1987; Janvier, 1985; Julie 2013; Ponce, 2007; Spang,
2009).

Tam sayilar, 6.sin1f matematik miifredatindaki konulardan biridir. Tam sayilar
konusu 6nemli bir konudur ¢iinkii kendisinden sonraki konularla iligkisi giicliidiir.
Cebir gibi ileri seviye matematik kavramlarinin gelisiminde tam sayilarin ciddi bir
rolii vardir ve bu durum tam sayilar konusunu ortaokul matematik miifredati
icerisinde daha 6nemli ve kritik bir hale getirmektedir (Christou & Vosniadou, 2012,
Vlassis, 2004). Ogrenciler 6.sinifin ikinci ddneminde tam sayilarla iligkili olan cebir
konularini 6grenmeye baslamaktadirlar. Ayrica, tam sayilar konusu ile iliskili olan
rasyonel sayilarin ve islii sayilarin 6gretimi ve 6grenimi de 7.sinif seviyesinde
baslamakta ve 8. Sinif seviyesinde de devam etmektedir. Bu durum, tam sayilar
konusunun farkli smif seviyelerinde ele alinmasiin ve g¢alisilmasimin gerekliligini

isaret etmektedir. Sonu¢ olarak, bu alanlarda yiliksek seviyede hazirbulunusluk
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saglamak icin, altinci smif Ogrencilerinin tam sayilar konusundaki hatalarinin

tanimlanmasi Oncelikli hale gelmektedir.

Ogrencilerin yaptiklar1 hatalardan ve karsilastiklari zorluklardan haberdar olmak
o0grenme odakli ¢alismalar i¢in ¢ok 6nemlidir (Rasmussen, 1998). Bununla birlikte,
bazi arastirmalar, 68rencilerin tam sayilar konusunda her sinif seviyesinde zorluklar
yasadiklari1  gostermistir  (Isgiiden, 2008; Koriikgii, 2008). Sonuc olarak,
Ogrencilerin tiim matematik egitim hayati, bu bahsedilen zorluklardan ve bunlarin
¢Oziilmemesinden etkilenmektedir. Ayrica, tam sayilarin 6grenimi ve Ogretimi
lizerine yapilan alan yazin taramasi, Tiirkiye’ deki ortaokul 6grencilerinin hatalar1 ve
yasadiklar1 zorluklar {iizerine bir¢ok cevapsiz soru oldugunu gostermektedir.
Ogrencilere tam sayilar konusundaki hatalarini, dogru bilgiyle degistirmelerinde
yardimci olabilmek icin, 6gretmenlerin bu hatalarin arkasindaki sebeplere hakkinda

da bilgilerinin olmas1 gerekmektedir.

Diger taraftan, 6grencilerin tam sayilar konusundaki basari seviyelerini arttirmak
amagh etkili bir 6gretim ortami olusturabilmeleri icin, Ogretmenlerin hatalarin
arkasindaki sebepler bilgisine ihtiyact bulunmaktadir. Hatalarin arkasindaki
sebeplerin bazilart iligkili konuyla alakali kavram yanilgilar1 olabilmektedir. Eger
Ogretmenler Ogrencilerin hatalarinin nedeni olan kavram yanilgilarint bilirlerse,
ogrencilerine kavram yanilgilari, bilimsel bilgi ile degistirmelerinde yardimci
olabilirler. Sonug¢ olarak, 6. smif 6grencilerinin tam sayilar konusundaki yaptiklar
hatalarin sebeplerinin analiz edilmesi 6nemlidir. Bu ¢alismanin sonuglar1 tam sayilar

konusundaki yapilan hatalar1 bulma ve diizeltmede 6gretmenlere destek olacaktir.

Diger yandan, arastirmacilar arasinda tam sayilar ve tam sayilarla islemler
konularinin 6gretim zamani hakkinda ortak bir fikir yoktur (Isiksal, 2009). Tam
sayilarin bu sorunlu yoniiniin yaninda, alan yazin taramasi dogal sayilar ve kesirler
konulart ile kiyaslandiginda tam sayilar konusu ile ilgili az sayida c¢alisma
bulundugunu agiga cikarmistir (Isiksal, 2009). Ek olarak, Tiirkiye’ de siirl sayida
tam say1 konusu iizerine arastirma bulunmaktadir (Dereli, 2008; Ercan, 2010; Isiksal,
2009; Isgiiden, 2008; Kesan & Kaya 2007; Koroglu&Yesildere, 2004; Kériikcii,
2008). Sonug¢ olarak Ogrencilerin tam sayilar kavrama ve siralama konularindaki
basar1 seviyeleri, yaptiklar1 hatalar1 ve bu hatalarin arkasindaki sebepler arastirma

yapilmasina ihtiya¢ bulunan konulardir.
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Onemli Terimlerin Tanimlari

Tam sayi: Dogal sayilar 0, 1, 2, 3, 4... , ile birlikte bu dogal sayilarin negatifleri -1, -
2, -3, -4... tam sayilar olarak adlandirilir (Bennett & Nelson, 2001).

Tam sayilart kavrama: Tam sayilar nelerdir, nasil temsil edilir, dogal sayilarla nasil

baglantilidir ifadeleri tam sayilar1 kavrama tanimini agiklar (MoNE, 2009).

Tam sayilart siralama: Bu tanim tam sayilarin sirali oldugunu (6rnegin, -7, -8’ den
blyiiktiir ve -6’ dan kiigiiktiir), bu siralamanin miktar ifadesi ile bir iligkisinin

olmadigini ifade eder (Clements & Sarama, 2007).

Hata: Bir hata, kayma, yanlishik ya da kesinlikten sapmadir (Luneta & Makonye,
2010).

Yontem
Evren ve Orneklem

Bu c¢alismanin 6rneklemini Ankara’nin Etimesgut ilgesindeki devlet okullarindan
birine devam eden 262 altinc1 siif Ogrencisi olusturmaktadir. Bu ogrenciler
Ankara'nin Etimesgut ilgesindeki 1 devlet okulundan uygun 6rnekleme yontemiyle

secilmistir. Bu 6grencilerin temel 6zellikleri asagida Tablo 1'de verilmistir.
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Tablo 1 Calismanin Katilimeilart ve Temel Karakteristikleri

Siniflar Say1 Yas Cinsiyet
Ortalama Erkek Kiz

6-A 25 11 13(52%) 12(48%)
6-B 26 11.12 13(50%) 13(50%)
6-C 27 11.11 13(48.15%) | 14(51.85%)
6-D 24 10.85 12(50%) 12(50%)
6-E 27 11 14(51.85%) | 13(48.15%)
6-F 26 10.79 13(50%) 13(50%)
6-G 27 11 13(48.15%) | 14(51.85%)
6-H 26 10.85 14(53.85%) | 12(46.14%)
6-1 29 11.14 14(48.28%) | 15(51.72%)
6-J 25 10.96 13(52%) 12(48%)

Toplam 262 10.98 132(50.37%) | 130(49.63%)

Arastirma Sorulari
Bu ¢aligmanin {i¢ tane arastirma sorusu vardir.

1. Altinct sinif 6grencilerinin tam sayilar1 kavrama ve siralama konularindaki basari

seviyeleri nelerdir?

2. Altinct sinif Ogrencilerinin tam sayilar1 kavrama ve siralama konularindaki

yaptiklar1 hatalar nelerdir?

3. Altinct simif Ggrencilerinin tam sayilart kavrama ve siralama konularindaki

yaptiklar1 hatalarin sebepleri nelerdir?
Arastirma Yontemi

Arastirmada nitel ve nicel aragtirma yontemlerini birlestiren karma bir arastirma

yontemi kullanilmastir.
Veri Toplama Araclar

Calismanin verileri katilimcilarin basar1 testine verdikleri cevaplar ve bireysel

goriismeler araciligiyla toplanmistir.
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Tam Say1 Basar: Testi

Katilimcilarin tam sayilar1 kavrama ve siralama konularindaki basart seviyelerini,
yaptiklari hatalart incelemek igin bir basar1 testi hazirlanmistir. Bu basari testi 8 adet
acik uclu sorudan olusmaktadir. Bu sorulardan dordii alan yazinindan adapte
edilmistir. Geriye kalan sorular ise arastirmaci tarafindan gelistirilmistir. Bu tam say1
basar1 testinin hazirlanma siirecinde altinci sinif ortaokul matematik programinda yer
alan kazanimlar g6z Oniine alinmis ve belirtke tablosu hazirlanmistir. Hazirlanan

belirtke tablosu asagida Tablo 2'de verilmistir.

Tablo 2: Tam Say1 Basar1 Testindeki Sorular ile ilgili Igerik Tablosu

Kazanimlar
Tam Sayilar Ogrenciler tam sayilari 1a, 1b, 1c, 1d, 1e, 1f, 3, 5,
aciklar. 6b, 6¢, 6e, 7
Tam Sayilar Ogrenciler tam sayilari 2,4, 8, 6a, 6d, 6f
stralar.

Basar testi belirtke tablosuna gore hazirlandiktan sonra iic uzman goriisii alinmistir
ve 40 altinc1 siif 6grencisi ile pilot ¢alisma yapilmistir. Bu pilot ¢alisma sonucuna
gore, verilen 30 dakika silirenin yetersiz oldugu sonucuna varilmig ve testin
tamamlanmasi i¢in uygun olan siirenin 40 dakika olmasina karar verilmistir. Bunlara
ek olarak, 40 yedinci smif 6grencisinin cevaplart matematik egitimi yiiksek lisans
Ogrencisi olan ikinci kisi tarafindan degerlendirilmistir. Aragtirmaci ve bu kisinin

verdigi skorlar arasindaki korelasyon %98'dir.
Bireysel Goriismeler

Basar testi uygulandiktan sonra katilimcilarin teste verdikleri cevaplar derinlemesine
incelenmis, basari seviyelerini siniflandirmak i¢in kodlar olusturulmustur. Bireysel
goriismeler icin katilimcilar bu kodlara gore secilmislerdir. Goriisme sorularinin
aragtirma sorularina yonelik olup olmadigini belirlemek i¢in bir uzmandan goriis
istenmis ve bir 6grenci ile pilot gorliisme yapilmistir.

Goriismeler yaklasik olarak 30 dakika slrmiistir ve bu siire icerisinde

katilimcilardan basar1 testine verdikleri cevaplarin aciklanmasi istenmistir.
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Ogrencilerin aciklamalar1 “Bu sonuca nasil ulastin?”, “ Neden boyle diisiindiin?”,

“Nasil bir strateji kullandin?” gibi agik uclu sorularla detaylandirilmistir.

Goriismeler yapildiktan sonra bu goriismelerin desifreleri yapilmustir. ilkdgretim
boliimiindeki bir yiiksek lisans Ogrencisi ile birlikte ortaya ¢ikan temalarla ilgili
caligmalar yapilmistir. Ayrica, 6grencilerin basar1 testindeki cevaplarinin yaklasik

%20’si ortak kodlayici ile birlikte incelenmistir.
Veri Toplama Siireci

Calismanin verileri 2013-2014 egitim 6gretim yilinin bahar doneminde toplanmislar.
Veriler toplanmadan 6nce gerekli etik izinler alinmistir. Mart ayinda pilot ¢alisma
yapilmis ve yine Mart ayinda c¢alismanin asil verileri toplanmistir. Asil verilerin
toplanma asamasinda, Tam Say1 Basar1 Testi tek okulda ayni1 zamanlarda yapilmistir.
Siniflardan birinde arastirmacinin kendisi uygulama yapmustir. Diger siniflara da
farkli O6gretmenler uygulama yapmistir. Diger siniflarda uygulama yapacak
Ogretmenler, uygulama Oncesi arastirma ile ilgili bilgilendirilmislerdir. Basari
testinin uygulamasindan birka¢ hafta sonra segilen 6grencilerle bireysel goriismeler

yapilmistir.
Veri Analizi

Calismanin amaglarina ulagmasi igin iki farkli veri ¢esidi analiz edilmistir. Bunlar
Ogrencilerin basari testindeki cevaplart ve bireysel goriismelerin yazili kopyalaridir.
Oncelikle 6grencilerin basar1 diizeylerinin, hatalarmin belirlenmesi igin basari
testindeki cevaplar incelenmistir. Daha sonra Ogrencilerin yaptiklari hatalarin
nedenlerinin belirlenmesi i¢in goriismelerin transkriptleri analiz edilmistir.

Oncelikli olarak dgrencilerin basar1 testindeki cevaplari belirlenen dereceli puanlama
anahtarinda, cevaplar 0 ile 5 arasi kodlanmistir. Genel olarak, kabul edilebilir
aciklama ile verilen dogru cevaplar 5; eksik aciklamalarla verilen dogru cevaplar 4;
yanlis ya da aciklamasiz verilen dogru cevaplar 3; kismi dogru verilen cevaplar 2;
yanlig cevaplar 1; alakasiz cevaplar veya bos birakilan sorular ise 0 olarak
kodlanmistir. Daha sonra kavrama ve siralama sorularindaki bu cevaplarin sikliklar
ve yiizdeleri ayr1 ayr1 hesaplanarak basar1 diizeyleri belirlenmistir. Tam sayilari
kavrama ve siralama konulariyla ilgili tim sorularda yapilan hatalar1 belirlemek i¢in

her soruda 1 ve 2 kodu verilen katilimci sayist belirlenmis ve bu katilimcilarin
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cevaplar1 derinlemesine incelenerek, tam sayilar1 kavrama ve siralama konularindaki

yapilan hatalar belirlenmistir.

Katilimcilarin hatalarinin arkasinda yatan nedenlerinin belirlenmesi igin 6grencilerin
testteki cevaplar1 ve goriisme transkriptleri derinlemesine incelenmistir. Bunun yani
sira alan yazindaki ilgili ¢alismalardan kategoriler taranmistir. Tim bu siirecte diger
bir ilkdgretim bolimi yiiksek lisans o6grencisi ile c¢alisilmis ve uzlasma sarti

aranmigtir.
Bulgular ve Tartisma

Bu calismanin ti¢ amaci bulunmaktadir. Calismanin birinci amaci, altinct sinif
Ogrencilerinin tam sayilart kavrama ve siralama konularindaki bagari seviyelerini
tespit etmektir. Calismanin ikinci amaci, altinct siif 6grencilerinin tam sayilar
kavrama ve siralama konularindaki yaptiklar1 hatalar1 incelemektir. Calismanin
ticiincli amaci, altinct smif Ogrencilerinin tam sayilari kavrama ve siralama

konularindaki yaptiklar: hatalarin arkasindaki sebepleri incelemektir.

Caligmanin bulgular1 6grencilerin tam sayilar1 kavrama sorularinda yiiksek basari
seviyesine sahip oldugunu gostermistir. Bu yiiksek basarmin sebeplerinden biri
Ogrencilerin negatif sayilarla ilgili formal bir egitim almadan 6nce, tam sayilara dair
zihinsel temsil bicimleri gelistirmeleri olabilir (Peled, Mukhopadhyay & Resnick,
1988). Diger bir ifadeyle, okula baslamadan 6nce 6grencilerin negatif sayilarla ilgili
bazi deneyimlerinin olmast ve bu deneyimlere bagli olarak bilgilerinin olmasi,
kavrama sorularindaki yiiksek basarinin sebeplerinden biri olabilir. Diger yandan,
baz1 kavrama sorularinin benzerlerinin, 6grencilerin ders kitaplarinda bulunmasi da
sebeplerden biri olabilir. Bulgular, 6grencilerin tam sayilar1 siralama sorularinda orta
seviyede basarili olduklarimi gdstermistir. Bu basar1 seviyesinin sebebi siralama
sorularindan bazilarinmn say1 dogrusu igermesi olabilir. Ogrenciler, siralama yaparken
say1 dogrusu kullanmaya aliskindir. Bir¢cok ¢ocuk zihinlerinde okula baslamadan
once pozitif sayilar i¢in sayr dogrusunu olusturmaktadir (Resnick, 1983). Sonug
olarak, sayr dogrusu Ogrencilerin siralama sorularmi anlamalarini kolaylastirmis
olabilir. Diger yandan, siralama sorularinin bir kisminin 6grencilerin aliskin oldugu

soru tiplerinden olmamasi bu orta seviyedeki bagariin sebeplerinden biri olabilir.
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Bu calismada altincr sinif 6grencilerin tam sayilar1 kavrama ve siralama konularinda
yaptiklar1 hatalar da incelenmistir. Bu hatalar kavrama sorulari i¢in ve siralama
sorular1 i¢in ayr1 ayri incelenmistir. Katilimcilarin yaptiklar1 hatalar iki ana baslik
altinda toplanmistir. Bu ana basliklar: kavramsal bilgiye dayanan hatalar ve diger
hatalardir. Bulgular gostermistir ki, kavrama sorulari i¢in yapilan hatalar; eksik
¢Ozlim stratejisi uygulama, yanlis sembol manipiilasyonu, pozitif ve negatif
isaretlerin yanlis kullanimi, verilen bilgi ihmali ve yanlis hizalamadir. Katilimcilar
tarafindan en ¢ok yapilan hata pozitif ve negatif isaretlerin yanlis kullanimidir. Bu
bulgu literatiirdeki diger ¢alismalarla da tutarlidir (Dereli, 2008; Hayes and Stacey,
1990; Janvier, 1983; Kilhamn, 2008; Koriikcii, 2008). Bu hatanin sebebi 6grencilerin
tam sayilar1 kavrama ve siralama ile ilgili kavramsal bilgilerindeki eksiklikler
olabilir. Ayrica Tam Sayr Basar1 Testi'ndeki bazi sorularin katilimcilarin aligik

olmadigi soru tipinde oldugu i¢in bu hata yapilmis olabilir.

Katilimcilar tarafindan kavrama sorularinda ikinci siklikla yapilan hata verilen bilgi
thmalidir. Bu hatay1 yapan 6grenciler, soruda verilen bir ya da birkag veriyi, soruyu
¢ozmeye ¢alisirken kullanmamaktadir. Bu hatanin temel sebebi, 6grencilerin sorulari
okurken dikkatsiz bir sekilde okuyup, sorunun ¢6ziimiinde kullanilmasi gereken bazi

verileri kagirmalari olabilir.

Diger yandan, 6grencilerin siralama sorularinda da hata yaptigi gozlemlenmistir.
Siralama sorular1 icin belirlenen hatalar; ters siralama, rastgele siralama, yanlis
referans noktas1 alma, yanlis sembol manipiilasyonu, pozitif ve negatif isaretlerin
yanlis kullanimi, verilen bilgi ithmali ve yanlis hizalamadir. Yani 6grenciler, nerede
negatif nerede pozitif sayilar1 kullanmalar1 gerektigine dogru karar vermekte zorluk
cekmektedirler. Bu hatalar i¢ince en c¢ok gozlemlenen hata ters siralamadir. Bu
hatanin sebebi, 0grencilerin negatif sayilar1 siralama konusundaki kavramsal bilgi
eksikligi olabilir. Daha detayli sdylemek gerekirse, dgrenciler iki veya daha fazla
negatif sayiy1 kiiclikten biiyiige ya da biiyiikten kiiciige dogru siralarken, negatif
sayilar1 pozitif sayilar gibi diisliniip siralama yapmaktadir (Julie et al., 2013). Bu
hatanin temel sebebi, Ogrencilerin dogal sayilarin oOzelliklerini tam sayilara

genellemesi olabilir.

Katilimcilar tarafindan siralama sorularindaki ikinci siklikla yapilan hata rastgele

siralamadir. Bu hatanin sebebi de 6grencilerin negatif sayilar1 siralama konusundaki
157



kavramsal bilgi eksikligi olabilir. Bishop ve arkadaslarinin (2014) ¢aligmasina gore
negatif sayilar1 siralama konusu 6grenciler icin biligsel yani kavramsal bir zorluk
icermektedir. Bu calisma ile paralel olarak, 6grenciler negatif sayilar1 siralamaya
calisirken zorluk yasadiklar1 i¢in hata yapmaktadir. Bu hatalardan biri de yanlis
referans noktast almadir. Yanlis referans noktasi alma hatasi, 6grencilerin soruda
verilen referans noktasini anlamamasi ya da ihmal ederek rastgele bir referans
noktas1 belirleyip soruyu ¢O6zmeye c¢alismasi sonucu olugsmustur. Bu hatanin
iistesinden gelebilme icin, 6grencilerin sifir1 referans noktasi olarak diisiinebilmesi

gerekmektedir (Steiner, 2009).

Bu c¢alismada altinci smif Ogrencilerinin tam sayilar1 kavrama ve siralama
konularindaki yaptiklar1 hatalarin arkasinda yatan sebepler de incelenmistir. Toplam
da dort ana sebep bulunmustur. Bu sebepler: sayr dogrusu iizerindeki sayilarin
biiyiikliigiinii yanlis anlama, soruyu dikkatsiz okuma, ayni isaretli tam sayilarin farkl
isaretli tam sayilara gore daha yakin oldugunu varsayma ve son olarak dogal
sayilarin 6zelliklerini tam sayilara genellemedir. Bu sebeplerden en yaygin goriileni
sayt dogrusu iizerindeki sayilarin biyiikligiini yanlis anlamadir. Hatalariin
arkasinda bu sebep yatan Ogrenciler, say1r dogrusunun solunun pozitif sayilari,
saginin negatif sayilar1 temsil ettigini diisiinmektedir. Diger bir deyisle, 6grenciler
pozitif ve negatif sayilarin yerini say1 dogrusunda karistirmaktadir. Eger 6gretmenler
tarafindan derste sayr dogrusunun tiim ozellikleri iizerinde yeteri vurgu yapilirsa
veya Ogrencilere say1 dogrusunun tiim 6zelliklerini inceleme, tecriibe etme imkani
saglanirsa hatalara arkasinda yatan bu sebep kismen de olsa azaltilabilir. Dolayisiyla

bu sebeple baglantili olan hatalarin goriilme sayis1 da azalabilir.

Ikinci siklikla goriilen hata sebebi soruyu dikkatsiz okumadir. Hatalarinin arkasinda
bu sebep olan Ogrenciler, soruyu okurken bazi bilgileri dikkatsizlik sonucu
kacirmislardir. Eksik bilgi ile sorular1 ¢ozmeye ¢alismiglardir. Bu bulgular Ryan ve
William (2007) ile paralel olarak, bu sebepten kaynakli hatalar, 6grencilerin

kavramsal gelisimleriyle alakali degildir.

Ogrencilerin hatalarinin arkasindaki iigiincii sebep ise ayni isaretli tam sayilarin
farkli isaretli tam sayilara gore daha yakin olduklari varsayimidir. Bu sebep ayni
zamanda bir kavram yanilgisidir. Bu sebepten dolayr hata yapan 6grenciler, herhangi

bir negatif saymin baska bir negatif sayiya, bir pozitif sayiya gore her zaman daha
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yakin oldugunu diisiinmektedir ya da herhangi bir pozitif saymin baska bir pozitif
saylya, bir negatif sayiya gore daha yakin oldugunu diisiinmektedir. Ornek olarak,
Ogrencilerin “ -7, -1” e +1” den daha yakindir. Ciinkii -7 ve -1 ayni isaretli sayilardir”

gibi agiklamasi verilebilir

Ogrencilerin hatalarinin arkasinda yatan sebeplerden sonuncusu ise dogal sayilarin

Ozelliklerini tam sayilara genellemedir.
Dogurgular

Bu calismanin sonuglar1 matematik Ogretmenleri, 6gretmen egiticileri, program

gelistiriciler ve ders kitab1 yazarlari i¢in 6nemli bilgiler sunmaktadir.

Bu ¢alismanin bulgular1 gostermistir ki; ortaokul altinci siif 6grencileri tam sayilari
kavrama ve siralama konularinda sirastyla yiliksek ve ortalama basari seviyelerine
sahiptir. Yiiksek ve orta seviyeli basar1 gostermelerine ragmen, bu 6grenciler tam
sayilar1 kavrama ve siralama sorularimi ¢ozerken hatalar yapmiglardir. Ayrica bu
hatalarm baslica nedenleri vardir. Ogretmenler, gretmen egiticileri ve ders kitabi
yazarlarina bu 6grencilerin yaptiklari hatalari ve bu hatalarin nedenlerini dikkate

alarak daha etkili 6grenme ortami1 hazirlamalart 6nerilmektedir.

Ogrencilerin bu kavramlarla ilgili yaptiklar1 hatalar ve bu hatalarin nedenleri ile ilgili
bilgilendirme yapmak i¢in okullardaki 6gretmenlere ve dgretmen adaylarina yonelik
seminerler organize edilebilir. Boylece Ogretmenler 6grencilerin hatalarini ve bu
hatalarin nedenlerini fark ederek uygun ders plan1 hazirlayabilir ve hatalarin
sebepleri bilgisinden faydalanarak, 6grencilerin hatalarin1 ortadan kaldirabilirler.
Aslinda, dgrencilerin yaptiklar1 hatalarin en biiylik sebebi kavramsal bilgilerindeki
eksikliktir. Ogrencilere belli kaliplarda sorular sormak da &grencilerin kavramsal
gelisiminin eksik kalmasina sebep olabilir. Bu nedenle, 6gretmenlere 6grencilerin bu
kavramlarla ilgili ¢ok yonli diisiinmelerini saglayacak sorular sormasi

onerilmektedir.
Arastirmanmin Varsayimlari ve Sinirhhklar

Arastirmanin ilk varsayimi Ogrencilerin tam sayilar1 kavrama ve siralama
konularindaki basarilarinin gelistirilen test araciligiyla olgiilebilecegidir. Ayrica,

aragtirmanin ilk varsayimi Ogrencilerin Tam Sayr Basari Testini cevaplarken
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dikkatli, icten ve acik yiirekli oldugudur. Ek olarak, 6grencilerin yaslarinin, zeka

diizeylerinin ve sosyoekonomik ge¢misinin benzer oldugu varsayilmstir.

Caligmanin katilimcilarinin bulabildigini 6rnekleme yoluyla secilmesi, sonuglarin
daha genis bir popiilasyona genellenmesini sinirlandirmaktadir. Ayrica goriismeler
igin segilen Ogrencilerin amaca yonelik secilmesinden dolayr goriismelerden elde

edilen veriler bu katilimcilarla sinirli olabilir.

Ayrica, elde edilen sonuclar Tam Say1 Basar1 Testi'ndeki sorularla sinirlidir ¢iinkii
farkli sorular i¢in farkli bulgular elde edilebilir. Bunlara ek olarak, bulgularin elde
edilmesinde 6grencilerin sorularin ¢ézlimleriyle ilgili yaptig1 aciklamalar 6nemli bir
yere sahip oldugu i¢in, bulgular 6grencilerin kendini ifade edebilme yetenegiyle

sinirlidir.
Oneriler

Ayni ¢alisma olasiliklt 6rnekleme yontemlerinden biriyle secilerek tekrarlanabilir.
Ayni konular tizerindeki hatalarin sebebi olarak ¢ikan kavram yanilgilarinin nasil
tistesinden gelinecegini arastirmak i¢in deneysel bir c¢alisma yapilabilir. Bu
calismada uygulanan iki farkli 6gretim metodundan hangisinin kavram yanilgilarini

giderebilecegi arastirilabilir.

Calismanin yonteminde degisiklik yapilarak da farkli galismalar yapilabilir. Ik
olarak, boylamsal bir ¢aligma yiiriitiilebilir. Ikinci olarak, tam sayilar1 kavrama ve
sirlama 1lgili testler gelistirilerek, bu caligmayla ayni amaci tagiyan baska bir ¢calisma

yiritilebilir.
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APPENDIX G
TEZ FOTOKOPI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiist

Sosyal Bilimler Enstitiisii

Uygulamali Matematik Enstitiisii

Enformatik Enstittisi

Deniz Bilimleri Enstitiist

YAZARIN

Soyadi : SEVIM ATAYEV
Adi : Gizem
Boliimii : {lkdgretim Fen ve Matematik Egitimi

TEZIN ADI (ingilizce) : Sixth Grade Students’ Achievement Levels, Errors and
Underlying Reasons of the Errors Regarding Comprehension and Ordering of
Integers

TEZIN TURU : Yiiksek Lisans Doktora

1. Tezimin tamami diinya ¢apinda erisime agilsin ve kaynak gosterilmek sartiyla

tezimin bir kismi1 veya tamaminin fotokopisi alinsin.

2. Tezimin tamami yalnizca Orta Dogu Teknik Universitesi kullanicilarinin
erisimine agilsin. (Bu segenekle tezinizin fotokopisi ya da elektronik kopyasi
Kiitiiphane aracilig1 ile ODTU disina dagitilmayacaktir.)

3. Tezim bir (1) yil siireyle erisime kapali olsun. (Bu secenekle tezinizin
fotokopisi ya da elektronik kopyasi Kiitiiphane aracilig1 ile ODTU
disina dagitilmayacaktir.)
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