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ABSTRACT

SIXTH GRADE STUDENTS” CONCEPTUAL AND PROCEDURAL
KNOWLEDGE AND WORD PROBLEM SOLVING SKILLS IN LENGTH, AREA,
AND VOLUME MEASUREMENT

TAN SISMAN, Giil¢in
Ph.D., Department of Educational Sciences
Supervisor: Prof. Dr. Meral AKSU
June 2010, 276 pages

The purpose of this study was to investigate sixth grade students’ conceptual and
procedural knowledge and word problem solving skills in the domain of length, area,
and volume measurement with respect to gender, previous mathematics achievement,
and use of materials. Through the Conceptual Knowledge test (CKT), the Procedural
Knowledge Test (PKT), and the Word Problems test (WPT) and the Student
Questionnaire, the data were collected from 445 sixth grade students attending public
schools located in four different main districts of Ankara. Both descriptive and
inferential statistics techniques (MANOVA) were used for the data analysis.

The results indicated that the students performed relatively poor in each test. The
lowest mean scores were observed in the WPT, then CKT, and PKT respectively. The
questions involving length measurement had higher mean scores than area and
volume measurement questions in all tests. Additionally, the results highlighted a
significant relationship not only between the tests but also between the domains of

measurement with a strong and positive correlation.



According to the findings, whereas the overall performances of students on the tests
significantly differed according to previous mathematics achievement level, gender
did not affect the students’ performance on the tests. Moreover, a wide range of
mistakes were found from students’ written responses to the length, area, and volume
questions in the tests. Besides, the results indicated that use of materials in teaching
and learning measurement was quite seldom and either low or non-significant
relationship between the use of materials and the students’ performance was

observed.

Keywords: Conceptual and Procedural Knowledge, Word Problem Solving, Length,

Area, and VVolume Measurement
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ALTINCI SINIF OGRENCILERININ UZUNLUK, ALAN VE HACIM OLCULERI
KONUSUNDAKI KAVRAMSAL VE ISLEMSEL BILGILERI VE SOZEL
PROBLEMLERI COZME BECERILERI

TAN SISMAN, Giil¢in
Doktora, Egitim Bilimleri Boliimii
Tez Yoneticisi: Prof. Dr. Meral AKSU
Haziran 2010, 276 sayfa

Calismanin amaci, 6. smif Ogrencilerinin uzunluk, alan ve hacim ol¢iileri
konularindaki kavramsal ve igslemsel bilgilerini ve sdzel problem ¢6zme becerilerini
arastirmaktir. Calismanin verileri, Ankara ilinin dort farkli merkez ilgesinde bulunan
devlet ilkogretim okullarinda 6grenim goren 445 altinci sinif 6grencisinden Kavram
Testi, Islem Testi, S6zel Problem Testi ve Ogrenci anketi yoluyla toplanmistir. Elde
edilen veriler betimsel ve yordamsal istatistik (Coklu Varyans Analizi-MANOVA)

yontemleri kullanilarak analiz edilmistir.

Bulgular, 6grencilerin testlerde olduk¢a diisiik bir basar1 gdsterdigini ortaya
koymustur. En diisiik ortalama basari, S6zel Problem Testinde bulunmus olup,
ardindan Kavram Testi ve daha sonra da Islem Testi gelmektedir. Tiim testlerde
uzunluk Olgiileriyle ilgili sorularin ortalamasi, alan ve hacim olgiilerine gore daha
yiiksektir. Ayrica, 0grencilerin hem testlerdeki basarisi arasinda hem de oOlgiiler

konusunun alt boyutlar1 (uzunluk, alan ve hacim) arasinda anlaml, gii¢lii ve pozitif

Vi



bir iliski bulunmustur. Calismanin bulgularina gore, 06grencilerin testlerde
gosterdikleri genel basari, 6nceki matematik dersi genel basar1 notlarina gére anlamli
diizeyde farklilasirken, cinsiyet agisindan anlamli bir fark bulunamamistir. Bunun
yani sira, 6grencilerin testlerdeki uzunluk, alan ve hacim sorularina verdikleri yazili
cevaplar incelendiginde bir ¢ok hata tiirii ile karsilasilmistir. Ayrica, elde edilen
bulgular, o6lc¢iiler konusunun o6gretiminde materyal kullaniminin oldukc¢a nadir
oldugunu ve 6grenci basarisiyla materyal kullanimi arasinda diisiik ya da anlamli

olmayan bir iliski oldugunu ortaya koymustur.

Anahtar Kelimeler: Kavramsal ve Islemsel Bilgi, S6zel Problem C6zme, Uzunluk,

Alan ve Hacim Olgme
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CHAPTER |

INTRODUCTION

1.1  Background to the Study

Throughout the history of education, mathematical competence and literacy has
always been considered as one of the most important subject areas for nations’ mind
power. The vital significance of mathematics for human life has been acknowledged
by the National Council of Teachers of Mathematics’ (NCTM) document entitled
Principles and Standards for School Mathematics (2000) in the following statement

...those who understand and can do mathematics will have significantly
enhanced opportunities and options for shaping their futures. Mathematical
competence opens doors to productive futures. A lack of mathematical
competence keeps those doors closed (p.4).
In order to create mathematically literate societies for the 21 century, mathematics
education should focus on solid understanding of mathematical concepts and skills
that enable students not only to solve problems in their daily lives but also to transfer

them into their future lives.

There is a great deal of agreement among mathematics educators that mathematics
should be learned with understanding (Carpenter & Lehrer, 1999; Hiebert &
Carpenter, 1992). According to Carpenter and Lehrer (1999), understanding is more
than acquiring concepts or skills at a time. It is a complex and multifaceted mental



activity that is emerged and deepened in a continuous and generative process. The
vital bases of understanding are considered as one’s available schema and the
construction of new connections with previous knowledge (Backhouse, Haggarty,
Pirie, & Stratton, 1992; Hiebert & Carpenter, 1992; Schroeder & Lester, 1989; Van
De Walle, 2007). In this respect, a mathematical knowledge learned with
understanding can be connected with and extended to learning new concepts/skills
and applied in diverse problem settings including routine and non-routine problems.
As Putnam (1987) pointed out the essential aspect of mathematical understanding is
to be able to make links not only among bits of knowledge but also among other
areas. Considering the place of richly connected links in the learner’s mathematical
understanding, the types of knowledge has continued to receive a great deal of
attention and cause a lot of discussion under different conceptualizations over the last
decades (Even & Tirosh, 2008).

Skemp (1978) introduced two forms of knowing in the context of mathematics and
argued that these distinct types produced two different types of mathematics. The first
form of knowing is instrumental understanding which means knowing “rules without
reasons” (p.9) and the second was termed as relational understanding entails
“knowing both what to do and why” (p.9). He claimed that instrumental mathematics
is easily-grasped, context-dependent, provides immediate and concrete rewards, and
enable learner to obtain the right answer quickly and reliably, whereas relational
mathematics is easily-remembered, context-independent, considered as a goal in

itself, and has organic schemas in quality.

Skemp’s influential work stimulated the long-standing debate and discussion on how
mathematics should be taught, which type of knowledge is more essential, and
whether the balance between types of knowledge is needed. Especially after the
publication of Hiebert's book (1986), the terms used for mathematical knowledge
have been recognized mostly in the form of conceptual and procedural knowledge
(Hiebert, 1986; as cited in Putnam, 1987; Star, 2000). As defined by Hiebert and



Lefevre (1986), conceptual knowledge is “connected web of knowledge” and “rich in
relationships” (p.3). The development of this type of knowledge occurs when the
learner is able to make connections or construct relationships between the bits of
knowledge. Procedural knowledge, on the other hand, is composed of both the
knowledge of mathematical symbols and the knowledge of algorithms or procedures
that are “step-by-step instructions that prescribe how to complete tasks” (p.6). Hiebert
and Lefevre (1986) also argued that a sound mathematical understanding includes
richly interconnected structure of conceptual and procedural knowledge. Either one
type of knowledge is inadequate or the relationship between them does not exist, then
the learner is not considered to be fully competent in mathematics. Considering
mathematics from the Skemp’s view of relational understanding, Aksu (1997)
asserted that both the development of learners’ conceptual and procedural knowledge,

and their link should be the main focus of mathematics education.

Although various definitions of knowledge of concepts and procedures have been
characterized under different names such as declarative and procedural knowledge
(Anderson, 1983); mechanical and meaningful knowledge (Baroody & Ginsburg,
1986); conceptual and procedural knowledge (Hiebert & Lefevre, 1986); conceptual
understanding and successful action (Piaget, 1978); relational and instrumental
understanding (Skemp, 1978); teleological and schematic knowledge (VanLehn,
1986), the distinctions between types of mathematical knowledge are generally
overlapping and based on emphasis rather than kind (Hiebert & Lefevre, 1986).

In the mathematics education literature, several research studies conducted on
conceptual and procedural knowledge have mainly tried to shed light on the
following issues: (a) what is the relationship between them (b) which type of
knowledge develops first (c) which is more important (d) what is the interaction
between them (Hapaasalo & Kadijevich 2000; Rittle-Johnson & Siegler, 1998;
Gelman & Williams, 1998; Siegler, 1991; Siegler & Crowley, 1994; Sophian, 1997;

Star, 2005). Most of the researchers generally agree that conceptual and procedural



knowledge, which are regarded as the critical elements of solid mathematics
understanding, are positively correlated and acquired in tandem rather than separately
(Hiebert & Lefevre, 1986; Rittle-Johnson & Siegler, 1998). With regards to the issues
of developmental order of knowledge types and the interaction between them, Rittle-
Johnson and Siegler (1998) reported that the acquisition of mathematical concepts
and skills tend to differ according to context and topics. In other words, there is no
such coherent theory that explains the relationship between two types of

mathematical knowledge and produces consistent results (Star, 2000).

Considering mathematical strands, “measurement” has a unique place in almost all
mathematics curricula because of its foundational nature and well-known importance
in quantifying our world. Hart (1984) emphasized the vital importance of
measurement in this way, “If teachers of mathematics were asked to choose the five
or six most important topics in the school mathematics curriculum, then measurement

would be likely to appear on every list” (p.16).

Measurement is an integral part of daily life and pervades mathematics programs as
well as of other subject areas (Baroody, & Coslick, 1998; Hart, 1984; NCTM, 2000;
Pope, 1994; Wilson & Rowland, 1992). According to Bishop (1988; as cited in
Kordaki & Portani, 1998), measurement is one of the universal activities for the
growth of mathematical ideas and it focuses on comparing, ordering, and quantifying
qualities. Lehrer (2003) stated “Measurement is an enterprise that spans both
mathematics and science but has its roots in everyday experiences” (p.179). The
concepts and skills involved in measurement fill up our everyday life and are widely
used in industry, engineering, architecture, physics, economy, etc. For instance, many
people interact daily with measurement by finding their height, weight, the distance
between two places, the space for new furniture, checking temperature, packing our
briefcases, preparing our meals, or scheduling our activities (Lewis & Schad, 2006;
Osborne, 1976). In the field of industry, for example, the knowledge of measurement

plays a fundamental role in design, production, packaging, shipping, etc.



In this respect, measurement is one of the subject areas that have real life applications
of mathematics (Clements & Battista, 2001; Reys, Suydam, & Lindquist 1989). No
matter whether it is concerned with volume, area, perimeter, or time, measurement is
an essential part of life (Long, 2004). Emphasizing the importance of measurement,
Inskeep (1976) claimed that “The importance of measurement in our personal lives
and in society is often taken for granted. The scientist knows its importance, and the
engineer can’t avoid it; but the average citizen sometimes fails to appreciate the role

of measurement.” (p.63).

In addition to its substantial involvement in our daily and professional life,
measurement provides learning opportunities for students in such domains as,
operations, functions, statistics, fractions, etc. (NCTM, 2000). It is conceived as a
foundational bridge across mathematical strands (Clements & Battista, 2001,
Davydoy, et al., 1999, as cited in Owens & Outhred, 2006). Van De Walle (2007)
points out the links between the study of measurement and the other disciplines of
mathematics. Figure 1 summarizes Van De Walle’s ideas about the relationships

between measurement and other mathematical strands.

PROPORTIONAL
REASONING:

Promoting FRACTIONS:

ALGEBRA: multiplicative
Developingthe use W thinkingthrough use
of functions of benchmarks

Enhancing sense of
unititeration,
equality, precision

GEOMETRY:
Helpingthe
understandingof
shapesand
relationships
involved

PLACE VALUE:
Enhancingthe use
of multiples often

Measurement

NUMBERS:
Developing number
sense

DATA:
Enhancing sense of
graphs and statistics

Figure 1.1 Relationships between Measurement and Other Mathematical Strands



In particular, it connects two main areas of mathematics: geometry and numbers
(Clements, 1999; Clements, & Battista, 2001; Kilpatrick, et al., 2001). In other words,
acquisitions of concepts and skills in measurement have potential to support
developments in the domain of both real numbers and spatial relations and vice versa.
Furthermore, the study of measurement is not only central in science lessons (Bladen,
Wildish, & Cox, 2000; Lehrer, 2003; Lewis & Schad, 2006) but also builds links
between mathematics studied in the classroom with other subject areas (NCTM,
2000). Besides, the study of measurement includes the affective area by indicating the
usefulness of mathematics in everyday life so it helps students to appreciate the role
of mathematics (Inskeep, 1976; NCTM, 2000).

Considering its vital role in mathematics, science, and our life, students should fully
understand not only “how to measure” but also ‘what it means to measure”. However,
several research studies on teaching and learning measurement has indicated that
students have difficulty with the concepts of measurement (Chappell & Thompson,
1999; Kloosterman, et al., 2004; Martin & Strutchens, 2000; Robinson, Mahaffey, &
Nelson, 1975). Most of the mathematics educators have agreed on that the reason
behind students’ poor understanding of measurement is putting more emphasis on
how to measure rather than what to measure means (Grant & Kline, 2003; Kamii &
Clark, 1997). When asked for finding “volume” or “area” or “perimeter” of an
object, many students automatically remember the formulas; volume is “length times
width times height” or area is “length times width,” regardless of the shape involved.
They plug in the numbers and perform the calculation without understanding of why
or how the formula works. In the NCTM's 2003 Yearbook on Teaching and Learning
Measurement, Stephan and Clements expressed the situation in this way “Something
is clearly wrong with [measurement] instruction (Kamii & Clark, 1997) because it
tends to focus on the procedures of measuring rather than the concepts underlying
them.” (p.3).



In the current mathematics education literature, it has been reported that many
students have poor and superficial understanding of length, area, and volume
measurement especially. The sources of mostly-documented students’ mistakes
related to length measurement are due to insufficient understanding of the property
being measured (Schwartz, 1995; Wilson & Rowland, 1992), of how to align a ruler
(Nunes, et al., 1993; Carpenter et al., 1988; Hart, 1981; Bragg & Outhred, 2001) and
of what is being counted when both informal units (Wilson & Rowland, 1992; Bragg
& Outhred, 2001) and ruler are used (Bragg & Outhred, 2004).

Further, research studies have indicated that elementary and middle school students
struggle to understand how length units produce area units (Kordaki & Portani, 1998;
Nunes, et al., 1993). The results of the research study done by Woodward and Byrd
(1983) with 8™ grade students indicated that 60% of the students could not be able to
distinguish the concept of area from the concept of perimeter and thought that
rectangles with same perimeter cover the same area. In addition, the results of the
study carried out by Chappell and Thompson (1999) revealed that middle school
students had difficulty providing the explanation of why two figures could have the

same area but have the different perimeter.

With regard to volume measurement, the results of Emekli’s study (2001), among
744 seventh and eighth grade Turkish students, indicated that only 20% of them could
be able to find the total number of unit cubes needed to fill up the rectangular box.
Olkun (2003) conducted a research study to investigate 4-5-6 and 7™ grade students’
performance and the strategies used for finding the number of unit cubes in
rectangular solids. According to the results, even 7" graders were not able to find the
correct number of unit cubes in the rectangular solids. Therefore, he concluded that
without understanding of unit cubes and their organizational structure in a rectangular

prism, teaching the formula for volume does not make any sense to students.



As stated previously, unless procedural knowledge is supported with conceptual
knowledge, the formulas and rules of mathematics are most often memorized rather
than learned with understanding (Aksu, 1994; Baykul, 1999; Noss & Baki, 1996).
From the perspective of conceptual knowledge, the study of measurement is full of
various kinds of concepts (e.g. unit iteration, perimeter, surface area, volume, etc.).
Besides, it is one of the strands that includes rich connections/relationships within its
own content (e.g. understanding of area concept provides foundation for the concept
of volume) and within the others (e.g. the underlying principle behind both the ruler
and the number line). From the perspective of procedural knowledge, the study of
measurement is also rich in terms of the skills (e.g. using tools to measure length,

area, volume) and the formulas (e.g. for finding perimeter, area, volume, etc.).

Except for such nation-wide or international studies as TIMSS and NAEP, there is no
research study investigating students’ conceptual and procedural knowledge of
length, area, and volume measurement together in Turkey. Apart from the Curry,
Mitchelmore and Outhred’s study (2006) which examines the concurrent
development of student’s understanding of length, area, and volume measurement in
grades 1-4, there is also no study abroad looking into length, area, and volume
measurement simultaneously. Hence, investigating students’ conceptual and
procedural knowledge about length, area and volume, which are the mostly-cited
problematic areas in the literature, may provide insights to what accounts for the poor

performance and understanding.

Moreover, the ability to solve problems in all areas of life is considered as one of the
vital skills to competing in a rapidly changing world. Besides, problem solving in
mathematics is “a hallmark of mathematical activity and a major means of developing
mathematical knowledge™ (NCTM 2000, p.116). Silver (1986) pointed out that
mathematical problems are important vehicles for the development of both
conceptual and procedural knowledge, as problem solving process entails the making

use of both type of knowledge. Among the mathematical tasks, word problems have



continued to be special part of almost all mathematics curricula and textbooks. Word
problems were appeared even in ancient times (Verschaffel, Greer, & De Corte,
2000). While explaining the purposes of extensive inclusion of word problems in
mathematics curricula, Verschaffel et al. (2000) stated that word problems create a
context for the development of new concepts and skills if they are carefully selected
and sequenced. Over the past decades, research in this area has been investigated
mainly the effects of the mathematical structure, semantic structure, the context, and
the format of word problems on students performance (Caldwell & Goldin, 1979;
Cummins, et al., 1988; Galbraith & Haines, 2000; Gerofsky, 1996; Verschaffel et al.,
2000). The topics studied in this area have been dominated with arithmetical
problems especially focusing on addition and subtraction (Greer, 1992). In this
respect, investigating students’ performances on length, area, and volume
measurement in three different contexts, namely word problems, conceptual
knowledge, and procedural knowledge, might provide opportunity to diagnose their

strengths and weaknesses in learning measurement specifically.

Furthermore, mathematics is a highly interrelated and cumulative subject and
mathematical ideas are linked to and build on one another (NTCM, 2000). As
mentioned previously, solid mathematical understanding requires for making
connections or establishing relationships between existing knowledge and new
information (Hiebert & Carpenter, 1992). At this point, it is obvious that students’
previously learnt concepts and skills, and the relations/connections among them play
a crucial role in making sense of mathematics. There have been research studies
revealing that if a learner develops a well-structured mathematical knowledge
schema, s/he has not only higher level of understanding in mathematics, but also can
store this knowledge for a long time and retrieve when it is necessary (Cooper &
Sweller,1987; as cited in Chinnappan, 2003). Besides, most of the mathematics
researchers claimed that prior mathematics achievement has played an important role
in students’ subsequent attainment (Bandura, 1997; Pajares & Miller, 1994; Kabiri &
Kiamanesh, 2004). Focusing on the study of measurement in particular, Bragg and



Outhred (2000) pointed out that having an understanding of length measurement may
result in success in area and volume measurement. Since students’ previous
knowledge has a great impact on their future learning, it is considered as one of the

variables of this study.

Moreover, tools, materials or manipulatives have also played a crucial role in
students’ understandings of the mathematical concepts. Numerous research studies
conducted in mathematics education have supported the use of manipulatives in
learning and teaching of mathematics (Bohan & Shawaker, 1994; Sowell, 1989).
According to Clements (1999), students using manipulatives in their mathematics
classes usually perform better than those who do not. Considering measurement
strand, manipulatives are essential and not only the Principles and Standards for
School Mathematics (2000) of National Council of Teachers of Mathematics but also
many different mathematics curricula suggest the use of manipulatives such as rulers,
paper clips, tiles, unit cubes while teaching measurement. Hence, the use of materials

while teaching measurement is another variable of this study.

Furthermore, the gender gap in mathematics, historically favors boys, has been long-
debated issue over the years. Research indicates that differences in mathematical
achievement between boys and girls are not clear during the elementary school years,
yet girls begin to fall behind boys as they move into higher grades (Fennema, 1980;
Leder, 1985; Peterson & Fennema, 1985; as cited in Alkhateeb, 2001). Based on the
results of the 2003 Programme for International Student Assessment (PISA), Guiso et
al, (2008) argued that even though girls’ mathematics scores are lower than boys’
mathematics scores in general, there is a positive correlation between gender gap in
mathematics and the gender equality. Whereas it is recently reported that the gender
gap has declined slightly (Barker, 1997; Isiksal, & Cakiroglu, 2008; Knodel 1997)
and there might be other causes accounted for the gender gap (Guiso et al, 2008), it is

still a factor to be taken into consideration in this study.
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With regard to the educational system, Turkey has a centralized educational system
and the main body that has control over the primary and secondary education is the
Ministry of National Education (MONE). Under the control of MONE, developing
the school curricula, determining national education policies, and developing course
books and materials are the responsibilities of the Board of Education (BOE). In such
a centralized structure, all primary and secondary schools in Turkey have to follow

the same national curricula developed by the BOE.

Together with the low performance of Turkish students, especially in the subject
areas of mathematics and science, in such international benchmarking studies as the
Trends in International Mathematics and Science Study (TIMSS-R), Progress in
International Reading Literacy Study (PIRLS); and Programme for International
Student Assessment (PISA) (Aksit, 2007; Babadogan & Olkun, 2006; Berberoglu,et
al, 2003; Bulut, 2007; Erbas & Ulubay, 2008; OECD, 2004; PIRLS, 2001) and the
start of negotiations on European Union membership, Turkish Ministry of National
Education (MONE) has accelerated the reform movements and made substantial
changes in the educational system. Compulsory primary education was extended
from five to eight years in 1997. Secondary education, which is non-compulsory, was
increased from three to four years during the academic year of 2005-2006.
Furthermore, the curricular reform movements have been started with the
redevelopment of the primary school curriculum for the 1% - 5t grades. The five
subject areas, Turkish language, mathematics, life studies, social studies, science and
technology, were renewed in line with the national needs and values, contemporary
scientific-technical data and also the different interests, wishes, and capabilities of the
students (MONE, 2004). After the pilot testing, the new elementary school curricula
were put into practice in September 2005. Similarly, nation-wide dissemination of the
newly developed curriculum for 6™, 7", and 8" grade levels has already started with a

step-wise approach in the 2006-2007 academic year.

11



Regarding the new mathematics curriculum, the most important differences between
new and previous curriculum are considered as the shift from the subject-centered
curriculum to the student-centered one and from the behaviorist way of learning to
the constructivist one (Olkun & Babadogan, 2006). The ultimate goal of new
mathematics curriculum is to raise mathematically competent individuals who think
critically and independently, solve real life problems, reason analytically,
communicate with mathematical ideas, make mathematical connections, apply
mathematical knowledge and skills both in mathematical and non-mathematical
contexts (MONE, 2009). With this vision of mathematics education, more emphasis
Is put on the development of students’ conceptual knowledge and problem solving

skills along with procedural (computational) fluency in the new curriculum.

Besides, in Turkey, although measurement as a subject matter is started to be taught
from first grade to eighth grade, the attention given to this subject seems to be low.
Considering the number of studies on measurement in the world, a few research
studies have been done so far in Turkey. Most of the studies have been focused on
such subjects as algebra, fractions, and geometry. So we believe that there is a need

for finding out students’ knowledge of measurement.

Although research has shed significant light on the how children learn measurement
and how they internalize measuring process, students still have tough times while
learning measurement. In this sense, investigating students’ conceptual and
procedural knowledge and word-problem solving performances together on length,
area and volume, which are oft-cited problematic areas in measurement, may provide
insights to what accounts for the poor performance and understanding. Knowing to
what extent students make sense of length, area, and volume measurement and to
what extent they are capable of applying the knowledge of measurement in these
three domains would enable teachers and curriculum developers to design effective

measurement instruction.
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1.2 Purpose of the Study

The main purpose of this study was to investigate sixth grade students’ conceptual
and procedural knowledge and word problem solving skills in the domain of length,
area, and volume measurement with respect to the selected variables (gender,
previous mathematics achievement, and the use of materials). More specifically, the
study focused on the determination of differences in students’ performances when
three domains of measurement [length, area, and volume] were assessed by different
tests [concept, procedure, and word problems] and the examination of the differences
and relationships among the selected variables [gender, previous mathematics

achievement, and the use of materials].
This study addressed the following research problems:

1. What is the overall performance of 6" grade students on the Conceptual

Knowledge, Procedural Knowledge, and the Word Problems Test?

1.1.What is the 6" grade students’ performance on the Conceptual
Knowledge, Procedural Knowledge and Word Problems Test with regard

to length measurement?

1.2.What is the 6" grade students’ performance on the Conceptual
Knowledge, Procedural Knowledge and Word Problems Test with regard

to area measurement?

1.3.What is the 6™ grade students’ performance on the Conceptual
Knowledge, Procedural Knowledge and Word Problems Test with regard

to volume measurement?
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2. Is there a significant relationship between the 6™ grade students’ overall
performance on the Conceptual Knowledge, Procedural Knowledge and Word
Problems Test?

2.1.1s there any significant relationship between the 6" grade students’
performance on the Conceptual Knowledge, Procedural Knowledge and
Word Problems Test with regard to length measurement?

2.2.1s there any significant relationship between the 6 grade students’
performance on the Conceptual Knowledge, Procedural Knowledge and
Word Problems Test with regard to area measurement?

2.3.1s there any significant relationship between the 6" grade students’
performance on the Conceptual Knowledge, Procedural Knowledge and
Word Problems Test with regard to volume measurement?

2.4.1s there any significant relationship between the 6" grade students’
performance on the Conceptual Knowledge, Procedural Knowledge and
Word Problems Test with regard to length, area, and volume
measurement?

3. Does 6™ grade students’ overall performance on the Conceptual Knowledge,
Procedural Knowledge and Word Problems differ according to gender?

4. Does 6™ grade students’ overall performance on the Conceptual Knowledge,
Procedural Knowledge and Word Problems differ with respect to previous
mathematics achievement?

5. What are the 6™ grade students’ common mistakes/errors in three tests with
regard to length, area, and volume measurement?

6. What are the mostly-used materials while teaching/learning measurement?

6.1. Who are mostly using the materials in measurement instruction?

6.2.1s there any significant relationship between the 6" grade students’
performance on the Conceptual Knowledge, Procedural Knowledge and
Word Problems Test according to whether the materials used in

teaching/learning measurement?
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1.3 Significance of the Study

Doing a research study on investigation of students’ conceptual knowledge,
procedural knowledge and word-problem solving skills in length, area, and volume

measurement is valuable from several perspectives.

First of all, in field of mathematics education, most of the studies have been focused
on students’ competence in counting, addition, subtraction, multiplication, division,
and fractions. In 2001, Glenda Lappan, the past president of the NCTM, pointed out
the importance of the study of measurement in her presentation entitled with
“Measurement, The Forgotten Strand” (Lewis & Schad, 2006). Although several
studies have been conducted on students’ understanding of measurement in different
domains (e.g. length, area, volume, angle, time) so far, none of them has been
conducted to examine specifically students’ conceptual knowledge, procedural
knowledge and word problem solving skills in the domains of length, area, and
volume measurement together with respect to the selected variables (gender, the use
of manipulative materials, and previous mathematics achievement). In this respect,

the present study is very important in contributing to the related field.

Further, research studies in this area are rarely observed in Turkey, yet there is no
research study investigating students’ conceptual knowledge, procedural knowledge
and word-problem solving skills in length, area, and volume measurement together in
Turkey. Thus, carrying out the present study might be beneficial to the Turkish
elementary school mathematics curriculum. It will be valuable to find out the
deficiencies that our students have and to provide more effective ways for teaching
and learning measurement. Besides, this study might initiate new research area on the

study of measurement among Turkish mathematics educators and scholars.
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As stated previously, unless we know well what students understand and think about
measurement, we fail to design effective measurement instruction (Stephan &
Mendiola, 2003; Curry, & Outhred, 2005). Providing teachers with research-based
explicit knowledge about student’s thinking in a specific content domain positively
affects teachers’ instruction and students’ achievement (Carpenter, et al., 1989).
Therefore, it is believed that the results of the study will offer significant suggestions
and guidelines both for mathematics teachers and curriculum developers who would
like to develop students’ conceptual and procedural knowledge as well as their word-

problem solving abilities.
1.4 Definitions of the Terms

Although the terms of this study have variously been defined in the mathematics

education literature, the following definitions were chosen for this study.

Measurement
Measurement is “the assignment of a numerical value to an attribute of an object”
(NTCM, 2000, p.44).

Length
Length is *“a characteristic of an object and can be found by quantifying how far it is

between the endpoints of the object.” (Stephan & Clements, 2003, p. 3).

Length/ Linear Measurement
It is “measurement in a straight line between two points” (Schrage, 2000; p.5).

Area

Area is “the two-dimensional space inside a region” (Van De Walle, 2007, p.382).
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Area measurement
It is “based on partitioning a region into equally sized units which completely cover it

without gaps or overlaps” (Cavanagh, 2007, p.136).

Volume

Volume is “the amount of space occupied by, or the capacity of, a three-dimensional
shape” (Lappan, et al., 2006, p. 136). Piaget and Inhelder (1967, as cited in Zembat,
2007, p.208) defined three kinds of volume as “amount of space occupied by an
object (occupied volume), the capacity of a container (interior volume), and the
volume of displaced water when a figure is immersed into a cup with full of water

(displacement volume).”

Volume Measurement
It is “measure of the size of three-dimensional regions™, “...the capacity of container”
and “... the size of solid objects.” (Van De Walle, 2007, p.387).

The Content of Measurement Strand

In the Sixth Grade National Mathematics Curriculum, the measurement unit covers
the following topics: measurement of angles, length measurement, area measurement,
volume measurement, and liquid measurement. There are totally 18 learning

objectives and the time allocated for the attainment of these objectives is 30 hours.

Conceptual knowledge
In the literature, conceptual knowledge is defined as
“knowledge rich in relationships, a connected web of knowledge” (Hiebert &
Lefevre, 1986, p. 3)
- “knowledge of and a ‘skilful’ drive along particular networks, the elements of
which can be concepts, rules and even problems given in various

representation forms” (Haapasalo & Kadijevich, 2000, p. 141)
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“an integrated and functional grasp of mathematical ideas.” (Kilpatrick, et al.,
2001, p.118)

“the ability to show understanding of mathematical concepts by being able to
interpret and apply them correctly to a variety of situations as well as the
ability to translate these concepts between verbal statements and their
equivalent mathematical expressions. It is a connected network in which
linking relationships is as prominent as the separate bits of information.”
(Engelbrecht, Harding, & Potgieter, 2005, p.704).

In line with these definitions, conceptual knowledge is defined here as knowledge of

mathematical concepts, ideas, and principles that are connected to knowledge

networks and justifies mathematical procedures, symbols, and/or algorithms.

Specifically in this study, conceptual knowledge refers to the concepts, ideas, and

principles of length, area, volume measurement (e.g. perimeter, surface area, zero-

concept, etc.), and their relationships.

Procedural knowledge

In the literature, procedural knowledge is characterized as

“... composed both of the symbol representation system of mathematics and
of the algorithms or rules for completing mathematical tasks” (Hiebert, &
Lefevre, 1986, p. 6).

“denotes dynamic and successful utilization of particular rules, algorithms or
procedures within relevant representation form(s), which usually require(s)
not only knowledge of the objects being utilized, but also knowledge of the
format and syntax for the representational system(s) expressing them.”
(Haapasalo & Kadijevich, 2000, p. 141).

“the ability to physically solve a problem through the manipulation of
mathematical skills, such as procedures, rules, formulae, algorithms and
symbols used in mathematics.” (Engelbrecht, Harding, & Potgieter, 2005,
p.704).
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In line with these definitions, procedural knowledge refers to here as “knowledge of
mathematical procedures, symbols, formulas, rules, and algorithms that are used to
complete mathematical tasks in sequence of actions/steps. In the domain of
measurement, procedural knowledge refers to the procedures, techniques, tools, and

formulas used for measuring length, area, and volume.

Word problem

Word problem is defined *“as verbal descriptions of problem situations wherein one
or more questions are raised the answer to which can be obtained by the application
of mathematical operations to numerical data available in the problem statement”
(Verschaffel et al., 2000, p.xi).

Materials

The term “materials” used in the present study is defined as concrete objects that are
used as a means of tools or manipulatives to introduce, practice, or remediate
mathematical concepts and/or skills (Boggan, Harper, & Whitmire, 2010). More
specifically, the concrete objects listed under the name of materials in this study are
ruler, isometric paper, unit cubes, dot paper, pattern blocks, square blocks, tangram,

cubes blocks, volume blocks and geometry stripes.

Previous Mathematics Achievement
In the present study, the variable named as previous mathematics achievement refers
to the sixth grade students’ mathematics report card grade in 5™ grade ranging from 5

(excellent) to 1 (needs improvement).
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CHAPTER II

LITERATURE REVIEW

This part includes the presentation of previous works on conceptual and procedural
knowledge; word problem solving; length, area, and volume measurement by
addressing both theoretical and empirical perspectives in mathematics education. In
addition, current research studies on gender gap, previous mathematics achievement,

and the use of materials in mathematics education are also presented in this chapter.

2.1  Theoretical and Empirical Studies on Conceptual and Procedural

Knowledge

Several theories of learning and instruction assigned the fundamental role for
“knowledge” in one's cognitive development and learning process (De Jong &
Ferguson-Hessler, 1996). Schneider and Stern (2006) concluded that at least two
types of knowledge are shaping one’s understanding and actions: the first one is
knowledge of concepts and the second is knowledge of procedures in a certain
domain. A bulk of research and theory in cognitive science supports the notion that
deep understanding depends on how well a learner represents and connects bits of
knowledge (Kilpatrick, et al, 2001).
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In the context of mathematics education, conceptual and procedural knowledge are
considered as gatekeepers for a learner to understand mathematics meaningfully and
become mathematically competent (Hiebert & Carpenter, 1992; Rittle-Johnson &
Alibali, 1999). Putting emphasis on the connections and relationships between types
of knowledge, Hiebert and Carpenter (1992) defined mathematical understanding

A mathematical idea or procedure or fact is understood if it is part of an
internal network. ... the mathematics is understood if its mental representation
is part of a network of representations. The degree of understanding is
determined by the number and the strength of the connections. A
mathematical idea, procedure, or fact is understood thoroughly if it is linked
to existing networks with stronger or more numerous connections. (p.67).
Within this vision, success in mathematics relies mostly on how learners internalize
the meaning related a procedure they are learning or a concept is being taught and
make connections between them. Kilpatrick, et al., (2001) maintained that learning
mathematics with understanding is more powerful when compared to learning by

rote, since it contributes to retention, fluency and assists learning related material.

As stated in the previous chapter, conceptual and procedural knowledge have been
one of the long-debated issues over the years and so, different mathematics educators
have taken different positions while defining two types of knowledge under different
labels/names (Even & Tirosh, 2008; Haapsaalo & Kadijevich, 2000; Hiebert
&Lefevre, 1986). The following Table 2.1 presents the different labels for conceptual

and procedural knowledge.

Table 2.1
Types of Knowledge under Different Labels

Author(s) Labels
Piaget, (1978) Conceptual understanding vs. Successful action
Skemp, (1978) Relational understanding (knowing “what to do and why™) vs.

Instrumental understanding (rules without reasons)
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Table 2.1
Types of Knowledge under Different Labels (cont’d)

Author(s) Labels

Anderson (1983) Declarative knowledge (knowing “that”) vs. Procedural knowledge
(knowing “how™)

Baroody & Mechanical knowledge (knowledge of facts, rules and algorithms) vs.

Ginsburg (1986) Meaningful knowledge (knowledge of concepts and principles)

Gelman & Meck Conceptual competence (knowledge of principles) vs. Procedural

(1986) competence (procedure performance)

Hiebert & Lefevre  Conceptual knowledge (connected web of knowledge) vs. Procedural

(1986) knowledge (rules or procedures for solving mathematical problems)

VanLehn (1986) Teleological knowledge (conceptual) vs. Schematic knowledge

(procedural)

Gray & Tall (1993)  Proceptual thinking (use of procedure where appropriate and symbols
as manipulable objects where appropriate) vs. Procedural thinking
(use of procedure) (as cited in Haapsaalo & Kadijevich, 2000, p.141)

Although different forms of knowledge and skills have been described in
mathematics education literature, the Hiebert's edited book (1986) titled as
“Conceptual and Procedural Knowledge: The Case of Mathematics” provided a
widely-used framework for mathematics education community while thinking and

analyzing mathematical knowledge (Star, 2000).

Hiebert and Lefevre (1986) characterized conceptual knowledge as “knowledge that
is rich in relationships ... [and] a connected web of knowledge, a network in which
the linking relationships are as prominent as the discrete pieces of information” (p. 3-
4). They continued to assert that only if it is stored as a bit of knowledge connected
within a network, this is conceptual knowledge. Through establishing relations,
isolated bits of knowledge become a part of a network. Lawler (1981; as cited in
Hiebert & Lefevre, 1986) claimed that when previously unrelated networks are
integrated, a remarkable reorganization between cognitive schemas will be occurred.
Assimilation of new information into the existing one will also contribute to the

growth of conceptual knowledge (Baroody, et al., 2007).
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In addition to providing framework for conceptual knowledge, Hiebert and Lefevre
(1986) also mentioned about the two levels of relationships between pieces of
conceptual knowledge in terms of abstractness. The first level is called as primary
level. At this level, the link tied to the information is built at the same level of
abstractness or at a less abstract level than the information itself. At the second level,
named as reflective level, relationships are constructed at a higher level of
abstractness than the information itself. Building relationship at reflective level
requires going into a deeper process of looking back and reflecting on the pieces of

knowledge being integrated.

In a broader view, Kilpatrick, et al. (2001) characterized conceptual knowledge as
“an integrated and functional grasp of mathematical ideas.” (p.118). They pointed out
that those who understands mathematics conceptually (a) knows why a mathematical
idea is important (b) applies this idea into different contexts, and (c) makes coherent
organization among pieces of knowledge which results in learning new ideas. In this
respect, Kilpatrick and his colleagues (2001) argued that whether a learner has deep
or superficial conceptual knowledge depends on both the richness and the extent of

connections that a learner has made.

On the other hand, Hiebert and Lefevre (1986) defined procedural knowledge under
two distinct parts. The first part, also known as the form of mathematics, includes the
knowledge of the formal language or the symbol representation systems of
mathematics. Awareness of the mathematical symbols and of the syntactically
acceptable rules for symbols is the main aspects of the first part. They continued to
claim that knowing the characteristics of mathematical representations does not
involve the knowing the meaning of them. For instance, a learner possessing
knowledge of form of mathematics, might recognize that the expression /4 x A = 8

IS an acceptable syntactic equation, even though s/he is not able to execute the

equation correctly, and that V' £ A8x=5isnot acceptable equation.
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According to Hiebert and Lefevre (1986), the second part of procedural knowledge is
the knowledge of algorithms, rules, procedures *“step-by-step instructions that
prescribe how to complete tasks” (p.6). Hierarchical structure is considered as the
main characteristic of procedural knowledge. In order to execute a procedure a
learner goes through hierarchically arranged sub-procedures embedded in others. The
end point is super-procedure which is defined as “an entire sequence of step-by-step
prescriptions or sub-procedures” by Hiebert and Lefevre (1986, p.7). The authors also

noted that not all procedures are performed at the same level.

Hiebert and Lefevre’s initial definition of knowledge types has still been fueling the
debate on the characterization of “knowing how to do” and “knowing what and why”.
Whereas some mathematics educators accept that conceptual knowledge refers to
richly connected knowledge and procedural knowledge is sparsely connected

knowledge, some of them disagree on these definitions (Baroody, et al., 2007).

Haapasalo & Kadijevich (2000) asserted that procedural knowledge is often regarded
as automated and unconscious steps; in contrast, thinking consciously is generally
attributed to conceptual knowledge. They criticized both the describing conceptual
knowledge as static and procedural knowledge as superficial and straightforward.
Based on the level of consciousness of the applied actions, Haapasalo & Kadijevich
(2000) distinguished two forms of mathematics knowledge as follows:

Conceptual knowledge denotes knowledge of and a skillful drive along
particular networks, the elements of which can be concepts, rules (algorithms,
procedures, etc.) and even problems (a solved problem may introduce a new
concept or rule) given in various representation forms (p.141).

Procedural knowledge denotes dynamic and successful utilization of
particular rules, algorithms, or procedures within relevant representation
form(s).This usually requires not only the knowledge of the objects being
utilized, but also the knowledge of format and syntax for the representational
system(s) expressing them (p.141).
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Star (2000) claimed that conceptual knowledge is received much more attention and
importance in the field of mathematics education, because it is considered to be
generated meaningfully and required more sophisticated thinking process. Regarding
the significance of procedural knowledge in the field, in his 2005 research
commentary, Star argued that knowledge of procedures is generally described by
such adjectives as superficial, uncomplicated and also considered to be rote learning.
After examining the Hiebert and Lefevre’s characterization of two knowledge types,

he concluded that

...these terms suffer from an entanglement of knowledge type and knowledge
quality that makes their use somewhat problematic, especially for procedural
knowledge. The term conceptual knowledge has come to encompass not only
what is known (knowledge of concepts) but also one way that concepts can be
known (e.g. deeply and with rich connections). Similarly, the term procedural
knowledge indicates not only what is known (knowledge of procedures) but
also one way that procedures (algorithms) can be known (e.g. superficially
and without rich connections)... if knowledge type and knowledge quality
have become conflated, then what would it mean to disentangle them?.
(p.408).
Star continued to argue that the current definition of procedural knowledge does not
reflect completely how procedures are known and this limited view is considered as
one possible reason for ignorance of procedural knowledge in the mathematics
education research. He proposed a model in which knowledge types (conceptual vs.
procedural) and quality (deep vs. superficial) are separated from each other. Different
from the current assumptions related to types of knowledge, he claimed that
conceptual knowledge might be superficial and procedural knowledge might be deep
that is knowledge of procedures “associated with comprehension, flexibility, and
critical judgment is distinct from (but possibly related to) knowledge of concepts.”

(p.408).
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Baroody and his colleagues were inspired by the Star’s call for re-conceptualization
of procedural knowledge and expressed their arguments and critiques in their 2007
research commentary. Although Baroody and Star meet a common ground that there
is neither precise nor clear-cut characterization for both knowledge types (Star, 2007),
the main disagreement between them is related to definition of deep procedural
knowledge. Whereas Baroody, et al. emphasized that deep procedural knowledge
cannot be achieved without conceptual knowledge, Star asserted that conceptual
knowledge is not a necessary condition for deep procedural knowledge. The
discussion between Star and Baroody, et al. represents the current conceptualizations
of knowledge types and also clearly indicates that there will be continuous attempts

to provide a well-defined framework for students’ knowledge of mathematics.

2.1.1 Studies on the Relationship Between Conceptual and Procedural

Knowledge

Certainly, developments and changing perspectives in the field of mathematics
education, (e.g. constructivist way of learning, emphasis on mathematical learning
with understanding) have great impact on how curriculum developers and policy

makers shape the nature of mathematics education and curriculum (English, 2007).

Considering the fact that the relative importance of knowledge of concepts versus
knowledge of procedures has generally been realized in the context of instructional
programs, emphasizing one type of knowledge over the other depends on how these
types of knowledge are related and valued (Hiebert &Carpenter, 1992). For instance,
in the NCTM’s Principles and Standards for School Mathematics book, it is stated
that students should actively build new knowledge from existing knowledge and
experience and mathematics curriculum is “more than a collection of activities: it
must be coherent, focused on important mathematics, and well articulated across the
grades” (p. 14). Within this vision of mathematics education, it is believed that more

emphasis put on the development of conceptual underpinnings of mathematical ideas
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along with procedural knowledge will result in making sense of mathematics.
Although the majority of mathematics educators have acknowledged the notion that
both conceptual and procedural knowledge of mathematics has a very important role
in learning and doing mathematics (Hiebert & Lefevre, 1986; Hiebert & Carpenter,
1992; Ohlsson & Rees, 1991; Star, 2000, Van de Walle, 2007), ‘whether knowledge
of concepts or procedures is the most beneficial for mathematical competency’ and
‘which type of knowledge develops first’ have been remained as one of the long-
standing discussion among mathematics educators over the years (Baroody, 2003;
Byrnes & Wasik, 1991; Hiebert & Carpenter, 1992; Rittle-Johnson, & Siegler, 1998;
Rittle-Johnson, Siegler, & Alibali, 2001; Star, 2000). The bulk of theoretical and
research-based arguments concluded that linking conceptual knowledge with
procedural knowledge and vice versa has many advantages for development of
students’ mathematical understanding. Hiebert and Carpenter (1992) stated that
procedures enable a learner to execute mathematical tasks efficiently and previously

practiced and memorized procedures are completed quickly and easily.

Even though the ability to execute procedures successfully does not require the
conceptual bases behind them, building connections between procedures and their
associated conceptual bases is assumed to maximize understanding (Baroody, 2003,
Hiebert & Lefevre, 1986; Silver, 1986; Star, 2005). By using ‘cooking’ metaphor,
Silver (1986) explained the linking procedural knowledge with conceptual knowledge
as follows:

...a person who knows how to prepare a meal only by following explicit
cookbook directions is left almost helpless when a needed ingredient is
unavailable or when the cookbook fails to be explicit about all the details; the
person is unlikely to modify a recipe according to taste or to create other
recipes based on one found in the cookbook. But when the person’s
procedural knowledge of cooking is enriched with conceptual information
about the nature of spices, the role of various ingredients in the cooking
process, and so on, then the person is likely to be able to apply the knowledge
to novel situations (p.185).
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Hiebert and Lefevre (1986) claimed that links between types of knowledge play
critical role in the development of students’ mathematical competence. If procedures
are linked with the underlying rationale, a learner is able to give meaning for
symbols, to understand how and why procedures/formulas work, and to use
procedures effectively in problem solving process in which conceptual knowledge
might assist learner in the selection and execution of procedures (Gelman & Meck,
1986; Hiebert &Lefevre, 1986). Similarly, Rittle-Johnson, et al. (2001) argued that
with the help of conceptual bases, a learner can focus on the key features of a
problem and build well-organized problem situation that might facilitate the
generation and execution of the appropriate procedures in order to reach the correct
answer. In other words, successful problem solving performance can be achieved

through the conceptually-built problem representation (Silver, 1986).

Moreover, procedural knowledge connected with its underlying principles enables a
learner to make smooth transfers in similarly structured problems, so the number of
procedure transfers increases, the number of procedures needed to learn decreases
(Hiebert & Lefevre (1986). Put differently, the increase in integration of types of
knowledge will result in more efficient use of procedures across different problems
and will expand the holder’s strategy selection choices (Carpenter, 1986). As far as
problem solving is concerned, conceptual support for a procedural advance is
required for flexibility which is considered as “... the major cognitive requirement for
solving non-routine problems” (Kilpatrick et al., 2001, p.127). When a learner gains
flexibility in the selection of procedures, not only s/he becomes more flexible in the
selection of strategies for various kinds of problems, but also the procedures
themselves become more flexible (Carpenter, 1986). In brief, procedural knowledge
without the conceptual bases is likely to generate more error-prone, inflexible,

context-bounded, or fragmented outcomes (Baroody, 2003; Carpenter, 1986).
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Even though benefits of conceptual knowledge on procedural knowledge have
attracted more attention than benefits of procedural knowledge on conceptual
knowledge, without doubt, building connections between types of knowledge
promotes the development of conceptual knowledge as well. Byrnes and Wasik
(1991) noted that concepts entail the organization of experiences by creating/forming

networks or by making causal, temporal, or spatial connections.

Hiebert and Lefevre (1986) described the ways in which procedural knowledge can
trigger the development of conceptual knowledge. Firstly, mathematical symbols
based on meaningful referents might enable a learner to think about the concepts they
symbolize. Since the formal symbol system of mathematics may shelter or may pack
sophisticated concepts, the cognitive demand to manage the concepts might be
decreased by concentrating on the symbols.

Another way that procedural knowledge enhances conceptual knowledge as described
by Hiebert and Lefevre is that procedures allow the applications of concepts in
problem solving situations. Anderson (1983) argued that non-routine problems
initially require the conceptual knowledge. However, practicing similarly structured
problems are no longer considered as non-routine and thus the knowledge that is
previously conceptual might become procedural knowledge. In this respect, being
competent in using procedures automatically and effectively also makes it possible to
apply concepts.

In the light of abovementioned theoretical claims, it is clear that building connections
between conceptual and procedural knowledge has many advantages for the
development of both types of knowledge, as a result, for becoming fully competent in
mathematics. The formal symbols of mathematics connected with conceptual
principles are considered as a process in which the holder constructs meaning to
symbols, namely, s/he makes sense of mathematical symbols. Further, mathematical

procedures linked with the conceptual knowledge enhance the use of procedures
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effectively and help a learner to store and retrieve them easily and successfully.
Linking concepts with procedures also contributes to the development of conceptual
knowledge. With the help of procedural knowledge, it is also assumed that level and
applicability of conceptual knowledge might be increased and thus, a learner finds
opportunity to apply concepts in problem solving situations. Underlining interwoven
pattern of knowledge types, Kilpatrick and his colleagues (2001) summarized the

vital importance of conceptual and procedural knowledge as follows:

...Understanding makes learning skills easier, less susceptible to common
errors, and less prone to forgetting. By the same token, a certain level of skill
is required to learn many mathematical concepts with understanding and using
procedures can help strengthen and develop that understanding... once
students have learned procedures without understanding, it can be difficult to
get them to engage in activities to help them understand the reasons
underlying the procedure. ...Without sufficient procedural fluency, students
have trouble deepening their understanding of mathematical ideas or solving
mathematical problems (p.122).
Another hotly-debated issue on the relations between conceptual and procedural
knowledge is related to ‘which type of knowledge develops first’ (Baroody, 2003;
Rittle-Johnson, Siegler, & Alibali, 2001; Star 2000). There have been two opposite
camps prevailing on this debate; on one side the advocates of ‘“concepts-first”
(concepts-before-skills) view; and on the other side the proponents of “skills-first”
(skills-before-concepts) view (Baroody, 2003; Baroody, Lai, & Mix, 2006; Rittle-

Johnson, Siegler, & Alibali, 2001).

The advocates of “conceptual knowledge before procedural knowledge” claim that
conceptual knowledge in a domain is either initially developed or comes with birth.
Through applying this conceptual knowledge, procedures are generated and used to
solve problems (Rittle-Johnson, Siegler, & Alibali, 2001). In other words, knowledge
of concepts takes the lead in the development of knowledge of procedures. Several
lines of research on mathematics education have supported the developmental

precedence of conceptual knowledge in different mathematical domains (Rittle-
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Johnson & Alibali, 1999; Baroody, 2003). As opposed to concepts-first view, the
proponents of “skills-first” (skills-before-concepts) view claimed that mathematical
procedures/skills predate and highlight the mathematical concepts (Baroody, 2003).
By imitating, practicing, using trial and error method, children initially learn
procedures in a domain and gradually grasp domain-specific concepts through
repeated practice and reflections (Baroody, 2003; Rittle-Johnson, Siegler, & Alibali,
2001; Schneider, & Stern, 2006). As the review by Rittle-Johnson and Alibali (1999)
indicated that there have been research studies evidencing the precedence of

procedural knowledge over conceptual knowledge in different mathematical domains.

It is obvious that the two opposite camps have the empirical evidence that proves
their claims related to the developmental order of knowledge types. However, the
issue has been still unsolved. Putting emphasis on complex relationships and mutual
benefits, Hiebert and Lefevre (1986) stated that it is hard to draw a clear picture
demonstrating the developmental order of conceptual and procedural knowledge, as
defined by skills-first or concepts-first proponents. They continue to assert that the
main obstacle behind the contradictory claims may lie in the difficulties in making
clear distinction between types of knowledge and state “Not all knowledge can
usefully described as either conceptual or procedural. Some knowledge seems to be a
little of both, and some knowledge seems to be neither.” (p.3). In this respect, the
intractable nature of procedural and conceptual knowledge also raises the concern
about assessment process in terms of validity (Schneider & Stern, 2006).

Besides, Rittle-Johnson, and her colleagues (2001) summarized the common results
of the past research on the conceptual and procedural knowledge development as
follows: (a) students often have both types of knowledge partially, (b) having greater
knowledge of one type is correlated with greater knowledge of the other, (c) advances
in one type of knowledge can lead to the improvements in the other type of
knowledge. For these reasons, instead of arguing that one type of knowledge

straightforwardly develops first, they concluded that knowledge of concepts and
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procedures might develop in a hand-over-hand process. In this respect, the third
approach explaining another possible way of relationship between mathematical
concepts and skills is “Iterative Model” proposed by Rittle-Johnson, et al. (2001).In
this model, the relationship between knowledge types is assumed to be bi-directional,
and causal, and thus, “Increases in one type of knowledge lead to gains in the other
type of knowledge, which in turn lead to further increases in the first.” (p. 347).
Different from other approaches, either conceptual or procedural knowledge might
develop first in this iterative process. The indicator of which type of knowledge is the
beginning point is student’s prior experiences (i.e. time spent on and frequency of
exposure) with the domain. Rittle-Johnson, et al. (2001) exemplified this situation in

the following way,

Initial knowledge in a domain tends to be conceptual if the target procedure is
not demonstrated in the everyday environment or taught in school or if
children have frequent experience with relevant concepts before the target
procedure is taught. In contrast, initial knowledge generally is procedural if
the target procedure is demonstrated frequently before children understand
key concepts or if the target procedure is closely analogues to a known
procedure in a related domain (p.347).

Another important point addressed in the Iterative Model is explicit recognition of

children’s partial knowledge gained previously. This recognition eliminates the

assumption that a child has one kind of knowledge in a domain does not mean the

other kind of knowledge is totally absent.

Furthermore, Haapasalo and Kadijevich (2000) used another strategy to explain the
possible interplay between types of knowledge. Based on the review of research
studies in terms of students’ performance on procedural and conceptual knowledge
test items, they documented four different views that are empirically proved. Table
2.2 summarizes four relations between procedural and conceptual knowledge as
outlined by Haapasalo and Kadijevich (2000, p.145):
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Table 2.2

Haapasalo and Kadijevich’s Classification of the Possible Relation between Types of

Knowledge

Four different The possible relation between types of ~ Examples from research

views knowledge studies

1. Inactivation view There is no relationship between Nesher (1986); Resnick
procedural and conceptual knowledge. & Omanson (1987)

2. Simultaneous Conceptual knowledge is both Byrnes & Wasik, (1991);

activation view necessary and sufficient for correct use  Hiebert (1986);
of procedures. (Byrnes & Wasik, 1991, Haapasalo, (1993)
p.778).

3. Dynamic Conceptual knowledge is a necessary Byrnes & Wasik, (1991)

interaction view but not sufficient condition for
acquiring procedural skill. (Byrnes &
Wasik, 1991, p.778).

4. Genetic view Procedural knowledge is a necessary Kline (1980); Kitcher
but not sufficient for conceptual (1983); Vergnaud
knowledge (1990); Gray & Tall

(1993); Sfard, (1994).

Moreover, the last twenty years or so have provided a wealth of important data about
the impacts of conceptual and procedural knowledge on children’s mathematics
learning. Although there have been conflicting results regarding the precedence of
knowledge types, most of mathematics education scholars and researchers have
acknowledged the fundamental role of the conceptual and procedural knowledge in

mathematical understanding.

According to Star’s (2000) review of literature, researchers generally have focused on
elementary school mathematics, particularly on the topics of counting, single-digit
addition, multi-digit addition, and fractions. Considering the assessment of
conceptual and procedural knowledge, there have been various methods used in the

studies ranging from open-ended tasks to individual interviews.
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Further, researchers have investigated the relationship between conceptual/procedural
knowledge of students and different variables such as their cognitive styles, and
confidence level, the benefits of written mathematical thought, the effects of
instruction etc. (e.g. Engelbrecht et al., 2005; Kadijevich & Krnjaic, 2003; Jitendra, et
al., 2002).

In the case of counting, Gelman and his associates found that preschool kids
understand the conceptual bases of counting before they practice and they suggested
concept-based procedural knowledge for mathematical competency (Gelman &
Meck, 1983, 1986; Gelman, Meck, & Merkin, 1986).

Contrary to Gelman and his colleagues findings in the case of counting Briars and
Siegler (1984) reported that preschoolers’ skills of standard counting preceded their
knowledge of underlying principles. Similarly, Frye and his colleagues’ (1989)
investigation on 4-year-old's knowledge of counting and cardinality principle yielded

the supportive results with skills-first approach.

Moreover, Hiebert and Wearne (1996) reported that conceptual knowledge, in multi-
digit arithmetic, enables children to use procedures correctly as well as makes it
possible to predict children’s future competency in procedures. In an experimental
study, Byrnes and Wasik (1991) investigated effectiveness of dynamic interaction
view and simultaneous activation view with a sample of 4™, 5™ and 6" grade students
in the case of fractions. The results generally favored the dynamic interaction view
and indicated that conceptual principles were acquired before procedures of fractions
which also support the concepts-first approach.

In order to examine the iterative development process of conceptual and procedural
knowledge, Rittle-Johnson, et al. (2001) conducted an experimental study with fifth
and sixth graders. Two experiments were used to examine students’ learning about

decimal fractions. The results indicated that not only initial knowledge of concepts
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predicted gains in knowledge of procedures, but also gains in knowledge of
procedures predicted advancements in knowledge of concepts. Most importantly, they
found that the relationship between conceptual and procedural knowledge is
bidirectional and procedural knowledge has power to develop conceptual knowledge

and vice versa.

In a similar point of view, Star’s work (2002) on procedural flexibility in the case of
equation solving indicated that the strategies and procedures used by students were
clearly the signs of different levels of conceptual knowledge as reflected in their
procedures. He (2000) also concluded that “...understanding in mathematics is the
synthesis of knowing and doing, not the accomplishment of one in the absence of the
other.” (p. 89).

In summary, Resnick and Ford (1981) underlined that the attempt to explaining the
relationship between skills and concepts is one of the oldest concerns among
mathematics educators. The evidence from research on mathematics education favors
especially the concepts-first view as well as the skills-first view. With regards to the
iterative model, it is reported that gains in one type of knowledge strengthens

developments of other type which consequently support gains in the first.

Consequently, it is obvious that drawing a clear picture still remains an unsolved
problem in the field of mathematics education, probably due to different educational
contexts, student abilities, various teaching approaches and topics chosen for studies.
Considering the current theoretical and empirical claims, Table 2.3 (p.36),

summarizes the views for the links between procedural and conceptual knowledge.
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Table 2.3

The Views for the Links between Conceptual and Procedural Knowledge

Links between Procedural and Possible Relation between

Conceptual Knowledge Types of Knowledge

1. Concepts-first view Conceptual knowledge develops before procedural
knowledge

2. Procedures-first view Procedural knowledge develops before conceptual
knowledge

3. Iterative model There are bi-directional causal and gradually

developing links between conceptual and
procedural knowledge.

4. Inactivation view There is no relationship between procedural and
conceptual knowledge.

5. Simultaneous activation view  Conceptual knowledge is both necessary and
sufficient for correct use of procedures.

6. Dynamic interaction view Conceptual knowledge is a necessary but not
sufficient condition for acquiring procedural skill.
7. Genetic view Procedural knowledge is a necessary but not

sufficient for conceptual knowledge.

2.2  Theoretical and Empirical Studies on Length, Area, and Volume

Measurement

Measurement is the fundamental and broad strand of mathematics curriculum. It is
arisen from the need to quantify different attributes of objects or phenomenon
(Kilpatrick, et al., 2001). Measuring is a process in which students need to make a
number of decisions at the same time in order to reach a measurement. First of all,
they have to decide the attribute of an object being measured. Secondly, a unit of
measure being used should be determined. Then, they need to decide the strategy for
measuring such as filling, covering, or iterating, and finally compare the unit with the
attribute of the object or phenomenon (Van de Walle, 2007; Wilson & Rowland,
1992). In order to complete measurement process successfully, students should fully

understand not only “how to measure” but also “what it means to measure”.
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In the literature, a variety of concepts and skills has been underlined as crucial for full
understanding of measurement in general. Lehrer (2003; p.181) summarized these

major conceptual foundations of measurement as follow:

a) Unit-attribute relations: It is the understanding that the attribute of object being
measured and the unit corresponds to each other. For example, while determining the
amount of carpeting to cover a floor, the units of area are suitable but in order to find

out the amount of molding for the edges of a floor, the units of length are appropriate.

b) Iteration: It is the understanding that units can be iteratively used. Subdivision
and translation are the main aspects of iteration. A learner should realize that iterating
a unit of length, for instance, requires for placing a unit (e.g. paper clip) successively
along the object being measured.

c) Tiling (Space-filling): It is the understanding that units fill lines, planes, and
volumes. For area measurement, square units are needed to be arranged successively

without overlaps and gaps in order to cover the area of a plane.

d) Identical Units: It is the awareness that only if the units are identical, a count is
considered as the measure. In other words, a child should know the need for identical

units while measuring.

e) Standardization: It is the understanding about conventions of units. Knowing
conventions about units contributes to such communication as subdivision, fractions,

ratio, etc.

f) Proportionality: It is the understanding of inverse relationship between size of
unit and quantity of measurement. The main idea is that different quantities measured
with different-sized units will represent the same measure. For instance, a meter-long

rope has a measure of 100 centimeters.
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g) Additivity: It is the understanding that segments/parts of measurement can be
added in order to determine the measurement of the whole. For instance, if D is any
point on the segment KM, then KD + DM = KM.

h) Origin (Zero-point): It is the understanding that any location on a scale and/or
ruler can serve as an origin, namely, a zero-point. For example, while measuring with
a ruler, a child should know that the distance between 0 and 5 is the same as that
between 15 and 20.

In addition to them, conservation, transitivity, comparing measurements, and
choosing appropriate measuring tools have also been identified in the literature as
other measurement principles and skills needed for students to effectively learn
measurement (Barrett, et al., 2003; Grant & Kline, 2003; Stephan & Clements, 2003).
Acquisition and coordination of these fundamental components outlined above
establish the basis for a full understanding of measurement as well as for future
mathematic learning (Lehrer, 2003; Outhred, et. al., 2003). The literature review of
theoretical and empirical bases of length, area, and volume measurement is presented

in the following sub-sections.

2.2.1 Studies on Length/Linear Measurement

Length measurement has a unique place in grasping the main ideas of measurement.
The concepts and skills involved in length measurement are particularly essential for
students’ understanding of area and volume measurement as well as understanding of
more advance topics taught in secondary school (Nihrenborger; 2001; Outhred, et.
al., 2003; Outhred & Mitchelmore, 2000). Barret, et al., (2006) defines measuring
length as “... the process of moving along an object, segmenting it, and counting the
segments” (p.188). In order to successfully achieve this process, children need to
acquire the key concepts identified by Stephan and Clements (2003) as presented in
Figure 2 (p.39).
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Conservation

Key Concepts of
Length Measurement

Partitioning

Figure 2.1 Key Concepts of Length Measurement

The first concept is “conservation”. It is the understanding that when an object is
moved or its parts are reorganized to result in a different shape, the length of an
object stays constant. Second key concept is ‘unit iteration” defined as “the ability to
think of the length of a small block as part of a whole and to use it repeatedly” by

Kamii and Clark (1997; p.118). “Transitivity” is another necessary concept that is
required to compare two objects where direct comparison is impossible. In order to

reason transitively, a child should realize the following relationships:

a) If the length of object 1 is equal to the length of object 2 and object 2 is the
same length as object 3, then object 1 is the same length as object 3;

b) If the length of object 1 is greater than the length of object 2 and object 2 is
longer than object 3, then object 1 is longer than object 3;
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c) If the length of object 1 is less than the length of object 2 and object 2 is
shorter than object 3, then object 1 is shorter than object 3. (Stephan &
Clements, 2003, p.5)

The fourth key concept is “partitioning” which is “the mental activity of slicing up
the length of an object into the same-sized units” (Clements & Stephan, 2004; p.301).
When students realize that units are partitionable, the notion that length is continuous

will be grasped.

“Accumulation of Distance” is another key concept in length measurement. It
involves the understanding that “the result of iterating a unit signifies, for students,
the distance from the beginning of the first iteration to the end of the last.” (Stephan
& Clements, 2003; p.5).

The last necessary concept for linear measurement is “Relation between Number and
Measurement”. Measuring length is not just a matter of counting, it is the number
obtained by counting the number of iterations and it requires not only realizing that
different sized units can be used to represent the same length but also awareness of
objects that are being counted to measure continuous units, not discrete units
(Clements & Stephan, 2004). Overall, all of the key concepts are crucial for students
to understand measurement meaningfully and thus, should be explicitly taught.

Focusing on different aspects of teaching and learning of length measurement, there
has been an extensive body of research studies conducted on length measurement so
far. However, the works of Piaget and his colleagues have been considered as the
pioneering studies to understand the developmental progress of measurement
concepts and skills (Nuhrenbdrger; 2001; Stephan, 2003). Piaget et al., (1960; as cited
in Stephan 2003) asserted that children develop the understanding of measurement by
passing through a series of stages.
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For instance, the development of conservation of length has three stages named as
early stage, transitional stage, and operational measurement stage which generally
occurs at the ages of 8-10 years. Piaget et al., (1960; as cited in Szilagyi, 2007) placed
the concept of unit iteration at the heart of length measurement and they concluded
that the concept of transitivity and conservation must be developed prior to measuring
length. They conducted several different length measurement tasks with young

children.

Considering the concept of conservation, young children were shown two sticks with
the equal length as shown in Figure 2.2.a and were asked whether the length of the
sticks were equal. Then, one of the sticks was moved in front the children as shown in

Figure 2.2.b and the same question was asked to children again.

Figure 2.2.a Figure 2.2.b

Figure 2.2 Piaget’s Length Conservation Task (Stephan, 2003, p.19).

The answer for the correctness of second questioning is the indicator of whether a
child is able to conserve length or not. Piaget argued that the conservation of length
developed around the ages of 6 or 7 years (Piaget & Inhelder, 1972; as cited in
Stephan 2003). Moreover, in the Piaget’s task for the concept of transitivity as
illustrated by Kamii and Clark (1997; p.118), young children were shown sticks A
and B and asked to find out the longer one (Figure 2.3.a, p.42). Then, the longer stick
(A) were removed and hidden; the new stick C was included in comparison (Figure
2.3.b, p.42).
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Figure 2.3.a Figure 2.3.b

Figure 2.3 A Piagetian Task for Transitivity (Kamii & Clark, 1997; p.118)

At this time, the same question “which one is longer?” was asked to children again.
Afterward, the vital question “Is the stick C longer than the stick A or vice versa” was
asked to young children. Since direct comparison was not allowed, younger children
were required to use third object as a referent. According to Piaget et al., (1960; as
cited in Eysenck, 2004), most of children develop the concept of transitivity after the

age 7 or 8 years.

The works of Piaget and his associates have been enormously influential and have
sparked off numerous studies in the field. Some of the studies have been focused on
two issues highlighted by Piaget, namely, the order in which children develop
measurement concepts and skills, especially conservation and transitivity and the ages
at which children acquire concepts and skills involved in measurement (Stephan,
2003).

Some researchers have explored children’s conceptions and stages of length
measurement as well as the problems and/or misconceptions that children face with
during measuring process (Barrett et al., 2003; Boulton-Lewis, Wills & Mutch,
1996).
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Considering the follow-up studies of Piaget, there have been both contradictory and
supportive results yielded by different researchers. For instance, the work of Shantz
and Smock (1966; as cited in Stephan, 2003) supported the Piaget’s claims.
However, Brainerd (1974) reported that 7-and 8-year-old children could reason
transitively before they were able to conserve and also teaching the concept of
transitivity to children 4-5 years of age was easier than teaching conservation,
although Piaget et al. (1960; as cited in Eysenck, 2004) argued that conservation and
transitivity were essential concepts that must be gained before measurement
instruction and conservation must be acquired in order to reason transitively. Another
study questioning the Piaget’s claims was conducted by Hiebert (1981). Focusing on
the basic abilities of length measurement (e.g. unit iteration), the lessons were taught
to 32 first-grade children. The findings indicated that Hiebert’s children could learn
some measurement ideas before they were able to conserve or reason transitively.
More recently, Kamii and Clark’s research study (1997) revealed that most of
children developed transitive reasoning by the age of 7-8 years that is the age
reported by Piaget. They also argued that children should reason transitively before

iterating a unit.

According to Clements (1999), conservation and transitivity are necessary concepts
only for the understanding of inverse relationship between the unit-size and the
number of the units and for grasping idea of the need for equal length units. Most
researchers have acknowledged the importance of conservation and transitivity in
measurement process, especially in length measurement; they have also claimed that
students do not have to gain these two notions before they start to learn measurement
(Stephan & Clements, 2003).

Another study done by Kamii (1991) focused on the concept of unit iteration which is
considered as at the heart of any understanding of measurement (Piaget, et al., 1960;
as cited in Eysenck, 2004, Stephan & Clements, 2003; Lehrer, 2003). She used the

Piaget’s lines experiment in which there were lines with the same length and
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perpendicular to one another, students were given a block to use as a measurement
tool and asked to prove that one line was longer than the other. The results revealed
that 10% of first grade, 33% of second grade, 55% of third grade, 76% of fourth

grade and, 78% of fifth grade students could understand the concept of unit iteration.

As stated previously, the stages or levels that children go through to gain expertise in
measurement is another focus of mathematics educators. Copeland (1979) stated that
children’s understanding of measurement moves progressively from being unable to
measure correctly to developing conservation in a set of age-depended levels. A child
learns the concept of a measurement unit without conservation at 6% years of age.
One year later, a child starts to understand the conservation and then, at 8 or 8 % year
of age, s/he is able to measure successfully and efficiently. Another study aimed to
find out the grade level at which length measurement should be taught to students
done by Kamii (1991). Through individual interviews, the data were collected from
383 students in grades 1-5. The author concluded that since transitive reasoning was
demonstrated by most of the students in second grade and unit iteration was
developed in third grade, instruction for length measurement should be started in
third grade.

In more recent studies, children’s understanding of length measurement has been
outlined in a detailed manner. Barrett and his associations conducted several research
studies to investigate children’s thinking about length measurement (Barrett &
Clements, 2003; Barrett, Clements, Klanderman, Pennisi, & Polaki, 2006; Barrett,
Jones, Thornton, & Dickson, 2003). They designed teaching experiments and
individual teaching sessions involving path and perimeter tasks with the students in
second grade through tenth grade. Elaboration of the results emerged from these
studies; they categorized children’s length understanding under hierarchical levels
which starts from visual guessing for measures of length, to the inconsistent and
uncoordinated use of markers as units of length, to consistent identification and

iteration of units, and ends with the use of coordinated units (Barrett et al., 2006).
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Further, Battista (2006) described students’ reasoning about length under two
different types of reasoning which are Nonmeasurement reasoning and Measurement
reasoning. The first type, nonmeasurement reasoning, includes only focusing strictly
on appearance, visual examination, and direct comparison about length. Therefore,
this type of reasoning does not involve use of numbers. Measurement reasoning, on
the other hand, “involves determining the number of unit lengths that fit end to end
along and object, with no gaps or overlaps” (Battista, 2006, p. 141). He also
characterized these types of reasoning about length in terms of levels of

sophistication as presented in Table 2.4.

Table 2.4
Levels of Sophistication in Students’ Reasoning about Length
Non-Measurement Levels Measurement Levels
NO. Holistic visual comparison MO: Use of numbers unconnected to
N1. Comparison by decomposing or unit iteration
recomposing M1: Incorrect unit iteration
1.1 Rearranging parts for direct M2: Correct unit iteration
comparison M3: Operating on Iterations
1.2 One-to-one matching of pieces M4: Operating on Numerical
N2. Comparison by property-based Measurements

transformations

In addition, Boulton-Lewis et al., (1996) conducted a research study to investigate the
strategies and measurement tools used by young children in the first 3 years of
school. Through individual interviews, they determined children’s length
measurement strategies and categorized under eight groups as Visual perception;
Arbitrary device; Standard device; Standard device language error; Standard device

nonconventional use; Standard device arbitrary use; Mixed units; and No strategy.
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The authors concluded that measuring directly and indirectly with both standard and
non-standard units should be started in first grade and the construction of, and need
for a standard tools should be introduced to children aged 8 or 9 year. The findings of
this study also confirmed that children prefer to use a standard measurement tool even
if they do not understand it fully or use it accurately.

Regarding the instructional sequence of measurement, many mathematics curriculum
and mathematics educators advise to start with comparisons of length, move
gradually to measurement with nonstandard units (e.g. paper clips), with
manipulative standard units, and finally with standard devices (e.g. rulers) (Clements,
1999). This specific instructional sequence for length measurement follows the
Piagetian tradition. He and his colleagues (1960; as cited in Eysenck, 2004) claimed
that before the age of 9, instruction on length measurement was not effective, since
children are not mature enough to develop certain logical reasoning abilities
necessary for measuring length. Nonetheless, the lines of research proved that
students’ difficulties related to length measurement are probably due to ineffective
instruction, rather than lack of readiness for it (e.g. Hiebert, 1981; Sophian, 2002).

Additionally, there is a substantial body of research focused on the problems
encountered by students in the learning of length measurement. Although Bryant and
Nunes’s study (1994; as cited in Nunes & Bryant, 1996) indicated that while
comparing the length of different stripes in centimeters and inches a few numbers of
5-and 6-year-olds and most 7-year-olds knew the relationship between the unit and
the number of units in the measurement, Hiebert (1984) found that first-year students
were unable to recognize the inverse relation between the size of the units and the

resulting measurement number.

Similarly, Lindquist’s work (1989; as cited in Schrage, 2000) revealed that even 3"
and 7™ graders could not recognize the inverse relationship between the unit-size and

the number of the units. When Lindquist’s students were asked “Sam reported the
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length of an object to be 8 of his units, and Sue reported that its length was 6 of her
units, who did use the largest unit?”, more than 50% percent of them reported that
Sam was the person who used the largest unit. Furthermore, a significant number of
students in the age group of 9-13 years could not conceptualize that while making
iterations with a unit, the quantity being measured must be covered without overlaps
or gaps (Hiebert, 1981). Students’ conception of a ruler is another research topic that
continues to receive great attention from mathematics educators. In 1985, Thompson
and Van de Walle asserted that a majority of students could not comprehend the
notion that “a ruler is an indirect method of laying down units of length end to end”
(as cited in Schrage, 2000, p.17). Nihrenborger (2001) stated that in order to measure
with a ruler, students only need to know aligning the ruler and reading the scale and
thus, as highlighted by Stephan & Clements (2003), the hash marks on a ruler and
procedures for measuring might hide the conceptual bases underlying the ruler and
the physical activity. Several research reports revealed that the correct use of ruler is
not the indicator of students’ understanding of linear measurement (e.g. Hiebert,
1984; Bragg & Outhred, 2000).

Heraud (1989) reported that third grade students (9 years old) had difficulties related
to associating the marks with the units on a ruler, especially placing the “0” mark
correctly, and focusing on the number appearing on the ruler. Moreover, Kamii
conducted a series of studies with elementary school students in order to shed light on
students’ difficulties in using rulers. In 1991, she reported that only 11% of fifth
grades used the “0” on a ruler correctly. Kamii’s study in 1995 indicated that half of
fourth graders counted the points, instead of intervals, on the ruler. Based on the
results of these studies, Kamii concluded that students’ difficulties mostly arose from
lack of understanding of zero-point, incorrect alignment, and counting numerals/hash
marks/points, rather than intervals, on the ruler. Ellis, Siegler, and Van Voorhis,
(2001; as cited in Lehrer, 2003) also reported that a majority of students from first to
upper grades started to measure from one instead of zero.
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In addition, Bragg and Outhred’ research study (2000) investigating students'
knowledge of length measurement with 120 students from grades 1-5 highlighted the
same difficulties as reported by Kamii. The findings indicated that the students’
strategies for measuring length with a ruler were mostly procedurally-dominated (e.g.
counting units and/or marks). Although many of the students measured and drew
lines correctly by grade 5, they failed the tasks which required the understanding of
scale (e.g. the concept of zero-point). The results also pointed out that a few students
could use informal units to construct a ruler and understand the meaning of numerals
on a ruler. According to the results of the Lehrer, Jenkins, and Osana’s study (1998)
and the Petitto’s study (1990), whereas most first to third grade students could
recognize the difference between equal-interval and unequal subdivisions on rulers,
they were not aware of the need for an equal subdivision when measuring. Schrage
(2000) did a study that addressed to middle school students’ ruler reading
deficiencies. The findings indicated that sixth grade students’ deficiencies were
counting the lines on a ruler rather than the intervals and the lack of estimation skills,

inability of dealing with fractional parts on a ruler.

Besides, students’ superficial knowledge regarding length measurement has also been
documented by reports announcing and discussing the results of such large-scale tests
as the National Assessment of Educational Progress (NAEP) and the Trends in
International Mathematics and Science Study (TIMSS). To cite examples from the

NAEP, the two questions are presented below (Figure 2.4).

8 9 10 1 12

T | T T T T I |
1 2 3 4 5 6 é-,

inches

How long is this line segment? Whatis thelength of the toothpick in the figure above?

(Carpenter,etal., 1981) (Blume, Galindo, & Walcott, 2007)

Figure 2.4 NAEP Items

48



Carpenter and his colleagues (1981) reported that 19 % of the nine-year-olds and 59
% of the thirteen-year-olds found the length of the line segment correctly. Besides,
nearly 80% percent of students aged 9 and 40% of students aged 13 ignored the
alignment of endpoints of the line and reported that the length of the line segment
was 5 inches. With regard to the second question, the broken ruler, nearly 75% of
fourth graders and about about 40% of eight graders answered incorrectly (Blume,
Galindo, & Walcott, 2007). Similarly, only forty-one percent of 8" grade students
responded correctly for the TIMSS 1999 item asking to find the length of a curved
string placed on a ruler (TIMSS Report, 2001).

2.2.2 Studies on Area Measurement

The study of area measurement is one of the crucial topics of mathematics
curriculum. As being one of the mostly-used domains of measurement in real life,
measuring of area not only expands students’ understanding of spatial measurement
but also provides foundations for the development of students’ understanding of
multiplication, fractions, algebraic multiplication and enlargement (Sarama &
Clements, 2009; Douady & Perrin, 1986; Freudenthal, 1983; as cited in Nunes &
Bryant, 1996; Hirstein, Lamb & Osborne, 1978; Schultz, 1991; Outhred &
Mitchelmore, 2000). Since area measurement is directly linked with the concept of
number (Skemp, 1986; Steffe & Glasersfeld, 1985; as cited in Kordaki &Potari,
1998), like other domains of measurement, it allows students to see the real
connections between the abstract world of numbers and the concrete world of
physical objects (Hiebert, 1981).

Area is “an amount of two-dimensional surface that is contained within a boundary”
(Sarama & Clements, 2009, p.293). Accordingly, area measurement is based on tiling
a region with congruent two-dimensional units of measure until a region is covered
completely without gaps and overlaps (Cavanagh, 2007; Reynolds and Wheatley,
1996; Stephan & Clements, 2003). According to Reynolds and Wheatley (1996),
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finding the area of a region is to compare this region with another region such as a
square unit and during this process the following assumptions are made: (a) an
appropriate two-dimensional region is chosen as a unit; (b) equally-sized regions have
equal areas; (c) regions are disjoint; (d) the area of the union of these disjoint regions
is the sum of their areas.

Understanding of area requires coordinating two linear dimensions to build the idea
of a two-dimensional space (Clements & Battista, 2001). In this respect, it is obvious
that meaningful understanding of area measurement involves the organization and
coordination of various concepts and skills. Stephan and Clements (2003) stated that
partitioning, unit iteration, conservation, and structuring an array are the foundational

ideas of area measurement which are presented in Figure 2.5.

Unit
Iteration

Structuring an array The Key Concepts of Partitioning
Area Measurement

Conservation

Figure 2.5 Key Concepts of Area Measurement

As stated previously, the study of length measurement includes basic concepts for
area measurement as well as volume measurement. Therefore, the concept of
partitioning, unit iteration and conservation requires the similar reasoning in length
measurement. The concept of partitioning in the context of area measurement refers
to “the mental act of cutting two-dimensional space with a two-dimensional unit”
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(Stephan and Clements, 2003, p.11). Unit iteration means covering a region with two
dimensional units without leaving gaps/overlaps. Another significant concept for area
measurement is conservation of area. According to Piaget et al., (1981 as cited in
Kordaki & Potari, 1998) conservation means “modification in form cannot produce
change in an area” (p.406). When compared to other foundational concepts for area
measurement, structuring an array requires more sophisticated thinking, particularly
in the early years of schooling (Stephan & Clements, 2003). Outhred and
Mitchelmore (2004) defined the understanding of array structure for rectangular area

as:

... the region must be covered by a number of congruent units without overlap
or leaving gaps, and that a covering units can be represented by an array in
which rows and columns are aligned parallel to the sides of rectangle with
equal numbers of units in each (p. 465).
In a similar vein, Battista (2003) argued that students should acquire both the
understanding of well-structured mental models and of meaningful enumeration of
arrays of squares to construct powerful foundation for area measurement. Battista and
his associates (1998; p.508-515) pointed out that students go through different levels
when learning to measure and understand area. The first and lowest level is named as
complete lack of row-or column-structuring. In this level, students cannot be able to
use a row or column of squares as a composite unit. They neither accurately visualize
squares in an array nor count square tiles that cover the interior of a rectangle. They
only have the idea of a one-dimensional structuring which helps them to segment the
rectangle, but in an unorganized manner. Secondly, in the partial row- or column-
structuring level, students start to use a row or column as a composite unit, but
cannot use it to correctly cover the entire rectangle. The Level 3 has three stages. The
first stage is structuring an array as a set of row-or column-composites in which
students comprehend the rectangular array as being covered by copies of row-or
column- composites, yet they lack the coordination of these composites with

orthogonal dimensions. The second stage of level 3 is visual row-or column-iteration.
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Students in this stage can make iteration of a row-as-composite and distribute them
over the columns. Although they visually estimate the iterations in rows, the
relationship between the number of squares in a column and the number of rows is
fully developed in this stage. The last stage in the Level 3 is named as row-by-column
structuring: lterative Process Interiorized. In this final level, students correctly iterate
a row and/or column by making use of the number of squares in orthogonal column

or row to find out the iterations without concrete materials (i.e. square tiles).

In addition to the foundational concepts for area measurement identified by Stephan
and Clements, Piaget and his colleagues (1960; as cited in Steffe, & Hirstein, 1976)
designed several tasks on area and concluded that conservation of area was
prerequisite for its measurement. They said “When measuring an area we assume, as
we do for all measurement, that partial units are conserved and can be composed in a
variety of ways to form invariant wholes” (Piaget et al., 1981, p. 262; as cited in
Kordaki & Potari, 2002). Besides, they also claimed that students’ conceptualization
of area as a result of product of side lengths was developed approximately 12 to 13
years of age. Kordaki and Balomenou (2006) make a similar point with respect to the
concept of conservation and maintained that students should be provided

opportunities to explore the concept.

As stated previously, the study of area measurement requires for the integration of
various concepts. In this respect, students should grasp the concept of unit, unit
iteration, the counting of units and the calculation formulas so as to understand the
concept of area measurement fully (Hirstein et al., 1978; Maher & Beattys, 1986;
Piaget,Inhelder & Sheminska, 1981 as cited in Kordaki & Potari, 1998). In the light
of above discussion, it is obvious that moving from one-dimensional

conceptualization to two dimensional one entails more sophisticated thinking process.
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A large body of research has attempted to shed light on students’ conceptions of area
measurement, the strategies used when measuring area, and the difficulties with the
measurement of area. Nevertheless, the extensive amount of evidence indicated that
not only elementary but also secondary school students have poor understanding of

units and spatial features of area measurement.

In a study of 8 and 9 year old students’ choice of a measuring unit, Héraud (1987)
reported that the shape of the area to be measured played major role in the selection
of the measurement unit which is usually the same shape as the measured area.
Similarly, in their longitudinal study, Lehrer, et al., (1998a-b) found that a majority of
students from first to third grade used units that resembled the area to be covered (e.g.
squares for squares). They also observed that most of the students mixed units (e.g.
squares and triangles) and reported the total number of the mixed units as the area of
shape. Treating length measurement as a space-filling property and ignoring two
dimensional structure of area are other important findings of Lehrer’s study.
Furinghetti and Paola (1999) explored 16 year old students’ images and definitions of
area through open-ended questions. Even though most of the students wrote various
kinds of images and definitions for area, none of them provide mathematically
acceptable definition of area. Another study done by Nunes, Light, and Mason (1993)
explored six through ten years old children’s reasoning about area. The results
revealed that nine and ten years old children were much more successful to compare
the areas of two shapes by using nonconventional tool, namely bricks, than by

measuring length and width with the conventional tool, that is a ruler.

Kordaki and Portani (1998) attempted to investigate 6™ grade students’ approaches to
area measurement through the project-based tasks. The results revealed that many of
the students had difficulty with making connection between standard area units with
standard length units. In addition, a majority of the student participated to the
Kordaki and Portani’s study thought that the ratio between areas is equal to the ratio

between their corresponding sides.
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Outhred and Mitchelmore (2000) conducted a research study focusing on students’
strategies for structuring rectangular arrays. A sample of 150 students from first to
fourth grades was interviewed individually on the array-based tasks. The researchers
identified five developmental levels drawn from students’ solution strategies
explained below (p. 157-158).

Level 0: Incomplete Covering — Students couldn’t completely cover the
rectangle without leaving gaps or overlapping.

Level 1: Primitive Covering — Although student could be able to completely
cover the rectangle without gaps or overlap, they arranged unit squares
unsystematically.

Level 2: Array Covering, Constructed from Unit — Students indicated correct
structure of array with equally arranged units in each row and column. However,
neither the congruence between rows nor iteration of rows was fully realized by
students.

Level 3: Array Covering, Constructed by Measurement — Measurement and
drawing were used for determination of the number of units in direction. Iteration of
rows was completely grasped by the students at this level.

Level 4: Array Implied, Solution by Calculation — Children could be able to
calculate the number of units from the size of the unit and the dimensions of the
rectangle without drawing. Outhred and Mitchelmore also claimed that the
developmental levels indicate the achievement of four key principles for
understanding of area measurement, namely, complete covering, spatial structure,

size relations, and multiplicative structure.

Mulligan, Prescott, Mitchelmore, and Outhred (2005) conducted a study with 109
first grade students in order to examine students’ imagery associated with the square
grid pattern. The study highlighted the importance of understanding of grid structure
for not only measuring area with square units but also understanding of the relation

between measuring area and multiplication. According to the findings, students did
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not recognize the necessity of equal sized unit squares and the row-column structure
of the grid. The authors stated that the instruction based on the structure of an area
grid may likely eliminate students’ misunderstanding and confusion of perimeter and
area concepts. Battista and his colleagues (1998) made a similar point with respect to
the measurement of area by arguing that understanding of equivalence of the array’s
rows/columns is crucial for students to construct a correct row-column structure for
2D arrays and without adequate understanding of row-by-column structure in arrays;

it is too difficult for students to make sense of area formula.

Moreover, there is a great deal of research on students’ understanding of area and
perimeter and their relationships and the results have consistently indicated that most
of the students across all grades, even college level, have difficulties when measuring
the areas of two dimensional shapes as well as measuring perimeters. Twenty years
ago, Hirstein, Lamb, and Osborne (1978) conducted a research study to identify
students’ common misconceptions about area. Totally 106 students in 3", 4™ 5™ and
6" grades were interviewed on the area-related items. They determined five common
misconceptions specific to area measurement as (1) Using the length of one
dimension to make area judgments; (2) Using primitive compensation methods; (3)
Point-counting for area; (4) Counting around the corner; and (5) Point-counting linear
units. They stated that the poor understanding of a unit, its space-covering feature,
and the conservation of area were main causes for the students’ misconceptions about

area.

Further, Woodward and Bryd (1983) found that almost two-thirds of the 8" grade
students involved in their study believed that rectangles with the same perimeter
occupy the same area. Stone (1994) also interested in middle school students
understanding of conceptual knowledge regarding area and perimeter and designed a
classroom activity with using the Geometer’s Sketchpad to help students deepen their
understandings of area and perimeter and their relationships. Twenty-six 8" grade

students and their teacher were involved in the study. At the beginning of the activity,
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students were given a problem which asked to find which shape has the largest area
with the same perimeter and the students’ answers indicated that they believed the
shape with the same perimeter has the same area. Through using the Geometer’s
Sketchpad software and discussing the conjectures, Stone (1994) argued that the
students had a strong conceptual knowledge of perimeter and area relationship at the
end of the activity. Similarly, Cavanagh (2008) reported that 7" grade students not
only confused area and perimeter but also had struggles to understand the relationship
between the areas of rectangles and triangles whose area is equal to the half of the
rectangle sharing a common base and perpendicular height. Moyer (2001) expressed
the importance of learning the concept of area and perimeter with understanding by

stating:

Students often confuse perimeter and area because the topics are learned only
as sets of procedures. When children's understanding of perimeter and area
rests only on procedures, they may misunderstand these important
measurement ideas. If meaning is attached to each of these ideas, however,
confusion can be eliminated because the measures are obviously different: one
is the number of length units that fits around the figure, and the other is the
number of square units enclosed by the figure (p.52).
Further, Vergnaud’s study (1983) also revealed that 7" grade students had trouble
with linking the use of multiplication to spatial structuring of rectangular arrays of
squares. A study done by Dickson (1989) clearly demonstrated the strong tendency
among students to apply the rectangular area formula for all contexts, not considering
the shape. Besides, using formula for area and perimeter correctly without knowing
what length/width/height stands for becomes also evident in the Kidman and
Cooper’s study (1997) and the Zacharos’ study (2006). In the former study, most of
the middle grade students answer correctly the area and perimeter questions calling
for use of formula, yet they confused the area concept with the concept of perimeter.
The findings of the latter study indicated that although 11 year old students were
good at using the formula to calculate the area of the rectangle, they could not be able

to understand what this numerical result stands for. In the same study, Zacharos also

56



categorized the most common error-prone strategies that students used for calculating
the area under three groups: (a) the area=base x height (or length x width) strategy,

(b) the area=base + height strategy, and (c) the strategy of finishing figures off.

Another research study carried out by Kamii and Kysh (2006) focused on the use of a
square for area measurement. Totally 292 students from 4", 6™ 8" and 9™ grades
were interviewed individually through different tasks involving the use of a square
for area and for space-covering. The results indicated that most of the students in 4™
grade through 8" grade did not consider a square as a unit of area measurement. For
the space-covering characteristic of a square, almost half of the eight grade students
believed that a square has discrete characteristic without any space-filling function.
Further, 33% of eight graders could not be able to conserve the area of a shape when
it was rearranged. Based on the results, the authors believed that in order to
understand the formula “length x width” first of all, students should have a clear and
meaningful understanding of the continuous nature of lengths and areas. Otherwise,
expecting students to make sense that how the multiplication of length and width can

produce area is unrealistic.

Although the use of square units is often suggested solution for eliminating students’
difficulty with the understanding of area formula, empirically covering different
rectangles with squares and counting the number of squares covered a shape might
not result in enabling students to think about the meaning of a square as a unit for
area. However, Zacharos’ study (2006) pointed out that using square units for
measuring area was more effective than using ruler. Additionally, many students,
even adults at least at first thought, might think that a fixed perimeter covers same
area regardless of shapes (Wiest, 2005). Furinghetti and Paola’s study (1999)
revealed that 7" grade students believed that the relationship between area and

perimeter is direct.

57



The large-scale tests have also outlined students’ shallow knowledge about area
measurement. For instance, only 19% of the fourth grades and 65% of the eighth
graders correctly answered the following question “A rectangular carpet is 9 feet long
and 6 feet wide. What is the area of the carpet in square feet?” (Kenney & Kouba,
1997). Another example taken among the TIMSS 1999 released items which asks 8"
grade students to find the area of rectangle inside parallelogram. While the
international average percentage of the correct response for this question is only 43,
among those who failed to answer correctly 18% of them calculated the perimeter,
instead of the area (TIMSS Report, 2001).

2.2.3 Studies on Volume Measurement

Like other domains of measurement, volume measurement is a significant topic in
mathematics curricula from elementary to high school levels. The study of volume
measurement provides rich context for extension of students’ knowledge about
arithmetic, geometric reasoning and spatial structuring (Battista, 1998; Battista &
Clements, 1998; Lehrer, Jaslow & Curtis, 2003).

In a simple form, volume is defined as “... measure of the size of three-dimensional
regions”, “...the capacity of container” and “... the size of solid objects.” (Van De
Walle, 2007, p.387). According to Battista (2003), measuring volume refers to the
total number of cubes in the region being measured. However, with the involvement
of a third dimension, the measurement of volume requires more complex reasoning
about the structure of space (Lehrer, 2003) than measuring two or one dimensional
regions. In addition, the nature of the materials measured might cause difficulties in
students’ understanding of volume measurement, since “... solid units are “packed,”
such as cubes in three-dimensional array, whereas a liquid “fills” three-dimensional

space, taking the shape of the container.” (Sarama & Clements, 2009, p. 304).
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For grasping any mathematical concept or skill, students need to make sense of the
foundational principles behind them. As important as for the understanding of length
and area measurement, conservation is also essential concept to internalize volume
measurement. Piaget’s works (1960; as cited in Steffe and Hirstein, 1976, p.47-48)
pointed out three kinds of volume, namely, internal volume (the number of units
inside the boundary of a spatial region), occupied (the amount of room taken up by
the total region), and displacement volume (the amount of water displaced by the
region). As claimed by Piaget, conservation of volume including all types is achieved

at about 12 years old.

Zembat (2007) underlined the importance of gaining competence in all of these types
of volume and a coordination of them by stating “since they all refer to the
measurement of the amount that quantifies an attribute (volume) of a three
dimensional figure.” (p.208). Ben-Haim, Lappan, and Houang (1985) pointed out that
the study of volume measurement directs students to visualize and to read the
information embedded in the representations of solid objects and thus, the ability of
spatial visualization, that is being able to mentally manipulate rigid figures, is

considered as one of the vital skills.

Furthermore, Battista and his colleagues (1996; 1998; 1999; 2003) attributed a
fundamental role to enumeration of arrays of cubes for gaining competence in volume
measurement. Besides, it is also asserted by Battista (2003, p.122) that meaningful
enumeration of arrays requires four mental processes which are forming and using

mental models, spatial structuring; units-locating, and organizing-by-composites.

The forming and using mental models enable learner to create, use, or recall
previously-experienced mental representations so as to visualize, comprehend, and
reason about situations. Secondly, spatial structuring is “the mental act of
constructing an organization or form for an object or set of objects.” (Battista, 1999,

p.418). Unit-locating is another fundamental process for students to understand three-
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dimensional array structure. It assists learner to locate cubes and their composites
through coordinating their locations along the dimensions of an array. The last mental
process for establishing properly structured and enumerated arrays of cubes is
organizing-by-composites which is defined as *“ combines an array’s basic units into a
more complicated, composite units that can be repeated or iterated to generate the
whole array” (Battista, 2004; p.192). The following figure (Figure 2.6) summarizes
the foundation for developing competence with measuring volume.

Forming and
using mental
models

Spatial

structuring

Meaningful
Enumeration of
arrays of cubes

Units-locating

Volume Conservation of
Measurement Volume
Organizing-by-
composites
Spatial
A\ETEFEL]]

Figure 2.6 Foundations of Volume Measurement

In the field of mathematics education, it is apparent that the small amount of research
on volume measurement has been conducted so far, when compared to the studies on
area and length measurement. According to Owens and Outhred (2006), not only
three-dimensional nature of the quantity, but also the involvement of both liquid and
cubic units might be the reasons for limited number of research on volume
measurement. Despite of this, an emerging body of research has been addressed to

various aspects related to volume measurement.

Focusing on the effect of spatial visualization activities on volume measurement,
Ben-Haim, et al., (1985) conducted a study to investigate middle school students’ (in
grade 5-8) performance on typical cube enumeration tasks (e.g. asking how many unit
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cubes are needed to build rectangular solid). The results indicated that about 25% of
fifth graders, 40-45% of sixth and seventh graders, and 50% of eight graders gave the
correct answer for these questions. The authors also reported that those who failed to
answer the tasks correctly used such incorrect strategies as (a) counting the actual
number of faces indicating in the diagram; (b) counting the actual number of faces
showing and doubling that number; (c) counting the actual number of cubes showing;
and (d) counting the actual number of cubes showing and doubling that number
(p.397). Based on the evidence gathered from students’ responses, Ben-Haim, et. al.,
asserted that especially treating three-dimensional figures as two-dimensional ones
and focusing on visible faces/unit cubes are directly related to students’ incompetent

skills in spatial visualization.

From a different point of view, Hirstein (1981) argued that students’ poor
understanding related to volume measurement were also related to the confusion
between volume and surface area. In their study of elementary students’ (in years 2 to
6) conceptualization of volume that was described according to the SOLO-Taxonomy
(Structure of the Observed Learning Outcome), Campbell, Watson, and Collis (1992)
produced similar evidence that counting the number of individual unit cubes in
diagrams of rectangular solids is common strategy among elementary students, yet

most of them pay no attention to the invisible unit cubes.

Using the same taxonomy, Voulgaris and Evangelidou (2004) also examined 90 fifth
and sixth grade students’ understanding of volume. They found the close relationship
between conservation of volume and understanding of the structural complexity of
the blocks in the measurement tasks which support to correct use of volume
calculation. Additionally, they shared the similar conclusion with the study done by
Ben-Haim, et. al., (1985) concerning students’ difficulties in relating isometric type

drawings to rectangular solids they represent.
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Furthermore, Battista and Clements (1996) conducted a research study to examine the
students’ solution strategies and errors related to 3-D cube arrays. The data were
collected from 45 third graders and 78 fifth graders through interviews. The authors
classified the students’ strategies used for enumerating 3-D cube arrays under six
main categories as presented in Table 2.5.

Table 2.5
Classification of Students’ Enumeration Strategies for 3-D Cube Arrays (Battista &
Clements, 1996, p.262)

Category Description

Category A The student conceptualizes the set of cubes as a 3-D rectangular array
organized into layers. Cubes are enumerated by counting (individually
or by skip counting), adding, or multiplying.

Category B The student conceptualizes the set of cubes as space-filling, attempting
to count all cubes in the interior and exterior, but did not consistently
organize the cubes into layers.

Category C  The student conceptualized the set of cubes in terms of its faces, s/he
counted all or a subset of the visible faces of cubes.

Category D  The students explicitly used the formula L x W x H, but with no
indication that s/he understood the formula in terms of layers.

Category E  This category includes other strategies such as multiplying the number
of squares on one face time the number on another face.

Battista and Clements’s study also pointed out that meaningful enumeration of cubes
in 3-D arrays is the fundamental aspect of understanding of volume. Indeed, a
majority of the students cannot be able to correctly enumerate the cubes, because of
lack of structuring array notion. With regard to the formula for volume, a few number
of fifth graders who had been introduced the formula at school could use it and only
one understood it. Although Lehrer, Strom and Confrey (2002) highlighted the
importance of engaging students with different spatial structuring experiences and
representation of volume, all of the third grade students in their sample structured
correctly space as three-dimensional arrays and a majority of them considered volume
as a product of area and height. Moreover, in his study on fourth grade students’
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thinking about rectangular solids composed of unit cubes, Olkun (2003) yielded
supportive results not only with Battista and Clements’ classification of students’
enumeration strategies for 3-D cube arrays and also with the study done by Ben-
Haim, et, al., (1985) in terms of the effect of presenting rectangular solids pictorially
on students’ spatial structuring. Another interesting observation comes from research
done by Saiz (2003) which focused on primary teachers’ conceptions of volume.
According to the teachers, the volume-measurable objects were those that have three
lengths and volume was perceived as a number produced by multiplying the length,

width and height of an object.

As far as large-scale studies are concerned, the results of 2" NAEP revealed that only
7 percent of the 9-year-olds and 24 percent of the 13-year-olds found the correct
number of cubes in a rectangular solid (Carpenter, et. al., 1981). Those who missed
this question either counted the faces of the cubes in the picture or calculated the
surface area of the solid. Based on the findings, Carpenter and his colleagues (1981)
concluded that students did not make sense of volume measurement and they
employed inappropriate unit of measure. More recent study, it is reported that almost
half of the eight graders involved in the TIMSS 2003 study responded correctly for
the following released item (TIMSS Report, 2003).

All the small blocks are the same size. Which stack of blocks has a different
volume from the others?

Figure 2.7: The Released TIMSS 2003 Item
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2.2.4 Studies on Length, Area, and Volume Measurement in Turkey

It is apparent that research on teaching and learning measurement is an emerging area
of study in Turkey. When compared to the studies on measurement conducted abroad,
a few numbers of researches has been done so far in Turkey. Ari, Bal, Tugrul,
Uzmen, and Aydogan (2000) designed an experimental study to explore 6-year-old
children's concept of conservation including length. The pre-test findings indicated
that only 11% of the children in the experimental group and 13.6% of the children in
the control group achieved the tasks involving the conservation of length. After the
intervention, the post-test results revealed that 81.5% of the children in the
experimental group acquired the concept of length conservation whereas no

difference was observed in the control group.

Another study was done by Capri and Celikkaleli (2005) with sixty children aged 7-
11, thirty of them were living with their parents and the remaining was living in one
of state orphanages. He investigated whether there were significant differences
between these two groups of students in terms of the acquisition of conservation
including length, area, and volume. Although the results did not produce any
significant differences between two parties in terms of the conservation of length,
area and volume, the findings clearly indicated that the conservation of length and
area achieved by the age of 10 and the volume conservation was by the age of 11.
According to the results of Emekli’s study (2001), among 744 seventh and eighth
grade Turkish students, only 20% of them could be able to find the total number of
unit cubes needed to fill up the rectangular box. About 52% of the students believed
that area changes under partitioning and/or decomposition into smaller areas. A
majority of the students confused the formula for area with the formula for perimeter.
The results also revealed that students had misconceptions about comparing length
measurements, using ruler when measuring, using of fraction in measurement,

conservation of area, and estimating of measurement.
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Furthermore, the research study was conducted by Kiltir, Kaplan and Kaplan (2002)
to assess length, area, and volume measurement instruction in 4™ and 5™ grade
classrooms through the achievement test. The findings demonstrated that 5 grade
students performed better than 4™ grade students in all three domains of
measurement. The authors also found the close relationship between students’
learning and socioeconomic status, teacher’s educational background and teaching

experience.

In order to study the effects of the remedial instruction on students’ learning
difficulties in measurement topic, Kése (2007) conducted an experimental study with
a sample of 122 sixth grade students. The researcher concluded that the remedial
instruction had positive effect on students’ learning of measurement. Considering pre
and post-test results of both the control and the experimental group, 6™ grade students
performed exceedingly well on the questions related to the perimeters of triangle,
square, and rectangle. With regard to the lowest mean score, the students in the
experimental group had difficulties in solving the tasks involving the volume of cubes
and rectangular prisms during the pre-test, yet the units of area measurement and their
relationships were the lowest mean score in the post-test. Similarly, the students in
the control group also performed poorly on the tasks related to the units of area
measurement and their relationships both in pre and post-test. In addition, Erdogan
and Sagan (2002) carried out a study with 4™ grade students to investigate the effects
of constructivist approach in teaching of the calculations of perimeter of square,
rectangle, and triangle. They concluded that constructivist way of teaching was more
effective than traditional instruction. Moreover, Olkun (2003) conducted a research
study to investigate 4-5-6 and 7™ grade students’ performance and the strategies the
students used for finding the number of unit cubes in rectangular solids. The results
indicated that although the students’ success increased and their strategies became
more complex from 4™ grade to 7" grade, the author argued that even 7™ graders

were not ready to construct the meaning of volume formula.
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Focusing on the volume formula, Zembat (2007) carried out an action research study
with twenty two 7" grade art school students who have not been introduced to the
formula for volume. Based on the Reflection on Activity-Effect Relationship
framework, he designed instruction aiming to enable students to internalize the
underlying idea for the rectangular right prisms’ volume formula. The instruction was
sequenced from finding the number of unit cubes in the given box to adding up a
number of layers to completely fill up the box. The author claimed that asking
students to reflect their ideas on the purposefully-designed and sequenced activities

promoted students’ construction of the volume formula in a meaningful manner.

Kilcan (2005) conducted a study to find out the effect of thematic instruction on the
sixth grade students’ performance in the measurement topic with respect to the
selected variables such as attitudes toward mathematics, socioeconomic status, etc.
As reported by the researcher, the sixth grade students who were taught to the study
of measurement in the thematic instructional approach were more successful than

those who learned the same topic in the traditional instruction.

Another research study carried out by Pinar (2007) was aimed to investigate the
effects of implementing technology-supported instruction, cooperative learning and
traditional instruction in teaching of measurement topics on sixth grade students’
learning and memory levels. The findings indicated that although cooperative
learning method was more effective than traditional instruction; there is no difference
between technology-supported instruction and cooperative learning method in terms

of students” success.

With the focus of seventh grade students’ misconceptions about geometrical
concepts, Akuysal’s study (2007) also pointed out most of the students had
difficulties in understanding the measurement concepts. For instance, while asking to
find out the perimeter of a deltoid whose side lengths were given, only 22% of them

could gave the correct answer. Besides, some of the students failed to make
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connection between the area of a trapezoid and its height. The confusion the formula
for area with the perimeter was another misconception as reported by the researcher.
Tan-Sisman and Aksu (2009a) make a similar point with respect to the students’ poor
understanding of area and perimeter concepts. Their research indicated that a majority
of the seventh grade students had serious problems with the concept of area and
perimeter, had some misconceptions, and had difficulties in using the formulas for

area and/or perimeter effectively.

In their study of the investigation of fifth grade students’ understanding of
measurement, Albayrak, Isik, and Ipek (2006) reported that most of the students
distinguished the measurable and non-measurable attributes of objects (e.g. the width
of a book and eye color) and chose the appropriate unit for the attribute being
measured, yet their performances were quite low on the tasks related to unit
conversions and expressing measures in terms of another standard units. The
researchers also found that only 20% of the students calculated the perimeter of a
polygon. Based on the results, it was concluded that although a majority of the
students involved in the study grasped the meaning of measurement, they did not

have procedural competence in measurement.

Additionally, Tan-Sisman and Aksu (2009b), in their study designed for the
examination of the length measurement topic in the written elementary mathematics
curriculum (1% - 5™ grade) in terms of its potential to support students’ understanding,
pointed out that the length measurement content in the Turkish elementary
mathematics curriculum seems to provide meaningful opportunities for young
children to develop the concepts and skills involved in length measurement.
However, they emphasized that conceptually-oriented instruction is employed in the
length measurement content in order to reach its procedurally-dominated learning

expectations.
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2.3 Studies on Word Problem Solving in Mathematics Education

Obviously, almost all areas of life require a broad range of skills, among them;
problem solving is one of the most important aptitudes in order to cope with a rapidly
changing world. Particularly, the ability to solve a problem in mathematics education
is “a hallmark of mathematical activity and a major means of developing
mathematical knowledge” (NCTM 2000, p.116). From the Silver’s (1986) point of
view, mathematical problems are important vehicles for the development of both
conceptual and procedural knowledge, as problem solving process entails the making
use of both type of knowledge. Among the mathematical tasks, word problems have
continued to be a special part of almost all mathematics curricula, instruction, and
textbooks (Jonassen, 2003).

Word problems were appeared even in ancient times (Verschaffel, Greer, & De Corte,
2000). While explaining the purposes of extensive inclusion of word problems in
mathematics curricula, Verschaffel, et al., (2000) stated that word problems create a
context for the development of new concepts and skills if they are carefully selected
and sequenced. In other words, with the help of word problems, students are expected
to develop when and how to apply the mathematical ideas, principles, concepts, and

skills into different situations and contexts.

In several documents, word problems are defined in different ways under different
names (e.g. story problems, verbal problems, etc.). For instance, according to Briars
and Larkin (1984), word problems are “the primary context in which children are
asked to apply mathematical knowledge in useful situations, rather than simply to
execute algorithms.” (p.245). In a simple form, Semadeni (1995; as cited in Nortvedt,
2007) characterized word problems as “verbal descriptions of problem situations.”
However, Verschaffel et al. (2000) provided a detailed definition for word problems
as “verbal descriptions of problem situations wherein one or more questions are

raised the answer to which can be obtained by the application of mathematical

68



operations to numerical data available in the problem statement.” (p.ix). Based on the
definition, Verschaffel et al. (2000) explained four main characteristics of word

problems summarized in Table 2.6.

Table 2.6

Main Characteristics of Word Problems

Main Definitions

characteristics

The use of Imaginary or real situations embedded in meaningful contexts are

words described by words. Thus, verbally-stated numerical problems are
not considered as word problems.

The content Not necessarily related to the study of algebra, yet cover any other
mathematical content area such as geometry, logic, etc.

The form of Not essentially require written form. The forms of a combination of

problems written text and tables, pictures, figures, etc. as well as orally-

presented form such as use of intonation, gestures, etc. are
considered as word problems.

The degree of Not necessarily ask for a learner to use higher order thinking skills.
difficulty

Verschaffel et al. (2000, pp. x-xi) also asserted that word problems are composed of

four structural components:

e The mathematical structure: “ The nature of the given and unknown
quantities involved in the problem, as well as the kind of mathematical
operation(s) by which the unknown quantities can be derived from the
givens.”

e The semantic structure: “The way in which an interpretation of the
text points to particular mathematical relationships.”

e The context: “What the problem is about”

e The format: “How the problem is formulated and presented, involving
such factors as the placement of the questions, the complexity of

grammatical structure, the presence of superfluous information, etc.”
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Reusser and Stebler (1997) expressed the vital importance of word problem solving

skills for students in the following way:

Word problems not only provide an opportunity to study the interplay among
and between language processes, mathematical processes, and situational
reasoning and inferencing between text comprehension, situation
comprehension and mathematical problem solving (Reusser, 1985, 1989),
they also provide pupils and students with a basic sense and experience in
mathematization, especially mathematical modeling (p.309).
Furthermore, the process of solving mathematical problems has also been one of the
extensively investigated research areas in mathematics education. Various researchers
have attempted to explain the process as students go through. Polya (1962), known as
the father of problem solving, described four-step approach to problem solving as
follows: (a) understanding the problem (b) devising a plan (c) carrying out the plan,
and (d) looking back. He also expressed the ideal process of solving word problems

as

In solving a word problem by setting up equations, the student translates a real
situation into mathematical terms: he has an opportunity to experience that
mathematical concepts may be related to realities, but such relations must be
carefully worked out (p. 59).
Shoenfeld (1985; as cited in De Corte, Verschaffel & Eynde, 2000), one of the well-
known figure in mathematics education, also suggested five-phase problem solving
strategy. His approach to teaching problem solving is composed of the following

steps:

1. Analysis oriented toward understanding the problem by constructing an
adequate representation.

Designing a global solution plan.

Exploration oriented toward transforming the problem into a routine task.
Implementing the solution plan.

Verifying the solution. (De Corte, Verschaffel & Eynde, 2000, p. 703)

a b~ w DN
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Another influential model for solving word problems was proposed by Verschaffel, et

al., (1999). Like Shoenfeld’s approach, their model has five steps:

Building a mental representation of the problem
Deciding how to solve the problem

Executing the necessary calculations

Interpreting the outcome and formulating an answer
Evaluating the solution (Verschaffel, et al., 1999; p.202)

o W DN e

Additionally, Koedinger and Nathan (2004) also stated that word problem solving
process composed of two steps, namely, the comprehension and the solution steps.
During the first step, the comprehension, students “process the text of the story
problem and create corresponding internal representations of the quantitative and
situation-based relationships expressed in that text” (p.131). In the second step, the
solution, students “use or transform the quantitative relationships that are represented
both internally.” (p.131).

Similar to Koedinger and Nathan’s ideas, Jitendra, et al., (2007) asserted that being
able to solve word problems correctly, students, first of all, should comprehend the
language and factual information embedded in the problem situation, then, translate
the given information into mental representation, and then, propose and examine a

solution plan, finally, they should make necessary calculations.

Since word problems are vital for promoting students’ mathematical understanding in
terms of connecting different meanings, interpretations, and relationships with
mathematics operations (Van de Walle, 2007), there is a considerable body of the
research regarding mathematical word problems with many themes such as students’
thinking, solutions strategies, struggles while solving mathematical word problems,
the types of word problems, the effects of the mathematical structure, semantic

structure, the context, and the format of word problems on students’ performances
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(e.g. Caldwell & Goldin, 1979; Cummins, et al., 1988; Galbraith & Haines, 2000;
Gerofsky, 1996; Verschaffel, Greer, & De Corte, 2000). With regard to the topics
studied in this area, arithmetic, especially focusing on addition and subtraction, seems

to be mostly-investigated mathematical strand (Greer, 1992).

In their study, Reusser and Stebler (1997) portrayed a relatively coherent picture of
students’ struggles in word problems. Based on the data drawn from previous
research studies (e.g. Baruk, 1989; Bobrow, 1964; Nesher, 1980; Nesher & Teubal,
1975; Paige & Simon, 1966; Raddatz, 1983; Reusser, 1984; Stern, 1992; Schoenfeld,
1989, 1982; Wertheimer, 1945; as cited in Reusser & Stebler, 1997), the authors
stated that most of the students have difficulties with comprehending the problem
situation, generally use key word methods and thus, solve problems without
understanding them.

In addition, a majority of students have not pay attention to the relationship between
what the problem text is talking about and the necessary mathematical operations
executed. Thus, some of the students have attempted to solve unsolvable, absurd
problems presented in ordinary classroom contexts. For instance, Radatz’s studies
(1983, 1984; as cited in Verschaffel et al., 2000) produced interesting results
regarding the students’ (from kindergarten to 5" grade) performances on word
problem solving tasks that both included the solvable (e.g. traditional textbook
problems) and unsolvable problems (finding the age of Katja with the help of the
number of children invited to her birthday party and the date of the party). The author
asserted that students who had received less instruction on mathematics seemed to

examine the problem more cautiously than older ones.

Further, Cummins, Kintsch, Reusser, and Weimer (1988) carried out a study to
explore thirty-eight 1% grade students’ success on the word- and numeric-format
problems. The findings clearly revealed the huge difference in performance on word-

format and numeric format problems. According to the authors, correct recall of
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problem structure with generation of suitable question was the reason for students’
correct answers, whereas students’ mistakes were due to misinterpretation of
problems. In other words, those who had difficulties for solving word problems did
not correctly match linguistic form of the problem with the schemata (Moreau &
Coquin-Viennot, 2003).

Another study indicating the vital role of semantic structure of word problems on
students’ effectiveness in solving process was done by De Corte, Verschaffel, and De
Win (1985). The authors designed two different word problem solving tests, one of
which included in the traditional word problems appeared in common mathematics
textbooks and the other one composed of the similar problems, yet reworded for
explicitness and administered to 89 first-grade and 84 second grade students. The
results revealed that students’ success on solving word problems mostly depended on
the degree to which the semantic structure of the problem were presented explicitly or

implicitly.

Indeed, the reworded mathematical word problems whose linguistic relations were
stated explicitly without changing their semantic and mathematical structure assisted
students to comprehend and solve the problem correctly. Focusing on both rewording
and personalization of word problems, Daxds-Dorsey, Ross and Morrison (1991) also
conducted a research study with second and fifth grade students. They observed that
the combination of personalization and rewording had improved second graders word
problem solving scores, but fifth graders only benefited from personalization.
Considering the semantic structure of the word problem as a chief factor in solution
process, Carpenter and Moser (1983; as cited in Garcia, Jiménez, & Hess, 2006)
grouped types of word problems under four categories as change, combine, compare

and equalize problems. Table 2.7 shows the problem types and their characteristics.
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Table 2.7

Word Problem Types and Their Characteristics

Type of Word Problem Characteristics

Problem

Change problems There is an initial quantity and a direct or implied action that
causes an increase or decrease in that quantity.

Example: “Pablo had 18 stickers. His friend Juan gave him 6 more
stickers. How many stickers does Pablo have altogether?”

Combine problems  There is a static relationship existing between a particular set and
its two disjoint subsets.

Example: “There are 12 sheep in a van; 4 are black, and the rest
are white. How many white sheep are there?”

Compare Problems  There is a static relationship in which there is a comparison of two
distinct, disjoint sets.

Example: “Olivia’s bicycle has 14 gears, and Alba’s bicycle has 9
gears. How many less gears does Alba’s bicycle have than
Olivia’s?”

Equalize problems  There is an initial quantity and a direct or implied action that
causes an increase or decrease in that quantity based on the
comparison of two disjoint sets.

Example: “My dress has 12 buttons. If my sister’s dress has 5
buttons more, it will have the same number of buttons as my
dress. How many buttons does my sister’s dress have?”

Several research studies conducted on the difficulty level of kind of word problems so
far and some of them indicated that compare problems are harder than others, Stigler,
Fuson, Ham, and Kim, (1986; as cited in Xin, 2007), argued that the semantic
structure of the problem, the position of the unknown quantity and the way in which
the problem is written were the chief factors to see whether students solve the

problem easily or not.

In a similar vein, Verschaffel and his colleagues (2000) put strong emphasis on the
notion that “a word problem does not necessarily constitute a problem (in the
cognitive-psychological sense of the word) for a particular student, and consequently
does not necessarily require the use of higher-order thinking and problem-solving
skills” (p.xi), however, the widespread belief in the difficulty of word problems has

also been reported in the literature. For instance, Nathan and Koedinger’s surveys
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(2000a, 2000b) indicated that a majority of the mathematics teachers and the
mathematics scholars in the sample believed that solving problems stated in words
were harder than those presented as equations. Furthermore, a recent study by Griffin
and Jitendra (2009) was aimed to compare the effects of schema-based instruction
and general strategy instruction on third grade students’ word problems-solving
performances and computational skills. The findings indicated that both types of
instruction had positive effect on students’” computational skills and word problem
solving performance. Although the findings did not produce any significant
difference with regard to the effects of the instructional strategies on students’
performance, the results supported the view that if students are provided with fruitful

experiences on word problem solving, their performance will improve.

In addition to external factors related to the structure of tasks or instruction, Bernardo
(1999) asserted that there are also student-related or internal factors affecting
students’ understanding of word problems and these factors are closely related to
students’ pervious experiences in mathematics, and consequently their competence in
accessing and transferring the relevant/necessary knowledge and skills into the
problem solving process. For instance, MacGregor, and Stacey (1996) carried out a
research study in order to examine 14-16 year-old students’ success on writing
equations for mathematical word problems. A majority of the student in their sample
solved the problem by non-algebraic methods yet, they had trouble formulating
equation for the problems. The authors concluded that students’ low performance
were not related to the difficulties on comprehension of the problem context, instead

they were due to the poor understanding of the use of algebraic notions.

With regard to the research studies carried out in Turkey, it can be said that the
findings gathered from Turkish educational context tend to support the studies
conducted abroad. In her study, Aksu (1997) compared 6" grade students’
performances in terms of understanding of fractions, computations with fractions, and

solving word problems involving fractions. The results indicated that the lowest
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performance was observed in word-problem-solving test and the highest on the
computations test. Ubuz and Ersoy (1997) conducted an experimental study to
explore whether the problem-solving method with handout material is effective on the
college students’ solving word problems involving the concept of maximum-
minimum in calculus. Based on the Polya’s four-step-approach to problem solving,
the instructional materials were developed and administered to 161 freshman
students. The analysis of the data indicated that the students who were taught the
min-max concept thorough the use of handout material was more successful on the
complete solution of the word problems than those who received traditional lecture
method. The authors also reported that reading comprehension is one of the most

critical factors in successful word problem solving.

Another study done by Dede (2004) with 287 freshman students from different
departments of faculty of education was aimed to determine the solution strategies in
writing an equation for algebraic word problems. The data were collected through a
test including five open-ended questions. The results indicated that although the
college students’ strategies to translate algebraic word problems into equations varied
from following a routine equation procedure to providing an example, they had
serious problems due to the insufficient mathematical knowledge and skills, and
limited of knowledge about converting real-life language to symbolic format. In
addition, the students from secondary mathematics education and elementary
mathematics education gathered higher scores on the test than those who were
majoring in music education, social studies, and early childhood and elementary

education.

Ozsoy (2005) designed a study to seek the relationship between mathematical
achievement and problem solving skills of 5" grade students. The two multiple
choice mathematical achievement tests, one of which evaluated students’ general
achievement in mathematics and the other one assessed students’ problem solving

skills, were administered to 107 fifth grade students. The researcher found a
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significant and positive relation between students’ mathematical achievement and
their problem solving skills. Indeed, it was reported that the low-achieving students in
general mathematics test had troubles in designing, implementing a solution plan and
verifying the solution. However, it was also found that although the high-achieving
students scored well in problem solving test, they scored poorly on implementing a

solution plan and evaluation of the solution tasks.

Focusing specifically on multiplication and division, Kartallioglu (2005) carried out a
research study to find out third and fourth grade students’ word problem solving
strategies and their reasons for choosing these strategies. A word problem solving test
involving multiplication and division operations were developed and administered to
thirty 3" graders and twenty-four 4™ graders. The findings showed that third graders
did better than fourth graders on the multiplication and division word problem
solving test. Considering the strategies that the students used, 85% of the word
problems were solved through the use of procedurally-dominated strategies, only 7%
of them were solved by mathematical modeling strategy. Another interesting finding
gathered from Kartallioglu’s study is that the students who used mathematical
modeling strategy solved all word problems correctly, whereas those who used
procedurally-dominated strategies were usually unsuccessful at solving word

problems.

Soylu and Soylu’s research study (2006) on second graders’ troubles and mistakes in
problem solving process revealed that most of the students performed well on the
tasks requiring procedural knowledge, yet they had troubles in solving the problems
involving conceptual and procedural knowledge. It was also found that the students
mostly made errors in multi-step problems. In her study with fifth grade students,
Balci (2007) found the significant relationship between meta-cognitive skill levels

and problem solving skill levels of the students.
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In her doctoral dissertation, Cakir-Balta (2008) investigated the effects of
personalized and non-personalized mathematical word problems on seventh graders’
performance with regard to the delivery of mathematics instruction in two different
learning environments, namely, computer-based and classroom-based. Totally 90
seventh grade students participated to the study and assigned to the following classes
as Computer-based personalized on computer environment, Non-personalized
computer environment, Personalized on class environment, Non-personalized on
class environment. The results did not produce any significant difference with regard
to the effects of personalized mathematical word problems taught in two different
learning environments, yet, the students’ scores differed significantly in the pre and

post-test regardless of the type of the learning environment and of word problems.

A recent study conducted by Oktem (2009) was aimed to investigate 6™, 7, and 8"
grade students’ achievement in solving mathematical word problems involving real-
world situations. The results showed that most of the students (about 63%) across
grades used procedurally-dominated approach and only 5% of them followed realistic
strategies to solving real-life word problems. The author also found a direct
relationship between solving word problems through use of realistic strategies and

grade level.

2.4 Studies on Gender, Previous Achievement and the Use of Materials in

Mathematics Education

In the mathematics education literature, several factors influencing students’
competency in mathematics were reported. Among these factors, gender differences,
previous mathematics achievement, and the use of materials in mathematics are
explained in a detailed manner as the variables of this study through conducted

studies.
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2.4.1 Studies on Gender Differences

In the field of mathematics education research, gender differences have been one of
the subjects receiving serious attention from scholars over the years. A majority of
the research studies carried out so far has generally supported the view that boys
perform better than girls in mathematics (e.g. Hyde, Fennema & Lamon 1990;
Maccoby & Jacklin, 1974; Reis & Park 2001). However, research has currently been
reported that gender differences in mathematics success has declined over past
decades (Ercikan, McCreith, & Lapointe, 2005; Ding, Song,& Richardson, 2007).

In 1980, the results of Benbow and Stanley’s longitudinal study with nearly 10,000
gifted middle school students revealed large gender differences in mathematics
favoring boys. Similarly, Armstrong (1981) pointed out that 13-year-old boys
performed better than girls on the problem solving tasks. As reported by Fennema
and Carpenter (1981), the girls at the age of 9 and 13 years fall behind the boys at the
same age cohort in terms of all cognitive levels (e.g. knowledge, skill, application,
etc.) with regard to the study of geometry and measurement. Another study done by
Ben-Haim, et al., (1985) also supported the common belief that boys indicate greater

performance on the tasks requiring spatial visualization.

Singh Kaeley, (1995) mentioned the result of the meta-analysis on gender gap in
mathematics achievement and concluded that making generalization about the
superiority of females over males and vice versa is impossible due to the involvement
of several other variables. Particularly, ability, attitude, beliefs, motivation, interest,
genetic differences, socialization, socioeconomic status, curriculum, and instruction
are the mostly-used variables to examine the possible factors associated with gender
gap in mathematics (Ding, Song, Richardson, 2007). In the same way, Fennema &
Sherman (1978) underlined that confidence in learning mathematics, spatial
visualization, mathematics computation, comprehension, application, problem-

solving, verbal ability, parental involvement and teacher had a great effect on
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students’ mathematics achievement regarding to gender differences. Another meta-
analysis study portraying correlational studies on spatial and mathematics skills in
relation to gender differences was conducted by Friedman (1995). The findings

revealed that the relationship patterns favored males.

The recent report based on the secondary analysis of the TIMSS data highlighted that
the girls tended to fall behind the boys in mathematics and science (Mullis & Stemler,
2002). Indeed, the boys constituted the majority of the high-achievers group and
those boys who performed well in mathematics seemed to gain a more sophisticated
abilities and understanding than the average of high-achieving girls. Another
important finding emerged from Mullis and Stemler’s analysis is that the gender gap

was smaller among low-achieving students.

Considering the common observations related to gender differences in mathematics
achievement, girls seem to perform better than boys in computational, numerical,
perceptual-speed tasks, and symbolic relations (Beaton et al., 1999; Brandon,
Newton, & Hammond, 1987; Fennema & Carpenter, 1981; Singh Kaeley, 1995).
Besides, Hackett (1993) found out that female students scored better than males in

mathematics in one of the British national examination for secondary education.

However, research studies yielded the results indicating that boys generally
demonstrate higher performance on spatial visualization, problem-solving,
proportionality, geometry, measurement, and mathematical applications (Battista,
1990; Ben-Haim, et al., 1985, Fennema & Carpenter, 1981; Lummis & Stevenson,
1990, Xu & Farrel, 1992, as cited in Singh Kaeley, 1995). In their meta-analysis
study, Hyde, Fennema and Lamon (1990) claimed that males appeared to perform
better than females in mathematical problem solving during high school years yet

females showed better performance on computational tasks.
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On the other hand, there are published evidences indicating that there is no difference
between girls and boys in terms of mathematics achievement. Armstrong (1981)
stated that no difference was observed between sixth grade boys and girls in the study
of geometrical applications, measurement, and probability. In a similar vein,
Fennema and Sherman (1978) reported that the difference between boys and girls in
spatial visualization was not statistically significant. According to the results of Hyde
and Linn’s meta-analysis study (2006) no difference between boys and girls both at
elementary and middle school level were found in understanding of complex
mathematical concepts. Nonetheless, Lubienski (2003) examined the results of the
previous NAEP exams and reported that measurement is the only content area in
which the largest gender differences have been observed since 1990. Annsell and
Doerr (2000; as cited in Lubienski, 2003) also analyzed the data on the seventh
NAEP results in terms of gender, and highlighted the similar trend favoring boys
especially in spatial-related tasks and using/reading measurement instruments.

Gender disparities in mathematics have also been one of extensively-investigated area
in Turkey. In contrast to the current literature on the issue, most of the research
studies conducted in the Turkish context yielded no gender differences in
mathematics, particularly at primary and high school levels (Bulut, Gur, & Sriraman,
2010). Aksu (1997) reported that there was no significant difference between sixth
grade boys and girls’ performances on fractions. Similarly, Karaman’s study (2000)
with sixth grade students resulted in no mean differences between girls and boys in
their understanding of plane geometry. In his research study aimed to examine the
relationship between mathematics performance, attitudes toward mathematics, grade
level and gender, Acikbas (2002) observed no difference in mathematics achievement
among middle school students.

There have been other studies conducted with 7" 8" and 9™ grade students
indicating neither gender differences in mathematical understanding nor relationship

between mathematics achievement and gender (Acikgoz, 2006; Duru, 2002; Israel,
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2003; Isiksal & Askar, 2005; Ubuz, Ustun & Erbas, 2009). The similar pattern,
almost no mathematics achievement difference across gender, has also been found in
the results of the international studies. For instance, the TIMSS 2007 study indicated
Turkish girls and boys scored equally in mathematics, in other words, no gender
disparities in mathematics performance was found in Turkey (Mullis, Martin & Foy,
2008).

With regard to the studies examining the students’ performances on the domains of
measurement in relation to gender, Olkun’s study (2003) revealed that although the
boys (4-5-6 and 7" grade) males scored relatively higher than girls in the tasks
finding the number of unit cubes in rectangular solids, the difference was not
statistically significant. In her study, Kamisli-Erol (2007) investigated eight grade
students’ mathematical skills of circle and stated that whereas female students did
slightly better than male students in procedural, conceptual and problem solving
tasks, the difference was not significant. Similarly, the results of Kdse’s experimental
study (2007) on students’ learning difficulties in measurement topic revealed no
gender differences. In another research study aimed to find out the effect of thematic
instruction on sixth grade students’ performance in the measurement topic, Kilcan
(2005) concluded that there was no difference between boys and girls in terms of

mathematical understanding.
2.4.2 Studies on Previous Mathematics Achievement

As a school subject mathematics is one of the interrelated and cumulative subject
matters in which mathematical ideas, concepts, skills, etc. are highly-connected with
each other and build on one another (NCTM, 2000). Indeed, understanding of
mathematics meaningfully requires a strong base that is constructed through the
connections between existing knowledge and new information. As stated by Cooper
and Sweller (1987; as cited in Chinnappan, 2003), if a learner develops a well-

structured mathematical knowledge schema, s/he has not only higher level of
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understanding in mathematics, but also can store this knowledge for a long time and
retrieve when it is necessary. At this point, it is obvious that students’ previously
learnt concepts, skills, and the relations between them play a crucial role in making
sense of mathematics. In other words, prior math achievement has of utmost
importance in students’ subsequent mathematical attainment. Kabiri and Kiamanesh
(2004) carried out a research study with 366 eighth grade students to examine direct
and indirect effects of mathematics self-efficacy, mathematics attitude, prior
mathematics achievement and mathematics anxiety on students' mathematics
achievement. The findings indicated that previous math achievement had the highest
correlation with students’ mathematics performance. Bandura (1997) also underlined
the importance of previous mathematics achievement and stated that it clearly affects

students’ future learning in mathematics.

Besides, Pajares (1996; Pajares & Kranzler 1995; Pajares & Miller, 1994) conducted
a series of studies on the relationship between such variables as self-efficacy beliefs,
anxiety, cognitive ability, prior achievement and mathematics attainment of students.
He found that students’ prior achievement in mathematics is one of the strong
predictors for their subsequent success in mathematics. Further, according to the past
NAEP data, a noticeable relationship between 8™ graders’ score in mathematics and

their mathematics scores at school was observed (Spielhagen, 2006).

Aksu’s research study (1997) on 6™ grade Turkish students’ performance on fractions
also confirmed the vital importance of prior experience in mathematics. She found the
direct relationship between students’ previous mathematics scores and their

performance on the tasks involving fractions.

Furthermore, the study of measurement has also sequential and cumulative structure
and it requires the combinations of spatial, numerical, and geometrical competencies.
Therefore, students’ prior learning of measurement possibly affects their future
achievement. Bragg and Outhred (2000) noted that students’ understanding of length
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measurement is crucial for understanding of rulers, scales, perimeter, area, and
volume measurement. Battista (2003) also underlined the importance of area

measurement for understanding of volume measurement.
2.4.3 Studies on the Use of Materials in Mathematics Education

The use of materials in mathematics education goes back to the Pestalozzi’s times,
namely, 19" century (Sowell, 1989). Since then, almost all of mathematics
curriculum, especially elementary school level, strongly suggests the use of materials
in teaching and learning mathematics. In the mathematics education literature, several
research studies into the use of materials and their assistance for teaching
mathematics has been carried out so far. The findings have revealed that use of
materials in teaching mathematics has positive impact on students’ understandings of
mathematical concepts and skills. Using meta-analysis, Parham (1983) examined
sixty-four studies on use of materials in mathematics instruction at the elementary
school level. It was concluded that students from those classrooms in which materials
were the part of mathematics instruction were more successful than those who did not
use manipulatives as part of instruction. Another meta-analysis study done by
Sowell’s (1989) also indicated that the long-term use of materials in mathematics

instruction increased students’ performance.

In a similar vein, Clements (1999) argued that students’ performances might be
increased through the use of materials in mathematics classes, yet the benefits may
depend on grade level, topic, ability level, etc. He also mentioned that material use in
math instruction generally improves students’ performance on retention and problem
solving tests. Cramer, Post, and delMas (2002) investigated 4™ and 5™ graders’
understanding of fractions. Through using different curricula in one of which special
attention is given to the use of materials, they compared the students’ performance.
The findings confirmed that the use of materials had great impact on students’

learning.
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Considering measurement as a subject matter, the use of instructional materials held a
unique place in students’ understanding of concepts and skills involving in
measurement. In the NCTM’s Principles and Standards for School Mathematics
document (2000), the importance of instructional materials in teaching and learning

measurement is expressed as follows:

Measurement lends itself especially well to the use of concrete materials. In
fact, it is unlikely that children can gain a deep understanding of measurement
without handling materials, making comparisons physically, and measuring
with tools (p.44).
Indeed, the Turkish mathematics curriculum (1%-8" grade) also pays special attention
to the use of materials such as rulers, paper clips, tiles, unit cubes while teaching
measurement. Like studies on measurement conducted in Turkey, studies examining
the use of manipulative in teaching and learning measurement are almost nonexistent
in the Turkish mathematics education literature. In their study on analysis of length
measurement topic in Turkish elementary school mathematics curriculum, Tan-
Sisman and Aksu (2009b) reported that most of the teaching and learning activities
suggested in the guide require the use of different manipulatives and materials. A
paper clip, pencil, toothpick, etc. are introduced as non-standard units of measure and

rulers, tape measurement, etc. are standardized tools.

Lastly, Kiltir, Kaplan and Kaplan (2002) designed a study to assess length, area,
and volume measurement instruction in 4™ and 5" grade classrooms. Based on the
data collected from primary schools with different socio-economic status, the authors
concluded that classrooms should be equipped with the necessary tools and materials

for teaching and learning of measurement.
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2.5 Summary

This chapter reviewed the relevant literature on conceptual and procedural
knowledge; word problem solving; length, area, and volume measurement; gender
differences, previous mathematics achievement, and the use of materials by

addressing both theoretical and empirical perspectives in mathematics education.

The first issue reviewed was the place of conceptual and procedural knowledge in
students’ mathematics learning. In the last twenty years, mathematics educators have
characterized types of knowledge under various names (e.g. Mechanical knowledge
vs. Meaningful knowledge by Baroody & Ginsburg, 1986); put different emphasis
and value on one type of knowledge over the other (e.g. the acquisition of procedural
knowledge is more important than the conceptual knowledge) and produced different
models explaining the way of relationship between mathematical concepts and skills
(e.g. Iterative Model by Rittle-Johnson, et al., 2001). In such diversity, most of the
scholars in the field of education have assigned the crucial roles to both conceptual
and procedural knowledge in learning and doing mathematics. On the one hand, the
knowledge of mathematical concepts and principles assists a learner to understand
why a mathematical idea is important, to make meaningful and logical organizations
among bits of information and, consequently, to apply a mathematical concept or
principle into different contexts.

The knowledge of mathematical symbols and algorithms, on the other hand, enables a
learner to perform mathematical tasks successfully and through practicing a learner is
most likely to gain flexibility in the selection and application of procedures, formulas,
strategies for various kinds of problems. However, in the light of the reviewed
literature, the critical point here is the links between conceptual and procedural
knowledge and vice versa. The bulk of theoretical and research-based arguments
clearly indicate that building links between types of knowledge is the most effective

way of learning mathematics with understanding which is one of the ultimate goals of
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almost all mathematics curricula. In this respect, it is obvious that drawing a clear
picture about conceptual and procedural knowledge still remains an unsolved
problem in the field of mathematics education, probably due to different educational
contexts, student abilities, various teaching approaches and topics chosen for studies.
Figure 2.8 (p.92) summarizes the main points related to conceptual and procedural

knowledge in mathematics education drawn from the literature review.

Furthermore, measurement and its three domains, namely length, area, and volume
constitute one of the fundamental parts of the literature review in this study. In the
case of teaching and learning mathematics, it can be concluded that the study of
measurement provides significant opportunities for students not only to make sense
of their world but also to be a learning context for other mathematical strands as well
as non-mathematical subject areas. Like other strands, measurement involves the
specific concepts and skills. Indeed, its domains also require particular knowledge in
order to understand both the meaning and doing of measurement. The literature has
many studies indicating both elementary and middle school students’ difficulties to
understand the concepts and skills of measurement. However, it is also documented
that serious difficulties experienced by students generally occur in learning length,

area, and volume measurement.

What research has found about student mistakes while learning linear measurement is
as follows: (a) starting from 1 rather than 0; (b) ignoring the idea of unit iteration, so
believing that a tool/unit used to measure should be longer than an object being
measured; (c) incorrect alignment with a ruler; (d) counting hash marks or numbers
on a ruler/scale instead of intervals; (e) focusing on end point while measuring with a
ruler; (f) mixing units of length with other units of measurement; and confusing the

concept of perimeter with area.

87



As far as area measurement is concerned, a majority of students usually struggle (a)
to realize how length units produce area units; (b) to grasp the conservation of area;
(c) to understand array and grid structure; (d) to comprehend two dimensional
structure of area (e) to understand the difference between not only the concept of area
and perimeter, but also the formulas for these concepts.

Moreover, measuring volume is another measurement domain in which students have
hard times to make sense of it. The followings are reported by many researchers as
students’ mistakes related to volume measurement: (a) treating three-dimensional
figures as two-dimensional ones; (b) counting visible faces/unit cubes while finding
the number of unit cubes in rectangular solids; (c) enumerating the cubes in 3-D
arrays incorrectly; (d) confusing the concept of volume with the surface area and the

formulas for them; (e) employing inappropriate units of measure for volume.

Most of the mathematics educators have agreed on the reason behind students’ poor
understanding of measurement is putting more emphasis on how to measure rather
than what to measure means. There have also been research studies attempted to
categorize students’ understanding and strategies in length, area, volume
measurement under hierarchical steps. The summary of the literature review on

length, area, and volume measurement is presented in Figure 2.9 (p.93).

Another issue included in the literature review part is mathematical word problems.
Holding a unique part in mathematics education, a commonly-shared argument about
word problems is that they provide learning opportunities for students to apply
mathematical knowledge in various situations, rather than just performing algorithms.
Indeed, a well-constructed word problem challenges students to use their two mental
equipments as conceptual and procedural knowledge in order to reach a correct

solution of the problem.
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Most of the scholars in the field have interested in mathematical word problems and
their potential to contribute students’ understanding in mathematics. Some of them
particularly focused on the structure, the types, the main features of word problems
and others worked on how word problems should be solved, namely the solving
process, the kind of mistakes or difficulties that students face with, what are the

reasons for students’ mistakes in solving word problems.

The related literature clearly indicated that elementary and middle school students,
even college students, generally got higher scores in achievement test including only
numerical tasks than word problem solving tests. Furthermore, among the external
factors, the semantic structure of word problems is only one that plays critical role in

solving process.

As highlighted in many research studies, explicitly stated word problems have
positive effect on students’ performance on solving word problems. It might be
argued that unless students comprehend and interpret the problem text in terms of
mathematical relationships embedded in it, they probably fail to solve the problem.
For instance, students usually tend to only rely on key words (e.g. “more”
“altogether” refer to “addition”) in the text, and thus they attempt to solve a problem

without understanding it.

In addition to the external factors, there are also student-related or internal factors
affecting students’ performance in solving mathematical word problems. Such factors
are closely related to students’ prior learning in mathematics and their available
conceptual and procedural knowledge schema. The results of the studies in the field
indicate that difficulties with poor understanding of mathematical topics often lead to
errors, because it is found that students’ success highly depend on how they apply
and transfer their available conceptual and procedural knowledge into the problem

solving process.
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It is also important to note that internal and external factors might interact with each
other. Figure 2.10 (p.94) summarizes the main points related to word problems in

mathematics education as highlighted in the literature review.

The literature review lastly included gender differences, pervious mathematics
achievement and material use in mathematics education as factors affecting students’
understanding of mathematics. Considering gender issues, the achievement gap
between girls and boys has been declining over the years. Indeed, most of the
research studies indicates that the common belief “boys are better than girls in
mathematics” will be replaced by the notion “no gender differences in mathematics”

soon.

Nonetheless, there have been evidences revealing boys’ superiority over girls in
spatial visualization, problem-solving, proportionality, geometry, measurement, and
mathematical applications; and girls’ superiority over boys in computational,
numerical, and symbolic relations. Another important point drawn from the literature
is that the involvement of such variables as ability, attitude, motivation, genetic

differences, etc. is associated with gender gap in mathematics.

Further, being one of the cumulative and highly-related subject areas, mathematics
requires a well-structured knowledge base in which concepts, skills, ideas, facts, and
principles should be constructed with the help of the links between new and existing
information. In this respect, students’ prior knowledge in mathematics plays an
important role in their future learning and success. What research has found is the
direct relationship between student’s previous mathematics achievement and their
subsequent success in mathematics. Thus, prior experience in mathematics is
generally considered as one of the strong predictors for students’ future mathematics

learning.
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Moreover, the importance of the instructional materials in students’ learning,
particularly in mathematics, is emphasized in the literature. For instance, NCTM’s
PSSM book which is one of the influential documents in mathematics education
community encourages teachers to use instructional materials in the context of
teaching and learning mathematics. Besides, the studies have also confirmed the
positive impact of using materials on students’ performance in mathematics. Figure
2.11 (p.95) summarizes the related literature on gender gap, previous mathematics

achievement and the use of materials in mathematics education.

In the light of above-mentioned ideas, investigating students’ conceptual and
procedural knowledge as well as word problem solving skills in length, area, and
volume measurement with respect to gender, prior mathematics achievement and the

use of instructional materials might shed light on the issues uncovered previously.

91



43)

aBpajmou] [INPad0Id pue [endasuo)d Uo M3IASY ainjesali syl Jo Arewwns gz aanbiq

Hierarchical
structure

gatekeeper 2 ~
- (Hiel

| UNDERSTANDING § _
e gatekeeper 1

bert & Carpenter, 1992) ol

includes

( PROCEDURAL KNOWLEDGE )

Hiebert & Lefevre, 1982

FACT, IDEA,PROCEDURE

MATHEMATICAL

[ CONCEPTUAL KNOWLEDGE ]

assimilation of
new information

is understood

if
2N e

part of Internal

Network

\ linked to existing

sub-procedures \ ¢ Star, 2000, 2005
|
o Qaulity of
Partl  Part2 / knowledge
\

The formal language/
symbolic systems of Math

]
Knowledge of Algorithms,
rules, procedures

r

r
awareness of not mvulva \
/ step-by-step
prescrlptlons

r
svmbols & [ ]
acceptable rules a2

how to complete
task

flexibility

meaningful
symbols
is linked with CK
competency in

generation \

/ o 200
Baroody, et al. 2007

procedures initially
learned

Superficial Level

Deep Level

asscmated with

critical achie\«'s\‘;l
udgement
ﬂexlblllty) j g without CK

networks
a part of a network
of representations

2N

Star, 2000, 2005

a connected web of
knowledge
s Hlebert & Lefevre, 1982

A \ rich in relationships
\ Meaningful '

. (Two levels of relatlons]

Kilpatrick, et al,
(2001)

knowledge of
principles, facts,

concepts

associated
with

~
rote application

\ com prehen sion

]
--—--—Between—--—--—
e

SKILLS-FIRST

knowledge

Deep Level

Baroody, et al. 2007

Qaulity of
in terms of Abstractness

L Primary- Reflective
\ level concepts -level concepts

Superficial
Level

an integrated and
functional grasp
of mathematical

decrease in
. cognitive

\/

POSSIBLE
RELATIONSHIPS

&

,Haapasalo & Kadijevich®

ITERATIVE MODEL

ssification (2000) ]

procedures and retrieved

execution of [easily stored]

Counting:Briars&
Siegler (1984)
Frye et al. (1989)

Imitating, repeated
practice, tiral-error

Inactivation view

/

)
Rittle-Johnson,
et al. 2001
—
Genetic view l

[D\mamic interaction view]

'd
Simultaneous
activation
view

achieved with/out PK ideas ‘\ demand
= = o = = BEEWEEN —— = = — = = —— = CK

is ||r'|ked W|th PK

wg:;igﬁ;ed appllcatmn of
concepts

<
procedures generated
from applications of
concepts
problem solving

concepts initially
developed

increase in one

type leading to
other type

of knowledge

Bidirectional,
causal
relationship

Counting: Gelman, et al. (1983, 1986)

[ Fractions: Byrnes & Wasik (991)




€6

JUBWAINSE3|A BWNJOA PUe “ealy ‘YiBusT U0 MaIASY aanyelallT syl Jo Arewwns 'z a4nbi4

_— Conceptual Foundatlons
Lehrer 2003

Proportionali

Standarmzatlon

Domains

Prm—— W}__Resmh

T I MEASUREMENT ————____As a real life integral part
Additvity ) M %ii—"\»[] : —
¥ I \ [ widely used in industry, ]

engineering, architecture,etc.

As a school
subject I‘*b
mathematical strands

bridge across ]

[ Volume Measurement ]

Unit- attrlbute 0r|g|r|
relatlons Zero Point

Identlcal
Units
/ Key Concepts Sophlshcatlon e
(Clements & Part|t|0n|ng Levels Research
Key concepts Stephan,2003)
—————- S(tglelginézg;) 7 \ (Consewatmn Battista, et e Outhred & Key Concepts \
easurement p Ressarch . 1998 Mitchelmore |  Battista, 2003; Sophistication
Structuring 2000 Piaget, et al. 1972; Levels
an array

Accumulation uf \
Distance :
Iteration
( Partitioning |[ Transitivity | /

[Consemation]

Developmental
process
",.-""/ either due to

procedurally-dominated
instruction or age-related
issues

Sophistlcatlon
Levels

Battlsta 2006

A\

{ Students' m|stakes

Barrett, et al.
2006

Conservation

Unit Tteration Transitivity

6-7 years old

Piaget, et al.

1972
9-10 years old
Kamii, 1991

7-8 years old
Piaget, et al. confusmg the concept
1972 of perimeter with area

inappropriate
use of ruler
e.g. starting from 1 [mixing units of length J

with other domains

iterating units by leaving
gaps or overlapping units

2 hlsireapr:hal 12-13 years old
\ \ Piaget, et al.
- 4 hmran:hu:al
| steps

Py
mixing units of
area with others

confusing area

Developmental Ben-Haim, et al. 1985 |
rocess EVE|5 i
p Battista &

Clements 1996
Student s
mlstakes

Conceptualization
of area -

5 categories
for enumeration

Spatlal

Cunservatmn Vlsual|zat|on

strategies

Meaningful
due to procedurally-dominated | enumeration of
instruction or poor understanding | arrays of cubes
in length measurement
or age-related issues

Students' Mistakes

due to procedurally-dominated
instruction or lack of structuring
array notion or of spatial visualization
or age-related issues
multiplication e
with area concept

falling to link

counting only visible

faces/unit cubes in
with perimeter rectangular solids

and the formulas

iterating hv leaving
gaps or Uverlappmg treatlng 3D
ﬂgures as 2D ones

failing to L

structure array

(row-by-column)

employing inappropriate
units of measure

confusing volume

with surface area
and their formulas




76

uoITeaNPg SoITeWayI.A Ul SWwajqoldd PAOM U0 M3IASY a1nyelali ay) Jo Arewwns QT°Z 84nbiq

¥
.,

Lo

Word Problems in Mathematics Education |

even in ancient times

- - -‘.-4'-"'--._,__
Structural Components
Verschaffel et al. (2000)

vehicles for the development of
conceptual and procedural knowledge
Verschaffel et al. (2000)

The Solving \
Process

Verschaffel et al.
¢ ‘ Vital component
of curricula

P

asking mare than execution of ,f’
pmoedures Briars and Larkin (1986}

Verschaffel et al.'s
- 5-step model
Koedinger &

Main Characteristics
Verschaffel et al.

Nathan's Palya's 4-ste
(2000) 2-step approach olya P
Use of |~ approach
' promotes mathematical | | words / / ,fﬁcmw
understanding level Schoenfeld's 5- phase}

h g —— [ approach
____..|Researchl —

»| Types of word problems

[Students' Strategies [~ (Carpenter &Moser, 1983)
for solving word [=— Student's struggles
problems (Reusser & Stebler, 1997) ~ The effects of based on semantic structure
instruction, materials,
pl; gﬁﬂel‘:ii;aeléy type of tasks m Compare
modeling (Soylu & not comprehending
(Kartallioglu, Soylu, 2006) the problem due to Combine
2005) '
limited understanding . m
key word about the topic for instance
scanning limited previous Semantic structure rewording
(Reusser & experiences of the problem (De Corte,
Stebler, 1997) | N Mathematics isi i |
' misinterpretation et al. 1985)
of the problem
implicit || =xPlicit traditional vs. use of the handout

schema-based material
instruction (Ubuz & Ersoy, 1997)

(Griffin & Jitendra,
2009) { personalization

(Daxds-Dorsey, et al. 1991)




g6

SOIeWAYIRIAl Ul S[RLISIRIAl JO SN PUE JUSWBASIYDY
UIBIAl SNOIASIJ ‘19pUSD) U0 MIIASY ainjesall ay) Jo Arewwns 1Tz a4nbio

Gender Differences

Previous Mathematics Achievement

vital importance | | strong
\ predictor

the structure \
tial

declining over s
the years
Girls" superiority

as reported in
the studies

Boys' superiority
over girls

in the areas of

e

in the areas of

e.g. Armstrong (1981);

/

of mathematics\

Aksu (1997)
Hyde & Linn's meta-analysis
‘ geometry
study (2006) computations S,

spatial problem sequen
visualization solving
interrelated

proportionality

numerical and
symbolic relations.

Factors Affecting Students’ Understanding of Mathematics

the study of
measurement
i,

for

N

positive effect
on students'
understanding

Material Use in
Mathematics

strongly advised
in many documents

the study
of measurement

Bragg & Outhred
2003

lends itself to

use materials
students'

future

\
length
measurement
crucial for

\ rulers, tape
measurement, etc.

understanding of

area and volume

achievement



CHAPTER 111

METHOD

This chapter explains the method and procedure that were used to investigate sixth
grade students’ conceptual and procedural knowledge and word problem solving
skills in the domain of length, area, and volume measurement. Particularly, the
chapter provides a detailed description of the subjects of the study, the data collection
instruments, the pilot study of the data collection instrument, the procedures that were
used for data collection, the data analysis procedure, and finally the limitations of the

study.
3.1 Overall Design of the Study

The purpose of this study was to investigate sixth grade students’ conceptual and
procedural knowledge and word problem solving skills in the domain of length, area,
and volume measurement with respect to gender, previous mathematics achievement,
and the use of materials. Through synthesizing the information gathered from the
existing literature, from the content and the learning objectives of length, area,
volume measurement topics in sixth grade mathematics curriculum, three tests,
namely, the Conceptual Knowledge test, the Procedural Knowledge Test, and the
Word-problem Solving test that assess 6™ grade students’ performances on length,

area, and volume measurement were developed by the researcher. In addition to the
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tests, the Student Questionnaire was also developed by the researcher and used to
collect data about the students’ demographic information and the materials or tools
used while teaching and learning measurement. All of the data collection instruments
were prepared with and reviewed by the supervisor, and given to nine experts for
further revisions. The instruments approved by the Human Subjects Ethics
Committee at Middle East Technical University were pilot tested with 134 seventh
grade students. The subjects of this study were 445 sixth grade students attending
public schools located in four different central districts of Ankara. The tests and the
questionnaire were administered to the students by the researcher in different sessions
after the completion of the measurement unit. The collected data were analyzed by
making use of Predictive Analytics Software (PASW). Both descriptive (means,
standard deviations, and percentages) and inferential statistics techniques
(MANOVA) were used in the study.

3.2 Subjects of the Study

The study was carried out with 6™ grade students attending public schools in Ankara.
There are several reasons for selecting sixth grade as a target level. First of all, the
learning objectives of length, area, and volume measurement in the Turkish National
Mathematics Curriculum from first to sixth grades include the fundamental concepts
and skills, but in seventh and eighth grades the learning objectives become more
specific and detailed in terms of the geometrical shapes. For instance, students are
expected to develop strategies and use formulas to find the areas of rhombus,

parallelograms, trapezoids, and circles in the seventh grade.

The second reason is also related to the mathematics curriculum itself. As stated
previously, the nation-wide implementation of the updated elementary school
curricula for 1% - 5™ grades was started in 2005. In addition, the revised curriculum
for the 6" - 8" grades has been implemented across the nation since 2006 in a step-

by-step approach (starting from the 6™ grade). Therefore, the sixth grade students
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have at least 2-year-experience in the updated curriculum and are considered as being
familiar with the new approach of the curriculum when compared to upper grade

levels.

Lastly, the age of students in this grade level is classified by Piaget as formal
operational stage where students become more scientific in thinking and are able to
solve abstract problems in a logical fashion when compared to younger students
(Wadsworth, 1996). Particularly in the case of mathematics, the reviewed literature
indicates that the development of mathematical understanding as well as
understanding in measurement both related to age and the ability to process
information. Besides, the literature also reveals that a majority of 12 year old students
are generally considered as being mature enough to demonstrate the fundamental
ideas in measurement such as unit iteration, conservation, and transitivity, etc. For
these reasons, sixth graders seem to be the most appropriate group serving the

purpose of this study.

In order to select a representative sample for the present study, the public schools’
average mathematics scores in the Selection Examination for Secondary Education
Institutions (OKS) was used as the main criteria. One of the reasons of this is that the
OKS is a highly-competitive nationwide examination administered at the end of
eighth grade. It is also mandatory for those who would like to enroll in one of the

well-resourced, qualified and prestigious high schools.

Additionally, the performances of the schools on the OKS exam were perceived by
parents as a strong indicator of the quality of education provided in primary schools
(Sahin 2004), since the exam covers the content of primary education curriculum
(1% - 8™ grades) subjects including mathematics as well as other subject areas as
Turkish language, science, etc. There are totally 100 multiple-choice questions, 25 of
which are questions on mathematics. During the sample selection time, the only

available recent data on the OKS was the exam administered in 2006. Thus, the
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sample selection of the present study was based on the results of the OKS-2006.
From the official records of MONE, all public primary education schools in Ankara
participated in the OKS-2006 (N= 685) and their mathematics scores in the OKS-
2006 were obtained. In order to classify OKS-2006 schools in Ankara, the mean,
range, minimum and maximum scores were calculated by making use of the
mathematics scores obtained from MONE. As seen in Table 3.1, the average

mathematics score of OKS-2006 schools in Ankara was 1.43 out 25.

Table 3.1

Descriptive Statistics of the Schools Participated in the OKS 2006

N Mean SD Minimum Maximum Range Possible
Maximum
Score
685 1.43 1.90 -3.00 9.32 12.32 25

Based on the range, the minimum and the maximum scores, totally 685 public
primary schools in Ankara were classified as low, medium, and high-achieving
schools. Three groups and their score ranges are presented in Table 3.2.

Table 3.2

Achievement Levels of the Schools Participated in the OKS 2006

Schools N Mean Maximum  Minimum
High-achieving Schools 35 6.25 9.30 5.20
Medium-achieving Schools 285 2.6 5.19 1.10
Low-achieving Schools 365 .05 1.09 -3

Afterwards, the primary education schools which were participated in the OKS 2006
and located in the central districts of Ankara were listed according to the achievement

levels as presented in Table 3.2.
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Finally, two schools from each achievement level were selected for the study by
considering the school size. All sixth grade students attending the selected public
schools constituted the participants of this study. The detailed information about the

schools and the students selected for the study is presented in the Table 3.3.

Table 3.3

Distribution of the Schools and the Students Selected for the Study according to the

Achievement Levels and the Districts

Achievement  Selected Average Central School  Number of  Number of
levels schools Math Districts size 6" grade 6" graders
Scores in classes &  participated
the OKS students in the study
2006
High X School 7.27 Cankaya 1077 4x~30 81
Y School 6.65 Cankaya 1099 4 x~30-35 81
Medium Z School 451 Y.mahalle 1073 4x~30 83
F School 3.31 Kecioren 1056 5x~30 67
Low L School 0.59 Kecioren 1010 2XxX~40 50
K School -0.58 Altindag 1000 4x~30 83

In this respect, the sample of the study was selected among the public primary
schools in Ankara through the use of purposive sampling method and consisted of
totally 445 sixth grade students attending the public primary schools located in four
central districts of Ankara. Figure 3.1 indicates the sample selection process of the

study.
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Figure 3.1 Sample Selection Process

As indicated in Table 3.4, among 445 sixth grade students participated to the study,
203 of them were male (45.6%) and 242 were female (54.4%). Their ages ranged
between 11 — 14 and most of them (n=387, 87%) were 12 years old.

Table 3.4

Demographic Characteristics of Students

Background information f %
Gender
Female 242 54.4
Male 203 45.6
Age
11 years old 7 1.6
12 years old 387 87
13 years old 49 11
14 years old 2 4
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Table 3.4

Demographic Characteristics of Students (cont’d)

Background information f %
Mathematics Report Card Grade in 5" Grade*
High-achievers (4-5) 377 84.7
Average-achievers (3) 50 11.2
Low-achievers (1-2) 18 4
Enrollment of Out-of-school Mathematics Training
Dershane’s (Cram schools) 201 452
Supplementary math course offered by their school 94 21.1
Private mathematics tutor 36 8.1
Educational Level of Mothers
Primary school 114 256
Middle School 60 135
High school 126 28.3
Higher Education 97 21.8
Graduate Education 17 3.8
Educational Level of Fathers
Primary School 59 13.3
Middle school 78 17.5
High school 126 28.3
Higher Education 118 26.5
Graduate Education 31 7

* The students’ mathematics report card grade ranges from 5 to 1 and
descriptors for 5 - 4 (high-achievers) is great, 3 (average-achievers) is

satisfactory, and 2-1 (low-achievers) is need improvement

In relation to the students’ previous mathematics achievement (mathematics report
card grade in 5™ grade), 18 of them (4%) were low-achievers, 50 were average-
achievers (11.2%) and 377 were high-achievers (84.7%). Among the 445 students
involved in the study, 201 of them (%45.2) reported that they were attending
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Dershane’s (cram schools), 94 of them (21.1%) were attending the supplementary
mathematics course offered by their schools, and 36 (8.1%) of them had private

mathematics tutor.

When the data on the educational level of participants’ fathers were examined, 126 of
them (28.3%) were graduated from high school, 118 (26.5%) were from higher
education, 78 (17.5%) were from middle school, 59 (13.3%) were from primary
school, and 31 of them (%7) had graduate degree. For the education level of mothers,
126 of them (28.3%) were graduated from high school, 114 (25.6%) were from
primary school, 97 (21.8%) were from higher education, 60 (13.5%) were from
middle school, and 17 of them (3.8%) had graduate degree.

3.3 Data Collection Instruments

In the present study, the Student Questionnaire (SQ) and three tests, namely,
Conceptual Knowledge Test (CKT), Procedural Knowledge Test (PKT), and Word
Problems Test (WPT), were used as the main data collection instruments. The
detailed information about each instrument and the development process are provided

in the following sections.

3.3.1 The Development of Student Questionnaire

As outlined in the literature, instructional materials used in mathematics education,
particularly in the study of measurement lend themselves to enhancing and
facilitating students’ understanding. Therefore, the use of materials in measurement
instruction was selected as one of the variables of this study. Student Questionnaire
(SQ) developed by the researcher aimed to investigate whether the instructional
materials were used during the measurement instruction. More specifically, the items
of the questionnaire were aimed to gather information about not only the frequency of
material use, and also by whom the materials were used. In order to determine what

kinds of materials should be used in the study of measurement, both the related
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literature and the Turkish Elementary School Mathematics Curriculum guide was
analyzed. According to the suggestion in the guide and the literature, the list
including the following materials was prepared: (1) Ruler, (2) Isometric paper, (3)
Unit cubes, (4) Dot paper, (5) Pattern blocks, (6) Square blocks, (7) Tangram, (8)
Cubes blocks, (9) Volume blocks and (10) Geometry stripes.

The first draft of the questionnaire was prepared by the researcher and revised with
the supervisor. In order to get feedback on the physical layout, the appropriateness
and the clarity of items, the questionnaire was given to three experts, one from the
field of educational sciences and others from the mathematics education. After
revising some of the items according to the experts’ suggestions, the final version of
the questionnaire (see Appendix A) consisted of three parts. The first part consisted
of the items related to students’ background information as gender, 5" grade
mathematics achievement (grade point average in 5" grade), age, enrollment in
Dershane’s (cram schools) or supplementary mathematics course offered by their
schools, having private mathematics tutor, and parent education level. The first two
background items were the variables of this study and the others were asked to reach

more detailed information about the students.

The second part of the questionnaire was consisting of three-point Likert-scale
ranging from “always” to “never”. The list of suggested tools/materials in the Turkish
Mathematics Curriculum guide was given and students were asked to indicate the
frequency of the material use while they were learning/ taught length, area, and
volume measurement. The list included in 10 materials (e.g. ruler, tangram, unit
cubes, etc.) and also blank items for additional tools not mentioned in the list.The
third part was composed of the items asking students to indicate “who” (“Myself”,
“Teacher”, and “As a group”) used the materials while learning/teaching length, area,
and volume measurement. The questionnaire was also piloted with the seventh grade

students during the pilot study of the tests.
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3.3.2 The Development of the Tests

During the development process of three tests, namely CKT, PKT, and WPT, four
phases were followed by the researcher given in Figure 3.2 (p.106). The first phase of
the development process was the construction of the theoretical framework. Two
major sources used to construct the theoretical framework were as follows: (a)
existing research on the learning and teaching of spatial measurement, on conceptual
and procedural knowledge in mathematics education; and (b) the study of

measurement in the Turkish Primary Mathematics Curriculum.

The review of literature on conceptual knowledge and procedural knowledge in
mathematics education indicated that the conceptual tasks were generally
characterized as non-routine and novel tasks that require the use of understanding of
underlying principles or concepts in a mathematical domain, not necessarily
involving computations. However, procedural tasks are generally defined as routine
tasks that require the use of previously learned step-by-step solution methods,
mathematical computations, algorithms, or formulas (Hiebert & Lefevre, 1986;
Kajidevic, 1999; Kulm, 1994; Rittle-Johnson, et al., 2001).

The literature also underlines that it is difficult to design procedure-free items to
assess conceptual knowledge in mathematics and vice versa. Furthermore, three tests
were also grounded in the previous research on students’ understanding the
measurement, the theoretical bases of measurement, and students’ mistakes and

misconceptions about measurement.
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It was observed in the literature that teaching and learning measurement was generally
dominated with the procedural knowledge. Indeed, students’ poor competence in
measurement was mostly associated with partial or lack of knowledge about of the
relationship between “what measurement means” and “how to measure”. Put in
differently, students are not aware of what they are doing when measuring. At this point,
the fundamental principles of measurement in general and the others are specific to
length, area, and volume measurement have very significant role in meaningful
understanding in measurement. No matter whether a principle is common or specific to
domains of measurement, all of them are related to each other and they are vehicles for
the development of meaningful understanding in measurement. Figure 3.3 presents the

foundational principles of measurement and its three domains.

Length Area
J onservation ¥ Structuring an array
/Unit iteratio® v Conservation
/Ppartitioning - vUnit iteration Enu, Volup,
mber gMeasureme g ¥ Partitioning “Tatiop of'
JNuumu'!aﬁon of Diste v'Units of Area v '/Cbn&, a?jays of Cubeg
L5 /Transitivity v Formula for area wpar;a; Visug h_“’”_
J perimetet \/ v Unif o7, 2tion
-+« of Length vk Ormy), Yolup,
/Units 08 272 ; 4 for Volup
/ Formula r / Measurement -
v Additivity v Conservation
v Iteration v Tiling (Space-filling)
v Proportionality v Transitivity
v Identical Units v Standardization
v Unit-attribute relations v Origin (Zero-point)
v Comparison v Estimation
' Non/Standard units v Use of tools

Figure 3.3 Underlying Principles of Measurement and Three Domains
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All three tests used in this study were developed by taking the fundamental principles
outlined above into consideration, since the acquisition and coordination of them
establish the basis for a full understanding of measurement as well as for future

mathematics learning.

Another main source for the theoretical framework for the data collection instruments
was the study of measurement, especially length, area, and volume, in the Turkish
Primary Mathematics Curriculum (K-8). From the learning objectives to the content, the
mathematics curriculum was analyzed in a detailed manner so as to develop
achievement tests which should be parallel to students’ developmental levels and should
cover the content of three domains of measurement in six-year of schooling period. The
study of measurement in the curriculum is one of the main learning areas and taught to

students from 1% grade to 8" grade. Measurement learning area covers:

Length Measurement,
Money,

Time Measurement,
Weight,

Liquid Measurement,
Perimeter,

Area Measurement, and

© N o g b~ w0 DN PE

Volume Measurement.

Length measurement is first topic introduced to young students and taught in a spiral
manner till 8" grade. The instruction of area measurement begins in the 3" grade and
continues until 8" grade. During the fifth grade, students are introduced with volume
measurement. Like area, students are taught the study of volume measurement till 9"
grade. The results clearly indicated that the contents of measurement in 7" and 8" grades

become more specific to geometrical shapes and thus, they were not included in the
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present study. The detailed information about the content of length, area, and volume
measurement in the Turkish Mathematics Curriculum (1% - 6™ grade) is presented in
Table 3.5.

Table 3.5

Domains of Measurement in terms of Learning Objectives, Allocated Time, and

Proportion by Grade

Grade Levels Domains of Number of Learning Time Proportion
Measurement Obijectives devoted %
1% Grade Length 4 6 4
2" Grade Length 6 11 3
Length 5 10 7
3 Grade Perimeter 3 5 4
Area 1 3 2
Length
o Grade Messurement 6 6 4
Perimeter 4 6 4
Area 3 6 4
Length 2 3 5
5" Grade Perimeter 4 5 3
Area 5 5 3
Volume 2 3 2
6" Grade Length > 8 55
Area 5 8 5.5
Volume 4 8 5.5
Total 59 93 47

Regarding to the learning objectives in length measurement from 1% to 6" grade, the
curriculum analysis indicated that in a gradual and spiral process, the study of

measurement started with comparing lengths and moves progressively from measuring
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with nonstandard units, to standard units, to measuring with standardized tools, to the
concept of perimeter, area, volume, and the use of their formulas. Although the learning
objectives of the three domains of measurement from 1% to 5™ grade were taken into
consideration, the items of the tests used in this study were principally developed
according to the 6™ grades’ learning objectives specified in the curriculum. Table 3.6
shows the learning objectives in length, area, and volume measurement in the sixth
grade level. The learning objectives of length, area, and volume measurement for grades

1% — 5™ grades are presented in Appendix B.

Table 3.6

Learning Objectives of Length, Area, and Volume measurement in the 6" Grade

Domains of Learning Objectives

Measurement

Length v" explain the units of length measurement and make conversions using
them.

Students will v’ estimate the perimeter of planar shapes by using strategies.

v solve and generate problems related to perimeter.

v" explain the relationship between the perimeter of polygons and their
side lengths.

Area v" explain the units of area measurement and make conversions using them.
v'estimate the area of planar shapes by using strategies.

Students will v/solve and generate problems related to area.
v'calculate the surface area of rectangular and square prisms, and cubes.

v'solve and generate problems involving the surface area of rectangular and
square prisms, and cubes.

Volume v'generate the relational connections with regard to the volume of cubes,
rectangular and square prisms.

Students will v'estimate the volume of cubes, rectangular and square prisms by using
strategies.

v’solve and generate problems related to the volume of cubes, rectangular
and square prisms.

v" explain the units of volume measurement and make conversions using
them.
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Second phase of the development process was the construction of the items for each
test. The main focus of this phase was to design conceptual, procedural knowledge
and word problem solving tasks and then, to choose those tasks which serve well the
purposes of this study. In this respect, the following sub-steps were followed: the
determination of items’ format and the construction of the item pool. In order to
eliminate the possibility of obtaining correct answer by guessing and to collect
detailed information about what a student knows /understands and does not know
/understand, the format of all three achievement tests were the constructed response
items. More specifically, the test items in the Conceptual Knowledge test were in the
format of short answer and/or essay items, apart from the one which was the
matching question. Similarly, both Procedural Knowledge test and Word Problems

test were consisted of the essay items.

For the construction of the item pool, the large-scale studies’ released items (e.g.
TIMSS) and the tasks and/or tests used in the small-scale studies were analyzed in
terms of the key concepts and skills in length, area, and volume measurement as
outlined above. In the same manner, the researcher, under the guidance of her
supervisor, prepared items for each domains of measurement by considering the
learning objectives of 6™ grade specified in the curriculum and the key concepts and
skills derived from the mathematics education literature. Afterwards, the item pool
was constructed among those which closely matched with the purposes of the present

study.

Third phase was the preparation of pilot-testing. Since the main purpose of this study
iIs to investigate 6th grade students’ performance on conceptual, procedural
knowledge and word problem solving skills in measurement, three kinds of tests were
developed. In the Conceptual Knowledge test, the items were designed to assess
students’ understanding of measurement (length, area, volume). The items of
Procedural Knowledge test were aimed to evaluate the students’ procedural

knowledge about measurement. For this reason, the test involved only the
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computational questions about measurement. The Word Problems test was developed
to assess the students” word problem solving skills in measurement. It consisted of
the items involving the same numbers and requiring the same operations included in
the Procedural Knowledge test, but the items were stated in the form of verbal

statements.

Afterwards, three tests were given to three academicians from the field of
mathematics education, two academicians from the field of educational sciences,
three mathematics teachers to obtain content-related and face validity evidences. The
experts were kindly asked to examine whether the items of the tests were in line with
the learning objectives in the 6™ grade measurement unit and were representing the
content specified in the curriculum, whether the sample of items was representative,
whether the wording and language of items were understandable for the age group of
this study. Based on the reflections and feedback taken from the experts, the tests

were revised accordingly.

Further, a pilot-study school was selected according to the same criteria followed
during the sample selection of the present study. Among the OKS-2006 public
elementary schools, one of the medium-achieving schools located in one of the main
districts of Ankara was selected for the pilot study. Seventh grade students at this
school participated in the the pilot-study.

The main reason behind selecting 7" grade was due to the time constraint, as sixth
graders did not complete the instruction on measurement in the meantime. Thus, the
only suitable grade level for pilot testing was seventh graders who already received
the instruction on measurement during sixth grade, but were not taught to the content
of 7" grade measurement. The following table (Table 3.7) shows the general

information about the pilot-testing school.
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Table 3.7

General Information about the Pilot-testing School

The Pilot-testing School’s

Achievement Average Math Main School The Number of 7"
level Score in the OKS District size grade classes and
2006 students
Medium- 5.35 Etimesgut 1056 5 classes, about 30
achieving students in each

After obtaining ethical approval from the Human Subjects Ethics Committee at
METU and a permission letter from the Ministry of National Education, the pilot-
testing of the tests, the last phase of the development process, was carried out with
134 seventh graders in February 2008.

3.3.3 The Pilot Study of the Instruments

The data collection instruments were piloted with 134 seventh grade students from
one of the OKS-2006 public schools in Ankara. The following table 3.8 summarizes

the background information about the students involved in the pilot study.

Table 3.8
Background Information about the Students Involved in the Pilot Study
Background information f %
Gender
Female 68 50.7
Male 66 49.3
Age
13 years old 112 83.6
14 years old 20 14.9
15 years old 2 15
Mathematics Report Card Grade in 5" Grade
High-achievers 73 54.4
Average-achievers 32 24
Low-achievers 29 21.6

* The students’ mathematics report card grade ranges from 5 to 1 and descriptors for 5 — 4 (high-achievers)
is great, 3(average-achievers) is satisfactory, and 2-1(low-achievers) is need improvement
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The pilot study was carried out in the first two weeks of March 2008. Since
administering all instruments in a one session was too long and tiring for students, it
was completed in three different sessions in different days. Firstly the Procedural
Knowledge test and the Student Questionnaire, then the Conceptual Knowledge test,
and finally the Word Problems test were administered to 7™ grade students by the
researcher. The detailed information about the data collection instruments are

presented in Table 3.9.

Table 3.9

Data Collection Instruments of the Study

Instruments  The number of questions Time to complete  Maximum Score
CKT 16 question (53 sub-questions) 50-55 minutes 53

PKT 27 questions 45-50 minutes 27

WPT 27 questions 45-50 minutes 27

SQ 27 questions (3 three parts) 10 minutes -

In all classes, the mathematics teachers also stayed with the researcher till the end of
the each administration session. Further, the students were told by their teacher that
the score they got from the tests would affect their mathematics grade at school. The
teachers also warned students not to leave any response blank. The reason behind
these announcements was to make sure that students showed great effort to answer

the questions seriously and carefully.

For the scoring of the tests, a scoring key was prepared for each test and revised by
the supervisor and three experts. In the key, 1 point was assigned for the correct
answer and O for both the incorrect answer and blank question.
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The Kuder-Richardson approach was used to assess internal consistency of the tests’
items. As one form of coefficient alpha, this method is considered to be more
appropriate for determining the internal consistency among the items scored as 1
indicating a correct answer and 0 indicating an incorrect answer (McDaniel, 1994,
Fraenkel & Wallen, 2003; Freed, Hess, & Ryan, 2002). In this study, the
interrelatedness of the dichotomous items was calculated by using the KR-20
formula, instead of KR-21 which assumes that the difficulty level of all items is equal
(Fraenkel & Wallen, 2003). The KR-20 formula is given below where N=Number of
items on the test, p = Proportion of correct responses, q = 1 — p = Proportion of
incorrect responses, and o * = Variance of the total test.

KR-20 = ——(1 —£2%)

In this respect, the internal consistency of three tests was obtained through the KR-20

formula. The Table 3.10 indicates the internal consistency values for each test.
Table 3.10

Internal Consistency Values for the Tests

Tests N Ypq o r

Conceptual Knowledge Test 53 10.5 76.2 .87
Procedural Knowledge Test 27 4.3 305 .88
Word Problems Test 27 4.5 34 .89

With regard to reliability of the Student Questionnaire, Cronbach’s alpha correlation
coefficient, which is considered to be more suitable for the Likert-type items, was
used for this instrument and was found .78 indicating high internal consistency

among the items.
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3.3.4 Final Forms of the Instruments

After the pilot study, the need to make some changes and revisions in the data
collection instruments emerged. Under the guidance of the supervisor of the study,
the initial changes and adaptations were done and the final drafts were given to three
experts from the mathematics education. After that all the feedback was collated by
listing the suggestions and the changes offered for the data collection instruments.
Finally, the data collection instruments were revised by taking into account the
feedback collation and the necessary changes were made accordingly.

For the changes/adaptations made in the CKT, first of all, the researcher observed
during the pilot study that students had trouble with the understanding of the figure
given in the first question, and thus, the figure and the wording of the question were
revised. Based on the similar reason, the wording and the figure of 10™ question was
also revised so that they were more explicit and meaningful for the subjects of this

study.

Moreover, 15™ question in the pilot version of CKT had four sub-questions related to
the area and perimeter concepts. Two of them asking students to draw a different
shape that has the same area/perimeter as the shape shown in the other sub-questions
of 15" question were extracted from the instrument. The reason behind is that it was
found in the pilot study that two questions were actually asking for the same thing

with those were taken out of the instrument.

With regard to the changes in PKT, there were totally 27 items involving the tasks on
length, area, and volume conversions. Due to the time limitation, the number of
conversion items was reduced to 9 in the final version of PKT. Besides, one item
requiring using a ruler to measure the line segment was added to the test. Since the
questions in the WPT were consisted of the items involving the same numbers and

requiring the same operations included in the in line with the PKT, the
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changes/revisions were also made accordingly. Lastly, the only change made in the
SQ was related to its physical appearance. The following table (Table 3.11) provides
detailed information about the final forms of the data collection instruments of the

present study.

Table 3.11

General Information about Final Forms of the Data Collection Instruments

CKT PKT WPT SQ
Number of items 16 20 20 27
Number of sub-items 50 - - -
Essay items, Essay items Essay items Background
Item format Matching, information,
Multiple-choice, Likert type
Short answer
Completion time 40-45 min. 35-40 min.  40-45 min. 10 min.
Maximum Score 50 20 20 -

The final forms of each data collection instrument of the present study are explained

in the following sections.
3.3.4.1 Conceptual Knowledge Test

The Conceptual Knowledge Test (CKT) was developed by the researcher, apart from
two questions [Question 1.c was adapted version of TIMSS-1999 released item
Permanent ID M022168 and Question 7 was taken from Hart’s study (1981)]. The
main purpose of this test was to examine to what extent students
comprehend/understand the conceptual underpinnings of measurement, and thus, the
items neither asked students to determine the correct/incorrect answers among the
alternatives nor required to carry out computational exercises. Instead, the items
asked students to show understanding of measurement concepts by interpreting,
applying, and transferring them correctly to different situations. The final version of

the CKT (see Appendix C) was composed of totally 16 main questions, but together
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with their sub-questions, it consisted of 50 items. The measurement concepts assessed

by the CKT and the related questions are presented according to domains of

measurement in Table 3.12.
Table 3.12

Content of the Conceptual Knowledge Test

Measurement The Related Questions Measurement
Domains Concepts
QL1: The broken ruler [7 sub-questions] -Unit iteration (of a
al: Finding the length of the broken ruler composite unit)
a2: Explain How the length of the broken ruler is found. -Understanding of
b1 - Is it possible to measure 2 meters of cloth with the how scales on .
broken ruler? formal measuring
) ) ) ] tools work
b2 - Expla!n why is/not it possible to measure.. _Understanding of
b3 - Explain how the cloth can be measured with broken the meaning of
ruler. numerals on a ruler
cl - Length of the string placed on the broken ruler -The concept of
c2 - Explain how you found the length of the string. Zero Point
[adapted version of TIMSS 1999 released item Permanent
ID M022168]
-The concept of
Length Q3.Perimeter [2 sub-questions] perimeter

measurement  a - Does it change under partitioning or not?
b - Explain Why does (not) it change?

8 questions/

max.24

-Understanding of
the notion that
perimeter can
change under
partitioning

points Q5. Making a photo frame [2 sub-gquestions]

a - Which one is needed perimeter or area
b - Explain Why perimeter/area is needed.

-The concept of
perimeter

-Understanding of
the difference
between area and
perimeter

Q7. Comparison of the length of the strings taken from

Hart (1981) [3 sub-questions]
a - Comparing the strings measured by different tools

b - Comparing the strings measured by same tools/units
¢ - Comparing the strings measured by same tools/units

-Understanding the
importance of a unit
in measurement
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Table 3.12
Content of the Conceptual Knowledge Test (cont’d)

Measurement Related questions Measurement

Domains Concepts

Length Q8. Choosing the most appropriate units of measurement - Understanding of

measurement for the attribute being measured appropriateness of

(cont’d) 1 - The distance between two cities [km] units of measurement
5- The perimeter of your blackboard [m] -Understanding of

] 6 - The width of 1YTL [mm] relationship between

8 questions the attribute and a

max. 24 unit of measurement

points Q15. Comparison of the perimeters/areas of two shapes -The concept of
drawn on dot paper perimeter

b1 - Are the perimeters of two shapes equal?
b2 - Explain Why the perimeters of two shapes equal.

Q2. The amount of wrapping material [2 sub-questions] -The concept of
a— Which one (surface area, volume, the total length of the ~ surface area
box’ dimensions) is need for finding amount of wrapping

material?

b - Explain why surface area is need for finding the amount

of wrapping material.

Q8. Choosing the most appropriate units of measurement -Given in length
Area for the attribute being measured measurement Q8

measurement 2 - The area of football yard [m?]
3 - The area of the palm of your hand [cm?]
6 questions 7 - The area of your blackboard [m’]

max. 15 Q13. Conservation of area [2 sub-questions] -The concept of area
points a - Comparison of areas of two shapes made up with the - Conservation of
same pieces area

b - Explain why the areas are the same or not.

Q14. The surface area and volume of a cube -The concept of

[2 sub-questions] surface area and

a - If the volume of a cube is halved, what would happento ~ volume

its surface area? -Understanding of the

b - Explain Why. relationship between
volume and surface
area
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Table 3.12

Content of the Conceptual Knowledge Test (Cont’d)

Measurement Related questions Measurement
Domains concepts
Q15. Comparison of the perimeters/areas of two shapes  The concept of area
Area drawn on dot paper Enumeration of
measurement @l - Are the areas of two shapes equal? arrays of squares
(cont’d) a2 - Explain Why the areas equal or not.
6 questions Q16. The net of a rectangular prism box -$patigl _
max. 15 al — Finding the correct net of the given rectangular visualization
. prism box -The concept of
points a2 - Explain Why this net. surface area and
b1 - What is the total number of small squares in the volume
net surface area or volume? -Understanding of
b2 - Explain Why surface area or volume the difference
between volume
and surface area
Q4. The volume of a prism through its net [2 sub- -The concept of
questions] volume
a — Finding the volume of a prism through its net -Spatial
b - Explain how the volume is found. visualization
Q6. The volume and dimensions of a prism [2 sub- -The concept of
questions] volume
Volume a— If one is tripled, are others tripled too? -Understanding of
measurement b - Explain the relation between volume and relationship
dimensions. between the volume
and the dimensions
5 questions of a prism
max. 11 Q8. Choosing the most appropriate units of Explained in length
points measurement for the attribute being measured measurement

4- The amount of water in a swimming pool [m’]
8 -The volume of a matchbox [cm®]

Q9. The number of unit cubes in the prism [2 sub-
questions]

a — Finding the number of unit cubes made up the
prism

b — Explain how to find the number of unit cubes in the
prism.

-The concept of
volume

-Spatial
visualization
-Enumeration of
arrays of cubes

Q12.The number of unit cubes and the volume [3 sub-
questions]

a - Finding the number of unit cubes needed to
completely fill the shape

b - Finding the volume of the box
¢ - Explain how the volume is found.

-The concept of
volume

-Spatial
visualization
-Enumeration of
arrays of cubes
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3.3.4.2 Procedural Knowledge Test

Another data collection instrument of the study was Procedural Knowledge Test
developed by the researcher. It aimed to evaluate the students’ procedural knowledge
about measurement. In particular, the test was designed to investigate the extent to
which students could apply measurement procedures (routine and complex),
formulas, and use measurement tool, a ruler which is the most commonly used tool in
real life. For this reason, the test only involved the computational tasks involving

length, area, and volume measurement.

There were totally 20 questions in the PKT. When applying procedures, operations,
and formulas to solve the questions, the students were asked to show all their work in
the answer sheets. The final version of the PKT is presented in Appendix D. In Table
3.13, the content of the PKT, namely, the items of the PKT and the assessed

measurement skills is presented in a detailed manner.

Table 3.13

Content of the Procedural Knowledge Test
Measurement  Related Questions Measurement Skills
Domains

Q1. Conversion: Units of Length—mmtocm  To carry out unit
conversions within a

Q4. Conversion: Units of Length — km to m

system of
Q8. Conversion: Units of Length—cmtom measurement
Length Q10. The perimeter of a polygon To calculate
measurement [All side lengths were given] perimeter
Q12. The perimeter of a square To use the formula
7 questions [The side length was given] for perimeter
max. 7 points

Q18. Given the perimeter and the length, To use the formula

finding the width of a rectangle for perimeter

Q20. Using a ruler to measure the line segment  To use a ruler
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Table 3.13

Content of the Procedural Knowledge Test (Cont’d)

Measurement  The Related Questions Measurement Skills
Domains
Q3. Conversion: Units of Area — km® to m* To carry out unit
Area Q6. Conversion: Units of Area— m” to km® conversions within a
measurement Q9. Conversion: Units of Area — m” to cm’ system of
measurement
8 questions Q11. Given the surface area and the length, To use the formula
max. 8 points  finding the height of a square prism for surface area
Q14. Given the perimeter and the length, To use the formula
finding the area of a rectangle for area
Q15. The Surface area of a rectangular prism To calculate surface
[All dimensions were given] area of a rectangular
prism
Q17. Determining the un-shaded area of a To calculate the un-
rectangular shape shaded area of a
[All side lengths were given] rectangular shape
Q19. The area of a rectangle To calculate the area
[The length and the width were given]
Q2. Conversion: Units of Volume —dm®tom®  To carry out unit
Volume Q5. Conversion: Units of Volume —m>to cm®  conversions within a
measurement Q7. Conversion: Units of Volume — dm®to system of
Liter measurement
5 questions Q13. Given the volume, length, and width, To use the formula
max. 5 points  finding the height of a rectangular prism for volume

Q16. The volume of a rectangular prism

[All dimensions were given]

To calculate the
volume of a

rectangular prism
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3.3.4.3 Word Problem Test

The Word Problem test was designed to assess the students’ word problem solving
skills in length, area, and volume measurement. It composed of the problems written
in the form of verbal statements and each of them involved the same numbers and
operations with the questions in the Procedural Knowledge test. In other words, each
word problem has a pair in the PKT which was presented in the numerical form and
had the same numbers and the operations needed to reach the solution. Figure 3.4
shows the questions taken from PKT and WPT.

20.Soru:
Sekilde verilen dikdértgenin;
Uzun kenarn: 5 m
5m Kisa kenarn: 4 m ise,
Alann: ?
4m

Figure 3.4a: The PKT question

19.Soru

Efe’'nin dikddrtgen seklindeki odasinin zemini hali ile kaplanacaktir. Odanin uzunlugu 5
metre, eni 4 metre olduguna gdre, Efe’'nin odasinin zeminini tamamen kaplamak i¢in kag
m? hall alinmasi gerekir?

Figure 3.4b: The WPT question

Figure 3.4 Paired Questions in the PKT and WPT

There were totally 20 questions in the WPT. Apart from one question, all of them
were paired with the questions of the PKT. Both the 20™ question of the WPT and of
the PKT was related to the 1% question’s sub-parts (al and a2) of the CKT. The
former one was the verbal form and the latter one was the practical form of the CKT

question.
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As seen in Figure 3.5, although all three questions had the same answer, 13
centimeters, the type of knowledge embedded in each question and the way of

assessment was different.

The CKT Question

{TTTTTTTTTTT

14 15 18 17 18 19 20 21 22 13

Soru 1

a) Ceren'in matematik dersinde kinlan cetvelinden kalan parca yukanda venlmistir. Cetveli
dikkathce inceledikten sonra, asadqudakl sorulan yanitlayimz

= Kink cetvelin baslangic ve bitis yverlen noktal cizgilerde isaretlenmistir, Bu isaretienmis

béliimiin uzunlugu kac santimetredir? cm
< Kink cetvelin uzunlugunu nasil buldugunuzu agiklayiniz

The PKT Question
20.8oni:
| I | |
A B ¢ v

Yukanda g&stenlen sekildeki B ve C noktalan arasindaki uzuniugu CETVEL kullanarak
Glginiz. Buldugunuz sonucu noktali yere yaziniz.

= B ve C noktalan arasindaki UZURIUK .........ooceeirs i ms e s sssmsss ermssssns sesssmses sessass sas e ssms nn

The WPT Question

20.Soru
Ceren'in cetveli matematik dersinde kinlmistir. Cetvelin su anki baslangig noktasi
14 santimetre, biti noktas| ise 27 santimetre olduguna gére, cetvelin simdiki

uzunlugu ka¢ santimetredir?

Figure 3.5 Related Questions in the CKT, PKT, and WPT
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The final version of the WPT is presented in Appendix E.
items of the WPT in detail.

Table 3.14
Content of the Word Problems Test

Table 3.14 presents the

Measurement Related Questions

Problem Solving Skills

Domains
Q1. Conversion: Units of Length — mm to cm Solving problems
Q4. Conversion: Units of Length — km to m mvolvm_g unit
- - conversions within a
Length Q8. Conversion: Units of Length —cmto m system of measurement

measurement Q10. The perimeter of a polygon
[All side lengths were given]

7 questions Q11. Given the perimeter and the length, finding
max. 7 points the width of a rectangle

Q12. The perimeter of a square
[The side length was given]

Solving perimeter
problems

Q20. Using a ruler to measure the line segment

Solving a word problem
involving length
measurement

Q3. Conversion: Units of Area — km? to m?

Q6. Conversion: Units of Area— m? to km?

Solving problems
involving unit conversions

Area Q9. Conversion: Units of Area — m’ to cm® within a system of
measurement measurement

Q14. Given the perimeter and the length, finding Solving area problems
8 questions the area of a rectangle

max. 8 points  Q15. The Surface area of a rectangular prism
[All dimensions were given]

Solving surface area
problems

Q17. Determining the un-shaded area of a
rectangular shape [All side lengths were given]

Solving area problems

Q18. Given the surface area and the length,
finding the height of a square prism

Solving surface area
problems

Q19. The area of a rectangle
[The length and the width were given]

Solving area problems

Volume Q2. Conversion: Units of Volume — dm® to m*
measurement Q5. Conversion: Units of Volume — m® to cm®
Q7. Conversion: Units of Volume — dm>to Liter

Solving problems
involving unit conversions
within a system of
measurement

5 questions

max. 5 points Q13. Given the volume, length, and width, finding

the height of a rectangular prism

Solving volume
measurement problems

Q16. The volume of a rectangular prism
[All dimensions were given]

Solving volume
measurement problems
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3.4 Data Collection Procedure

After the data collection instruments were finalized, a set of documents explaining the
aims, method, sample and instruments of the study was submitted to the Ministry of
Education in order to obtain permission for the actual administration. The consent for
permission received from the Ministry of Education is presented in Appendix F. In
order to provide information about the study and administration of the instruments,
the researcher arranged pre-interviews with the principals and the sixth grade
mathematics teachers from each school included in the sample. Then, a time schedule
for each school was prepared by considering the completion of teaching length, area,

and volume measurement.

Upon the completion of the length, area, and volume measurement topics, the data
collection instruments were administered to sixth grade students by the researcher
over a period from May 2008 to June 2008. The procedure followed in the pilot study

of the instruments was repeated in the actual administration process.

3.5 Data Analysis Procedure

In order to score the tests, a key was prepared for each of them and revised by the
supervisor and the three experts. In the key, 1 point was assigned for the correct
answer and 0 for both the incorrect answer and blank question. Before performing the
statistical analysis procedure, the data cleaning and screening process was conducted
to find out missing values. Since the administration of the tests and a questionnaire
were done in different days, some of the students missed the sessions. Therefore,
those who were not present during the data collection date, even missed one test,
excluded from the data analysis process. Then, the quantitative data obtained both

from the tests and the questionnaire were recorded on PASW.
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The basic descriptive statistics including means, standard deviations, frequencies and
percentages were carried out by means of this program in order to examine the
overall performance of sixth graders on the tests. In addition to descriptive statistical
methods, Multivariate Analysis of Variance (MANOVA) was also performed to find
the answer to the research questions raised in the study.

For the analysis of students’ written responses, the framework including common
students’ mistakes/errors related to three domains of measurement as highlighted in
the review of literature was prepared. Then, each student’ written responses was
transformed into Word program and tabulated under the related questions one by one.
Afterwards, the students’ responses were tabulated according to the framework to

produce categories of errors.
3.6 Limitations of the Study

This study is limited to 6™ grade students (n = 445) attending public primary schools
located in four different central districts of Ankara. Thus, considering the scope and
generalizability, the results of this study can be generalized only to the sixth grade

students enrolled in public schools in Ankara.

In addition, as the study aimed at examining sixth graders’ conceptual, and
procedural knowledge and word problem solving skills in length, area, and volume
measurement, only these topics were covered in this research study. Therefore, the
results do not reflect the students’ overall mathematics performance. Beside this, the
results are limited with the data obtained through the tests on length, area, and

volume measurement and the questionnaire used in the study.

Furthermore, subject characteristics and loss of subjects might be the possible threats
to internal validity of the study. Since the sample of this study was drawn from
different main districts of Ankara, the students possibly have had different

socioeconomic status, ability levels, and attitudes toward mathematics, etc. which
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could affect the results of the study in unintended ways. To control this threat, the
students were selected from the same grade level among public schools. In addition,
during the sample selection process, school size (about 1000) and the average

mathematics OKS scores of the schools were also taken into consideration.

Loss of subjects might be another threat for the study mostly due to the completion
time of measurement unit and the Level Determination Exam (SBS). The instruction
on measurement was completed in each school about two/three weeks before the end
of the school year, as a result of this, the time for the administration of the
instruments was restricted. Indeed, most of the students were mainly concentrated on
preparation for the Level Determination Exam (SBS) which was replaced with the
OKS exam in 2008. For that reason, some of them were absent during the
administration process. To control this treat, the researcher arranged pre-interviews
with the sixth grade mathematics teachers from each school included in the sample

and a time schedule for each school was prepared.
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CHAPTER IV

RESULTS

This chapter presents the results of the study on investigating the students’ conceptual
and procedural knowledge and word problem solving skills in the domain of length,
area, and volume measurement with regard to gender, previous mathematics
achievement, and the use of materials used in measurement instruction. The data
gathered from 445 sixth grade students attending public primary schools in Ankara
through three tests and a questionnaire were analyzed by making use of both
descriptive and inferential statistics. The results are presented in line with the research
questions in the following sections.

4.1 Results of the 6™ Grade Students’ Performance on the Conceptual
Knowledge, Procedural Knowledge, and the Word Problems Test

The first research question aimed to investigate 6™ grade students’ overall
performance on three tests. Descriptive analysis of the data revealed that 6™ grade
students’ overall scores for each tests were quite low (Mckr = 19.6, SDckt = 9.2;
Mpkr = 8.3 SDpit = 4.7; Mywpr = 7.7, SDwper = 4.8). The result of the students’ overall
performance on the tests is presented in Table 4.1.

Table 4.1

Results Concerning Students’ Overall Performance on the CKT, PKT, and WPT
(n=445)

Overall Score M SD Min. Max.
CKT  (out of 50 points) 196 9.2 0 46
PKT  (out of 20 points) 83 47 0 20
WPT  (out of 20 points) 77 4.8 0 20
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With regard to the maximum and minimum scores, the students’ overall performance
on the CKT ranged from 0 to 46. Although no one obtained a perfect 100 percent
score in the CKT, two students got 46 points which was the highest score of the CKT.
Beside, only one student missed all CKT questions and thus, got the lowest score,
zero. Similarly, only one student answered all questions correctly and obtained the
highest score, 20, both in the PKT and WPT. Out of 445 students, three students in
the PKT and twelve students in the WPT could not be able to correctly answer even
one question and got the lowest score which was zero. In addition, the success rate of
the students in each test was also calculated by dividing the mean score by the total
score of the test. The results revealed that the 6™ graders success rate in the CKT was
thirty-nine percent (19.6/50 = .39); in the PKT was forty-one and one-half percent
(8.3/20 = .41.5) and in the WPT was about thirty-eight and one-half percent
(7.7/20 = .38.5).

Considering the students’ performance on three domains of measurement, as
indicated in Table 4.2, the highest performance was observed in length measurement
on each test (Mckr = 12.2, SDckr = 4.6; Mpkr = 4.7, SDpkt = 1.7; Mypr = 4.4,
SDwer = 2); the lowest performance was observed in volume measurement
(Mckt = 2.7, SDckt = 2.5; Mpkt = 1.5, SDpkr = 1.7; Mwpr = 1.5, SDwper = 1.7).

Table 4.2

Results Concerning Students’ Performance on the Domains of Measurement
according to the CKT, PKT, and WPT (n=445)

Students’ Scores on M SD Min. Max.

Length Measurement

CKT  (out of 24 points) 122 4.6 0 24
PKT  (out of 7 points) 47 17 0 7
WPT  (out of 7 points) 44 2 0 7
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Table 4.2

Results Concerning Students” Performance on the Domains of Measurement
according to the CKT, PKT, and WPT (n=445) (cont’d)

Students’ Scores on M SD Min. Max.
Area Measurement

CKT  (out of 15 points) 5 33 0 15
PKT  (out of 8 points) 21 19 0 8
WPT  (out of 8 points) 17 18 0 8
Volume Measurement

CKT  (out of 11 points) 24 25 0 11
PKT  (out of 5 points) 15 17 0 5
WPT  (out of 5 points) 15 17 0 5

4.2 Results Concerning the Relationships among the Tests and the Domains of

Measurement

The second research problem was asked to find out whether there is any significant
relationship among the 6™ grade students’ overall performance on the Conceptual

Knowledge, Procedural Knowledge and Word Problems Test.

Bivariate correlations were computed among three tests and Pearson correlation
coefficient values indicated that there were statistically significant and strong
relationships between all tests (rpxr-wer =.84, p < 0.5; rexr-wer =73, P < 0.5; Fexr - prr =
70 p < 0.5) according to Cohen’s criteria (Cohen, 1988).
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The matrix emerging from the correlation analysis is presented in Table 4.3 which
also shows that none of the correlations exceed .90, the indicator of the absence of
multicollineairty (Tabachnick & Fidell, 2007).

Table 4.3

Correlation Matrix for the CKT, PKT, and WPT

Overall Score CKT PKT WPT
CKT 1.00

PKT .70* 1.00

WPT 73* .84* 1.00
*p<.05

Similarly, bivariate correlation was also run in order to see whether there is a
significant relationship between the 6™ graders performance on the tests with regard
to domains of measurement. The results indicated a significant relationship between
the students’ performance on each test according to domain of measurement.
Considering length measurement, the relationship between PKT and WPT was found
as r=.71, p<0.5; between WPT and CKT was found as r =.59, p < 0.5; between
PKT and CKT was found as r =.56, p < 0.5. For area measurement, the relationship
between PKT and WPT was found as r = .75, p < 0.5; between WPT and CKT was
found as r = .54, p <0.5; between PKT and CKT was found as r = .51, p <0.5. For
volume measurement, the relationship between PKT and WPT was found as r = .82,
p < 0.5; between WPT and CKT was found as r = .61, p < 0.5; between PKT and
CKT was found as r = .61, p < 0.5. According to Cohen’s criteria (Cohen, 1988), all
of the correlation coefficients values were quite strong and positive. Table 4.4

presents the matrix emerging from the correlation analyses.
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Table 4.4

Correlation Matrix for the CKT, PKT, and WPT according to the Domains of Measurement

CKTiengh CKTaea CKTiowme PKTiengh PKTaea PKTuoume WPTiengh WPTaea WP Tyoiume
CKTength 1
CKTarea 627 1
CKTvoume .64 617 1
PK Tiength 56 407 48 1
PK Tarea 56 517 58" 637 1
PKTvoume .57 467 617 56 737 1
WPT engtn 597 437 55" 717 60" 54" 1
WPTarea 58" 54" 67" 50" 75" 717 60" 1
WPTwoume .55 487 617 497 67" 827 597 77" 1

*p<.05



Furthermore, the results of the bivariate correlation analysis revealed that the
students’ performances on one type of tests in one domain of measurements
significantly correlated with the other domains of measurement. As given in Table
4.4, a strong and positive relationship was observed between the students’
performance on length measurement tasks and on area measurement (r = .62, p < 0.5)
between volume measurement tasks and length measurement (r = .64, p < 0.5); and
between area measurement tasks and volume measurement (r = .61, p < 0.5) in the
CKT. Considering the PKT, there was a significant relationship between the students’
performance on length measurement tasks and the tasks involving area measurement
(r = .64, p < 0.5); between length measurement and volume measurement (r = .56,
p < 0.5); and between area measurement tasks and volume measurement (r = .73,
p <0.5).

In addition, a strong and positive relationship was found between the students’
performance on length measurement tasks and on area measurement (r = .60,
p < 0.5); between volume tasks and length tasks (r = .59, p < 0.5); and between area
measurement tasks and volume measurement (r = .77, p < 0.5) in the WPT. Likewise,

all of the correlation coefficients values were fairly strong and positive.

4.3 Multivariate Analysis of Variance (MANOVA): Investigation of the Sixth
Grade Students’ Overall Performance on the Tests by Gender and Previous

Mathematics Achievement

The third and fourth research problems aimed to explore whether the students’ overall
performance on the Conceptual Knowledge Test, Procedural Knowledge Test and
Word Problems Test differ according to gender and previous mathematics
achievement. For this purpose, a multivariate analysis of variance (MANOVA) was
conducted by using Predictive Analytics SoftWare (PASW).
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Prior to the analysis, the main assumptions which are independent observation,
multivariate normality, and homogeneity of population covariance matrix for
dependent variables (Field, 2009; Tabachnick & Fidell, 2007) were checked in order
to explore the appropriateness of the data for running MANOVA.

First of all, independent observation was ensured during the data collection process.
The researcher observed that the subjects responded to the tests independently of one

another. Therefore, the data collected from the subjects were independent.

The second assumption of MANOVA is multivariate normality. Since univariate
normality is a necessary condition for multivariate normality (Field, 2009), it was
firstly checked through histograms with normality curves, Skewness and Kurtosis
values, Kolmogorov-Smirnov, and Shapiro-Wilk tests. Histograms were visually
inspected and all of them were seemed to be normally distributed. In addition, the
Kurtosis and Skeweness values were examined in order to provide another evidence
for univariate normality. Even though the Kurtosis and Skewness values were in the
limit of normality, as stated by Tabachnick and Fidell (2007), Kurtosis and Skewness
values between -3 and 3 are considered as approximately normal. Further,
Kolmogorov-Smirnov and Shapiro-Wilk tests were also conducted for the univariate
normality assumption. The values reported by the tests indicated that the distribution
Is normal. As univariate normality assumptions were verified, multivariate normality
was finally checked through Mardia’s test which yielded non-significant result

(p >.05) that confirmed multivariate normality.

The last assumptions for MANOVA, homogeneity of variance and covariance
matrices were tested by Levene’s Test and Box’s M Test respectively (Field, 2009).
The results of Levene’s test indicated that variances of all dependent variables of the
present study were significantly different at an alpha level of .05 which shows the
violation of homogeneity of variance assumption. Thus, Bonferroni-type- adjustment

which is “a correction applied to the o-level to control the overall Type | error”
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(Field, 2009, p.782) was performed. Therefore, the a-level (.05) was divided into the
number of dependent variables, which were three (0=.05/3) (Coakes & Steed, 2001;
Tabachnick & Fidell, 2007), then the criterion of significance of the a-level for

interpreting each result of the univariate F-test was set as .017.

In addition, Box’s M test also resulted in a non-significant value at .001, though it
was significant at .05 level of alpha. As stated by Tabachnick and Fidell (2007), if
Box’s M test is significant at p <.001 and cell size are different which is the case of
this study, robustness cannot be assumed. In this respect, the assumption for the
homogeneity of variance was not violated in this study, as the Box’s M test was found
as non-significant at an alpha level of .001 indicating that population covariance

matrix for each of the dependent variables are homogenous.

After the assumption check process was completed, descriptive statistics were run to
portray the 6™ grade students’ performances on three tests in terms of gender and

previous mathematics achievement and are presented in Table 4.5.

Table 4.5
Results of Descriptive Statistics (MANOVA)
Tests Gender Previous math M SD N
achievement
Male Low 9 4.9 6
Average 15.1 8 24
High 20.5 9.1 173
Total 195 9.2 203
CKT Female Low 13.4 4.8 12
Average 15.6 7.3 26
(out of 50 . J
Total 19.6 9.3 242
Total Low 12 5.1 18
Average 154 7.6 50
High 20.5 9.2 377
Total 19.6 9.2 445
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Table 4.5
Results of Descriptive Statistics (MANOVA) (cont’d.)

Tests Gender Previous math M SD N
achievement
Male Low 3.1 9 6
Average 54 3.8 24
PKT High 8.7 4.7 173
(out of 20 Total 8.1 4.7 203
points) Female Low 5.2 4.1 12
Average 5 41 26
High 9.2 4.6 204
Total 8.5 4.7 242
Total Low 4.5 35 18
Average 5.2 4 50
High 9 4.6 377
Total 8.3 4.7 445
Male Low 2.8 3 6
Average 5 41 24
High 8.4 4.7 173
Total 7.8 4.8 203
WPT Female Low 3 2.9 12
Average 4.6 3.9 26
%’;g 20 High 8.3 4.8 204
Total 7.6 4.9 242
Total Low 2.9 2.9 18
Average 4.8 4 50
High 8.3 4.8 377
Total 7.7 4.8 445

The results indicated that the mean scores of girls (M = 19.6, SD = 9.3) and boys
(M =19.5, SD = 9.2) did not excessively differ in the CKT. As far as the mean scores
of the students in the PKT is concerned, girls (M = 8.5, SD = 4.7) and boys (M = 8.1,
SD = 4.7) scored relatively in the same manner. Moreover, no superiority was
observed between the mean scores of girls (M = 7.6, SD = 4.9) and boys (M = 7.8,
SD =4.8) in the WPT.
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Regardless of gender, the results of the descriptive analysis showed that students’
mean scores on the tests differed in terms of previous mathematics achievement
levels. In other words, high-achieving students (Mcxr = 20.6, SDckr = 9.2; Mpkr = 9,
SDpkt = 4.6; Mypr = 8.3, SDwpr = 4.8) had higher mean scores than average-
achievers ( Mcxt = 15.4, SDckt = 7.6; Mpkt =5.2, SDpkt = 4; Mwpr = 4.8, SDwpt =
4) and low-achieving students (Mckt = 3.1, SDckt = .9; Mpkt = 4.5, SDpkr = 3.5;
Mwet = 2.9, SDwer = 2.9) in all tests. Besides, the results also indicated a superiority
of the low-achieving girls over the low-achieving boys in the CKT (Mgins = 13.4,
SDgiris = 4.8; Mooys = 9, SDpoys = 4.9) and the PKT (Mgins = 5.2, SDgins = 4.1;
Mboys = 3.1, SDpoys = .9).

It is also worth to note that the descriptive statistics output was clearly indicating the
unequal cell sizes. As a way of solving the problem of unequal sample size in each
cell suggested by Tabachnick and Fidell (2007), Type Il Adjustment was run to
eliminate the possible error in MANOVA. In addition, the result of Pillai’s Trace Test
was reported in this study so as to yield robust statistic against unequal sample sizes
(Field, 2009; French, & Poulsen, 2008; Tabachnick & Fidell, 2007).

MANOVA was conducted with the aim of investigating whether the 6™ grade
students’ overall performances on CKT, PKT, and WPT differ according to gender
(male and female), and previous mathematics achievement (low-, average-, and high-

achievers).

Using Pillai’s Trace Test, there were significant differences in the students’ overall
performances on the combination of three dependent variables: CKT, PKT, and WPT
by previous mathematics achievement V = .104, F (6,876) = 8, p < .05, ° = .052
indicating a small effect that approximately 5% of the variance in the combined
dependent variables (CKT, PKT, and WPT) is explained by previous mathematics
achievement. Nonetheless, no significant difference was observed in the students’
performance on the tests in terms of gender, V =.008, F (3,437) = 1.22, p > .05.
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After multivariate tests, univariate statistics were conducted in order to investigate the
differences in the students’ overall performance on three tests due to previous
mathematics achievement and gender separately. Before running univariate analysis
of variance ANOVA, Bonferroni-type- adjustment to decrease Type | error was set to
.017. The results of univariate analysis revealed non-significant difference between
students’ performances on CKT, PKT, and WPT in consideration with gender, and
following F values were found for each test: Fexr (1,439)= .87, p >.017,; Fpxr
(1,439)= .63, p >.017,; Fwer (1,439)=.009, p >.017.

Furthermore, the univariate analysis indicated that the students’ performances on the
tests differed significantly according to previous mathematics achievement. F values
were found for each test: Fexr (2,439) = 14.46, p <.017, 5* =.062; Fpxr (2,439) =
22.1, p <.017, #%=.091; Fypr (2,439) = 21.9, p <.017, #°=.091. Table 4.6 illustrates

F-statistics for both multivariate and univariate analysis.

Table 4.6

Multivaritate and Univariate Analysis of Variance: CKT, PKT, and WPT by Gender

and Previous Mathematics Achievement

ANOVA
MANOVA CKT PKT WPT
Gender
V=01, F(3, 437) F(1,439)=.87 F(1,439)=.63 F(1,439)=.009
PMA V=10, F(6, 876)* F(2,439)=14.46** F(2,439)=22.10** F(2,439)=21.90**

Note. F ratios are Pillai’s Trace approximation. *p<.05, **p<.017
PMA: Previous Math Achievement
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In order to find out whether students' overall performance in three tests differ
significantly according to the levels of previous mathematics achievement, post hoc
comparisons were performed with Scheffe's test, considered as the most conservative
post-hoc test if sample size is unequal (Field, 2009; Tabachnick & Fidell, 2007). The
results of the post-hoc test are presented in Table 4.7.

Table 4.7

Post Hoc Comparison Table

6" Grade Students
Low (1) Midde (2) High (3)
M SD M SD M SD Post hoc

CKT 11.9 5.1 154 7.6 205 9.2 3>1, 3>2

PKT 4.5 35 5.2 3.9 9 4.6 3>1, 3>2

WPT 2.9 2.9 4.8 4 8.3 4.8 3>1, 3>2

Note. The numbers in parentheses in column heads refer to the numbers used for illustrating
significant differences in the last column titled “Post hoc.”

As given in Table 4.7, the results yielded that significant differences were observed in
each test not only between the low-achieving and high-achieving students but also

between the average-achieving and high-achieving students.

More specifically, the results showed that there was a statistically significant
difference between the low-achieving (Mcxr = 11.9, SDckt = 5.1; Mpgr = 4.5, SDpit =
3.5; Mwpr = 2.9, SDwpr = 2.9) and high-achieving students (Mckr = 20.5, SDckr =
9.2; Mpkt = 9, SDpkt = 4.6; Mywpr = 8.3, SDwpr = 4.8) as well as average-achieving
(Mckt = 15.4, SDckt = 7.6; Mpkt = 5.2, SDpkr = 3.9; Mypr = 4.8, SDwpr = 4) and
high-achieving students. Nonetheless, the difference between low-achievers and

average-achievers was statistically non-significant.
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4.4 Results Concerning the Students’ Common Mistakes in the CKT, PKT, and
WPT

In the fifth research problem, the common mistakes/errors made by sixth grade
students in three tests with regard to length, area, and volume measurement were
investigated. Each item on the tests was analyzed one by one and then, the common
mistakes were tabulated in order to answer the following research question “What are
the 6™ grade students’ common mistakes/errors in three tests with regard to length,
area, and volume measurement”. As identified through their written explanations, the
common errors committed by the sixth grade students are presented in a detailed

manner according to three tests in the following sections.

4.4.1 Results Concerning the Students’ Mistakes in the Conceptual Knowledge
Test

The students’ written explanations in the CKT indicated that they had serious
difficulties related to three domains of measurement. Considering length
measurement, although 60% of them (N = 268) found the length of the broken ruler
correctly, only 38 % of them (N = 168) could be able to find the length of the string
placed above the same ruler and not aligned with the beginning of the ruler.
Moreover, 45.4% of the students (N = 202) correctly explained why and how the
broken ruler can be used for measuring a 2-meter-long cloth, so they indicated the
comprehension of both the concept of unit iteration and of zero-point. Besides, the
sixth grade students were also asked to compare the length of the four strings, two of
which were measured by the wooden stripe and other two were measured by the
metal stripe. The analysis of the results indicated that whereas the number of students
who paid attention to the measuring tool while asked to compare the length of two
strings measured by different tools (Q.7a) is only 181 (40.7%), a majority of the
students (Q.7b N=342, 77%; Q.7c N= 346, 78%) correctly compared the strings

which were measured by the same tool.
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In the 10™ question of the CKT, about 90% of the students (N=397) stated that the
given ruler was not constructed correctly, but only 17.5% of them (N=78) correctly
explained why the ruler is made inaccurately. In Table 4.8, the students’ mistakes
related to the length questions in the CKT are presented with the frequencies and

percentages of correct and incorrect answers.

Table 4.8

Students’ Mistakes Related to Length Measurement in the CKT

Questions Answers f %
Q1. The Broken  Correctly explained 268  60.2
ruler Incorrectly explained 177  39.8
Students’ Mistakes f %
Explain how to Counting the numbers on the ruler 105 236
find the length of Believing “all rulers are 30 cm long” 19 4.3
the broken ruler. . i
Adding first and last numbers on the ruler 19 4.3
First number + (plus) last number on the ruler- 15 3.4
(minus)1
Reporting the last number on the ruler as its total 10 2.2
length
Adding all numbers on the ruler 5 11
First number + (plus) last number on the ruler + 4
(plus) 1
Answers f %
Correctly explained 202 454
Explain whether  Incorrectly explained 243  54.6
the broken ruler Students’ Mistakes f %
can be used for It cannot be used, because
measuring a 2- the ruler is too short to measure the cloth 112 253
meter-long cloth the ruler is broken and lost its function 64 14.4
cm is not suitable unit to measure in meters 29 6.5
200 cm cannot be divided by 13 cm 18 4.0
The ruler is not starting from 0 (zero) 20 4.4
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Table 4.8

Students’ Mistakes Related to Length Measurement in the CKT (cont’d.)

Questions Answers f %
Q1. The Broken  Correctly explained 168 38
ruler (cont’d) Incorrectly explained 277 62
Students’ Mistakes f %
) Starting from 1 149 335
Eﬁglz:z IZ %Vgtaoof Ignorin-g the curved parts of string 83 18.7
the string placed Reporting the number on the ruler where the 25 5.6
above the string end
broken ruler Adding either all the numbers between the end 20 4.2

and the beginning points or adding the numbers
where the string begins and ends as the length of

the string

Q7. Comparison _AnSwers f %
of the length of ~ Correct 181  40.7
the strings Incorrect 264  59.3
[Hart, (1981)] Students’ Mistakes f %
Is the [ﬁfgtlh of the Yes, the lengths of two strings are equal. 189 425
string .
wooden stripe No, the lengths of two strings are not equal. 75 16.8
long) equal to the
string C (11 metal
stripe long)?

Answers f %

Correct 342 77
Is the length of the
string D (14 metal Incorrect 103 23
stripe long) longer Students’ Mistakes f %

than the string C D
an the string No, the length of the string D is not longer than

11 metal stripe

I(ong)? P the string C. 24 5.5
No comments will be made about the lengths of 79 175
the strings.
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Table 4.8

Students’ Mistakes Related to Length Measurement in the CKT (cont’d.)

Questions Answers f %
Q7. Comparison  Correct 346 77.8
of the length of ncorrect 99 222
the strings Students’ Mistakes f %
(cont’d)

No, the length of the string B is not shorter than 45 10.1

Is the length of the the string A.
string B (9

. No comments will be made about the lengths of 54 121
wooden stripe .
long) shorter than the strings.
the string A (11
wooden stripe
long)?
Answers f %
Q10. Ruler Correctly explained 78 175
Construction Incorrect explained 367 825
] Students’ Mistakes f %
Explain whether -
the ruler It is wrong because,
constructed unequally-partitioned intervals 203 456
correctly or not. the beginning point of the ruler is 1 48 10.8
the physical appearance of ruler (e.g. numbers 50 11.3
were written outside of the ruler)
both the beginning point of the ruler and its 9 2.0
physical appearance
both unequally-partitioned intervals and its 9 2.0

physical appearance

It is correct, because

the numbers on the ruler is in order 48 108

In addition, the written explanations for the concept of perimeter indicated that most
of the students (N = 383, 86.1%) believe that perimeter is constant although the shape
is changed. Beside this result, only 5% of them (N =21) could be able to explain why
perimeter might change under partitioning (Q.3). Further, 64% of the sixth grade

students (N=283) correctly explained why the perimeter of the photo, instead of area,
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should be known to make a frame. Additionally, the students were also asked to
compare the perimeters of four different shapes which were enclosed by using the
same amount of material (Q.11). The results revealed that about half of the students
(51.5%, N = 229) answered the question correctly. However, only 42% of them (N =
187) provided the correct explanation for the question.

In the sub-parts of the 15™ question, two shapes drawn on dot paper were given and
the students were asked to find out whether the perimeters were equal. The results
showed that forty-nine percent (N = 217) of the sixth grade students answered the
question correctly. Nonetheless, among 445 students, only 157 of them (%35.3)
correctly explained why the perimeters of two shapes are equal. The categories of
students’ mistakes related to perimeter are provided in Table 4.9 with the frequencies

and percentages of correct and incorrect answers.
Table 4.9

Students’ Mistakes Related to Concept of Perimeter in the CKT

Questions Answers f %
Q3. The Correctly explained 21 4.7
perimeter of tWO  |ncorrectly explained 424 953
shapes .

Students’ Mistakes f %
Explain whether Believing that the perimeters are equal, since both 151  33.9
perimeter are made up with the same pieces.

change under

o Making visual comparison 85 19.1
partitioning or

Believing that two perimeters are equal, only their 67 15.1

not? : )
pieces were arranged differently.
Focusing on geometrical features of the shapes 63 14.2
Believing that two shapes are equal only their 58 13.0

shapes were changed
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Table 4.9
Students’ Mistakes Related to Concept of Perimeter in the CKT (cont’d)

Questions Answers f %
Q5. A Photo Correctly explained 283 64
Frame Incorrectly explained 162 36
Students’ Mistakes f %
Which one Believing that area should be known, since the 62 13.8
sho.uld be known photo covers the area of the frame
perimeter or _ . .
area? Why? !Bel !evmg t_hat perl_met_er should_be known s!nce_ 45 10.1
it's impossible to find its area without knowing its
perimeter
Believing that area should be known, since it's 33 7.3
impossible to find its perimeter without knowing
its area
Believing that area should be known, since 15 3.4
finding the area of frame is easier
Believing that perimeter should be known, since 7 14
finding the perimeter of frame is easier
Q11. The Answers f %
perimeters of Correctly explained 157 35
four different Incorrectly explained 258 58
SEZZF:Z?n whether Students’ Mistakes f %
they are equal. The shape X seems bigger/smaller 124 27.9
No, they’re not Focusing on geometrical features of the shapes 81 182
equal because Confusing perimeter with area 53 11.9
Q15. The Answers f %
perimeters of Correctly explained 157  35.3
:jv:;v::?)%etsjot Incorrectly explained 288  64.7
paper Students’ Mistakes f %
Counting the square units 84 18.9
Explain whether Using units of area/volume measurement 50 11.2
they are equal. Believing that the area and the perimeter or vice 48 10.8
versa should be equal
Focusing on physical appearance of the shapes 48 10.8
Counting the dots 38 8.5
Not counting all lines surrounding the shape 20 45
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Similarly, the analysis of the students’ written responses to the questions involving
area measurement also highlighted their serious difficulties. Among 445 sixth grade
students, 187 of them (42%) stated that modifications in the form of a shape cannot
produce change in area (Q.13), yet 155 of them (35%) could be able to explain the

idea of area conservation correctly.

Moreover, in the sub-parts of the 15™ question, the students participated to the study
were asked to compare the areas of two shapes drawn on a dot paper. Whereas almost
sixty percent of them (N = 259) marked the correct answer that the areas of two
shapes are different, only 148 sixth grade students (33.3%) explained why the areas
of two shapes are not equal. In table 4.10, the students’ mistakes related to area
measurement are presented with the frequencies and percentages of correct and

incorrect answers.

Table 4.10
Students’ Mistakes Related to Area Measurement in the CKT

Questions Answers f %
Q13. _ Correctly explained 155 35
'(A:\(r):aservatlon of Incorrectly explained 290 65
Students’ Mistakes f %
Explain why the C< A, because A was cut and C was constructed 15 257
areas of A and C from A. [area will change, if the shape is '
which is made rearranged]
from the pieces C>A, because C has more sides than A (zigzag’s) 77 17.3
of A are the [confusing the area with the perimeter concept]
same or not. C>A, because C seems to bigger [visual 36 8.1
comparison]
C<A, because A is square and C is different 32 7.2
[focusing on geometrical features of the shapes]
C=A, because they seems to be similar/same 30 6.7

[visual comparison]
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Table 4.10
Students’ Mistakes Related to Area Measurement in the CKT (cont’d)

Questions Answers f %
Q15. The areas Correctly explained 148  33.3
of two shapes Incorrectly explained 297  66.7
drawn on dot Students’ Mistakes f %
paper

Counting the lines around the shape [perimeter] 161  36.2

Using units of length/volume measurement while 67 15.1

Explain whether .
reporting area

the areas of two

shapes are Focusing on physical appearance of the shapes 42 9.3
equal [visual comparison]
Believing that if the perimeters of shapes are 27 6.1

equal, their areas are equal too.

Concerning the students’ mistakes related to the concept of surface area, the results of
the second question indicated that 52.8% of the sixth grade students (N = 235) stated
that the surface area of the box was the most helpful information about the amount of
wrapping material to wrap up a box, yet only 32.4% of them (N = 144) could be able
to explain the relationship between the amount of wrapping material and the surface

area of the box.

Beside of this, in the 14™ question, only 12.4 percent of the students (N = 55) reported
that if the volume of a cube is halved, its surface area does not reduce in the same
proportion (¥2). Nonetheless, among 445 students, 14 of them (3%) gave the correct
explanation for this question.

Another question, 16™ question, related to surface area in the CKT was finding the
net of a rectangular box which is made by unit cubes. A few number of the students
(N =120, 27%) could be able to match the rectangular box with its nets successfully
and about 23% of them (N = 101) provided reasonable explanations for their
matching. In addition, more than half of the students (N = 239, 54%) reported that the
total number of square units in the box’s net refers to the surface area of the box.
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Among those who stated that square units in the net represent the surface area of the
box, 22% of them (N = 97) explained why surface area is equal to total number of the
square units in the net of a box. The categories of the students’ mistakes related to the
surface area are presented with the frequencies and percentages of correct and
incorrect answers in Table 4.11.

Table 4.11
Students’ Mistakes Related to Surface Area in the CKT

Questions Answers f %

Q2. The Amount  Correctly explained 144 324

of Wrapping Incorrectly explained 301 676

Material Students’ Mistakes f %
I need to know the volume of the box, because itis 84 19
the amount of space covering the outside of the

Explain which box [Confusing volume with surface area]

surface area, the I need to know the sum of all side lengths, because 65 145

it is equal to the inside area of box.

I need to know the surface area of the box, 42 9.3
because its surface areas will be wrapped.

[Believing the box has more than one surface

areas]

I need to know the sum of all side lengths, because 32 7.2
multiplying the sum with 6 gives the surface area.

I need to know the sum of all side lengths, because 27 6.1

sum of all side
lengths, or
volume gives the
most helpful
information in

order to find out

the amount of
wrapping
material needed
for the box?

it is easier to find out than others.

I need to know the surface area of the box,
because its calculation is more important than
others.

I need to know the surface area of the box,
because it indicates how many meters/centimeters
of material needed. [Using units of length
measurement for surface area]

I need to know the surface area of the box,
because its calculation is easier than others

20

19

12

45

4.3

2.7
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Table 4.11
Students’ Mistakes Related to Surface Area in the CKT (cont’d)

Questions Answers f %
Q14. The surface Correctly explained 14 3
area and volume Incorrectly explained 431 97
of a cube

If the volume of Students’ Mistakes f %
a cube is halved, Surface area depends on volume, thus it is halved 321  72.1
explain what too.

would happen to

. There is no relationship between surface area and 70 15.7
its surface area?

volume, so surface area stays constant.

Only the side lengths (dimensions of a cube) will 40 9.0
change, so surface area is not halved.
Q16. Thenetof  Answers f %
a r.ectangular Correctly explained 22,7 101
prism box
Incorrectly explained 77.3 343
Finding the Students’ Mistakes f %

correct net of the Net-1V — Counting unit cubes in the box (16 br®) 158  35.6
given as square units in the net (16 br?) [confusing

rectangular volume with surface area]
prism box and

explain why? Net-111 — Ignoring the dimensions of the box, only 63 14.2

focusing on the number of square units in the net
(40 br®)

Net-1 — Counting the unit cubes only in the base (4 57 12.8
unit cubes) and the side of box (2 unit cubes)
[visual comparison]

Net-111 — Counting unit cubes in the left and right 46 10.3
sides of box (4 unit cubes in each) as square units
in the net (4 unit squares)

Net-11 — Using units of length/volume 19 4.4
measurement for surface area
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Table 4.11
Students’ Mistakes Related to Surface Area in the CKT (cont’d)

Questions Answers f %
Q16. The total Correctly explained 97 22
number OT . Incorrectly explained 348 78
square units in .

the net Students’ Mistakes f %
(cont’d) Volume — The square units indicate the amount of

107  24.0
space of the box

. ; Volume — The total number of square units are
Explain what is 97 21.8

equal to the volume of the box.
the total number

o Surface area — Unit cubes constitute the surface
of square units in 53 11.9

area of the box
the net, Surface

Volume — The square units are placed inside the

area or Volume? 26 5.8
box
Surface area — The square units indicate the
surface areas of the box 20 >8
Surface area — It is easy to calculate. 16 3.6
Surface area — Counting lines/sides of unit
squares (perimeter) gives the surface area of the 14 3.1
box
Volume — Multiplying the total number of square 20

units with 6 gives the volume of the box

With regard to the results concerning the students’ understanding of volume
measurement, the similar pattern with length and area measurement was observed.
The fourth question asked students to find out the volume of a prism through its net.
The findings indicated that only 33 (7.4%) students gave the correct answer.
Nevertheless, the number of the students who could be able to explain their process of
finding the volume correctly is 29 (6.5%).

151



The analysis of the students’ written responses to the sixth question also indicated
that although 16% of them (N = 70) understand that if the volume of a prism is
tripled, all dimensions are not tripled, too. Besides of this, only 7% of them (N = 30)

made clear explanation for why all dimension are not tripled.

In an another question, 9™ question, students were presented pictorial rectangular
prism (3x4x5) and asked not only to find the number of unit cubes in prism but also
explain how they find the answer. A total of 445 students, 26 % of them (N = 116)
both determined the number of units cubes in the prism and gave a correct
explanation. Furthermore, evidence obtained from the written responses to 12
question in the CKT revealed that 94 of the sixth grade students (21%) could be able
to find the number of unit cubes needed to completely fill the box, 114 of them
(25.6%) calculated the volume of the box, and 110 of them (24.7%) explained
correctly how the volume of the box was found. With the frequencies and percentages
of correct and incorrect answers, Table 4.12 indicates the students’ mistakes about the

concepts of volume measurement in the CKT.

Table 4.12

Students’ Mistakes Related to Volume Measurement in the CKT

Questions Answers f %
Q4. The volume  Correctly explained 29 6.5
of a prism Incorrectly explained 416 935
through its net Students’ Mistakes f %
Counting the square units [surface area] 222 499

Explain how the

. Using the volume formula with wrong dimensions 84 18.9
volume is found. .
of the prism
Counting the lines around the prism 64 14.4

Counting all square units and then multiplying the 36 8.1
total number with 4

Using the correct formula, but reporting the 10 2.2
volume with units of length/area measurement
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Table 4.12

Students’ Mistakes Related to Volume Measurement in the CKT (cont’d)

Questions Answers f %
Q6. The volume  Correctly explained 30 7
and dimensions  Incorrectly explained 415 93
of a prism Students’ Mistakes f %
All dimensions of a prism are tripled, too; because 331  74.3
volume is calculated through the multiplication of
I the volume of all dimensions.
aprismis There is no change in dimensions, because only 4 97
tripled, are all the volume is tripled, so the dimensions stay
dimensions constant.
tripled too? Not all dimensions are tripled, because each 19 43
dimension is different.
Not all dimension is tripled, because if all 14 3.1
dimensions are tripled, volume will be increased
by 9 (3x3=9)
Not all dimensions are tripled, because only the 7 1.6
volume is tripled.
Q9. The number  Answers f %
of unit cubesin  Correctly explained 116 26
the prism Incorrectly explained 329 74
Students’ Mistakes f %
Counting the faces of unit cubes and doubling that 145  32.6
Explain how to number
find the number Counting the faces of unit cubes 84 189
of unit cubes in Counting only visible unit cubes 23 5.2
the prism. Counting the faces of unit cubes in two sides of a 22 5
prism and multiplying them (e.g. 20x12)
Counting the visible unit cubes at the top of a 20 4.5
prism and multiplying that number with 3 because
a prism is 3D.
Counting the visible unit cubes in one side of a 14 3.1
prism and multiplying that number with six,
because a prism has 6 surfaces.
Using correct formula with wrong dimension 9 2.0
(e.g.6x5x4)
Using the formula for the volume of a cube 8 1.8
Using units of length/area measurement reporting 4 9

the volume
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Table 4.12

Students’ Mistakes Related to Volume Measurement in the CKT (cont’d)

Questions Answers f %
Q12.The number  Correctly explained 110 247
of unitcubesand  |ncorrectly explained 335 753
the volume )
Students’ Mistakes f %
Counting the faces of unit cubes given in the 72 16.1
picture and doubling that number
Explain how the C_ountlng the fac'es o_f unit cubes glven.ln the 48 10.8
volume of the picture and multiplying that number with 3
box is found because a prism is 3D.
Using wrong formula for volume (e.g. base x 47 10.6
height x 2)
Counting the unit cubes given in the picture and 47 10.6
filling the box (by drawing unit cubes) in a wrong
manner (double counting)
Counting the number of unit cubes given in the 43 9.7
picture and multiplying that number with 3
because a prism is 3D.
Using correct formula with wrong dimension 42 94
(e.g.3x5x3)
Counting the faces of unit cubes given in the 28 6.3
picture and multiplying that number with 6,
because a prism has 6 surfaces.
Using units of length/area measurement reporting 8 18

the volume

Furthermore, the results also indicated that the sixth graders participated to this study
had difficulties with the understanding of appropriateness of units of measurement
and understanding of relationship between the attribute being measured and a unit of
measurement being used. Table 4.13 summarizes the results of the matching-type

question (Q.8) on choosing the most appropriate units of measurement for the

attribute being measured.

154



Table 4.13

Students’ Performance on the Tasks Related to Choosing Appropriate Units of

Measurement for the Attribute Being Measured

Domains of Measurement  Questions f %
Q8.1. The distance between two cities
Correct (km) 370 831
Incorrect 75 16.9
Units of Length Q8.5. The perimeter of your blackboard
Measurement Correct (m) 230 517
Incorrect 215 48.3
Q8.6. The width of 1YTL
Correct (mm) 201 452
Incorrect 244 584
Q8.2. The area of football yard
Correct (m?) 184 413
Incorrect 261 58.7
Units of Area Q8.3. The area of the palm of your hand
Measurement Correct (cm?) 139 312
Incorrect 306 68.8
Q8.7. The area of your blackboard
Correct (m?) 173 389
Incorrect 272 611
Q8.4.The amount of water in a swimming
Units of Volume pool
Measurement Correct (m°) 229 515
Incorrect 216 485
28.8. The volume of a matchbox
Correct (cm®) 133  29.9
Incorrect 312 701
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4.4.2 Results Concerning the Students’ Mistakes in the Procedural Knowledge
Test

Procedural knowledge test (PKT) was developed to evaluate 6™ grade students’
competencies related to applying and using operations and procedures of length, area,
and volume measurement. In general, the results indicated the students’ shallow
knowledge of procedures in the three domains of measurement. Putting it differently,
the procedural knowledge that students have represents only surface-level
information that limits them to deal with different situations.

Considering the length measurement tasks in the PKT, the analysis of the tenth
question showed that majority of the students (N = 278, 62.5%) successfully
calculated the perimeter of a polygon whose all side lengths were given.

In the 12™ question, the students were asked to calculate the perimeter of a square.
Among 445 sixth graders, the eighty-six percent of them (N = 383) correctly
calculated the perimeter of a square. In another question in the PKT, the 18"
question, given the perimeter and the length, the students were asked to calculate the
width of a rectangle. The results indicated that more than half of the students (N =

279, 62.7%) gave the correct answer.

Moreover, the 20™ question was related to use of a ruler. According to the findings,
76.6% of the sixth graders (N = 341) could be able to use a ruler correctly to measure
the line segment which is 13 cm long. The following Table 4.14 summarizes the
students’ mistakes in the PKT tasks involving length measurement with the

frequencies and percentages of correct and incorrect answers.
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Table 4.14

Students’ Mistakes Related to Length Measurement (including perimeter questions)
in the PKT

Questions Answers f %
Q10. The Correctly calculated 278 625
perimeter of a Incorrectly calculated 167 375
polygon Students’ Mistakes f %
i Using the correct formula, but making addition 64 14.3
All S|d(_a lengths mistakes
were given Using area formula 39 8.7
Not adding all sides 25 5.6
Adding the length of the polygon to the width 21 4.7
[not multiplying with 2]
Adding all sides and multiplying that number by 2 18 4.2
Q12. The Answers f %
perimeter of a Correctly calculated 383 86
square Incorrectly calculated 62 14
vTvgi Z'i(\j/irl]ength Students’ Mistakes f %
Mistakes in addition/multiplication 24 5.3
Adding only two side lengths [not multiplying 18 4.2
with 2]
Using units of area measurement 11 2.4
Multiplying all side lengths (4x4x4x4) 9 2.1
Q18. Finding the  Answers f %
width of a Correctly calculated 279 627
rectangle Incorrectly calculated 166  37.3
;23 f;g';:ﬁ;; Students’ Mistakes f %
were given Width= Perimeter — (2 x length) 53 12
Width= Perimeter — length 39 9
Width= Length / 2 21 5
Width= Perimeter + (2 / length) 19 4.1
Mistakes in addition/multiplication 11 2.4

Width= Perimeter + length 8 1.7
Width= Perimeter + (2 x length) 5 11
Width= Length x 2 4 0.8
Width= Perimeter / length 4 0.8
Width= Perimeter x length 2 0.4
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Table 4.14

Students’ Mistakes Related to Length Measurement (including perimeter questions)

in the PKT (cont’d)

Questions Answers f %
Q20. Using a Correctly explained 341 76.6
ruler to measure  Incorrectly explained 104 234
the line segment Students’ Mistakes f %
Counting the numbers on the ruler 56 12.6
Incorrect alignment 34 7.6
Reporting the last number matching the end point 9 2.1
of the segment (C) as the length
Adding all numbers on the ruler between the 5 11

points of C and B

For the tasks involving area measurement (see Table 4.15), the results of the 14"
question of the PKT revealed that 295 of the students (66.3%) correctly calculated the

area of a rectangle where both the perimeter and the length were provided in the

question.
Table 4.15
Students’ Mistakes Related to Area Measurement in the PKT
Questions Answers f %
Q14. Finding the  Correctly explained 295 66.3
area of a Incorrectly explained 150 337
rectangl_e Students’ Mistakes f %
The perimeter Area = Perimeter — length 42 95
jvr;?;r;]eivlsrr:gth Using the pu'm'ber.th_at will give the width of a 28 6.5
rectangle, if it is divided by 2
Mistakes in addition/multiplication 22 5
Area = Perimeter + width 17 3.8
Using the formula for perimeter 15 3.3
Area = Perimeter x length 11 24
Area = Length x 4 8 1.7
Area = Perimeter / width 7 15
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Table 4.15
Students’ Mistakes Related to Area Measurement in the PKT (cont’d)

Questions Answers f %
Q17. Correctly calculated 132 30
Determining the  Incorrectly calculated 313 70
un-shaded area Students’ Mistakes f %
g;;p;ectangular Using the perimeter formula 82 18.4
Area= Width + Length 79 17.6
All side lengths Mistakes in addition/multiplication 52 11.6
were given Calculating the shaded area and reporting it as an 31 7
un-shaded area
Calculating the total area and reporting it as an 26 5.8
un-shaded area
Area = Length x Length 21 4.6
Using units of length measurement 13 3
The un-shaded area = All area / 4 9 2
Q19. The area of  Answers f %
arectangle Correctly calculated 287 645
Incorrectly calculated 158 35.5
The length and Students’ Mistakes f %
g:sevr\:ldth were Using the perimeter formula 71 16
Area= Width + Length 37 8.3
Using units of length measurement 25 5.6
Mistakes in addition/multiplication 17 3.9
Area= Width x Length/2 8 1.7

In the question 17", as indicated in Table 4.16, only thirty percent of the sixth graders
(N = 132) could be able to find the un-shaded area of a rectangular shape in which all
side lengths were given. Furthermore, the 19" question of the PKT was also related to
area measurement and the results showed that a majority of the students (64.5%,
N = 287) calculated the area of a rectangle in which the length and the width were

provided in the question.
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In relation to the tasks involving surface area, among 445 students, only 11 of them
(2.5%) correctly answered the 11™ question asking to calculate the height of a square
prism where the surface area and the length of a prism were given. Besides, the
students were asked, in the 15" question, to find a rectangular prism’s surface area in
which all dimensions were given. Apart from 28 students (6.3%), all of them missed
the question. The students’ mistakes in the PKT questions involving surface area are

presented with the frequencies and percentages of correct and incorrect answers in the

table below.
Table 4.16
Students’ Mistakes Related to Surface Area in the PKT
Questions Answers f %
Q11. Correctly calculated 11 2.5
Finding the  Incorrectly calculated 434 975
height of a Students’ Mistakes f %
square The height of a square prism = Surface area x length 153 344
prism The height of a square prism = Surface area / length 117  26.2
The height of a square prism = Surface area + length 43 10
The height of a square prism = length 37 8.3
The height of a square prism = (Surface area x length)/4 25 5.6
The surface The height of a square prism = Surface area — (2 x length)/2 19 4.2
area and The height of a square prism = length x 6 (# of surfaces) 18 4
the length The height of a square prism = Surface area x 2 12 2.6
were given The height of a square prism = length? 10 2.2
Q15. The Answers f %
Surface area  Correctly calculated 28 6.3
ofa Incorrectly calculated 417 937
rectangu|ar Students’ Mistakes f %
prism Surface area = length + width + height 103 235
Surface area = length x width x height 87 19.5
All Surface area = length x width 76 17
dimensions Surface area = (length x height) + width 51 114
were given Surface area = length + Wi(_jth . 32 7.3
Surface area = (length + width + height) x 6 19 4.2
Surface area = length x height 19 4.2
Surface area = length x 4 11 2.4
Surface area = (length x height)/2 9 2
Surface area = (length x width)/ height 6 1.4
Surface area = (2 x width) + (2 x length) 4 0.8
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Considering volume measurement, the number of students who was successful at
finding the height of a rectangular prism whose volume, length, and width were
given, the 13" question, was only 121 (27.2%), out of 445. Additionally, the 16" task
asking to the students for calculating the volume of a rectangular prism whose all
dimensions were given had also very low percentage of correct response which was
about 29% (N = 128). The mistakes that students made while answering the questions
of volume measurement are given with the frequencies and percentages of correct and
incorrect answers in Table 4.17.

Table 4.17

Students’ Mistakes Related to Volume Measurement in the PKT

Questions Answers f %
Q13. Correctly calculated 121 27.2
Finding the  Incorrectly calculated 324 728
height of a Students’ Mistakes f %
rectangular Height = width x length 74 16.7
prism Height = width + length 72 162
Height = width + length — volume 59 132
Volume, Height = width + length + volume 43 9.7
length, and Height = width x length x volume 31 7
width, were Height = length 15 34
given Height = volume / 2 12 27
Height = width + length / volume 8 1.7
Height = width x length + volume 5 1.1
Height = length — width 5 1.1
Q16. The Answers f %
volume of a  Correctly calculated 128 288
rectangular  Incorrectly calculated 317 712
prism Students’ Mistakes f %
Volume = length + width + height 107 24
All Volume = length x width + height 81 18.1
dimensions Mistakes in multiplication 53 12
were given Volume = 3 x (length + width + height) 34 7.6
Volume = 3/ (length + width + height) 18 41
Volume = length x height 11 2.4
Volume = length x width 7 1.6
Volume = length + width 6 14
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In addition to the students’ mistakes, the findings also indicated that the sixth graders
performances on making the conversions with the units of length, area, and volume
measurement were relatively low. Table 4.18 displays the results of the conversion
questions with percentages and frequencies.

Table 4.18

Results of the Conversion Questions in the PKT

Domains of Measurement Questions f %
Q1. Conversion from mm to cm
Correct 283 63.6
Incorrect 162 36.4
Units of Length Q4. Conversion from km to m
Measurement Correct 236 53
Incorrect 209 47
Q8. Conversion fromcmto m
Correct 298 67
Incorrect 147 33
Q3. Conversion from km? to m?
Correct 140 315
Incorrect 305 68.5
Units of Area Measurement Q6. Conversion from m? to km?
Correct 77 17.3
Incorrect 368 82.7
Q9. Conversion from m? to cm?
Correct 112 25.2
Incorrect 333 74.8
Q2. Conversion from dm® to m®
Correct 179 40.2
Incorrect 266 59.8
Units of Volume Q5. Conversion from m® to cm®
Measurement Correct 146 32.8
Incorrect 368 82.7
Q7. Conversion from dm®to Liter
Correct 126 28.3
Incorrect 319 71.7
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4.4.3 Results Concerning the Students’ Mistakes in the Word Problem Test

The Word Problem test was designed to investigate the 6™ grade students’ word
problem solving skills in length, area, and volume measurement. Apart from 20"
guestion, all of the problems involved the same numbers and operations with the

questions in the Procedural Knowledge test.

Regarding to length measurement, the findings indicated that a majority of the
students (N = 303, 68.1%) calculated the perimeter of a polygon whose all side
lengths were provided in the 10™ problem. Besides, although the perimeter and the
length of a rectangle were given in the 11™ word problem, the number of the students
who found its width correctly was 242 (54.4%), out of 445. Similarly, the 12"
problem, most of the students were successful at finding the perimeter of a square
(N = 346, 77.8%). In another word problem, 20", the sixth graders were asked to find
the length of the broken ruler and 258 of them (58%) could be able to answer
correctly. The students’ mistakes on the word problems involving length
measurement are presented in the following table with the frequencies and
percentages of correct and incorrect answers.

Table 4.19

Students’ Mistakes Related to Length Measurement (including the questions on
perimeter) in the WPT

Questions Answers f %
Q10. The Correctly solved 303 68.1
perimeter of a Incorrectly solved 142 319
polygon Students’ Mistakes f %
) Using area formula 52 117

All s'd? lengths Adding the length of the polygon to the width 37 8.3
were given [not multiplying with 2]

Using the correct formula, but making addition 33 7.4

mistakes

Adding all sides and multiplying that number by 2 20 4.5
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Table 4.19

Students’ Mistakes Related to Length Measurement (including the questions on
perimeter) in the WPT (cont’d)

Questions Answers f %
Q11. Finding the  Correctly solved 242 544
width of a Incorrectly solved 203 456
rectangle Students’ Mistakes f %
Width= Perimeter — (2 x length) 68 15.2

The perimeter

Width= Perimeter — length 49 11
and thg length Mistakes in addition/multiplication 37 8.3
were given
Width= Perimeter + length 35 7.8
Width= Perimeter x length 10 2.3
Width= Perimeter / length 4 1
Q12. The Answers f %
perimeter of a Correctly solved 346  77.8
Square Incorrectly solved 99 222
The si_de length Students’ Mistakes f %
was grven Mistakes in addition/multiplication 36 8.1
Using units of area measurement 29 6.5
Adding only two side lengths [not multiplying 22 5
with 2]
Multiplying all side lengths (4x4x4x4) 7 15
(Length x length) x 2 5 11
Q20. The length  Answers f %
of the broken Correctly solved 258 58
ruler Incorrectly solved 187 42
Students’ Mistakes f %

Adding the beginning point and ending point of 92 20.7
the ruler (14+27)

Multiplying the beginning point with ending point 43 9.6
of the ruler (14 x 27)

Mistakes in subtraction 21 4.8
Believing “all rulers are 30 cm long” 14 3.3
Counting the numbers on the ruler 9 2

Dividing the ending point by beginning point of 8 18
the ruler (27 / 14)
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According to the results of analyses related to the word problems involving area
measurement, only a few number of students (N = 79, 17.8%) found the area of a
rectangle correctly, even though the length and the perimeter were given the question
14. Likewise, the 17" word problem asking the students to find the un-shaded area of
a rectangular shape in which all side lengths were given had also very low percentage
of correct response which is 21.3% (N = 95). Further, in the 19" question, 243 sixth
graders (54.6%), out of 445, were successful at finding the area of a rectangle whose
length and width were given in the word problem. Students’ mistakes on the word
problems involving area measurement are presented with the frequencies and

percentages of correct and incorrect answers in Table 4.20.

Table 4.20

Students’ Mistakes Related to Area Measurement in the WPT

Questions Answers f %
Q14. Finding the  Correctly solved 79 17.8
area of a Incorrectly solved 366 82.2
rectangle Students’ Mistakes f %
Area = Perimeter + length 87 195
Only finding the width of a rectangle 85 19.1
Area = Perimeter — length 54 12.4

The perimeter

and the length Using the formula for perimeter 32 7.1

were given Mistakes in addition/multiplication 28 6.2
Using the number that will give the width of a 19 4.2
rectangle, if it is divided by 2
Area = Perimeter x length 15 34
Area = Length / 4 14 3.2
Area = Perimeter / length 11 24
Area = (Perimeter / 4) + length 9 2.1
Area = Perimeter + width 7 15
Area = Length x 2 5 1.1
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Table 4.20

Students’ Mistakes Related to Area Measurement in the WPT (cont’d)

Questions Answers f %
Q17. Correctly solved 95 21.3
Determining the  |ncorrectly solved 350 78.7
un-shaded area i
Students’ Mistakes f %
of a rectangular
shape Using the perimeter formula 101 227
Area= Width + Length 95 21.3
All side lengths Mistakes in addition/multiplication 72 16.2
Were given Using units of length measurement 41 9.2
Reporting the shaded area as the un-shaded 20 4.5
Reporting the total area as the un-shaded area 13 3
Area = Length — width 8 18
Q19. The area of  Answers f %
arectangle Correctly solved 244 548
Incorrectly solved 201 45.2
The length and  Mistak ¢ o
the width were Students’ Mistakes %o
given Area= Width + Length 71 16
Using the perimeter formula 62 14
Using units of length measurement 32 7.2
Mistakes in addition/multiplication 20 4.5
Area= (Length x width) x 2 16 35

With regard to the surface area word problems, only 16 of the sixth graders (3.6%)
could be able to solve the problem asking to find out the surface area of a rectangular
prism whose all dimensions were given in the 15™ question. Similarly, the 18" word
problem related to calculating the height of a square prism where the surface area and
the side length were given had quite low percentage of correct response which is
2.7% (N = 12). With the frequencies and percentages of correct and incorrect
answers, the students’ mistakes in the questions of surface area are presented in Table
4.21.
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Table 4.21
Students’ Mistakes Related to Surface Area in the WPT

Questions Answers f %
Q15. The Correctly solved 16 3.6
Surface areaof a  |ncorrectly solved 429  96.4
re_ctangular Students’ Mistakes f %
prism Surface area = length + width + height 136 30.5
Surface area = length x width x height 121 27.1
All dimensions Surface area = (length + width + height) x 2 52 11.6
were given Surface area = length x width 33 7.5
Surface area = (length x height) + width 29 6.5
Surface area = length + width 17 4
Surface area = (length x width)+ (length x 13 3
height)+ (height x width)
Surface area = 2 x (length + width) 10 2.3
Surface area = width x height 7 15
Surface area = width x length + height 6 13
Surface area = (2 x width) + (2 x length) 5 11
Q18. Finding the  Answers f %
height of a Correctly solved 12 27
Square prism Incorrectly solved 433  97.3
Students’ Mistakes f %
The surface area The height of a square prism = Surface area / 157 353
and the length length ] )
were given ;I;;]Z tr;Ielght of a square prism = Surface area + 82 184
The height of a square prism = Surface area X 63 14.2
length
The height of a square prism = Surface area — 48 10.8
length
The height of a square prism = Surface area/(2 x 27 6.1
length)
The height of a square prism = Surface area - 22 5.1
(2xlength)
The height of a square prism = (Surface area - 16 35
length)/4
The height of a square prism = length x 2 11 24
The height of a square prism = length 7 15
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Considering volume measurement, in the 13" word problem the length, width, and
the volume were given and the students were asked to the height of a rectangular
prism. The results revealed that 105 of them (23.6%) correctly solved the problem.
Beside this, only 122 of them (27.4%) correctly calculated the volume of a
rectangular prism whose dimensions were given in the 16" word problem. With the
frequencies and percentages of correct and incorrect answers, the detailed information
about the mistakes made by the students while solving volume measurement word
problems is given Table 4.22.

Table 4.22

Students’ Mistakes Related to Volume Measurement in the WPT

Questions Answers f %
Q13. Finding the  Correctly solved 105 23.6
height of a Incorrectly solved 340 764
rectangular Students’ Mistakes f %
prism Height = width x length 71 16
Height = width + length + volume 64 14.3
Height = width + length — volume 41 9.2
Height = width + length 38 8.6
Volume, length, Height = length + volume 26 5.9
and width, were Height = (2 x width) + (2 x length) - volume 24 5.4
given Height = width x length x volume 18 4
Height = width x length — volume 18 4
Height = volume — length 13 29
Height = length + volume 11 25
Height = length / width 8 18
Height = volume + length — width 8 18
Q16. The Answers f %
volume of a Correctly solved 122 274
rectangular Incorrectly solved 323 726
prism Students’ Mistakes f %
Volume = length + width + height 127 285
All dimensions Volume = length x width 94 212
were given Mistakes in multiplication 39 8.8
Volume = length x width + height 25 5.6

Volume = (length x width) + (height x width) + 18 4
(length x height)
Volume = length + width 14 3.2

Volume = 3/ (length + width + height) 6 13
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As reported in the other two tests used in the study, the findings also indicated that 6
grade students did not perform well in solving word problems related to the
conversions with the units of length, area, and volume. Table 4.23 summarizes the

results with regard to the conversions word problems asked in the WPT.

Table 4.23

Results of the Conversion Questions in the WPT

Domains of Measurement Questions f %
Q1. Conversion from mm to cm
Correct 295 66.3
. Incorrect 150 33.7
&Zgzuor];;zr:]%th Q4. Conversion from km to m
Correct 230 51.7
Incorrect 215 48.3
Q8. Conversion from cm to m
Correct 309 69.4
Incorrect 136 30.6
Q3. Conversion from km?® to m?
Correct 149 33.5
. Incorrect 296 66.5
Units of Area Measurement Q6. Conversion from m? to km?
Correct 72 16.2
Incorrect 373 83.8
Q9. Conversion from m? to cm?
Correct 128 28.8
Incorrect 317 71.2
Q2. Conversion from dm® to m?
Correct 170 38.2
Uniits of Volume Incorrect 275 61.8
Measurement Q5. Conversion from m® to cm®
Correct 153 34.4
Incorrect 292 65.6
Q7. Conversion from dm®to Liter
Correct 126 28.3
Incorrect 319 71.7
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4.5 Results Concerning Use of Materials in Measurement Instruction

The last research problem focused on the use of materials in measurement instruction
and aimed not only to find out which materials were used by whom during
measurement instruction but also to explore whether there is significant relationship
between the students’ performance on each test (CKT, PKT, and WPT) and use of
materials. The analysis of the data obtained via the Student Questionnaire (SQ)
indicated that while ruler (98.2%), unit cubes (65.4%), isometric paper (62.5%), dot
paper (60.9%), and geometry stripes (54.9%) were more frequently used materials,
cubes blocks (28.5%), square blocks (30.3%), volume blocks (37%), and pattern
blocks (37.6%) were rarely-used materials during measurement instruction. Among
ten materials, ruler was used more by students and unit cubes was used frequently by
teachers. The rarely student-used material was cube blocks (10.5%) and ruler (4%)
was rarely-used material for teachers. Table 4.24 displays the results of descriptive
statistics concerning use of materials in measurement instruction in a detailed
manner.

Table 4.24

Results Related to Use of Materials in Measurement Instruction

Use of Materials

How often used Who used

Materials Always Sometimes Never Student Teacher Asa
Group
f % f % f % f % f % f %
Ruler 145 326 292 656 8 1.8 279 627 18 4 36 81
Isometric Paper 19 43 259 582 167 375 194 436 33 74 36 81
Unit Cubes 32 72 259 582 154 346 60 135 133 30 41 9.2
Dot Paper 37 83 234 526 174 39.1 192 431 31 7 30 67

Pattern Blocks 19 43 148 333 278 625 48 108 86 193 28 6.3
Square Blocks 17 38 118 265 310 69.7 42 94 62 14 23 52
Tangram 25 56 144 324 276 62 51 115 56 126 25 56
Cubes Blocks 13 29 114 256 318 715 29 65 71 16 18 4
Volume Blocks 22 49 143 321 280 629 41 92 94 211 26 58

Geometry 31 7 213 479 201 452 44 10 109 245 37 83
Stripes
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Furthermore, in order to investigate whether there is significant relationship between
the students’ performance on each test (CKT, PKT, and WPT) and use of materials in
learning measurement, point-biserial correlation that is considered as the most
suitable type of correlation for quantifying the relationship between continuous
variable and dichotomous variable (Field, 2009) was used. Before calculating the
correlation, the responses related to use of materials in the SQ were re-coded to
dichotomous format with 0 (never used) and 1 (used). As presented in Table 4.25, no
significant relationship between the use of materials and students’ overall
performance on the PKT was observed. However, a significant but low relationship
was observed between the use of ruler and the students’ overall performance on the
WPT (rep = .10, p < .05). Similarly, although the point-biserial correlation
coefficients were low, the results indicated that there were significant relationships
between the students’ performances on the CKT and the use of square blocks (rp, =
161, p <.05), of tangram (ryp, = .137, p <.05), of cube blocks (ry, =.119, p <.05),
of volume blocks (rp, = .144, p <.05), and of geometry stripes (rp, = .119, p <.05).

Table 4.25
Correlation Matrix for the CKT, PKT, and WPT

Overall Score CKT PKT WPT
Ruler .057 .088 10*
Isometric Paper .006 .019 .059
Unit Cubes 011 .050 .080
Dot Paper .023 .033 .022
Pattern Blocks .039 .040 .035
Square Blocks 161* .040 012
Tangram A137* .007 .025
Cube Blocks 119* .036 021
Volume Blocks 144* .041 .035
Geometry Stripes 119* .008 .025
*p<.05
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4.6 Summary of the Results

First of all, the findings obtained by the statistical analyses indicated that the 6™ grade
students participated to this study performed poorly in all tests, namely, in the
Conceptual Knowledge, Procedural Knowledge, and the Word Problems Test.
Considering both the students’ overall performances and the performances on
domains of measurement, the lowest mean scores were observed in the WPT, then
CKT, and PKT respectively. Furthermore, the questions on length measurement had

higher mean scores than area and volume measurement questions in all tests.

Additionally, the results evidenced a significant relationship among the tests with a
strong and positive correlation. More specifically, when the students’ performance on
one of three tests increased, so their success on other tests also increased. Similarly, a
significant relationship was also observed in three domains of measurement. That is
to say, students’ knowledge and skills in one domain of measurement (e.g. length
measurement) positively correlated with other domain of measurement (e.g. area

measurement).

Further, the MANOVA results indicated that gender did not affect 6™ grade students’
achievement on three tests in this study. That is, girls and boys had nearly same mean
scores. Nonetheless, it was found that the overall performances of students on each
test differed significantly according to previous mathematics achievement. Besides,
the post-hoc analysis yielded a significant difference between the levels of previous
mathematics achievement and the students’ performances on the tests, especially
between the low-achievers and high-achievers and between the average-achievers and

high-achievers.

In addition, the analysis of the written responses indicated that 6™ grade students
made a wide range of common mistakes in each test. From counting the numbers on a

ruler, rather than intervals, to believing that the amount of space covering the outside
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of a box equals to volume, the students exhibited very shallow knowledge and skills
related to length, area, and volume measurement. Table 4.26 (p.174) summarizes the
most common mistakes made by 6" graders in each test according to domains of

measurement.

The last research question of this study was related to use of materials in teaching and
learning of measurement. Descriptive data analysis indicated that ruler, unit cubes,
isometric paper, dot paper, and geometry stripes were the materials that were used
frequently; and cubes blocks, square blocks, volume blocks, and pattern blocks were
rarely-used materials during measurement instruction as reported by the students.
Besides, while ruler was used more by students, unit cubes was used frequently by
teachers. Additionally, rarely student-used material was found as cube blocks and
ruler was found as a rarely teacher-used material. Among ten materials, only use of
ruler and the students’ performance on the WPT was significantly correlated, though
the correlation value was quite low. In the same manner, the relatively low correlation
coefficients found in this study between the students’ performances on the CKT and
the use of square, of tangram, of cube blocks, of volume blocks and of geometry
stripes. However, none of the materials were significantly correlated with the

students’ performance on the PKT.
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Table 4.26

Most Common Mistakes Made by 6" Graders in the Test according to the Domains of Measurement

Tests CKT PKT WPT

Domains

Length Starting from 1 Using area formula Using area formula

Measurement Believing that perimeter is constant, when Mistakes in four basic operations Muistakes in four basic operations

(including the shape is rearranged

perimeter) Believing that unless perimeter is known, it ~ Adding only two side lengths for Adding all sides and multiplying that
is impossible to find area (vice versa) finding perimeter number by 2
Believing that if a shape has the largest area,  Using units of area measurement Using units of area measurement
so has the largest perimeter
Counting the square units or dots for Counting the numbers on the ruler Believing that all rulers are 30 cm long
perimeter
Using units of area/volume measurement for  Incorrect alignment of a ruler Counting the numbers on the ruler
perimeter

Area Believing that area is not constant, if a shape  Using the perimeter formula Avrea equals to perimeter plus length

Measurement is rearranged
Counting the lines around a shape Avrea equals to length plus width Using the formula for perimeter
Using units of length/volume measurement Using units of length measurement Muistakes in four basic operations
Confusing volume with surface area Mistakes in four basic operations Avrea equals to width plus length
Believing a shape has more than one surface  Surface area equals to length plus Surface area equals to length plus
areas width plus height width plus height
Believing that surface area depends on Surface area equals the multiplication Surface area equals the multiplication
volume of all dimensions of all dimensions

Volume Counting the square units or faces of unit Volume equals to length plus width Volume equals to length plus width

Measurement cubes or only visible unit cubes plus height plus height

Double counting unit cubes

Believing that there is a linear relationship
between a volume of a shape and its
dimensions

Mistakes in four basic operations

Volume equals to the multiplication of
length with width

Volume equals to the multiplication of
length with width
Mistakes in four basic operations




CHAPTER V

DISCUSSION

The final chapter is devoted to the discussion of the findings obtained from the
statistical analysis and the implications for the practice and for further research. In the
first part, the results were restated and discussed. The second part presents the
implications under the headings of practice and further research.

5.1 Discussion

The present study aimed to investigate sixth grade students’ conceptual and
procedural knowledge and word problem solving skills in measurement, namely
length, area, and volume, with respect to gender, previous mathematics achievement,

and the use of materials.

More specifically, the main focuses of this study were twofold: determination of
differences in students’ performances in domains of measurement assessed by three
different tests and the examination of differences and relationships between gender,
previous mathematics achievement, and the use of materials. In the following
sections, the conclusion drawn from the results of the study are discussed in line with

the related literature.
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5.1.1 Students’ Performance on the Tests

The results presented in the previous chapter revealed that sixth grade students
performed relatively poor in each test. The mean score of students’ overall
performance in the CKT was 19.6 out of 50, in the PKT was 8.3 out of 20, and in the
WPT was 7.7 out of 20 and the overall success rate of the students in each test was
found less than 50% (41.5% in the PKT; 39% in the CKT; 38.5% in the WPT). Based
on this result, it can be concluded that the 6™ grade students had quite limited
knowledge about “what measurement means” and “how to measure” and

consequently, had difficulties in solving word problems involving measurement.

This result is consistent with the previous studies claiming that students’
mathematical competence is mostly build on both the knowledge of concepts and
procedures in a mathematical domain and thus, with the help of knowing what/why
and knowing how to do, students can make sense of mathematics and effectively use
their repertoire of conceptual and procedural knowledge in problem solving situations
(Baroody, et al., 2007; Hiebert & Lefevre, 1986; Gelman & Meck, 1986; Rittle-
Johnson, et al., 2001; Silver, 1986).

With regard to domains of measurement, in each test the highest performance was
observed in length measurement (Mckr = 12.2, SDckr = 4.6; Mpkr = 4.7, SDpkr = 1.7,
Mwet = 4.4, SDwpr = 2) and the lowest performance (Mckr = 2.7, SDcekt = 2.5;
Mpkr = 1.5, SDpkt = 1.7; Mwpr = 1.5, SDwpr = 1.7) was observed in volume
measurement. The findings might be a consequence of the Turkish Elementary
Mathematics Curriculum where length measurement starts to be taught in 1% grade,
area measurement in 3" grade, and volume measurement in 5" grade. As a result,
students might have more opportunities to develop the concepts and skills involved in
length measurement, than area and volume measurement (Tan-Sisman & AKsu,
2009).
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Nevertheless, when compared to the total scores of the tests, the mean score of length,
area, and volume measurement in each test was actually low. In this respect, it might
be argued that neither six-year-study of length measurement nor four-year study of
area measurement area as well as two-year-study of volume measurement at school is

effective for students to gain underlying concepts and procedures of measurement.
5.1.2 Relationships among the Tests and the Domains of Measurement

In the present study, the significant positive correlation coefficients were obtained for
the tests, namely CKT, PKT, and WPT, that clearly revealed a strong and positive
interrelationship between understanding of the measurement concepts, carrying out
operations with measurement, and solving word problems involving measurement.
Therefore, it can be concluded that increases in one type of tests might lead to gains

in the other tests and vice versa.

The evidence from research on mathematics education also indicated that being
mathematically competent requires for the synthesis of conceptual and procedural
knowledge and thus, absence of one type of knowledge most likely create trouble for
students while making sense of mathematics (Hiebert & Carpenter, 1992; Kilpatrick,
et al., 2001; Star, 2000).

In addition, Rittle-Johnson and her colleges (2001) study’s produced the similar
results with the present study. According to the results of their experimental study
with fifth and sixth graders, the relationship between conceptual and procedural
knowledge was bidirectional and conceptual knowledge had power to develop
procedural knowledge and vice versa. Star’s research study (2002) was also
supported the positive relationship between knowledge of concepts and procedures in
the case of equation solving. Furthermore, the results yielded a significant
relationship, which was also positive and strong, both between and within students’

performance on the tests in terms of three domains of measurement. In other words,
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when the students’ performance on one domain of measurement (e.g. length
measurement) increased in one of the tests, their performance on the same domain of

measurement in the other tests increased, too.

Beside, the students’ performance on the tasks involving one type of measurement
domains (e.g. length measurement) in one of the tests (e.g. the CKT) was
significantly correlated with the tasks related to the other domains of measurement
(e.g. area/volume measurement) in the same test. Put in differently, the more students
know about length measurement, the more they are successful in the other domains of

measurement.

As mentioned previously, each of the domains of measurement has special principles
that are composed of the concepts and procedures underlying and justifying
measurement process. Without making sense of these principles unique to each
domain of measurement, it is really difficult for students to learn to both do and
understand measurement (Stephan & Clements, 2003; Lehrer, 2003; Kamii & Clark,
1997). In this respect, the findings of this study confirmed again the significant and
positive relationship among the concepts, the procedures, and word-problem solving

skills in each domain of measurement.

In addition to the key principles that are unique to measurement of length, area, and
volume, there are common fundamental aspects of measurement, like iteration, unit
structure, unit-attribute relations, and conservation of a spatial attribute (Curry,
Mitchelmore, & Outhred, 2006; Lehrer, 2003). Further, meaningful understanding of
one-dimensional measurement has been considered as a gatekeeper for the
understanding of two- and three-dimensional measurement in several studies by many
mathematics educators (Battista, 2003; Nuhrenborger; 2001; Outhred & Mitchelmore,
2000; Stephan & Clements, 2003).
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Therefore, the findings of this study indicated strong evidence that acquisition and
coordination of the concepts and skills about length, area, and volume measurement
were closely related to each other and either absence or partial understanding of these

skills/concepts probably result in poor performance on the domains of measurement.

5.1.3 The Effect of Gender and Previous Mathematics Achievement on the

Sixth Grade Students’ Overall Performance on the Tests

In the mathematics education literature, gender, as a factor influencing students’
mathematical competence, was studied over the years. Several reports and research
conducted have pointed out that the gap between boys and girls in mathematical

achievement has been declining (Barker, 1997; Knodel 1997).

According to the results of the present study, gender did not affect the 6™ grade
students’ performance on the tests. In other words, girls and boys had nearly the same
mean scores in each test. This result differed from what Lubienski (2003) found. In
the study he reported, measurement was the only content area in which the largest
gender differences have been observed since 1990 in the previous NAEP exams. In
line with the results of the Lubienski’s study, Mullis and Stemler (2002) also found

the superiority of boys over the girls in mathematics.

However, as claimed by several researchers (Leder, 1985; Peterson & Fennema,
1985; as cited in Alkhateeb, 2001), during the elementary school years mathematics
achievement gap between boys and girls was not obvious and clear. Furthermore,
most of the studies conducted in the Turkish context yielded no gender differences in
mathematics (Aksu, 1997; Bulut, Gur, & Sriraman, 2010; Isiksal & Askar, 2005;
Karaman, 2000; Kose, 2007; Ubuz, Ustun & Erbas, 2009). In this respect, the
conclusion drawn from the present study’s results might be that there is no significant
difference between the performance of boys and of girls in measurement content area.
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One of the more noteworthy findings to emerge from the present study is the
significant effect of students’ prior mathematics achievement on their performance on
the tests. More specifically, the MANOVA results indicated that the overall
performances of students on the CKT, PKT, and WPT significantly differed
according to the students’ previous mathematics achievement. As the students’ prior

mathematics achievement increased, their performance on the tests increased, too.

These results are consistent with Kabiri and Kiamanesh’s (2004) findings. They also
found the highest correlation between students’ previous math achievement and their
mathematics performance. Besides, the results of the Pajares’s research (1996;
Pajares & Kranzler 1995; Pajares & Miller, 1994) supported the view that students’
prior achievement in mathematics is one of the strong predictors for their subsequent
success in mathematics. Further, Aksu’s research study (1997) on 6™ grade Turkish
students’ performance on fractions also revealed the vital importance of prior

experience in mathematics.

Additionally, Bragg and Outhred (2000), and Battista (2003) underlined that students’
understanding of length measurement is crucial for understanding of rulers, scales,
perimeter, area, and volume measurement. These studies which were consistent with
the results of the current study confirmed the conclusion that previous mathematics
achievement clearly affects students’ future mathematics learning. Indeed, the results
might also be interpreted as an indicator of the cumulative and sequential nature of

mathematics.

Furthermore, the results of the post hoc comparisons were also indicated that whereas
the differences between the low-achieving and high-achieving students as well as
average-achieving and high-achieving students were statistically significant, there
was no difference between low-achievers and average-achievers. Considering the
vital role of previous mathematics achievement in the students’ performance on the

tests involving length, area, and volume measurement, it is not surprising to obtain
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such a finding in the present study, but non-significant difference between low-
achievers and average-achievers might be due to the total number of students in each

achievement level.
5.1.4 Students’ Common Mistakes in the Tests

An investigation of the 6™ grade students’ common mistakes related to length, area,
and volume measurement was the other major contribution of the current study. In
each test, namely, CKT, PKT, and WPT, the students’ written explanations for the
questions were analyzed in a detailed manner and the common mistakes were
tabulated. The results of this investigation was evidence for that the sixth grade
students participated to the study had quite shallow knowledge and skills repertoire in

three domains of measurement.

First of all, the sixth grade students’ common mistakes with regard to length
measurement were found as follows: (a) starting from 1 rather than 0 while engaging
with a ruler; (b) counting either hash marks or numbers on a ruler instead of intervals;
(c) focusing on end point while measuring with a ruler; (d) believing all rulers are 30
cm long; (e) mixing units of length with other units of measurement; and (f) treating
centimeter as a different unit of measurement (i.e. not understanding the relationship

between units (cm-m) of length measurement).

Similar difficulties experienced by both elementary and middle school students’ were
also reported in the mathematics education literature (Barrett et al., 2006; Boulton-
Lewis et al., 1996; Bryant and Nunes 1994 (as cited in Nunes & Bryant, 1996); Ellis,
Siegler, and Van Voorhis, 2001 (as cited in Lehrer, 2003); Heraud, 1989; Kamii,
1995; Schrage, 2000; Thompson & Van de Walle, 1985 (as cited in Schrage, 2000).
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The students’ mistakes found in this study clearly proved that the foundational
concepts of length measurement were not comprehended by the students. Inadequate
understanding of zero-point, unit iteration, the structure of a ruler, relation between
number and measurement might be the possible reasons behind the errors committed
by the students.

Regarding perimeter, a special linear dimension for a closed two-dimensional figure
(Larsen, 2006, p.41), the analysis pointed out the following common mistakes as: (a)
perimeter is constant, when the shape is rearranged; (b) unless perimeter is known, it
is impossible to find area and vice versa; (c) if a shape has the largest area, so has the
largest perimeter; (d) counting the square units or dots for perimeter; (e) using units
of area/volume measurement for perimeter; (f) using the area formula for perimeter;

and (e) perimeter equals to the total of two side lengths.

What research has found about student mistakes while learning the concept of
perimeter measurement yielded the similar results with the present study. For
instance, Kordaki and Portani’s study (1998) showed that 6™ grade students had
difficulties in making connection between units of area and length measurement.
Woodward and Bryd (1983) also found that most of 8" grade students believed that
rectangles with the same perimeter occupy the same area. Likewise, Stone’s 8"
graders (1994) believed a shape with the same perimeter has the same area.
Consistent with these findings, Emekli (2001) reported that majority of the 7" and 8™
grade students confused the formula for perimeter with area. Tan-Sisman and Aksu
(2009a) made a similar point with respect to the students’ mistakes related to
perimeter. They found that most of the 7" grade students confused the concept of area
and perimeter, as well as the formulas for area and perimeter. Considering the
previously documented mistakes, the findings of this study is not surprising and
might be attributed to lack of attached-meaning to the concept of perimeter, so
relying on only procedures (Moyer, 2001).
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Thirdly, the analysis of students’ written responses to the area tasks indicated a wide
range of mistakes given as follows: (a) area is not constant, under partitioning;
(b) counting the lines around a shape for area; (c) point-counting for area;
(d) confusing area with perimeter; (e) using the perimeter formula for area; (f) area
equals to length + width; (g) area equals to perimeter + length; (h) using units of
length/volume measurement; (i) surface area depends on volume; (j) using the
volume formula for surface area; (k) surface area equals to length + width + height;
(I) confusing surface area with volume; and (m) believing that a shape has more than

one surface areas.

As stated previously, meaningful understanding of area measurement involves the
organization and coordination of various concepts and skills. However, according to
the results of this study, it is obvious that the 6™ graders neither comprehended the
key concepts nor gained the skills of area measurement and thus, made different
kinds of mistakes. There are also studies having parallel results with the results
obtained from the analysis of students’ errors in area measurement. The study
conducted by Furinghetti and Paola (1999) revealed that linear relationship between
area and perimeter was the common misunderstanding among 7" graders. Besides,
using formula for area and perimeter correctly without knowing what dimensions of a
shape stands for becomes also evident in the Kidman and Cooper’s study (1997) and
the Zacharos’ study (2006). Another research study carried out by Kamii and Kysh
(2006) with 4™, 6™, 8" and 9™ grades. According to the results, a majority of the
students in 4™ grade through 8™ grade did not consider a square as a unit of area
measurement, and a few numbers of 8" graders could not be able to conserve the area
of a shape when it was rearranged. Similarly, Lehrer, and his colleagues (1998a-b)
found that a majority of students from 1% to 3" treated length measurement as a
space-filling property and ignored two dimensional structure of area. In addition,
students’ poor understanding of surface area, even in a college-level, were also
documented by different scholars as Cohen and Moreh, (1999); Gilbert, (1982), and
Light, et al., (2007).
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At this point, it can be concluded that the students of this study had serious
difficulties in truly understanding and applying the concepts and skills involved in
area measurement. More specifically, inadequate grasp of the spatial structure, of the
multiplicative structure, inability to conserve area, and superficial understanding of
length measurement resulted in the abovementioned mistakes made by the 6™ grade

students.

Concerning volume measurement, the last domain of measurement targeted in the
current study, the students’ common mistakes emerged from the tasks asked in the
CKT, PKT, and WPT were found as follows: (a) counting the square units; (b)
counting faces of unit cubes; (c) counting only visible unit cubes; (d) double counting
unit cubes; (e) believing a linear relationship between a volume of a shape and its
dimensions; (f) counting the faces of unit cubes given in the picture and doubling that
number; (g) counting the faces of unit cubes given in the picture and multiplying that
number with 3 because a prism has three dimensions; (h) volume equals to length +
width + height; (i) volume equals to length x width; and (j) volume to length x width
+ height; (k) using units of length/area measurement.

Similar errors committed by students while engaging in volume measurement tasks
were demonstrated in previous research as well. Campbell, Watson, and Collis’s
study (1992), for instance, produced evidence that counting the number of individual
unit cubes was common strategy among elementary students, without paying
attention to the invisible unit cubes. Putting emphasis on enumeration in 3D arrays,
Battista and Clements’s study (1996) also pointed that most of the 5™ graders were
lack of structuring array notion, consequently, could not be able to enumerate the

cubes in a given solid correctly.

Additionally, Olkun (2003) also found in his study on the 4™, 5" 6" and 7" grade
students’ performance and the strategies for finding the number of unit cubes in

rectangular solids that even 7™ graders were not ready to construct the meaning of
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volume formula. According to Saiz’s study (2003), prospective teachers perceived
volume as a number produced by multiplying the length, width and height of an
object. In this respect, the findings of the current study clearly indicated that the
students could not be able to make sense of the foundational principles behind
volume measurement which requires more complex reasoning about the structure of
space than measuring two or one dimensional regions. In particular, lack of spatial
visualization and of meaningful enumeration of arrays of cubes as well as poor
understanding in length and area measurement might be the reasons behind the

several mistakes of the students in volume measurement.
5.1.5 Use of Materials in Measurement Instruction

Use of materials in teaching and learning of measurement was the last focus of this
study. According to the results, among ten materials suitable for measurement
instruction, ruler, unit cubes, isometric paper, and dot paper were frequently used
materials; and cubes blocks, square blocks, volume blocks, and pattern blocks were
rarely used materials during measurement instruction as reported by the students.
Beside, the students stated that ruler was the only one that was used more by students,
and unit cubes was used frequently by teachers. Additionally, cube blocks were the
rarely-used material by students, whereas ruler was the rarely-used material by
teachers.

With regard to the relationship between the use of materials and the students’
performance on the tests, the relatively low correlation coefficients found between the
students’ performances on the CKT and the use of square blocks, of tangram, of cube
blocks, of volume blocks and of geometry stripes. Similarly, among ten materials, the
use of only one material, ruler, was correlated significantly with the students’
performance on the WPT was significantly correlated, though the correlation
coefficient value was quite low. Nonetheless, none of the materials were significantly

correlated with the students’ performance on the PKT.
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In general, using materials to teach mathematics has been advocated by most of the
mathematics educators. Parham’s meta-analysis study (1983) indicated that
manipulatives as a part of mathematics instruction were beneficial for students’
success. Another study done by Cramer, Post, and delMas (2002) also revealed that
the use of materials had great impact on students’ learning. Although the studies
examining the use of materials in three domains of measurement together are non-
existent in the mathematics education literature, to our knowledge, the commonly-
held belief in the domain of measurement is that the use of materials has a unique
place in students’ understanding of the related concepts and skills. The NCTM’s
Principles and Standards for School Mathematics document (2000), the importance of
use of materials is expressed as “Measurement lends itself especially well to the use
of concrete materials” (p.44). Nonetheless, as stated by Clements (1999), students’
performances might be increased through the use of materials, yet the benefits may
depend on grade level, topic, ability level, etc.

Considering the results of the present study, the use of materials in measurement
instruction was quite seldom, and the relationship between the students’ performance
on the tests and the use of materials either relatively low or non-significant. The
reasons behind seldom use of materials in measurement instruction might be due to
the availability of instructional materials at schools and teachers’ individual teaching
preferences. For the low or non-significant relationship between the students’
performance on the tests and the use of materials, it is probably due to the rare use of
materials in measurement instruction that reported in the previous chapter. In this
respect, it can be stated that the findings of this study neither produced significant
relationship between the use of materials and the students’ performance nor supported
the view that concrete materials helps students scaffold their learning.
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5.2 Implications of the Study

Based on the findings of the study, the implications for the practice and for the further

research are presented in the following sections.
5.2.1 Implications for Practice

Measurement, among mathematical strands, has a vital role in almost all mathematics
curricula, as well as in science and in our life. In order to make sense of how to
measure and what measurement means, namely being competent in measurement, it
is obvious that students should fully comprehend the concepts and skills involved in
the domain. This study is an attempt to investigate sixth grade students’ conceptual
knowledge, procedural knowledge and word-problem solving skills in length, area,
and volume measurement with regard to gender, previous mathematics achievement,

and the use of materials.

In general, the results of the study clearly indicated that the 6™ graders neither
comprehended the key concepts nor gained the skills of measurement and thus, made
a wide range of mistakes. It was also found that not only there was strong and
positive relationship between students’ performance among three tests but also
between students’ performance on one domain of measurement and the other

domains.

In addition, according to the results, students’ previous mathematics achievement had
great impact on their performance on the measurement tasks posed in three tests.
Another major finding to emerge from the study is rarely use of material in teaching

and learning measurement.

Taken together, these results proved superficial and inadequate understanding and
skills of the sixth graders in length, area, and volume measurement which is

obviously not the intended and desired learning outcome of the mathematics
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curriculum. As declared by Schmidt, et al.,, (2002; as cited in Hook, 2004)
“Specifically the curriculum itself -what is taught- makes a huge difference” in
students’ achievement (p.1). In this respect, the findings might be considered as the

evidences calling for the curricular and instructional changes in measurement strand.

First and foremost, the foundational concepts and skills of length, area, and volume
measurement should be included explicitly in the content in a spiral manner.
Especially, zero-point, unit iteration, the structure of a ruler, relation between number
and measurement, relationship between the attribute being measured and a unit of
measurement being used, the understanding that perimeter might be changed under
partitioning, the difference between perimeter and area and between their formulas,
the spatial structure of, the multiplicative structure of, conservation of area, spatial
visualization, meaningful enumeration of arrays of cubes, the difference between
surface area and volume and between their formulas should become integral part of

measurement strand.

Secondly, in the mathematics curriculum guide (2009) it is stated that more emphasis
is put on the development of students’ conceptual knowledge and problem solving
skills along with procedural fluency. However, the findings of the current study
indicated that the 6™ graders’ performance on the Procedural Knowledge test was
higher than both Conceptual Knowledge and Word Problem test in each domains of
measurement. Therefore, it might be suggested that instead of putting early emphasis
on activities tied to a formula, beginning from students’ naive ideas (e.g. building
arrays of units) to gradually continuing with more sophisticated ideas (e.g. how the
length and width produce an area, as a result of multiplication) may help students to

differentiate and/or relate the concepts in meaningful ways.

Thirdly, the findings also revealed that most of the 6™ graders did not pay attention to
what the problem text is talking about and the necessary mathematical operations

executed. As a consequence, they tried to reach answer through meaningless
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calculation attempts (e.g. Area = Perimeter + Length; Height = Length + VVolume).
Taking the students’ mistakes in the WPT as evidence for the difficulties with
comprehending the problem situation, it might be suggested that while teaching
measurement, students should be engaged in both word problems and numeric format
problems which are vital for promoting mathematical understanding in terms of
connecting different meanings, interpretations, and relationships with mathematics
operations (Van de Walle, 2006).

Additionally, the most of the mistakes made by the sixth graders in the tests seems to
be connected with each other. The mistake, for instance, “counting the lines around a
shape while finding its area” in the CKT seemed to be linked to the error “confusing
area formula with perimeter formula” both in PKT and WPT. Indeed, the main reason
behind these parallel errors probably lies in the inadequate grasp of the concept of
perimeter and area. Similarly, poor understanding of the relation between attribute
being measured and the units of measurement might result in such mistakes as
“believing cm is not suitable unit to measure in meters”, “using units of
length/volume measurement for reporting the area of a shape”, and “trying to
compare the length of two different objects measured by using different-sized units
(wooden stripe vs. metal stripe). In this respect, designing both hands-on and minds-
on-experience-based activities (e.g. constructing a ruler, measuring with a broken
ruler, etc.) that highlights the links between measurement concepts and skills may

provide more meaningful learning opportunities for students.

Besides, the present study proved again the importance of previously grasped
concepts and skills in students’ subsequent attainment in measurement. According to
the findings, for example, the students missed some of the tasks in the test due to the
mistakes in four basic operations, namely, addition, subtraction, multiplication and

division.
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Focusing on the study of measurement in particular, Bragg and Outhred, (2000)
stated that having an understanding of length measurement probably results in
success in area and volume measurement which was also confirmed in the current

study.

Moreover, unless we know well what students understand and think about
measurement, we fail to design effective measurement instruction (Stephan &
Mendiola, 2003; Curry, & Outhred, 2005). Providing teachers with research-based
explicit knowledge about student’s thinking in a specific content domain positively
affects teachers’ instruction and students’ achievement (Carpenter, et al., 1989). At
this point, a close examination of the students’ written responses indicated that the
most of the mistakes made by the sixth graders in the tests were related to each other.
The mistake, for instance, “counting the lines around a shape while finding its area”
in the CKT was related to the error “confusing area formula with perimeter formula”
both in PKT and WPT. In this respect, the common mistakes identified in the test
related to length, area, and volume measurement should be considered as valuable
input for moving the barriers in front of students’ learning in measurement. Besides,
this kind of research-based information might be used in the mathematics curriculum

guide to inform teachers about the students’ difficulties in measurement.

Further, previous studies put emphasis on the use of tools, materials or manipulatives
in students’ understandings of the mathematical ideas (Bohan & Shawaker, 1994;
Sowell, 1989; Thompson, 1992), yet the results of this study revealed that the use of
materials while teaching and learning measurement was seldom, and possibly due to
infrequent -use, either relatively low or non-significant relationship was observed

between the students’ performance on the tests and the use of materials.

Besides, one of the interesting findings to emerge from this study is that although the
6" graders reported that ruler was most frequently used material in measurement

instruction, a majority of them understand neither how a ruler works nor what means
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the numerals on a ruler. Considering the fact that ruler as a standard tool for
measurement is introduced to students in the second grade and that the grade level of
the students participated is sixth grade, four-year instruction seems to be ineffective.
Tan-Sisman and Aksu (2009b), in their study on the length measurement topic in the
elementary mathematics curriculum (1% - 5™ grade) also concluded that the learning
and teaching activities for facilitating students’ understanding of measuring processes
built into rulers seems to be superficial and inadequate. In the light of these findings,
the time and the content devoted to the underpinnings of a ruler should be increased
and different activities in a variety of contexts (e.g. working on a broken ruler) should

be embedded in the curriculum.
5.2.2 Implications for Further Research

Based on the findings emerged from the study, recommendations for future research

are as following:

e The present study was conducted with 6™ grade students (n = 445) attending
public primary schools located in four different main districts of Ankara. A
further study can be replicated with a larger sample for generalization to a

bigger population.

e Itis also essential to design a study with different grade levels, maybe a cross-
sectional study, in order to get a wider and more detailed picture about the
extent to which students’ knowledge and skills are developed and improved in

the domains of measurement.

e It would be interesting to assess the effectiveness of the instruction that is

designed to eliminate the students’ mistakes identified in the present study.
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In the current study, measurement instruction that the students were received
at school was not assessed. Thus, there is a need for conducting a qualitative
study to examine teaching and learning activities of measurement (e.g. the
questions that are posed to students in the context of measurement; how a
teacher encourages students to think about different possibilities about

measurement) in a detailed manner.

A qualitative research might be conducted to better understand students’
limited understanding and skills in length, area, and volume measurement. In
this respect, the three tests used in this study would be adapted as an interview

tasks and asked to students.

Further research studies can be carried out to examine the relationship
between students’ reading comprehension skills and their performance on the

tests used in the current study.

As it is particularly important for prospective elementary school teachers to
have a good grasp of what measurement means and how to measure, it is
recommended that further research be undertaken with a sample of
prospective elementary school teachers to shed light on their strengths and

weakness in measurement strand.

More information on the use of materials in measurement instruction would
help to establish a greater degree of accuracy on its contribution to students’

learning in measurement.
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APPENDICES

APPENDIX A

STUDENT QUESTIONNAIRE

A. KiSISEL BiLGILER

Bu boliimdeki sorular sizinle ilgili kisisel bilgileri elde etmeye yonelik olarak hazirlanmstir.

Ldtfen her soruyu dikkatlice okuyunuz ve size gore en uygun olan segenegin yanina (X) isareti

koyarak belirtiniz.

(1) Cinsiyetiniz: () Kiz () Erkek
(2) Dogum yiliniz: (1)1994 (1)1995
( )1996 ( )1997
(3) Besinci siniftaki matematik dersi karne ()5 ()4 ()3 ()2 ()1
notunuz:
(4) Dershaneye gidiyor musunuz? ( ) Evet ( ) Hayir
(5) Okulda verilen matematik dersi kursuna ( ) Evet ( ) Hayir
gidiyor musunuz? () Okulda kurs verilmiyor.
(6) Matematik dersi ile ilgili 6zel ders aliyor () Evet ( ) Hayrr

musunuz?

(7) Anne ve babanizin tamamladig1 en son egitim diizeyi nedir? Asagida belirtiniz.

a) Annemin tamamladig: en son egitim

dizeyi

b) Babamin tamamladigi en son egitim

dizeyi

() Okuma-yazma bilmiyor

() Okuma-yazma bilmiyor

() Okuma-yazma biliyor ama okula gitmedi

() Okuma-yazma biliyor ama okula gitmedi

() Ilkokulu bitirdi

() Ilkokulu bitirdi

() Ortaokulu bitirdi

() Ortaokulu bitirdi

() Liseyi bitirdi

() Liseyi bitirdi

() Universiteyi bitirdi

() Universiteyi bitirdi

() Yiiksek lisans ya da doktora yapti

() Yiiksek lisans ya da doktora yapti

() Bilmiyorum

() Bilmiyorum
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B. MATEMATIK DERSi OLCME KONUSUNDA KULLANILAN ARAC-
GERECLERIN KULLANIM SIKLIGI
Asagida verilen arag-gereglerden hangilerinin matematik derslerinizde OLCME konusu
islenirken ne siklikta kullanildigini uygun olan segenegin yanina (X) isareti koyarak belirtiniz.

OLCME konusu islenirken kullanilan arag-
geregler

Ne sikhikta kullanildi?
Sadece tek bir secenek isaretleyiniz

Cetvel

() Her zaman

() Bazen () Higbir zaman

izometrik Kagit

() Her zaman

() Bazen () Higbir zaman

Birim Kipler

() Her zaman

() Bazen () Hichir zaman

Noktah Kagit

() Her zaman

() Bazen () Hichir zaman

Oriintii Bloklar

() Her zaman

() Bazen () Hichir zaman

Cok Kareliler Takim

() Her zaman

() Bazen () Hichir zaman

Tangram

() Her zaman

() Bazen () Higbir zaman

Cok Kiipliiler Takimi

() Her zaman

() Bazen () Higbir zaman

Hacimler Takim

() Her zaman

() Bazen () Higbir zaman

Geometri Seritleri

() Her zaman

() Bazen () Hichir zaman

Diger arag-gerecler:

() Her zaman

() Bazen () Hicbir zaman

C. MATEMATIK DERSi OLCME KONUSUNDA KULLANILAN ARAC-GERECLER
Asagida verilen arag-gereclerden hangilerinin matematik derslerinizde OLCME konusu
islenirken kim tarafindan kullanildigin1 uygun olan se¢enegin yanina (X) isareti koyarak

belirtiniz.

OLCME konusu islenirken

kullanilan arag-gerecler

Kim

Kullandi?

Birden fazla secenek isaretleyebilirsiniz

Cetvel

() Bireysel olarak kullandim

. () Ogretmenim kulland.

() Grup olarak kullandik. () Kimse kullanmada.
Izometrik Kagit () Bireysel olarak kullandim. () Ogretmenim kullandi.
() Grup olarak kullandik. () Kimse kullanmada.
Birim Kipler () Bireysel olarak kullandim. () Ogretmenim kulland.
() Grup olarak kullandik. () Kimse kullanmadi.
Noktah Kagit () Bireysel olarak kullandim. () Ogretmenim kullandh.
() Grup olarak kullandik. () Kimse kullanmada.
Oriintii Bloklar () Bireysel olarak kullandim. () Ogretmenim kullandu.
() Grup olarak kullandik. () Kimse kullanmadi.
() Bireysel olarak kullandim. () Ogretmenim kulland.
Cok Kareliler Takim () Grup olarak kullandik. () Kimse kullanmadi.
Tangram () Bireysel olarak kullandim. () Ogretmenim kullandh.
() Grup olarak kullandik. () Kimse kullanmadi.
Cok Kiipliiler Takin () Bireysel olarak kullandim. () Ogretmenim kullanda.
() Grup olarak kullandik. () Kimse kullanmadi.
Hacimler Takim () Bireysel olarak kullandim. () Ogretmenim kullanda.
() Grup olarak kullandik. () Kimse kullanmadi.
Geometri Seritleri () Bireysel olarak kullandim. () Ogretmenim kullandu.
() Grup olarak kullandik. () Kimse kullanmadi.
Diger arag-gerecler: () Bireysel olarak kullandim. () Ogretmenim kullandu.
............................... () Grup olarak kullandik. () Kimse kullanmadi.
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APPENDIX B

THE LEARNING OBJECTIVES OF LENGTH, AREA, AND VOLUME
MEASUREMENT FOR 1% - 5" GRADES

OLCME

OGRENME ALANI

SINIF

ALT
OGRENME
ALANLARI

KAZANIMLARI

TOPLAM

1.SINIF

Uzunluklari
Olgme

Nesneleri uzunluklar1 yoniinden karsilastirarak
iligkilerini belirtir.

Bir nesnenin uzunluklarina gére siralanmig nesne
toplulugu i¢indeki yerini belirler.

Standart olmayan birimlerle uzunluklar dlger.
Standart olmayan uzunluk élgme birimleri ile ilgili
problemleri ¢cozer ve Kurar.

2.SINIF

Uzunluklar:
Olcme

Standart olmayan farkli uzunluk 6lgme birimlerini
birlikte kullanarak bir uzunlugu oSlger.

Standart uzunluk 6l¢me araglarini belirterek
gerekliligini agiklar.

Uzunluklar1 metre ve santimetre birimleriyle dlger.
Uzunluklart metre ve santimetre birimleriyle tahmin
eder ve tahminini 6lgme sonucuyla karsilastirir.
Metre ve santimetre birimleriyle ilgili problemleri
cozer ve kurar.

Standart olan veya olmayan uzunluk 6l¢gme birimleriyle
say1 dogrusu modelleri olusturur.

3.SINIF

Uzunluklar:
Olcme

Metre ve santimetre arasindaki iligkiyi agiklar.

Metre ve santimetre arasinda ondalik kesir yazimini
gerektirmeyen doniigiimler yapar.

Nesnelerin uzunluklarini tahmin eder ve tahminini
6l¢me sonucuyla karsilastirir.

Cetvel kullanarak belirli bir uzunlugu 6lcer ve dl¢iisii
verilen bir uzunlugu cizer.

Metre ve santimetre birimlerinin kullanildigi
problemleri ¢cézer ve kurar.

Cevre

N

Nesnelerin cevrelerini belirler.

Diizlemsel sekillerin ¢evre uzunlugunu hesaplar.
Diizlemsel sekillerin ¢evre uzunluklar ile ilgili
problemleri ¢ozer ve kurar.

Alan

Cisimlerin bir yiiziiniin alanin1 standart olmayan
birimlerle dlcer.
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4.SINIF

Uzunluklari
Olcme

1. Atatiirk’iin 6nderliginde 6l¢me birimlerine getirilen
yeniliklerin gerekliligini nedenleriyle agiklar.

2. Standart uzunluk 6l¢gme birimlerinden kilometre ve
milimetrenin kullanim alanlarini belirtir.

3. Milimetre-santimetre, santimetre-metre ve metre-
kilometre arasindaki iliskileri agiklar.

4. Belirli uzunluklar: farkli uzunluk 6l¢me birimleriyle
ifade eder.

5. Bir uzunlugu en uygun uzunluk élgme birimiyle tahmin
eder ve tahminini 6lgme yaparak kontrol eder.

6. Uzunluk 6lgme birimlerinin kullanildig1 problemleri
cozer ve kurar.

Cevre

1. Diizlemsel sekillerin ¢evre uzunluklarini belirler.

2. Kare ve dikdortgenin g¢evre uzunluklari ile kenar
uzunluklar: arasindaki iliskiyi belirler.

3. Aym gevre uzunluguna sahip farkli geometrik sekiller
olusturur.

4. Diizlemsel sekillerin ¢evre uzunluklarini hesaplamayla
ilgili problemleri ¢cozer ve kurar.

Alan

1. Bir alan, standart olmayan alan 6lgme birimleriyle
tahmin eder ve birimleri sayarak tahminini kontrol
eder.

2. Diizlemsel bolgelerin alanlarinin, bu alani kaplayan
birim karelerin sayisi oldugunu belirler.

3. Karesel ve dikdortgensel bdlgelerin alanlarini birim
kareleri kullanarak hesaplar.

5.SINIF

Uzunluklari
Olgme

1. Metre-kilometre, metre-santimetre-milimetre
birimlerini birbirine doniistiiriir.

2. Milimetre, santimetre, metre ve kilometre birimleri
arasindaki doniigiimleri igeren problemleri ¢dzer ve
kurar.

Cevre

1. Uggen, kare, dikdértgen, eskenar dortgen, paralelkenar
ve yamugun ¢evre uzunluklarini belirler.

2. Bir gemberin uzunlugu ile ¢ap1 arasindaki iliskiyi 6l¢me
yaparak belirler.

3. Cap1 veya yarigapi verilen bir cemberin uzunlugunu
belirler.

4. Diizlemsel sekillerin ¢evre uzunluklari ile ilgili
problemleri ¢cozer ve kurar.

Alan

1. Standart alan 6l¢me birimlerinin gerekliligini agiklar,
1cm? lik ve 1 m? lik birimleri kullanarak 8lgmeler
yapar.

2. Belirlenen bir alan1 cm? ve m?birimleriyle tahmin eder
ve tahminini 6lgme yaparak kontrol eder.

3. Dikdortgensel ve karesel bélgelerin alanlarini
santimetrekare ve metrekare birimleriyle hesaplar.

4. Paralelkenarsal bolgenin alanini bulur.

5. Uggensel bdlgenin alanini bulur.

Hacmi Olgme

1. Bir geometrik cismin hacmini standart olmayan bir
birimle 6lcer.

2. Ayni sayidaki birimkiipleri kullanarak farkli yapilar
olusturur.
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APPENDIX C
CONCEPTUAL KNOWLEDGE TEST

Uzunluk, Alan ve Hacim Olgileri
KAVRAMSAL BILGI TESTI

+  Uzunluk, Alan ve Hacim ﬁk_;:l]leri Kavramsal Bilgi Testi, toplam 16 sorudan
oluzmaktadir.

«  Testicevaplams suresi 40 dakikadir.

+  Hersomuyu dikkatlice okuduktan sonra, cevabinmzi noktal yerere agik ve net bir
sekilde yaziniz.

¥ Highir soruyu bos irakmayiniz.

¥ Testsayfalanndakibog yerer, sorulann gizimi igin kullanabilisinz.

¥ Cevaplamays istedijiniz sorudan baslayabilirsiniz.

Soru 1

14 9m 15 17 1= 15 rai] 1 ZZ i) 4 ] 5 27

a)} Ceren’in matermatik dersinde kinlan cetvelinden kalan parca yukanda werlmigtic. Cetweli
dikkatlice inceledikten sonra, assgidaki sorulan yanitlsyiniz.

=2 Kinkcetvelin baslangicve bitis yerer noktal cizgiere saretlenmistir. Bu isaretlenmis

bélimiin uzunlugu kag santimetredir? ... cm

= Kink cetvelin uzuniugununasil buldugunuzu agiklayimaz.

b} aklasik 2 metre uzunlugunda bir kumasin uzunlugunu dlgmeniz istendigini d0sOndn. Sizce,
bu kumas Caren’in kink cetveli kullanilarak dlghlebilir mi? Azsdidakiseceneklerden size gire
dogru olani (%) ile isaretleyip, gerekli agiklamay noktal yerlere yazimz.

O A) Evet, Cerznlin kink cetveling kullanarsk bu O B) Hawir, Ceren’in kink cetvelini kullanarak bu
kumasin uzunlugu Slgilebili. kumasin uzunludunu Slgmek mimbkiin degilir.

Heden dlgilebilir? Apklayimz Neden dlgilemez? Agpiklayimz.

Masil dlgiilebilir? Agiklayimz.
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c) Asadidaki sekilde verildigi gibi, Ceren’in kink cetwelinin dstine bir ip pargas) yerestinlmistir.

Bu ip pargasinin uzunlugu kag santimetredir?

14 1% 45 47 18 43 @ 2 I oz I /™ IF
2 ip pargasinIn UZUNIEU .o Cm
= |p pargasinin uzuniugunu nasil buldujunuzu agklayimz.

Yan tarsfta verlen kare prizma seklindeki kutu, paket kadidi yapistiniarak
kaplanacaktir. Kutuyu tamamen kaplamada kullanilacak kagit miktann bulmak

icin asafdaki bilgilerden hangisini bilmeniz gerekir?

= Assida verilen secensklerden size gire dofru olan tek bir segenedi (X ile isaretleyip,
cevalimz nedenleriyvle agiklayimz.
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Soru 3 Jr__

L Sekil 2. Sekil 3. Sekil

2 1. sekilde verlen kare bir kadit ortadan ikiye katlandiktan sonra makasla ki es pargays
kesiliyor(2. Sekil). Daha sonra, bu pargslardan bir tanesi, 3. sekide gosterldii gibi ortadan
ikiye tekrar kesiliyor. Olugan tOm pargalar biraraya getirlerek 4. sekil olusturuluyor.

<& Azsdida verlen yorumilan dikkatiice okuduktan sonra, size gire dofjru olan tek bir
seceneqi (X} ile isarefleyip, nedenleriyle agiklayimz.

Yorum I: 1. seklin gevre uzuniugu, 4.sekliin gevre uzunlugundan daha biydktdr.
O Bu yoruma katilyorwm, goimbid ...

Yorum Il 1. ve 4. zekilerinin gevre uzunluklan birbirine esittir.
O Buyoruma katilhiyorum, GURKD ... et

Yorum MI: 4. seklin gevre uzuniugu, 1. seklin gevre uzunlugundan daha boylktor.
O Bu yoruma katiliyorum, gunki ...

Soru 4
Sekilde agik haliverilen dikdGrigenler prizmasinin hacmini bulunuz ve

nasil buldufunuzu agiklayimz. Uyan: Kigikkarelenn her birnin

kenaruzuniufgu 1 birimdir.

= Dikddrtgenler prizmasimin hacmi: ..o
P ACIRIEIMIE e
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y "andakiresme uygun birgergeve yapmak igin resmin slsnini mi yoksa
= gevresinimibulmak gerekir? Azadida verilen segeneklerden size gome
dogru olan tek bir segenedi (X) ile isaretleyip, nedenleriyle

Y agiklayimz.

Ll Hesmin gevre uzunlugunu Sulmak gerekir,

LI Hesmin alamm bulmakgerekr.

Soru b

Birdikddrigenler prizmasimin hacmi 3 kat artinkdiginda, bu prizmanin tim boyutlan da 3 kat

artar mi?

< Azsfida verlen secenakierden size gire dofru olan tek bir segenefi (X) ile
isarefleyip. nedenleriyle agiklayimiz.

LI Tum boyutlan da 3 katartar.

[link,

L Boyutlannda highir degigiklik
olmaz, aym kahr. Glnkd,...........

LI Tum boyutlan 3 katartmaz.
Cuinki,
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Soru 7
A ve Biplernin uzunlugu tshts sopaile; Cve Dipleninin uzuniugu ise metsl bir gubuk yardimiyis
flgiimistir ve her ipe ait Giglm sonuglan asadidaki tabloda verilmistir.

Ipler Olglm Sonuglan
A 11 tahta sopa

B ipi d tahta sops
o 11 metal gcubuk
L ipi 14 metal gubuk

=* Tabloyu dikkatlice inceledikten sonra, agadida verlen her segenek igin size gore dojr
oldugunu disinddgdniz cevabi (¥} ie isaretleyiniz.
a) A ve Ciplerinin uzunlugu birbirne esittir.

0O Dogru O Yanhs O |plern uzunlukian hakknda yomum yapamay:e.

b} D ipinin uzunlugu, < ipinin uzunlugundan daha uzundur.

O Dogru O anhz O Iplerin uzuniukan heklinds yorum yapamayz.

c) B ipinin uzunlugu, A ipinin uzunlugundan daha kisadir.

O Dogru O Yanhg O |plenn uzunlukian hakknda yomum yapamay:e.

Soru 8

A sttununda farkh Sicimler, B sitununda ise gesitli Sigme binmler verilmigtir. A sOtununda her
bir dlgimin yanindski boglugs, B situnundan sectginiz, flgcime en uygun olan dlgme birimini
gosteren harfiyaziniz B sitununda yer alan délgme birimlerini bir defa veya birden fazla
kullanabilir, ya da hig kullanmayakbilirsiniz.

A Situnu; Olgdmler B Situnu: Olgme birimleri

1. lkizehirarasindskiuzaklk A, Kilometre

2. Futbol sshasinin alam B. Kilometrekars

3. Awug iginizin alan C. Metre

4. Yuzme havuzundaki su miktan D. Metrekare

5. Sinif tahtanizin gevre uzunlugu E. Metrekip

6. Demir 1 YTL'mun kalinhg F. Santimetra

7. Simif tahtamizin alam =. Santimetrekare

8. Kibrt kutusunun hacmi H. Santimetrekip
|. Milimetra
|. Milirmetrekare
k.. Miliretrekop
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ekilde verilen prizma birim kipler kullanilarak olugturuimustur. Prizmey olugtumask icin
kild ilen pri birim kipler kullan larak olugturuinustur, Pr lugturmak ici

kullamlan birim kiip sayisim bulunuz ve bu sayryinasil buldugunuzu agiklaymz?

2 Prizmay olusturmak igin kullanilan toplam birm kOp 585151 e
B AUDIRIBITIE L oottt

Soru 10

Sizden matemsatik derslernizde kullanmak igin, 10 santimetrelik bir cetvel hazidamaniz
istendigini ve ssajids verlen kajittan yapiimis bos cetvelin veridigini ddgdndn.

Sinif arkadaslannzdsn bid olan Melih cetvelini sgadida ghsterien sekide yapmistir. Bu sekle
gore Melih, cetvelini dogru bir sekilde olusturmus mudur?
Melih'in cetvell

lem 1dem

& Asajidaki secensklerden size gire dofru olan tek bir segenedi (X) ile isaretievip.
nedenlerivle agiklayinz.

O A) Evet, Melih cetveli dojre sekilds olusturmustur O E) Hayir, Melih cetveli dojre sekilds olusturamamistir,

Medenleryle sgiklayne. Medenlenyle sgiklayne.
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Soruii

N O Y%

A Bahgesi B Bahgesi € Bahgesi D Bahgesi
=2 Yukandaki sekide verildigi gibi, bir ¢iftginin degisik sekilere sahip 4 farkl bahgesi vardir.
iftci, bu bahgelerin etrafini gevimek igin, sahip olduju teli 4 esit parcaya ayinyorve herbahge
icin esit miktarda tel parcasi kullaniyor. Hichir tel pargas eldenmemis veys atmamis olduguna
gire ssajidskierden hangisi dogrudur?
A} En biuyik gevre uzunlugu D behgesine aittir.

B) Tom bahgelerin cevre uzunluklan birbirine egittir.

C) B bahgesi, en kisa gevre uzunlujuns sahip bahgedir.

D) C bahgesinin gevre uzunlugu, A bahgesinin gevre uzunlugundan dsha biyOktr.
=¥ |saretlediginiz segenege nasil karar vediginizi agiklayimz.

Soru 12

T
Y
o
o

Birim kilp

Dikdortgenler prizmas
sehlindeki kutu

¥ Yukanda verilen dikdirtgenler prizmas sekiindeki kutu, birkenanmin uzunlugu 1 bidm olan
birim kipler ile doldurulacaktir. Buna gore, asadidaki sorulan cevaplayiniz.
a) Birkismi dolduruimus olarak verilen kutuyu, tamamen doldumisak igin kag tane birm kipe
ihtiyag wardir?

= |hfivag duyulan birim KGp SayIsm ..

b} Kutu, birim kiplere tamamen dolduruldugunds hacmi kag birim kOptdr?
= Kutunun hacmi: ..o, birim kip

) Kutunun hacmini nasil buldufunuzu agiklayimz.
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Soru 13

Sekila sekils sekilc
= Jale, sekil A'ds verilen dikdrigen seklindeki bir kadidi, sakil B'de gstenldidi gibi kesmistir.
Deha sonra, kestiji parcay dikdGrgenin alt kismina kaydrarak sekil Clyiolusturmustur. Sizce,
yeniolusen C geklinin alamigin ne sdylenebilr? Agajidski seceneklerden size gire dofru
olan tek bir segeneqi (X ile isaretleyip, nedenleriyle agiklayimz.

LI & zeklinin alani, A seklinden LI & seklinin alani, A sekinden O Cve Azekllennin alanian
daha biyiiktiir. Cnkd, ............. | daha kiglktlir. COnkd, ..............| birbiine egitlir. Conkd,..............

Soru 14
Bir kipdn hecmi yanzing indidldiginde, yizey alani da yanya iner mi? Agajida verlen
secenekierden size gire dogru olan tek bir seceneqi (X ile isarefleyip, nedenleriyle

agiklayimz.

O Evet, yizeyalamda yanya iner. QUKL ... ... e

O Yiizeyalamnda highir degisiklik clmaz, aym kalir. Ciinkii...

O Hawir, yizeyalamda yanya inmez. QUKL ..o

235




Soru 15
Burcu, agagids verildigi gibiiki noktsnn birbirine uzaklg: 1 bim olan noktal kagitlara, iki tane

sekil cizmigtir ve ¢izdigi bu_iki seklin alanlanmn ve gevrelerinin birbirine esit oldufunu
dﬂ%ﬂl’ll’l’l‘EH‘Ed" 1 birim 1 birim
—

I 1 birim

]: 1 birim

Burcu'nun ¢izdigi 1. sekil Burcu'nun ¢izdigi 2. gekil

= Verilenlere gire asagidaki sorulan cevaplayimiz.
a) Sizce Burcu'nun cizmiz oldudu iki seklin ALANI birbirine esitmidir? Assjida verlen
segeneklarden size gore dogru olan tek bir secenedi (X) ile zaretieyip, nedenleriyle
agiklayimz.

LIEvet, i seknn ALANT Cirtinne egittr. Conku . [ O Ha',rlr sk ALANT tllrl:llrlr:l!'iltdﬂlld T.
Cinkii .. . .

b) Sizce Burcu'nun cizmiz oldugu iki seklin CEVRE UZUNLUKLARI birbirine egit midir?
Asadids verlen seceneklerden size gire dofru olam (¥X) ile isarefleyip, nedenleriyle

agiklayimz.

[T Evet, ki 52Kin EE'FHE TZOROTRLART Girbonire | LIHayir, k1 sedin CEVRE TZDORCURCART Cirtinne
Eilﬂ:lr Eunhu . .| egitdeqildir COmki ...
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Soru 16

Azadida verilen dikdbrtgenler prizmas seklindaki kutu, birim kipler kullamlarsk olusturulmustur.
Birim kiiplerden her birnin kenar uzunlugu 1 birmdir. Asadidaki sorulan bu sekiller dikkste
glarak cevaplayiniz.

Kutu

a) DikdGrtgenler prizmasi sekiindaki bu kutunun, aynisnndan kesilip, agildigim distndn. Bunsa
gire, agafidaki sekilerden hangisi bu kutunun agik halidir?
Uyari: Kigiik karslerin her birinin kenar uzuniugu 1 birimdir.

4 nj

mj vj

2 [saretledijiniz secenede nasi karar vedifinizi agiklayimz.

b} Bir nceki soruds igaretledijinz kutunun agik halini gdsteren sekildeki kigok karelerin toplan
sayisin1 buldugunuzu disindn. Bu sayi, kutu hakkinda hangi bilgiyi size verir? Agagda werien
seceneklerden size gire dofru olam [X) ile isaretleyip, nedenleriyle agiklayimz.

LI Kutunun hacmi hakkinga bikgi venr. Gunkl .................... | DV Kutwnon yuzey alam hakkinda bigivenr. Cunk ...
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APPDENDIX D
PROCEDURAL KNOWLEDGE TEST

Uzunluk, Alan ve Hacim Olgiileri
ISLEM TESTI

<%

<%

Lzunluk, Alanve Hacim GII;UIeri iglem Testi, toplam 20 sorudan olugmaktadir.
Testi cevaplama siresi 40 dakikadir.

Her soruyu dikkatlice okuduktan sonra, sorunun cézimiicin yaptdinizislemi ya da
islemnleriilgili sorunun altindaki bos birakilan alana agik ve net bir sekilde yaziniz.
Hicbir soruyu bog birakmayiniz.

Testsayfalanndaki bog yerleri, sorulann cozimi icin kullanabilirsiniz.
Cevaplamaya istedifiniz sorudan baslayabilirsiniz

SORULAR

Asadida verilen dlcileriistenilen birimlere ceviriniz

1.50ru: 16 mm = cm | G.80ru: 7552 m° = km®
2.8oru: 250dm* = oY | 7.80ru: 450 dm® = litre:
3.Soru: 492 km* = m* | 8.Soru: 1000cm = m
4.Soru: 0.305km = m | 9.Soru: 2000m* = cm
5.5oru: 3 m# = cne
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10.5oru: &€m Im

‘Yanda tarafta verilen seklin 18 m < .
cevresini bulunuz. 10 m im
i
3m IE m
T
) 21m "
11, 5om:

ekilde verilen kare prizmanin;

Kenar uzunludu: 4 cm

Yiizey alani: 144 cm® ise,

Yiiksekligi: 7
4 cm
12, 5oru:
Zekilde verilen karenin;
4m Kenaruzunludu: 4 m ise,
Gevre uzunlugu: ?
13, Soru sekildeverilen dikdartgenler pizmasinin;
Hacmi: 168 m*
Uzunludu: 12 m
o m Eni:7m ise,
12 m Yiiksekligi: . 7
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14, Soru:

ekilde verilen dikdartgenin;
Cevresi: 224 cm

Uzun kenarn: 82 cm isg,

Alan: 7
62 cm
15.Soru:
2ekilde verilen dikdartaenler prizmasimin;
5 cm Uzunludu: 15 cm
Eni: 7 cm
7cm . _
Yiksekligi: 5 cm ise,
15cm Yiizey alani: 7
16. Soru
- ekilde verilen dikdartgenler prizmasinin;
Uzunlugu: 9 cm
Eni; 7 cm
25em  wiksekligi: 25 cm ise,
Hacmi: ?
7cm
gcm

240



17.50mu:

‘vanda verilen s ekildeki taral:
almayan alan kagc m“dir?

14 m

16 m
18.50ru:
Sekilde verilen dikdortgenin;
Cevresi: 30 m
Uzun kenar; 8 m ise,
Kiza kenan: 7
Sm
19.50ru:
Sekilde verilen dikdortgenin,
Uzun kenar: &m
5m Kisa kenar: 4 m ise,
Alan: 7
4m
20.50ru:

14 m

Yukarida gdsterilen sekildeki Bve C noktalan arasindaki uzunludu CETVEL kullanarak

B

dlgiiniz. Buldugunuz sonucu noktal yere yaziniz.

= BveCnoktalan arasindaki Uzunluk: ...
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APPENDIX E
WORD PROBLEM TEST

Uzunluk, Alan ve Hacim Olgiileri
SOZEL PROELEM TESTI

Uzunluk, Alan ve Hacim Olcalen Problem Testi, toplam 20 sorudan olugmaktadir.
Testicevaplamsa soresi 40 dakikadir.
Her problemi dikkatlice okuduktan sonra, problemin ¢izim basamaklanni ve

sonucu agik ve net bir gekilde ilgili sorunun altindski bos birakilan alana yaziniz.

Highir soruyu bos irakmayimiz.

Test sayfalanndaki bos yeren, problemlenn ¢hzimd igin kullanabilirsiniz.
Cevaplameys istedijiniz sorudan baslayabilirsiniz.

1. Soru:

2. Soru:

3. 50ru:

4. 5oru:

SORULAR
16 mm uzunlugunda olan bir 5 Soru:
toplu ignenin uzuniugu cm
cinsinden ne kadardir?
Bir su deposu 250 dm® su 6. Soru:

kapasitesine sahiptir. Bu deponun
gkd i3 su miktan, cm® cinsinden
ne kadardir?

Yalova ilinin yizdlgimi 452 km®
dir. Bu ilin sship oldufu
ylzdllmd m? cinsinden ne
kadardir?

Bir gbkdelen icin en dogik
yukseklk 0,305 km olarak kabul
edimaktadir. Bu yiksakiik m
cinsinden ne kadardir?

7. 5oru:

2. Soru:

8. Soru:

Bir akaryakit tankinin kapasitesi
3 m*tir. Bu tankin kapasitesi

em? cinsinden ne kadardir?

Volkan'nin okulunun bahgeasi
7652 m* lik bir slan
kaplamaktsdir. Bahgenin alanin
km? ginsinden ne kadardir?

Tamamen dolduruldugunda 450
dm? su alsbilen bir havuzun,
ald1g1 su miktan litre cinsinden ne
kadardir?

1000 cm kag m vardir?

Ceren’in .-::Iedeainin tarasinin alam
2000 m* dir. Bu tadanin alam kag
cm*dir?
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=»veni bir ev aldigimzl ve bu evin m
bahcesinin yanda verilen sekildeki
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soruisn bu sekle gire cevaplayinis. 10m rm
—}
3 m IE m
N 21m "

10. Soru:
Bahcenin tamamim metal tel ile cevirmek istivorsunuz. Toplam kac metre metal tele

ihtivaciniz olur?

11.Soru:

Bahcenizin bir kismina domates yetistirmek icin dikdortgen seklinde ayn bir baldm
yaptiginiz ve bu biblGmi telle gevirmekicintoplam 30 metre tel kullandigimal diisdndn.
Dikdartgen seklindeki domates bahgesinin uzun kenan 9 metre alduguna gare, kisa

kenan kac metredir?

12.Soru:

Bahgenize kibpedinizigin de bir yer yapmak istiyorsunuz. Ko pedinizicin ayirdigimiz yer,
kare seklinde ve bir kenannin uzunlugu 4 metre olduguna gére, buray! tahta citle
cevirmek icin gerekli olan cit kag metredir?

13.50m
Tamamen doldugunda 188 m*Iik su kapasitesi olan dikdartgenler prizmas seklindeki
bir havuzun uzunludu 12 m, eni 7 m olduguna gére, havuzun derinligi kag m'dir?
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14.5ormu:

Dilan ve babasi yeni dodan kedi yavrulan icin, evlerinin bahcesine dikdértgen seklinde
bir barinak yaptilar vetabarim hal ile kapladilar. Barinagin etrafini cevirmekicin 224 cm
koruyucu tel kullandilar. Baninadin bir kenannin uzunlugu 62 cm oldujuna gire,
barinagin tabanini tamamen kaplamak igin kag cm® hali kullandilar?

15.50ru:

Burcin, gdrsel sanatlar dersinde annesine ahsap (tahta) micevher kutusu yaph. Kutunun
dl;-mwe;-llrenkhel isi kagidiyla kaplad. Kutu 15 cm uzunlugunda, 7 cm gem;-llgmde Ve
Ecm yiiksekliginde olduduna gére, kutunun disimntamamen kaplanmas icin ne kadar
el isi kagid kullanulmistir?

16.Soru:

Yiksekligi 25 cm, eni 7 cm ve uzunludu 9 cm olan bir sit kutusunu tamamen sit ile
doldurmak igin, ne kadar sdte ihtiyag vardir?

17.50mu

Gen|§l|g| 16 metre, uzunlugu 14 metre olan dikdbrtgen bicimindeki bir araziye 3 farkl
cesitte cim ekilecektir Asagidakitabloda 3 farkl gim ve bunlann yetismesi icin gerekli
dikdortgen seklindeki alanlann boyutlan verilmistir. Buna gare 3 farkh ¢im tohumu
ekildikten sonra, arazide kalan alan (cim eximemis alan) ne kadardir?

Gim gegitleri | Ciminyetismesi igin gerekli dikdartgen seklindeki
alanlann boyutlan

7 m geniclik — 5§ m uzuniuk

B m genislik — 3 m uzunluk

g m genisik - 6 m uzuniuk

o e
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18.50ru:

Matematik dersinde kullanmak icin taban ayntlanndan birtanesinin uzunlugu 4 cm olan
kare prizma seklinde bir kutu tasarladiginiz disinin. Bu kutuyu yapmak icin 144 cm?®
karton kullandidimiza gére, kutunun yiksekligi kag cm'dir?

19.50ru

Efe'nin dikdértgen seklindekiodasimin zemini hali ile kaplanacalkdir. Gdamn uzunlugu 5
metre, eni 4 metre olduguna gdre, Efe’nin odasinin zeminini tamamen kaplamak icin kag

m* hal alinmasi gerekir?

20.50ru

Ceren'in cetveli matematik dersinde kinlmistir. Cetvelin su anki baslangig noktasi

14 santimetre, bitis noktas| ise 27 santimetre olduguna gore, cetvelin simdiki

uzunlugu kac santimetredir?
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eoniillilik esasina dayal olarak (Uzunluk ,Alan ve Hacim Olgiileri Kavramsal Bilgi
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APPENDIX G
TURKISH SUMMARY

ALTINCI SINIF OGRENCILERININ UZUNLUK, ALAN VE HACIM OLCULERI
KONUSUNDAKI KAVRAMSAL VE ISLEMSEL BILGILERI VE SOZEL
PROBLEMLERI COZME BECERILERI

GIRIS

Gilinlimiizde, matematik alanindaki yetkinlik ve matematik okur-yazarligi, bilgi
toplumunun ihtiya¢ duydugu insan modelinin yetistirilmesinde en 6énemli unsurlardan
biri olarak kabul edilmektedir. Matematiksel yetkinlige sahip toplumlar igin,
Ogrencilerin kavram ve becerileri anlamli 6grenmesine ve bunlar arasinda bag
kurmalarina firsat veren matematik Ogretimi {lizerine odaklanmak gerekmektedir.
Kavramsal temellere dayanan matematiksel bilgi ve beceriler, 6grencilerin akil
yiiriitme ve iliskilendirme yaparak farkli durum ve ortamlarda karsilarina ¢ikabilecek

problemlerin ¢oziimiine basariyla ulasabilmelerini saglamaktir.

Van De Walle (1989), matematik &gretiminin kalici ve anlamli olmasi igin
Ogrencilerin matematiksel kavram ve islemleri anlamalar1 ve ayni zamanda bu
kavram ve islemler arasindaki bagi kurmalar1 gerektigini vurgulamistir. Skemp
(1978) matematiksel anlamayi iki farkli bilgi formuna ayirarak incelemistir:
Enstrumental anlama (Instrumental understanding) ve iliskilendirerek anlama
(Relational understanding). Enstrumental anlamayi “kurallari muhakemesiz olarak
bilme” (p.9) olarak, iliskilendirerek anlamayi ise “neden ve nasil yapilacagini bilme”
(p.9) seklinde tanimlamistir. Enstrumental anlamanin kolayca kavranabilen, ortama
bagli, 6grencinin dogru cevaba kisa siirede ulagmasini saglayan, somut ve aninda
sonu¢ veren tamamen mekanik bilgilerden olustugunu belirtirken, iliskilendirerek
anlamay1 kolayca hatirlanabilen, ortama bagli olmayan, iliskiler lizerine kurulmus

kavramlar bilgisi olarak tanimlamistir. Skemp’in yaptig1 bu ayrim ile matematigin
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nasil dgretilmesi gerektigi, hangi bilginin daha gerekli ve 6nemli oldugu, bu iki farkl
bilgi tiiri arasinda nasil bir denge kurulmasi gerektigi gibi konularda uzun yillar

siiren tartismalarin Onii agilmastir.

Ozellikle Hiebert’in kitabmin (1986) yaymlanmasindan sonra, matematiksel bilginin
siniflandirilmas1  kavramsal bilgi (conceptual knowledge) ve islemsel bilgi
(procedural knowledge) terimleri kullanilarak yapilmaya baslanmistir. Hiebert ve
Lefevre (1986), kavramsal bilgiyi ‘birbirine bagl bilgiler agi’ (p.3), islemsel bilgiyi
ise matematiksel sembol ve algoritimlerden olusan ‘iglemin nasil tamamlanacaginin
basamak basamak tarif edildigi’ (p.6) bilgi olarak tanimlamislardir. Diger bir degisle,
kavramsal bilgi, diger matematiksel fikir ve kavramlarla baglantili ya da i¢ ige gegmis
iligkileri anlamay1 kapsarken, islemsel bilgi matematiksel kurallara ve islemlere
ilisgkin matematigi betimlemede kullanilan sembolleri kapsamaktadir (Aksu, 1997).
Islemler ve kavramlar arasindaki bagin kurulmasiyla, 6grenci islemlerin sadece nasil
yapildigini degil ayn1 zamanda nig¢in yapildigini da agiklayabilir ve boylece anlamli
O0grenmenin  gergeklesmesi kolaylasir. Matematik egitimi alaninda yapilan
caligmalarin bir ¢ogu, saglam temellere dayanan bir matematik dgretiminin en gerekli
parcalarindan olan kavramsal ve islemsel bilgi arasinda pozitif bir korelasyon
oldugunu ve bu nedenle, iki bilgi tiirii arasindaki iligskiler 6n plana ¢ikartilarak
ogretilmesi gerektigini vurgulamislardir (Hiebert & Lefevre, 1986; Rittle-Johnson &
Siegler, 1998).

Matematik Ogretiminin amaglarindan birisi; kisiye gilinliik hayatta kullanabilecegi
bilgileri kazandirmak ve bu bilgileri gerektigi durumlarda kullanabilmelerini
saglamaktir. Ilkdgretim matematik programinin dgrenme alanlarindan biri olan
“dlgme”, dgrencilerin giinliik hayatta siklikla karsilastign konulardan birisidir. Olgme
alanin igerdigi konularin Ogretimi, Ogrencilere hem matematigin gilinliik hayatta
kullanimimi gdstermede ve bu sayede matematigin hayatimizdaki Oneminin
kavratilmasinda hem de bir¢ok matematiksel kavram ve becerinin gelistirilmesinde

onemli bir yer tutmaktadir. Fakat islemlerin saglam kavramsal temellere
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dayandirilmamasi, matematiksel kavramlarin anlamlarinin  gbézardi  edilmesi,
formillerin ve kurallarin ezberletme yoluna gidilmesi giinliik hayatimizda stirekli
karsimiza ¢ikan 6lgme konusunun Ogretiminde problemlere yol agmaktadir (Aksu,

1997; Baki, 1998; Baykul 1999; Hiebert,1986; Thompson ve dig., 1994).

Varolan bilgi birikiminin hizla degistigi ve gelistigi gliniimiiz diinyasinda problem
¢ozme becerisi oldukca Onem kazanmaktadir. Matematik konu alan1 gozoniine
alindiginda, 6grencilerin kavramsal ve islemsel bilgilerinin gelismesinin odaginda
problem ¢ozme yeralmaktadir. Matematik programlarinin ayrilmaz parcasi olan sozel
problemler ise Ogrencilerin varolan bilgi ve beceri birikimlerini uygulama firsati
yakaladiklar1 ve yeni kavram ve becerilerin olugsmasina ortam hazirlayan bir arag
olarak kabul edilmektedir (Verschaffel, Greer, & De Corte, 2000). Matematiksel
sozel problemler iizerine yapilan ¢aligmalarin genellikle toplama ve c¢ikarmadan

olusan aritmetik konulari tizerine yogunlastiklar1 goriilmiistiir.

Matematik kendi i¢inde anlam biitiinliigii olan iliski ve Oriintliler agindan olusan
kiimulatif bir disiplindir. Anlamli bir matematik Ogretimi, yeni kavram ya da
becerinin varolanlarin iizerine kurularak ve onlarla iligkilendirilerek 6grenilmesini
gerektirir. Bu baglamda, 6grencilerin 6nceden 6grendigi kavram ve becerilerin ileride
ogrenecekleri tizerindeki olumlu etkisi olduk¢a aciktir. Alan yazinda yapilan
caligmalarda da, matematik bilgi dagarcigr iliski ve oriintiiler iizerine yapilandirilmis
bir 68rencinin, hem bu bilgileri hafizasina kodlamas1 ve gerekli kosullarda hatirlama
ve uygulamaya sokma siirecinin kolaylastigindan hem de daha st diizeyde bir

O0grenmenin gerceklestiginden bahsedilmistir.

Olgme konusunda yapilan ¢alismalardan ¢ikan ortak sonuglardan biri de, uzunluk
Olcilerine ait kavram ve becerilerin, alan ve hacim olcilerini anlayabilmek igin
gerekli 6n 6grenmeyi olusturdugu yoniindedir. Bu nedenlerle, dgrencilerin énceden
ogrendigi kavramlar ve beceriler, ileride 6grenecekleri yeni bilgilerin kavranmasinda

onemli etkenlerden birisidir.
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Matematik 6gretimin daha anlamli ve kalict olmast i¢in onerilen diger bir yolda
Ogretimin materyal kullanimiyla zenginlestirilmesidir. Yapilan arastirmalar,
matematik derslerinde materyal kullanimini destekleyen sonuclar ortaya koymustur
(Bohan & Shawaker, 1994; Sowell, 1989). Clements’in yaptigi bir arastirmada
(1999), matematik derslerinde materyal kullanilan &grencilerin genel anlamda
materyal kullanilmayan smiftaki 6grencilere goére daha basarili olduklar1 goriilmistiir.
Ayrica, cetvel, atag, birim kiipler, birim kareler, gibi materyallerin kullanimi hemen
hemen her matematik programmnin O6lgme konu alanina 06zgli ayrilmaz

parcalarindandir.

Diger bir yandan, matematik egitiminde cinsiyet degiskenin Ogrenci basarisinda
onemli bir faktdr oldugu uzun yillardir ileri siiriilen ve tartisilan bir konudur. Leder,
(1985), Peterson ve Fennema (1985; aktaran Alkhateeb, 2001), cinsiyete bagh
matematik basarisinda gozlenen farkliligin ilkogretim siiresinde ¢ok acik ve net
olmadig1, fakat ilerleyen yillarda kizlarin matematik basarisinda erkeklerin gerisinde

kaldiklarini ifade etmislerdir.

Son yillarda bu alanda yapilan calismalarin farkli sonuglara ulasildig: goriilmektedir.
Ornegin, PISA-2003’ten elde edilen veriler (Guiso ve dig., 2008), matematik
basarisinda erkeklerin kizlara gore daha yiiksek puanlara sahip oldugunu gosterirken,
Aksu (1997), Hyde ve Linn (2006) tarafindan yapilan arastirmalarin sonuglari
matematik basarisinda cinsiyete gore anlamli bir fark olmadigim gostermistir. Olgme
konusuna yonelik yapilan bu calismada cinsiyetin de bir degisken olarak ele

alinmasinin alan yazini a¢isindan énemli oldugu diisiiniilmektedir.
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Calismanin Amaci

Bu calismanin amaci, devlet ilkogretim okullarinin 6. simiflarinda 6grenim goéren
ogrencilerin uzunluk, alan ve hacim o6lgme konularindaki kavramsal ve iglemsel
bilgilerini ve sozel problemleri ¢dozme becerilerini cinsiyet, onceki ddéneme ait
matematik dersi basaris1 (5.smif) ve materyal kullami degiskenlerine gore

arastirmaktir. Bu dogrultuda asagidaki alt problemlere cevap aranmustir:

1. Altinci simf dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve Sozel
Problem Testindeki genel basar1 diizeyleri nasildir?

1.1. Altincr smif dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve
Sozel Problem Testindeki uzunluk 6l¢gmeye ait bagart diizeyleri nasildir?

1.2. Altincr siif dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve
So6zel Problem Testindeki alan 6lgmeye ait basar1 diizeyleri nasildir?

1.3. Altincr smif dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve
Sozel Problem Testindeki hacim dlgmeye ait basar1 diizeyleri nasildir?

2. Altinc1 simif &grencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve Sozel
Problem Testindeki genel basar1 diizeyleri arasinda anlamli bir iligki var midir?

2.1. Altinct siif dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve
Sozel Problem Testindeki uzunluk 6lgmeye ait basar1 diizeyleri arasinda
anlamli bir iligki var midir?

2.2. Altinct siif dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve
S6zel Problem Testindeki alan Olgmeye ait basar1 diizeyleri arasinda
anlaml1 bir iligki var midir?

2.3. Altinc1 sinif dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve
So6zel Problem Testindeki hacim GSlgmeye ait basar1 diizeyleri arasinda
anlamli bir iliski var midir?

2.4. Altinc1 sinif dgrencilerinin Kavramsal Bilgi Testi, islemsel Bilgi Testi ve
Sozel Problem Testindeki her bir 6lgme alanina (uzunluk, alan, hacim) ait

basar1 diizeyleri arasinda arasinda anlamli bir iliski var midir?
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3. Altinc1 simif dgrencilerinin Kavramsal Bilgi Testi, islemsel Bilgi Testi ve Sozel
Problem Testindeki genel basar1 diizeyleri cinsiyet faktorii agisindan anlamli bir
fark gostermekte midir?

4. Altinc1 simf dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve Sozel
Problem Testindeki genel basar1 diizeyleri 6nceki doneme ait matematik dersi
basarisina (5. sinif) gore anlamli bir fark gostermekte midir?

5. Altinc1 simif dgrencilerinin Kavramsal Bilgi Testi, islemsel Bilgi Testi ve Sozel
Problem Testinde uzunluk, alan ve hacim 6l¢me konularina iliskin ortak hatalari
nelerdir ?

6. Olgme konusunun dgretiminde siklikla kullanilan materyaller nelerdir?

6.1. Olgme konusunun dgretiminde materyal kullanimi kim tarafindan

yapilmaktadir?

6.2. Altinc1 sinif dgrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve
Sozel Problem Testindeki genel basari diizeyleri ile 6lgme konusunun

ogretiminde kullanilan materyaller arasinda anlamli bir iligki var midir?
Cahsmanin Onemi

Matematigin, giinlik ve profesyonel yasamda yansimalarinin en somut olarak
gozlemlendigi alanlardan biri olan O6l¢gme konusunun kalici ve anlamli olarak
Ogrenilmesinin 6nemi olduk¢a agiktir. Bu baglamda, 6grencilerin uzunluk, alan ve
hacim Olgme konularindaki kavramsal ve islemsel bilgilerini ve sézel problemleri
¢cozme becerilerini aragtirmayir amaglayan bu c¢alismanin bulgulari, bir ¢ok agidan

deger tasimaktadir.

Matematik egitimi alaninda yapilan ¢alismalarin ortak konu alani sayilar, dort islem,
kesirler ve geometri olarak karsimiza ¢ikmaktadir. Olgme, matematik programlarinin
ayrilmaz bir pargasi olmasina ragmen, diger konu alanlarmma gore arka planda

kalmaktadir.
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Ayrica, Tiirkiye’de 6lgme konusundaki arastirmalar olduk¢a nadir olup, yapilan bu
caligmanin bir benzerine rastlanmamistir. Bu baglamda, uzunluk, alan ve hacim
Olciileri konularinda 6grencilerin hem kavramsal ve islem bilgilerinin hem de sézel
problemleri ¢ozme becerilerinin bir biitiin olarak incelenmesi ile hem smirli olan
literatiire katkida bulunulacagina hem de bu alanda yapilacak olan diger ¢alismalara

onciiliik edecegine inanilmaktadir.

Diger yandan, elde edilen bulgularin 1s1nda, 6l¢gme konusunda 6grenci eksikliklerinin
ve olast nedenlerinin belirlenmesi ve bunlarin giderilmesine yonelik onerilecek farkli
yaklagimlar ile ilkogretim matematik programina, Ogretime ve Ogretmenlere

geribildirimler saglanmasinda yardimci olacagi diisiiniilmektedir.
LITERATUR TARAMASI
Matematik Egitimde Kavramsal ve Islemsel Bilgi

Matematik egitimde, kavramsal ve islemsel bilgi O6grencinin hem matematigi
anlamasinda hem de matematiksel islemlerde yetkinlik kazanmasindaki en temel
ogeler arasinda goriilmektedir (Hiebert & Carpenter, 1992; Rittle-Johnson & Alibali,
1999). Matematikte basarili olmanin kaynaginda, Ogrenilen bir kavramin ya da
islemin igsellestirmesi ve bunlar arasinda anlamli baglarin kurulmasi yer almaktadir.
Bu baglamda, sadece kavramin anlamini bilmek ya da islemi dogru olarak
sonug¢landirmak, matematigin kalici ve anlamli olarak 6grenildigini gostermez, bu

nedenle kavramlar ve islemler arasindaki bagin mutlaka kurulmasi gerekmektedir.

Islemsel bilgi, dgrencilerin matematiksel hesaplamalar1 ve islemleri etkin ve dogru
olarak tamamlamasina yardimci olur. Ayrica, daha Onceden alistirma ve ezber
yoluyla mekaniklesmis islem bilgisi, 6grencinin daha hizli ve kolay sekilde verilen
matematiksel hesaplamayr tamamlamasini saglar (Hiebert & Carpenter,1992).
Islemleri dogru olarak yapma becerisi mutlaka o islemin ardindaki kavramsal

temelleri bilmeyi gerektirmesede, aralarindaki iliskinin farkina varilmasiyla
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kazanilmis matematiksel bilginin kalici ve anlamli 6grenmeyi en {ist seviyelere
tasiyacagl bir¢cok egitimci tarafindan vurgulanan bir gercektir (Baroody, 2003;
Hiebert & Lefevre, 1986; Star, 2005). Diger bir yandan, kavramsal temeller {izerine
kurulmug islemsel bilgi, Ogrencinin sembolleri, formiilleri ve/ya kurallar
anlamlandirmasina, daha da Onemlisi, rutin olmayan bir problemin c¢ozlime
ulastirilmasinda en uygun islem ya da formiilii se¢ip uygulamasma yardimci olur.
Ilgili alan yazm incelendiginde, kavramsal ve islemsel bilgi arasindaki iliskiye
yonelik farkli argiimanlara rastlanmistir. Ornegin, Inaktivasyon goriisiinii
(Inactivation view) benimseyen bazi arastirmacilar Nesher (1986), Resnick ve
Omanson (1987) bu iki matematiksel bilgi arasinda higbir iligskinin olmadigin1 ileri
surerken, Rittle-Johnson, ve digerleri (2001) tarafindan onerilen Tekrarli/Otelemeli
Model’de (Iterative model) kavramsal ve islemsel bilgi arasinda ¢ift yonlii ve

nedensel bir iliskiden s6z edilmektedir.
Uzunluk, Alan ve Hacim Olgme

Matematik programlarinin en temel konu alanlarindan biri olan 6lgme bir ¢oklugun
miktarmnin belirlenmesi ihtiyacindan dogmustur (Kilpatrick, ve dig., 2001). Olgme
‘bir nitelikte, birim kabul edilen bir miktardan ka¢ tane oldugunun saptanmasi isidir’
(Baykul, 1999) ve bu siiregte, 6grencilerin sonuca ulasabilmesi birden ¢ok karar
vermesi gerekir. Oncelikle belirlenmesi gereken bir nesnenin hangi niteliginin
Olciilecegine karar verilmesi gerekir. Daha sonra, nasil ya da hangi yolla bu 6zelligin
Olclilmesi belirlenmelidir. Son olarak, Slgiilen niteligin ayni nitelikten birim kabul

edilen miktar ile karsilagtirilarak 6l¢iim sonucunun yorumlanmasi gerekmektedir

(Van de Walle, 2007; Wilson & Rowland, 1992).

Lehrer’e gore (2003; s.181), 6lgme siirecini anlamak ve 6lgme isini dogru olarak
yapabilmek icin gerekli temeller sunlardir: birim ve 6l¢iilecek nitelik arasindaki iliski,
Oteleme, kaplama/yanyana koyma, esit/6zdes birim kullanma, standartlagsma,

orantililik, toplanirlik ve baslangic noktasi. Bunlara ek olarak, korunum, geg¢islilik,
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karsilastirma, Olgiilecek nitelige uygun arag segme gibi beceri ve/ya kavramlarinda
kazanilmis olmasi gerekmektedir (Barrett, ve dig., 2003; Grant & Kline, 2003;
Stephan & Clements, 2003). Literatirde 6lgme konusuna ait genel temellere ek
olarak, uzunluk, alan ve hacim Olgmeye ait Ozel kavram ve beceriler de
tanimlanmistir. Uzunluk 6lgmenin anlamli olarak 6grenilebilmesi igin kazanilmasi
gereken temeller korunum, gegislilik, orantililik, yigilarak/birikerek ilerleme, birim
Oteleme ve sayr ve Olgme arasindaki iligki olarak nitelendirilmistir. Stephan ve
Clements (2003) alan 6l¢me icin temel teskil eden kazanimlari, esit boliim/bolmelere
ayirma, birim 6teleme, korunum ve dizi yapisi (satir/siitun) olarak belirtmistir. Ben-
Haim, Lappan, ve Houang (1985) ve Battista’ya (2003) gore, hacim 6l¢gmenin anlaml
olarak 6grenilmesi i¢in temel olusturan kavramlar uzamsal gorsellestirme, korunum

ve dizilerin anlamli siralanmasi olarak tanimlanmustir.

Alan yazininda yapilan caligmalarda, 6grencilerin 6lgme konusuna ait kavram ve
becerilerin 6grenilmesi siirecinde ciddi giicliikkler yasadiklarimi ve bu giicliiklerin
Ozellikle uzunluk, alan ve hacim OJlgme boyutunda karsilasildigini ortaya
koyulmustur. Bu gii¢liiklerin ardinda yatan en 6nemli etkenin ise 6lgme konusuna ait
kavramsal bilginin tam olarak ogretilmeden islemsel bilgiyi 6n plana ¢ikaran bir

Ogretime yogunlasilmasi olarak tanimlanmistir.

Gegmis arastirmalardan elde edilen bulgularda uzunluk 6lgme ile ilgili 6grenci
hatalari, cetvel ile Olglim yaparken sifir yerine bir sayisini baslangic olarak kabul
etme, cetvel ve oOlglilecek uzunlugu dogru olarak ayarlayamama, cetvel iizerindeki
sayilar1 sayma, uzunluk oOlcii birimlerini diger 6l¢ii birimleri ile karigtirma, alan ve
cevre kavramlarini birbiriyle karigtirma vb. olarak goézlemlenmistir. Alan 6lgme
konusunda Ogrencilerin  6grenmekte zorluk ¢ektigi kavram ve beceriler; alan
korunumu, uzunluk 6l¢ii birimleri ile alan kavrami arasindaki iliski, alan kavramimnin
iki boyutlu yapiya sahip olmasi, alan ve ¢evre kavramlart ve bunlara ait formiilleri

birbiri ile karigtirma olarak bulunmustur.
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Uc  boyutluluk, uzamsal yapilandirma, gorsellestirme gibi  dzelliklerin
koordinasyonunu gerektiren hacim 6l¢gme, alan yazininda 6grenme zorluklarinin en
cok karsilasildigi diger bir konu alani olarak karsimiza ¢ikmaktadir. Hacim 6lgmeyi
ogrenirken ne gibi zorluklarla karsilastiklarina iliskin yapilan onceki arastirmalarda,
ogrencilerin hacim kavraminin ii¢ boyutluluk 6zelligini tam olarak kavrayamadiklari,
birim kiiplerden olusan prizmalar icerisindeki birim kiipleri bulurken sadece goriinen
klpleri ya da kiip yiizeylerini sayarak hacim olarak adlandirmalari, dolayisiyla yiizey
alan1 ve hacim kavramlar1 arasindaki farki anlayamamalar1 ve bu iki kavrama ait
formiilleri karistirmalar1 olarak belirtilmistir. Alan yazinindaki bu bulgular 15181nda,
her alt boyuta ait kavram ve becerilere ve bunlar arasindaki iliskiye odakli 6grenme
yasantilart sunulmasi 6lgme konusunun tam ve anlamli 6grenilmesi i¢in en gerekli
kosullardan biri oldugu sonucuna ulasilabilir. Ayrica, uzunluk 6l¢menin diger alt
boyutlarin (6rn. Alan ve/ya hacim 6lgme) 6grenilmesinde olduk¢a 6nem tasidigi, bu
nedenle alan ve hacim 6l¢gme konularinin §gretiminde uzunluk 6lgmeye ait kavram ve
beceriler ile iligkiler kurarak ilerlenmesi gerektigi literatiirde vurgulanan diger bir

ayrintidir.
Matematik Egitiminde S6zel Problemler

Her matematik programinin ayrilmaz bir parcasi olan sozel problemlere iliskin
matematik egitimi alan yazininda bir¢ok c¢alismaya rastlanmistir. Elde edilen
bulgular, iyi yapilandirilmis bir sdzel problemin, sadece islemleri yapabilme becerisi
kazandirmanin ¢ok daha o6tesinde oldugunu, 6grencilerin sahip oldugu matematiksel
bilgi dagarcigi dogrultusunda farklt problem durumlarina gdére uygun stratejileri
secip, uygulamaya koyup dogru sonuca ulasabilmelerine olanak sagladigini ortaya
koymustur (Verschaffel et al., 2000). Diger bir degisle, 6grencilerin hem
matematiksel kavram bilgisi hem de islem bilgisinin gelismesinde ve daha kalici
olmasinda sozel problemler bir koprii gorevi {istlenir (Silver, 1986). Yapilan
calismalarda s6zel problemlerin farkli 6zellikleri ile 6grenci basarisi arasindaki

iliskiler incelenmistir. Ornegin, s6zel problemlerde kullanilan semantik yapmin daha
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acik ve anlagilabilir olmasi, 6grencilerin problemleri basariyla ¢dzmesini etkileyen
faktorlerdendir (Reusser & Stebler, 1997). Diger bir yandan, farkli yas gruplariyla
yapilan arastirmalardan elde edilen bulgular 6grencilerin sézel problemde verilen
bilgilerle ne istendigine dikkat etmeden islemler yaptiklarini, hatta ¢6ziimii olmayan
absurd problemleri bile ¢6zmeye calistiklarin1 gostermistir (Radatz, 1983, 1984;
aktaran Verschaffel et al., 2000; Moreau & Coquin-Viennot, 2003). Bunlara ek
olarak, ilkogretimden tiniversiteye farkli gruplarla yapilan ¢alismalarda, 6grencilerin
sayisal ya da denklem formatinda verilen sorulardaki basarilariyla s6zel problemleri
¢Ozme basarilar arasinda biiyiik farklar gézlemlenmistir. Diger bir degisle, 6grenciler
sayisal formatta hazirlanmis sorularda daha yiiksek basari gostermislerdir. Bu
sonuglardan hareketle, Ogrencilerin matematikle ilgili kavram ve becerilerinin
gelisimine katkida bulunan s6zel problemlerde basarili olabilmek icin problemin
anlagilmasi, verilen bilgilerin varolan matematiksel bilgi dagarcigi sayesinde
yorumlanip, istenen sonuca ulasmada kullanilmasi gereken islemlerin dogru olarak

yapilmas1 gerekir.

Matematik Egitiminde Cinsiyet Farki, Gecmis DOneme ait Matematik Yasantisi

ve Materyal Kullaniminin Ogrenci Basarisina Etkileri

Matematik egitimiyle ilgili yapilan caligmalarda, 6grencilerin basarisini etkileyen
bircok faktdr oldugu bulunmustur. Bu faktorler arasindan cinsiyet farki, gegmis
matematik yasantis1 ve materyal kullanimi yapilan bu arastirmanin degiskenleri

arasinda yeralmaktadir.

Literatiirde oldukca fazla calisilan konulardan biri olan matematik basarisindaki
cinsiyet farki arastirmalar1 genellikle erkeklerin daha basarili oldugunu destekler
niteliktedir (6rn. Hyde, Fennema & Lamon 1990; Reis & Park 2001). Fakat, son on
yilda varolan bu basar1 farkinin giin gectikge kapandigini gosteren sonuglar elde
edilmistir (Ercikan, McCreith, & Lapointe, 2005; Ding, Song,& Richardson, 2007).
Fennema ve Sherman (1978), Singh Kaeley (1995) ve Ding, ve arkadaglar1 (2007),
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erkekler ve kizlar arasindaki cinsiyet farki hakkinda kesin bir genellemede
bulunmanin neredeyse imkansiz oldugunu, ¢iinkii matematik basarisinda cinsiyet
farkinin, tutumlar, inaniglar, beceriler, 6gretim programi, 6gretmen, aile destegi, sozel
beceri gibi faktorlerle etkilesim icerisinde olabilecegini belirtmislerdir. Diger bir
yandan, yapilan ¢alismalarin ortak sonuglari gdzoniine alindiginda kizlarin genelde
sayilarla islem yapma, matematiksel sembolik iligkileri kullanma, algisal hiza yonelik
sorularda; erkeklerin ise problem ¢6zme, uzamsal gorsellestirme, geometri gibi
konularda daha basarili olduklar1 s6ylenebilir (Battista, 1990; Ben-Haim, et al., 1985,
Fennema & Carpenter, 1981; Lummis & Stevenson, 1990, Xu & Farrel, 1992,
aktaran Singh Kaeley, 1995). Tiirkiye’de yapilan ¢aligmalarin hemen hemen hepsi,
matematik basarisinda cinsiyetin etkili bir faktor olmadigi yonindedir (Aksu, 1997;
Bulut, Gur, & Sriraman, 2010).

Alan yazinda, matematigin kiimiilatif ve sarmal yapisiyla parallel olarak, 6grencilerin
gecmiste 6grendikleri kavram ve becerilerinin onlara gelecekteki 6grenmelerde temel
teskil edecegi bircok matematik egitimci tarafindan belirtilmistir. Yapilan ¢alismalar,
ogrencinin sahip oldugu matematiksel bilgisinin ileriki zamanda &grenecekleri
tizerinde pozitif bir iliski oldugunu kanitlamistir (Cooper ve Sweller, 1987; aktaran
Chinnappan, 2003). Kabiri ve Kiamanesh (2004) kaygi, tutum, kendine giiven gibi
faktorlerin ~ Ogrencilerin  matematik  basarisina  olan  etkisini  aragtirdiklari
calismalarinda, en yiiksek iliskinin gegmis matematik 6grenmeleri oldugu sonucunu
bulmuslardir. Aynmi1 sekilde, Pajares’in yaptigi ¢aligmalarda da (1996; Pajares &
Kranzler 1995; Pajares & Miller, 1994) ge¢mis matematik bilgisi 6grencinin
gelecekteki basaris1 hakkinda en giiglii yordayicilardan biri olarak karsimiza

cikmaktadir.

Yapilan bu c¢alismanin degiskenlerinden sonuncusu olan materyal kullanimi
konusunda literatlirde olduk¢a fazla arastirma vardir. Bu arastirmalarin ¢ogunlugu,
matematik derslerinde materyal kullanimi1 ile 6grenci basarisi arasinda pozitif bir

iliski oldugunu ortaya koymustur. Kesirler, geometri, sayilar gibi konularin
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ogretiminde materyal kullanimi iizerine yapilan calismalarda, materyal kullanim ile
desteklenmis Ogrenme ortamlarinda Ogretim goren Ogrencilerin, materyalsiz
siniflardakilere gére daha basarili olduklar1 bulunmustur (Clements, 1999; Cramer,

Post, & delMas, 2002).
YONTEM

Bu caligmayla, ilkdgretim 6. smif Ogrencilerinin uzunluk, alan ve hacim dlgme
konularindaki kavramsal ve islemsel bilgilerini ve sozel problemleri ¢6zme

becerilerini arastirmak amag¢lanmuistir.
Arastirma Grubu

Arastirma, Ankara ilinin 4 farkli merkez ilgesinde yer alan 6 devlet ilk6gretim
okulunda 6grenim goren 6. sinif dgrencileriyle gergeklestirilmistir. Arastirma grubu,
amaclt orneklem yontemiyle, Ankara ilinde yer alan okullarin 2006 yilina ait
Ortadgretim Kurumlar1 Ogrenci Segme Smavi (OKS) Matematik puan ortalamasi

temel alinarak olusturulmustur. 2006 OKS’ye katilan devlet ilkdgretim okullarinin
matematik puanlar1 en yiiksekten (Y: 9.30), en diisiige (Y = -3) dogru siralanmistir.
Bu siralama kendi i¢inde yuksek (Y: 9.30- 5.20 aras1 okullar), orta (Y =5.19-1.10

arast okullar) ve diistik (Y= 1.09 - (-3) arast okullar) olmak tiizere gruplanmustir.
Okul mevcudu (1000-2000) ve okulun bulundugu ilge dikkate alinarak, her diizeyde
basar1 gosteren okullar arasindan 2 tane okul olmak {izere toplamda 6 okul secilmistir
ve bu okullarda 6grenim goren 6. simif Ogrencileri (N = 445) caligmaya dahil
edilmistir. Arastirma grubunu olusturan okullara iliskin bilgiler Tablo 1’de

sunulmustur.
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Tablo 1

Aragtirma Grubunu Olusturan Okullara ait Bilgiler

Basari seviyesi Segilen OKS 2006 Merkez Okul Katilan 6.s1mnif
Okullar Matematik puan Ilgeler Mevcudu  Ggrenci sayist
ortalamasi
Yiksek X School 7.27 Cankaya 1077 81
Y School 6.65 Cankaya 1099 81
Orta Z School 451 Yenimahalle 1073 83
F School 331 Kecioren 1056 67
Diisiik L School 0.59 Kecioren 1010 50
K School -0.58 Altindag 1000 83

Calismaya katilan 445 altinc1 simif d6grencisinden, 203’1 (% 45.6) erkek, 242’si (%
54.4) kizdir. Ogrencilerin yaslar1 on bir ile on dort arasinda degismektedir ve 87%’lik
kismi on iki yasindadir. Gegmis matematik basarilari, yani besinci simif matematik
dersi karne notlar1 incelendiginde, 18’1 diisiik, 159’u orta ve 268’ yiksek seviyede

basarilidirlar.
Veri Toplama Aracglan

Calismada veri toplamak amaciyla 4 farkli ara¢ kullanilmistir. Bunlardan ilki,
aragtirmaci tarafindan gelistirilen Ogrenci Anketidir (OA). Bu anketin amaci1 hem
Olciiler konusunun 6gretiminde materyal kullanimi hakkinda veri toplamak hem de
yas, cinsiyet, besinci sinif matematik dersi karne notu gibi Ogrencilerin kisisel

bilgilerine ulagmaktir.

Calismada kullanilan diger bir veri toplama araclari ise Kavramsal Bilgi Testi (KBT),
Islemsel Bilgi Testi (IBT) ve Sozel Problem Testidir (SPT). Her test icin hazirlanan
sorularda, ilgili literatirde vurgulanan 6lgme konusuna ait kavram ve beceriler,
ogrenci hatalar1 ve matematik programinin 7.simifa kadar olan uzunluk, alan ve hacim

Olgcme konularinin igerdigi kavram ve beceriler temel alinmistir. Testlerin kapsamini
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belirlemede oncelikle ilkogretim matematik programi, birinci siniftan, sekizinci sinifa
kadar olan kazanimlar uzunluk, alan ve hacim 6l¢gme konular1 a¢isindan incelenmistir.
Ogrencilerin uzunluk dlgme ile ilk kez tanistiklar1 siif seviyesinin birinci sinif, alan
Oleme ile {ciincii siif ve hacim 6lgme ile besinci sinif oldugu gdézlemlenmistir.
Birinci simiftan altinci sinifa kadar olan uzunluk, alan ve hacim 6l¢me konularina ait
kazanimlar bu konularin temelindeki bilgi ve becerilerden olustugu, yedinci ve
sekinci siniflarda ise daha 6zel ve detayli hale geldigi goriilmiistiir. Calismanin temel
amaci Ogrencilerin uzunluk, alan ve hacim 6l¢gme konularina ait temel kavram ve
becerilerini farkli boyutlardan incelemek oldugundan, yedinci ve sekinzinci smif

konular1 testlerin kapsamina dahil edilmemistir.

Ogrencilerin uzunluk, alan ve hacim 6l¢gme konular1 hakkinda kavramsal bilgilerini
6l¢meyi amaclayan KBT’ nde toplam 16 soru yeralmaktadir, sadece 2 soru haricinde
tim sorular arastirmaci tarafindan gelistirilmistir. Toplam 20 sorudan olusan,
Ogrencilerin uzunluk, alan ve hacim 6lgme konusundaki islem becerisini 6lgmeyi
amaclayan IBT arastirmaci tarafindan gelistirilmistir. Sadece hesaplama yapmay:
gerektiren sorulardan olusmaktadir. Ogrencilerin uzunluk, alan ve hacim 6lgmeye
iliskin s6zel problemleri ¢ozme becerilerinin Olctildiigi test olan SPT’de toplam 20
sozel problem yeralmaktadir. Arastirmaci tarafindan gelistirilen bu testteki

problemler, IBT’ndeki sorularin sdzel problem haline getirilmis sekilleridir.

Testin kapsam gegerliliginin saglanmasi i¢in uzman goriislerinden, ilgili literatiirden,
ve ilkégretim matematik programi 1.- 6. sinif uzunluk, alan ve hacim 6lgme ile ilgili
kazanimlardan yararlanilmistir. Gelistirilen testler, 3 matematik dgretmeni ve 5 alan
uzmanina verilerek, hem kapsam hem de goriiniis gegerliligi agisindan degerlendirme

yapmalari istenmistir.

Arastirma grubu se¢iminde kullanilan temel kriterler (OKS-2006 Matematik puan
ortalamasi ve okul mevcudu) dogrultusunda Ankara ili merkez ilge okullar1 arasindan

secgilen bir ilkdgretim okulunun tiim 7. siniflarinda 6grenim goéren 134 6grencinin
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katilimiyla tiim veri toplama araglarinin pilot uygulamasi yapilmistir. Elde edilen
verilerle, testlerin giivenirligi Kuder-Richardson-21 formiilii kullanilarak hesaplanmig
ve giivenilirlik katsayis1 KBT igin .87, IBT igin .88 ve SPT igin .89 olarak

bulunmustur. Tablo 2’de veri toplama aracglarina iliskin detayl bilgi verilmistir.

Tablo 2
Veri Toplama Araglari
KBT IBT SPT OA
Toplam soru sayis1 16 20 20 27
Toplam alt soru say1si 50 - - -
Acik uglu, Agik uglu Acik uglu, Kisisel bilgi
Soru tiri eslestirme, ¢oktan Likert tipi
se¢meli, kisa
cevapl
Test Siresi 40-45 dak. 35-40dak.  40-45dak. 10 dak.
Toplam puan 50 20 20 -

Milli Egitim Bakanligi ve ODTU Etik Kurulu’ndan gerekli izinler alindiktan ve
secilen okullarda uzunluk, alan ve hacim 6lgme konularinin 6gretiminin bitmesinin
ardindan, asil uygulama Mayis-Haziran 2008 tarihlerinde arastirmaci tarafindan
yapilmigtir. Veri toplama araglarinin aym1 anda uygulanmast hem 06grencileri
yoracagindan hem de alinacak sonuglari1 olumsuz yonde etkileyebileceginden, farkli

giinlerde uygulanmustir.

Testlerin puanlandirilmasinda, 3 alan uzmaninin goriisleri dahilinde hazirlanan cevap
anahtart kullanilmistir. Veriler, her dogru cevap ‘1’ ve her yanlig cevap ‘0’ seklinde
olmak iizere PASW programima aktarilmistir. Elde edilen veriler betimsel ve
yordamsal istatistik (Coklu Varyans Analizi-MANOVA) yontemleri kullanilarak
analiz edilmistir. Ogrencilerin testlerde yaptiklar1 hatalar1 degerlendirmek amaciyla,
arastirmaci tarafindan literatiirde bulunan hatalar dahilinde hazirlanan bir yonerge
kullanilmistir. Bu yonerge dogrultusunda, her bir test sorusu tek tek incelenip,

kategorize edilmistir. Son olarak, ilkogretim 6.siif 6grencilerinin uzunluk, alan ve
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hacim 6lgme konularindaki kavramsal ve islemsel bilgileri ve sozel problemleri
¢6zme becerilerinin incelendigi bu calisma, 6érneklemi ve veri toplama araglarindan

elde edilen bulgular ile sinirlidir.
BULGULAR

Toplam 445 altinc1 smif 6grencisinin katilimiyla gergeklesen ve dort farkli veri
toplama aract yoluyla toplanan verilere ait istatistiksel c¢oziimlemeler arastirma

sorular1 dogrultusunda verilmistir.

Altinci Sunif Ogrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve Sozel

Problem Testlerindeki Performanslart

Calismanin basinda saptanan ilk arastirma sorusu Ogrencilerin her testteki genel

basar1 diizeyini belirlemeyi amaglamaktadir. Betimsel analiz sonuclarina gore,
Ogrencilerin testlerden aldiklar1 ortalama puanlar oldukc¢a diisiiktiir (Y ket = 19.6,

SDwar = 9.2; X jr = 8.3 SDjzr = 4.7; X gor = 7.7, SDspr = 4.8). Bulgular, basari
oraninin SPT’de %38.5 (7.7/20 = .38.5) ; KBT de %39 (19.6/50 = .39) ve PKT’de ise

%41.5 oldugunu gostermistir.

Olgmenin alt boyutlarindaki égrenci performansina ait analiz sonuglarinda en yiiksek
basar uzunluk olctlerinde (X wgr = 12.2, SDyar = 4.6; X jzr = 4.7, SDjzr = 1.7;
X spr = 4.4, SDspr = 2); en diisiik basari ise hacim 6lgmede (X xer = 2.7, SDyar =

2.5: X 5y =15, SDjgr = 1.7; X spr = 1.5, SDspr = 1.7) gbzlemlenmistir.
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Altinct Siif Ogrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve Sozel

Problem Testlerindeki Performanslart Arasindaki Iliski

Ogrencilerin her ii¢ testte gosterdigi performanslar arasinda anlamli bir iliski olup
olmadig: ikili korelasyon (bivariate correlation) analizi kullanilarak test edilmistir.
Elde edilen Pearson korelasyon katsayisi degerlerine gore, testler arasinda istatiksel
olarak anlaml1 ve pozitif bir iliski vardir (Fr.ser =.84, p < 0.5; rear.spr =73, p < 0.5;
rker.sr =. 70, p <0.5).

Ogrencilerin KBT, IBT ve SPT’ndeki uzunluk, alan ve hacim &lgmeye ait
performanslari  arasindaki iliskinin tesbit edilmesi i¢in ikili korelasyon analizi
kullanilmistir. Bulgular, o6grencilerin her bir 6lgme alanma ait her bir testte
gosterdikleri performans arasinda anlamli ve pozitif bir iliski oldugunu gostermistir.
Uzunluk 8lgme alaninda &grencilerin IBT ve SPT’ndeki performanslari arasindaki
iliski r = .71, p <0.5; SPT ve KBT arasindaki iligski r = .59, p <0.5; IBT ve SPT
arasindaki iliski ise r = .56, p < 0.5 olarak bulunmustur. Alan 6l¢gme boyutunda
Ogrencilerin IBT ve SPT’ndeki performanslari arasindaki iligki r = .75, p <0.5; SPT
ve KBT arasindaki iligski r = .54, p <0.5; IBT ve SPT arasindaki iliski ise r = .82, p
< 0.5 olarak bulunmustur. Hacim 6lgmede ise Ogrencilerin IBT ve SPT’ ndeki
performanslari arasindaki iliski r = .82, p < 0.5; SPT ve KBT arasindaki iligki r =
.61, p<0.5; IBT ve SPT arasindaki iliski ise r = .61, p < 0.5 olarak bulunmustur.

Ikili korelasyon analizinden elde edilen diger bir sonug ise, altinci smif égrencilerinin
KBT, IBT ve SPT’ndeki her bir 6lgme alanmna (uzunluk, alan, hacim) ait
performanslar1 arasinda istatiksel olarak anlamli bir iliskinin olmasidir. Ogrencilerin
KBT’nde uzunluk ve alan 6l¢gme performanslari arasindaki iliski r = .62, p < 0.5;
uzunluk ve hacim 6lgme performanslar1 arasindaki iliski r = .64, p < 0.5; alan ve
hacim &lgme arasindaki iliski r = .61, p < 0.5 olarak bulunmustur. IBT’nde
ogrencilerin uzunluk ve alan 6lgme performanslart arasindaki iligki r = .64, p < 0.5;

uzunluk ve hacim 6lgme performanslar1 arasindaki iliski r = .56, p < 0.5; alan ve
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hacim 6lgme arasindaki iliski r = .73, p < 0.5 olarak bulunmustur. SPT’nde ise
Ogrencilerin uzunluk ve alan 6lgme performanslari arasindaki iligki r = .60, p < 0.5;
uzunluk ve hacim 6lgme performanslar1 arasindaki iliski r = .59, p < 0.5; alan ve
hacim Glgme arasindaki iligki r = .77, p < 0.5 olarak bulunmustur. Cohen’e gore
(1988), analiz sonucunda bulunan Pearson korelasyon katsayisi degerlerinin tiimii

oldukca gucll ve pozitiftir.

Altinct Siif Ogrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve Sozel
Problem Testlerindeki Genel Performanslarinda Cinsiyet ve Onceki Doneme ait

Matematik Dersi Basari Notunun Etkisi

Ogrencilerin testlerdeki performanslarinda cinsiyet ve dnceki déneme ait matematik
dersi basar1 notunun (ODMB) etkisi Coklu Varyans Analizi (MANOVA) kullanilarak
test edilmistir. Degiskenlere ait alt boyutlarin farkli sayilarda olmasi nedeniyle
(unequal sample size in cells), Wilk’s Lamda yerine Pillai’s Trace test sonuglari
kullanilmistir (Field, 2009; French, & Poulsen, 2008; Tabachnick & Fidell, 2007).

Ogrencilerin testlerdeki performanslar1 cinsiyet degiskeninden etkilenmemektedir.
Yani erkek ve kiz 6grencilerin testlerden aldiklar1 puanlar arasinda anlamli bir fark
yoktur (Pillai’s Trace =.008, F (3,437) = 1.22, p > .05). Ancak, ogrenci
performanslar1 dnceki doneme ait matematik dersi basari notuna gore anlamli olarak
farklilik gdstermektedir (Pillai’s Trace=.104, F (6,876) = 8, p < .05, kismi #° = .052).
Anlamli bulunan c¢oklu varyans analiz sonuglar1 dogrultusunda, tekli varyans
(univariate) analiz sonuglari da incelenmistir. Elde edilen bulgular, 06grenci
performansinin her bir test i¢in dnceki doneme ait matematik dersi bagari notuna gore
anlamli olarak degistigini gostermistir (Fxgr (2,439) = 14.46, p <.017, kismi 772 =.062;
Fisr (2,439) = 22.1, p <.017, kismi #°=.091; Fspr (2,439) = 21.9, p <.017, kismi

712:.091). Coklu ve tekli varyans analiz sonuglar1 Tablo 3’te verilmistir.
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Tablo 3
Coklu ve Tekli Varyans Analiz Sonuglari

ANOVA

MANOVA KBT iBT SPT
Cinsiyet V=01, F(3,437)  F(1,439)=.87 F(1,439)=.63 F(1,439)=.009
ODMB V=10, F(6, 876)*  F(2,439)=14.46** F(2,439)=22.10%* F(2,439)=21.90**

Not. ODMB:Onceki doneme ait matematik dersi basar1 notu.
F degerleri Pillai’s Trace test sonuglaridir.

*p<.05, **p<.017 (Bonferroni uyarlamasi)

Ayrica, Post hoc Scheffe's test sonuclarma gore, Ogrencilerin testlerdeki
performanslari onceki doneme ait matematik dersi basari notu diizeylerine gore
anlaml olarak farklilik gostermektedir. Tablo 4’te de goriildiigii gibi, hem diisiik ve
yiiksek basarili, hem de orta ve yiiksek basarili 6grencilerin testlerdeki performanslari

arasinda anlamli bir fark gézlemlenmistir.

Tablo 4
Post hoc Scheffe's Test Sonuglar

Altincr Sinif Ogrencileri

Disuk (1) Orta  (2) Yiksek (3)
M SD M SD M SD Post hoc

KBT 11.9 5.1 154 7.6 205 9.2 3>1, 3>2

IBT 45 35 5.2 3.9 9 4.6 3>1, 3>2

SPT 2.9 2.9 4.8 4 8.3 4.8 3>1, 3>2
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Altinci Sinif Ogrencilerinin Kavramsal Bilgi Testi, Islemsel Bilgi Testi ve Sozel
Problem Testlerindeki Uzunluk, Alan ve Hacim Ol¢me Konularindaki Ortak

Hatalar

Caligmaya katilan ogrencilerin testlerdeki sorulara verdikleri yazili cevaplar
incelendiginde, yapilan hatalarin oldukga genis bir boyuta yayildigi gorilmiistiir.
Diger bir degisle, 6grencilerin bu 6lgme alanlarina ait kavram ve becerileri tam olarak
i¢sellestiremediklerinin gostergesi olan kirik cetvelin uzunlugunu bulurken, cetvel
Uzerindeki sayilar arasindaki bosluklar1 saymak yerine sadece sayma, bir cismin
disin1 kaplayan kagit miktarinin o cismin hacmine esit oldugu yargisi gibi birgok hata

ile karsilmistir.

Uzunluk 6lgmede alaninda belirlenen 6grenci hatalari sdyle 6zetlenebilir: cetvel ile
yapilan Ol¢iimlerde 1 sayisindan baglamak, metre birimi kullanilarak verilen bir
nesnenin santimetre birimli bir cetvel ile Olglilemeyecegi kanisi, pargalara ayirilip,
ayni pargalar kullanilarak yeniden olusturulan bir seklin ¢evresinin degismeyecegi
yargist, noktali kagida ¢izilmis bir seklin ¢evresini bulmak i¢in birim kareleri sayma,
cevre yerine alan formiilii kullanma, dikdortgen seklindeki bir seklin ¢evre formiiliinii
(at+b) seklinde kullanma, tiim cetvellerin uzunlugunun 30 cm oldugu kanisi, alan 0l¢U
birimlerini kullanma. Diger bir yandan, alan Ol¢gme sorularmna verilen yazili
cevaplardan ortaya ¢ikan bazi hatalar sOyledir: alan formiilii yerine ¢evre formiili
kullanma, bir seklin alaninin pargalara ayrilip tekrar birlestirilmesi sonucunda alanin
degistigi kanisi, uzunluk ya da hacim 6l¢ili birimlerini alan i¢in kullanma, bir seklin
birden fazla yilizey alanina sahip oldugu yargisi, ylizey alani i¢in hacim formiili
kullanma, yiizey alaninin hacme bagh olarak degistigi kanisi, ylizey alan1 i¢in (a + b
+ ¢) formiiliini kullanma. Hacim 6lgmede ortaya ¢ikan Ogrenci hatalar1 arasinda
birim kiiplerden olusturulmus bir seklin hacmini bulmak i¢in sadece goriinen kiipleri
ya da kiip ylizlerini sayma, bir cismin boyutlar1 ile hacmi arasinda dogrusal bir

orantinin oldugu kanisi, hacim i¢in (a + b + ¢) formiiliinii kullanma yeralmaktadir.
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Olciiler Konusunun Ogretiminde Materyal Kullanimi

Ogrenci anketi yoluyla toplanan verilerin betimsel analizi sonucunda elde edilen
bulgular, olgiiler konusunun O6gretiminde siklikla kullanilan materyallerin cetvel
(%98.2), birim kiipler (%65.4), izometrik kagit (%62.5), noktali kagit (%60.9) ve
geometri seritleri (54.9) oldugunu gosterirken, c¢ok kiipliller takimi (%28.5), cok
kareliler takimi (%30.3), hacimler takimi (%37) ve oriintii bloklarinin (%37.6) nadir
olarak kullanilan materyaller oldugunu gostermistir. Ayrica, cetvel Ogrencilerin;
birim kiipler ise 6gretmenlerin 6lgme derslerinde siklikla kullandigi materyallerdir.
Bu sonuglara ek olarak, 6grencilerin en nadir olarak kullandig1 materyal ¢ok kiipltler
takim1 (%10.5), 6gretmenlerin en az kullandigi materyal ise cetvel (%4) olarak

bulunmustur.

Yapilan bu ¢alismanin diger bir arastirma sorusu olan d6grencilerinin testlerdeki genel
basar1 diizeyleri ile 6lgme konusunun Ogretiminde kullanilan materyaller arasinda
anlamli bir iliski olup olmadigi iki serili korelasyon (Point-biserial correlation)

kullanilarak test edilmistir.

Analiz sonuglar1, 6grencilerin KBT’ ndeki performansiyla ¢ok kareliler takiminin
(rpp = .161, p < .05), tangramin (rpp = .137, p < .05), ¢ok kiipliiler takiminin
(rpp = .119, p <.05), hacimler takiminin (rpp = .144, p <.05), ve geometri seritlerinin
(rpp = 119, p < .05) kullanimi arasinda diisiik fakat anlamli bir iliski oldugunu
gostermistir. SPT’ndeki 6grenci basarisi ile anlamli iligkisi olan tek materyal cetvel
olarak bulunmustur. Fakat, ankette verilen 10 degisik materyalden hicbirinin
kullanim1 ve ogrencilerin IBT’ndeki performansi arasinda anlamli bir iliski

bulunamamustir.

268



TARTISMA

Bu calismayla 6. sinif 6grencilerinin uzunluk, alan ve hacim 6l¢gme konularindaki
kavramsal ve islemsel bilgiler ve so6zel problemleri ¢ozme becerileri farkli

degiskenler acisindan sinanmistir.

Elde edilen bulgular 1s18inda, Ogrencilerin testlerden aldiklar1 puanlar oldukca
diistiktiir. 50 puan {izerinden degerlendirilen KBT’nde, 6grencilerin aritmetik
ortalamast 19.5, 20 puan iizerinden degerlendirilen IBT nin aritmetik ortalamasi 8.3
ve 20 puan tlzerinden degerlendirilen SPT’nin aritmetik ortalamasi 7.7 olarak
bulunmustur. Bu sonugtan hareketle, calismaya katilan 6. smif O6grencilerinin
Ol¢menin ne anlama geldigini ve nasil dlgme yapilacagi hakkinda sahip oldugu
bilgilerin olduk¢a yetersiz oldugu goriilmiistiir. Sahip olunan bu ylizeysel bilgilerden
dolay1 da 6lgmeyle ilgili sozel problemlerin ¢oziimiinde zorluklar yasadiklar1 tespit
edilmistir. Alan yazinda yer alan bir ¢ok arastirma (Baroody, et al., 2007; Hiebert &
Lefevre, 1986; Gelman & Meck, 1986; Rittle-Johnson, et al., 2001; Silver, 1986)
matematiksel yetkinligin temelinde kavramsal ve islemsel bilginin oldugu ve bu
bilgiler arasindaki iligkinin kurulmasiyla neyin, nasil yapilacaginin nedenleriyle
O0grenmesini saglar ve bdylece, anlamli iligkilerle birbirine baglanan islemsel ve
kavramsal bilginin farkli problem ¢6zme durumlarinda etkin bir sekilde

kullanabilecegi vurgulanmastir.

Calismadan elde edilen diger bir sonug ise, en yliksek performansin uzunluk 6lgme
alaninda, en diisiik performansin ise hacim Olgme alaninda olmasidir. Bu sonug
[Ikdgretim Matematik Programmin yapisindan kaynaklanabilir. Programda, uzunluk
Olgme 1. smiftan, alan 6lgme 3. simiftan ve hacim O6l¢me 5. smiftan itibaren
Ogretilmeye baglanmaktadir. Dogal olarak, uzunluk 6lgmeye ait kavram ve beceriler,
alan ve hacim Olgmeye gore daha genis bir zaman diliminde 6grencilere
sunulmaktadir (Tan-Sisman & Aksu, 2009). Fakat, testlerin toplam puanlar1 ve

Ogrenci basarisina ait aritmetik ortalamalar karsilastirlldiginda, o6grencilerin
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performanslarinin ¢ok diisiik oldugu agikca goriilmektedir. Bu baglamda, altinci
sinifa kadar olan uzunluk, alan ve hacim 6lgme Ggretiminin 6grencilerin bu konu

alanlarina ait kavram ve becerileri kazanmasinda yetersiz oldugu soylenebilir.

Arastirmanin sonuglarindan ortaya ¢ikan diger 6nemli bir nokta ise, 6grencilerin her
lic testte gosterdigi performanslar arasinda anlamli ve pozitif bir iliskinin
saptanmadir. Diger bir degisle, dgrencinin KBT’nde aldigu puan artik¢a IBT ve
SPT’lerinden aldiklar1 puanlarda artmaktadir. Ayrica, dgrencilerin hem her testten
aldig1 her bir 6lgme alanina ait puanlar arasinda (6rnegin, 6grencinin KBT, IBT ve
SPT’nden aldig1 alan 6l¢gme puanlarindan biri arttik¢a digerleri de artmaktadir) hem
de bir testten aldig1 her O6lgme alanina ait puanlar arasinda (6rnegin, 6grencinin
IBT’nden aldig1 uzunluk, alan ve hacim 6lgme puanlarindan biri arttik¢a digerleri de
artmaktadir) giiclii ve pozitif bir iliski vardir. Elde edilen bu sonuglar, alan yazinda
rapor edilen bir ¢ok ¢alismanin bulgulariyla paralellik gostermektedir (Battista, 2003;
Curry, Mitchelmore, & Outhred, 2006; Hiebert & Carpenter, 1992; Kilpatrick, et al.,
2001; Lehrer, 2003; Nuhrenborger; 2001; Outhred & Mitchelmore, 2000; Star, 2000;
Stephan & Clements, 2003;).

Matematik basarisinda cinsiyet faktorii uzun yillardan beri arastirmalara dahil edilmis
degiskenler arasinda yer almaktadir. Alan yazinda, son 10 yilda rapor edilen sonuglar
erkek ve kizlar arasindaki cinsiyete baglh farkin giderek kapandigimi destekler
niteliktedir. Ozellikle ilkdgretim siirecinde cinsiyet faktdriiniin matematik basarisina
olan etkisinin agik ve net olmadigi, ortadgretim ya da iiniversite egitimi siirecinde bu
farkin daha belirginlestigi bir cok matematik egitimcisi tarafindan rapor edilmistir
(Leder, 1985; Peterson & Fennema, 1985; as cited in Alkhateeb, 2001). Turkiye’de
yapilan ¢aligsmalarin hemen hemen hepsi, matematik basarisinda cinsiyetin etkili bir
faktor olmadigi yoniindedir (Aksu, 1997; Bulut, Gur, & Sriraman, 2010). Bu
calismada ise, coklu wvaryans analizi sonuglarinda, Ogrencilerin testlerdeki
performanslarinin cinsiyet degiskeninden etkilenmedigi, yani erkek ve kiz

Ogrencilerin testlerden aldiklar1 puanlar arasinda anlamli bir farkin olmadigi
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goriilmiistiir. Bu baglamda, cinsiyete dair bulunan sonuclarin diger calismalarin
bulgulariyla paralellik tasidig1 sdylenebilir. Coklu varyans analizi sonuglarinda ortaya
c¢ikan diger bir bulgu, 6grencilerin 6nceki doneme ait matematik dersi basar1 notunun,
onlarin KBT, IBT ve SPT’lerinde gosterdikleri performanslari anlamli 6lciide
farklilagtirdigin1 gostermistir. Bu sonug, matematigin sarmal ve kiimiilatif yapisinin
bir kanit1 olarak yorumlanabilir. Elde edilen bu anlamli fark ayni1 zamanda uzunluk,
alan ve hacim 6l¢gme konulariin sadece birbiriyle degil, diger konularla olan siki
iliskisinin de bir gostergesi olarak algmalabilir. Ilgili literatiir incelendiginde, hem
Turkiye’de hem de yurt disinda yapilan caligmalarda da Ogrencilerin gegmiste
ogrendikleri bilgi ve becerilerinin yeni 6grenecekleri konulara temel olusturdugunu
destekleyen sonuglar bulunmustur (Aksu, 1997; Bragg & Outhred, 2000; Battista,
2003; Kabiri & Kiamanesh, 2004; Pajares & Kranzler 1995; Pajares & Miller, 1994).

Ogrencilerin KBT, IBT ve SPT’lerindeki sorulara verdikleri yazili agiklamalar
incelendiginde, uzunluk, alan ve hacim konularinda olduke¢a kisith ve yiizeysel bilgi
ve becerilere sahip olduklari goriilmiistiir. Uzunluk o6lgiileri alaninda tespit edilen
Ogrenci hatalar1 (a) cetvel ile dl¢lim yaparken O yerine 1 sayisindan baslama; (b)
cetvel iizerindeki sayilar1 ya da g¢entikleri sayip, bulduklar1 sayiy1 6l¢ililen nesnenin
uzunlugu olarak rapor etme; (c) kirik cetvelin uzunlugunu, cetvelin en sonundaki say1
olarak raporlama; (d) tiim cetvellerin 30 cm uzunlugunda oldugu yargisi; (e) uzunluk
Olcii birimleri ile diger birimleri birlik kullanma; ve (f) uzunluk 6l¢ii birimlerinden
olan santimetreyi farkli bir 6l¢ii birimi olarak zannetme seklinde siralanabilir. Alan
yazinda ilk ve ortadgretim Ogrencileriyle yapilan ¢alismalarda da benzer bulgulara
rastlanmistir (Barrett et al., 2006; Boulton-Lewis et al., 1996; Bryant and Nunes 1994
(as cited in Nunes & Bryant, 1996); Ellis, Siegler, and Van Voorhis, 2001 (as cited in
Lehrer, 2003); Heraud, 1989; Kamii, 1995; Schrage, 2000; Thompson & Van de
Walle, 1985 (as cited in Schrage, 2000). Saptanan bu hatalar 6. sinif 6grencilerinin
temel kavram becerileri tam olarak igsellestiremediklerini acik¢a gostermektedir.
Ogrencilerin uzunluk dlgme sorularinda yaptiklari hatalarin ardinda yatan temel

nedenler sifir-nokta (zero-point) &zelliginin  kavranamamasi, birim Gteleme
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kavraminin anlasilamamasi, cetvelin yapisinin (6rn:lizerindeki say1 ve ¢entiklerin ne
ifade ettigi) kavranamamasi1 ve Olgme ile sayilar arasindaki iligkinin kurulamamasi

olarak gosterilebilir.

Cevre ile ilgili bulunan 6grenci hatalar1 (a) ayn1 parcalar kullanilarak olusturulan yeni
seklin ¢evre uzunlugunun degismeyecegi yargisi; (b) bir seklin ¢evre uzunlugu
bilinmeden, alaninin hesaplanamayacagi yargisi; (c) ¢evre uzunlugu ile alanin dogru
orantil1 oldugu yargist; (d) ¢evre uzunlugunu bulurken birim kareleri sayma; (e) ¢evre
uzunlugu i¢in alan ya da hacim 6l¢ii birimlerini kullanma; (f) cevre hesaplamada alan
formall kullanma ve (g) dikdortgenin ¢evre uzunlugunu bulurken (a + b) formiiliini
kullanma olarak Ozetlenebilir. Literatiirde farkli Ogrenci gruplariyla yapilan
caligmalarda da bu arastirmada bulunan hatalardan soz edilmektedir. (Emekli, 2001,
Kordaki & Portani, 1998; Moyer, 2001; Stone, 1994; Tan-Sisman & Aksu, 2009a;
Woodward & Bryd, 1983).

Bunlara ek olarak, 6grencilerin KBT, IBT ve SPT’lerinde alan lgme ile yaptiklari
hatalar (a) ayni pargalar kullanilarak olusturulan yeni seklin alan1 degisir yargisi; (b)
noktali kagida ¢izilmis bir seklin alanin1 bulmak i¢in etrafim1 ¢evreleyen ¢izgileri
sayma; (c) noktali kagida ¢izilmis bir seklin alanin1 bulmak icin seklin i¢indeki
noktalar1 sayma; (d) alan ve ¢evre kavramimi birbiriyle karistirma; (e) alan
hesaplamada c¢evre formilind kullanma; (f) alan hesaplarken (a + b) formullnu
kullanma; (g) alan hesaplarken (cevre + uzunluk) formulint kullanma; (h)
uzunluk/hacim 6l¢li birimlerini kullanma; (i) yiizey alaninin hacimle dogru orantili
olduguna inanma; (j) ylizey alani hesaplamada hacim formiilii kullanma; (k) ylizey
alani i¢in (a + b + ¢) formiilii kullanma; (1) yiizey alani kavramiyla hacim kavramini
birbirine karistirma; ve (m) bir seklin birden fazla ylizey alanina sahip oldugu
yargisina sahip olma olarak tespit edilmistir. Bahsedilen bu bulgular, literatirdeki
calismalarin sonuglariyla paralellik gostermektedir (Chappell & Thompson, 1999;
Emekli, 2001; Furinghetti & Paola, 1999; Hirstein, Lamb, & Osborne, 1978;
Woodward & Byrd, 1983; Moreira & Contente, 1997; Kidman & Cooper, 1997,
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Moyer, 2001). Bu hatalar, 6grencilerin alan 6lgmeye ait kavram ve becerilerden
yoksun oldugunu agik¢a ortaya koymustur. Daha acik olarak ifade edilirse, altinci
smif Ogrencilerinin uzamsal yapi1, carpmayla ilgili (multiplicative) yapi, alan
korunumu ve uzunluk 6lgme konularindaki eksik ve yiizeysel kavrama diizeyleri

saptanan hatalarin ardinda yatan en temel nedenlerdendir.

Hacim o6l¢gmeye iliskin bulunan 6grenci hatalar1 ise (a) hacmi belirlerken birim
kareleri sayma; (b) birim kiiplerden olusan bir prizmanin hacmini bulurken birim
kiplerin yizlerini ya da sadece gorlnen birim kupleri sayma; (c) birim kdpleri cift
sayma; (d) bir cismin boyutlari ve hacmi arasinda dogrusal bir orant1 oldugu yargisi;
(e) birim kiiplerden olusan bir prizmanin hacmini bulurken gériinen birim kiipleri
sayip 3 ile ¢arpma (3 boyutlu oldugu igin); (f) hacim hesaplamada (a+ b +c), (ax b)
yada (ax b + c) formulint kullanma; (g) volume equals to length x width; and (h)
volume to length x width + height; (h) uzunluk/alan 6l¢ii birimlerini kullanmadir.
Campbell, Watson, ve Collis (1992), Battista ve Clements (1996), Olkun (2003) ve
Saiz’in (2003) yaptig1 ¢alismalarda da Ggrencilerin bu calismada bulunan hatalara
benzer hatalar yaptiklar1 belirtilmistir. Diger 6l¢me alanlarinda bulunan hatalarda da
belirtildigi gibi, hacim 6l¢me alanindaki hatalarin temelinde de yetersiz ve yiizeysel
olarak Ogrenilen temel bilgi ve beceriler yer almaktadir. Daha ayrintili olarak ele
alindiginda, 6grencilerin hacim o6lgme sorularinda yaptiklarin hatalarin uzamsal
gorsellestirme, dizilerin/katlarin t¢ boyutlu olarak anlamli siralanmasi ve uzunluk ve

alan 6lgme konularinda yetersizlikler nedeniyle olustugu soylenebilir.

Bu c¢aligmada yer verilen temel konulardan birisi de 6lgme dersinde materyal
kullanimidir. Alan yazinda yapilan g¢alismalar genellikle matematik derslerinde
materyal kullanimini destekleyen ve 6grenci basarisiyla pozitif bir iliski oldugunu
ortaya koymustur. Fakat, betimsel analiz sonuglari, 6lgme derslerinde materyal
kullantminin oldukca diisiik oldugu gostermistir. Nadir materyal kullaniminin
sebepleri arasinda okulun materyal acisindan yetersiz olmasi ya da matematik

Ogretmeninin 6gretim ile ilgili kisisel tercihleri olarak gosterilebilir. Diger bir yandan,
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materyal kullanimi  ve Ogrencilerin testlerdeki basaris1 arasindaki iligki
incelendiginde, ya ¢ok diislik diizeyde ya da anlamli olmayan bir iligki bulunmustur.
Bu bulgunun nedeni ise betimsel analizde elde edilen diisiik seviyede materyal

kullanimi olabilir.

Sonug olarak, ¢alismaya katilan 6. sinif 6grencilerinin uzunluk, alan ve hacim 6lgme
konularin1 hem anlamada hem de islemlerde etkin bi¢imde kullanmada ciddi
giiclikler yasadiklart goriilmektedir. Uzunluk Olgmenin ilkdgretim 1.siniftan, alan
6lcmenin 3. smiftan ve hacim 6lgmenin 5. siniftan itibaren 6gretimine baslanildigi
g6z Oniine alindiginda, 6.siif Ogrencilerinin bu konulara ait temel kavram ve

becerileri heniiz tam olarak kavrayamamis olmalar1 dikkat ¢ekicidir.
ONERILER

Bu arastirmada elde edilen sonuglarin 1s1ginda hem uygulamaya hem de ileride bu

alanda yapilacak arastirmalara yonelik onerilerden bazilar1 asagida verilmistir:
Uygulamayla Ilgili Oneriler

e Jlkogretim Matematik Programinda, uzunluk, alan ve hacim o6lgme
konularin temelini olusturan kavram ve becerilere daha agik ve net bir
sekilde yer verilmelidir.

e Oncelikle 6lgme konusuna ait temel kavramlarin kazanilmasina agirlik veren,
kavramsal bilgilerden hareketle islemsel bilgilerin kazandirilmas: ve bu
bilgilerin her ikisininde kullanimini1 gerektirecek sézel problem ¢6zme
durumlar ile desteklenen 6grenme ortamlari olusturulmasi anlamli 6grenme
acisindan daha yararli olacaktir.

e Olgme konularinin dgretiminde hem sayisal formatta hem de sdzel problem
formatinda hazirlanmis birbirine paralel soru 6rneklerine yer verilmelidir.

e Ogrencilerin akil yiiriitebilecekleri, kavramlarin anlamlarin1 ve iglemlerle olan

iliskisini sorgulayabilecekleri (Ornegin; Hacimleri esit olan iki seklin, yiizey
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alanlar1 da esit midir?), kesme, katlama, yeniden dizenlemeyi iceren etkinlik
temelli bir Ogretim ortami tespit edilen hatalarin giderilmesinde yararh
olabilir.

Hem o6l¢gme konusunda onceden 6grenilen bilgi ve becerilerin (6rn. uzunluk
Olcme konusu alan ve hacim 6l¢gme konularinin 6gretimindeki 6nemi) hem de
6l¢gme konusunun 6gretimine yardimci olacak diger konulara (6rn. dort islem)
ait bilgi ve becerilerin ileri de 6gretilecek konulara olan etkisi her zaman goz
oniinde bulundurulmalidir.

Calismada belirlenen hatalarin ilkdgretim Matematik Programmin uzunluk,
alan ve hacim 6lgme konulariyla ilgili agiklamalar kismina dahil edilmesi,
Ogrenci hatalarinin 6gretmen tarafindan Onceden bilinip, bunlarin ortaya
cikmamast ya da giderilmesi yoniinde etkili bir O0gretimin tasarlanmasi

acisindan oldukca 6nem tagimaktadir.

lleride Yapilacak Arastirmalarla Ilgili Oneriler

Toplam 445 altinc1 smif 0grencisiyle yapilan bu arastirma, daha genis bir
orneklem kullanilarak ve farkli sinif diizeylerinde tekrarlanmalidir.

Olgme alanlarinin sif ortaminda nasil &gretildigi, ogrencilere nasil bir
ogrenme ortami sunuldugu gibi konularda detayli bilgi edinebilmek i¢in nitel
caligmalara ihtiya¢ duyulmaktadir.

Bu calismada belirlenen hatalarin giderilmesi i¢in tasarlanacak O6gretimin
etkililiginin sinandig1 arastirmalar planlanmalidir.

Ogretmen adaylarinin uzunluk, alan ve hacim &lgme konulariyla ilgili kavram
ve becerilere ne diizeyde hakim olduklarini ortaya ¢ikarmayir amaglayan

aragtirmalar yapilmalidir.

Ogrencilerin yaptiklar1 hatalarin nedenlerini ortaya ¢ikarmayr amagclayan nitel

aragtirmalara ihtiya¢ duyulmaktadir.

Olgme konusunun dgretiminde materyal kullanimimin etkisini inceleyen arastirmalar

planlanmalidir.
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