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ABSTRACT

THE EFFECT OF PROJECT-BASED LEARNING ON 7™ GRADE STUDENTS’
KNOWLEDGE ACQUISITION IN, ATTITUDE TOWARDS AND ACTIVE
LEARNING STRATEGIES IN AND LEARNING VALUE OF GEOMETRY

WITH DIFFERING COGNITIVE STYLE

Aydinyer, Yurdagiil
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Behiye Ubuz

March 2010, 293 pages

The aim of this study was twofold: (a) to investigate whether seventh grade
students’ conditional and procedural knowledge acquisition in, attitude towards,
active learning strategies in, and learning value of geometry improve differentially
for students having different cognitive styles in project-based learning and (b) to
examine how project-based learning affects them.

Participants were 97 seventh-grade students in a private school in Ankara.
The students were classified into three groups: Field dependent (N=31), field middle
(N=35), and field independent (N=31), based on the raw scores of the participants
from the Group Embedded Figures Test. Only one treatment (i.e., project-based
learning) was conducted for the study, lasting 30 lesson hours. Pre-test and post-test
design for the students having three different cognitive styles was utilized.

A mixed methods design integrating both quantitative and qualitative data
was used for this study. The data were collected through Conditional and Procedural

Knowledge Tests, Active Learning Strategies in and Learning Value of Geometry

iv



Questionnaire, Geometry Attitude Scale, interview responses, and classroom
observation field notes.

The quantitative analyses were carried out by using Mixed Design (one
between factor and one within factor) Multivariate Analysis of Variance
(MANOVA). The results revealed that there is no significant interaction between
time and group. There was a substantial main effect for time and follow up analyses
for this effect showed that the students achieved large learning gains for all
dependent variables. In addition, the main effect of group was not significant.

According to interview responses and classroom observation field notes, those
quantitative results were attributable to the influence of contextualizing, visualizing,
and collaborating geometry concepts with their peers and teacher during benchmark

lessons and developing and sharing artifacts for each of the cognitive style group.

Keywords: Geometry education, project-based learning, cognitive style, conditional
knowledge, procedural knowledge, attitude, active learning strategies, and learning

value.



0z

PROJE TABANLI OGRENMENIN FARKLI BILISSEL STILLERE SAHIP 7.
SINIF OGRENCILERIN GEOMETRI BILGI SEVIYESI, TUTUM VE AKTIF
OGRENME STRATEJILERI VE OGRENMENIN DEGERINE ETKIiSi

Aydinyer, Yurdagiil
Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi: Dog. Dr. Behiye Ubuz

Mart 2010, 293 sayfa

Bu calismanin amaci, proje tabanli 6grenme ortaminin farkli biligsel stillere
sahip 7. smif 6grencilerinin geometride kosullu bilgi, islemsel bilgi, tutum, aktif
Ogrenme stratejileri ve 6grenmenin degerine etkisini ve o etkinin nasil olustugunu
arastirmaktir.

Bu calismaya Ankara’da bir 6zel okuldan 97 yedinci smf Ogrencisi
katilmistir.  Ogrenciler Grup Sakli Figiirler Testi sonuglarina gore ii¢ gruba
ayrilmistir: Alandan bagimli (N = 31), alandan tarafsiz (N = 35) ve alandan bagimsiz
(N=31). Bu ¢aligmada 30 ders saati siiren sadece bir 6gretim metodu (proje tabanli
ogrenme) uygulanmistir. Ug farkli biligsel stiline sahip 6grenci gruplu dntest-sontest
tasarimi uygulanmaistir.

Bu calismada nicel ve nitel verileri birlestiren karma arastirma yontemi
uygulanmistur. Veri toplamak amaciyla kosullu ve islemsel bilgi sinavlari, geometri
tutum Olgegi, geometride aktif 6grenme stratejileri ve Ogrenmenin degeri anketi,

goriismeler ve gozlemler kullanilmistir.
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Elde edilen nicel veriler karisik desen ¢oklu varyans analizi ile incelenmistir.
Analiz sonuglarina gore, li¢ bilissel grubunun da 6n test ve son test sonuglari esit
miktarda degisim gostermistir. Tim bagimli degiskenler ile ilgili zamana bagh
anlaml bir fark bulunmustur. Ayrica, li¢ grup arasinda anlamli fark bulunmamastir.

Bu nicel bulgular ti¢ fakli biligsel stilden dgrencilerle ilgili sinif gézlemleri ve
Ogrenci cevaplarina gore asagidaki ozelliklerle iliskilendirilmistir: Konu anlatimlar
ve projelerini liretme ve sunma sirasinda gilinliilk hayatla iliskilendirmek, goziinde

canlandirmak, akranlariyla ve 6gretmenleriyle igbirligi yapmak.

Anahtar Kelimeler: Geometri egitimi, proje tabanl 6grenme, biligsel stil, kosullu

bilgi, islemsel bilgi, tutum, aktif 6grenme stratejileri ve 6grenmenin degeri.
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CHAPTER 1

INTRODUCTION

Geometry is one of content areas of the mathematics curriculum in every part
of K-12 through to college/university. Clements and Battista (1992) express the
school geometry as “the study of those spatial objects, relationships, and
transformations that have been formalized and the axiomatic mathematical systems
that have been constructed to represent them” (p. 420). National Council of Teachers
of Mathematics ([NCTM], 2000) also describe geometry as “a natural place for the
development of students' reasoning and justification skills” (p. 40).

Geometry plays an important role in other areas of mathematics (numbers,
measurement, algebra, probability and statistics), in other disciplines such as art,
science, and social studies, in most of the careers such as in art, architecture, and
engineering, in everyday language when describing the location of places such as
“adjacent to” and “parallel to”, in appreciating the beauty of the nature, and in
helping students represent and make sense of the world by providing a perspective
of analyzing and solving problems and understanding of symbolic interpretation
(NCTM, 2000; Sherard, 1981). In spite of the importance of learning geometry from
prekindergarten, numerous studies have stated that neither geometrical
understanding level of many students nor the methods by which they learn it are
satisfactory (Burger & Shaugnessy, 1986; Clements & Battissa, 1992; Fuys 1985;
Mitchelmore, 1997; Mullis et al., 2000; NCTM, 1989/2000; OECD, 2004; Prescott,
Mitchelmore, & White, 2002; Senk, 1985; Teppo, 1991; Thirumurthy, 2003; Ubuz
& Ustiin, 2003; Usiskin, 1982). That happens because most students memorize
geometrical rules and how to solve problems without understanding relations among

concepts that is useful for their everyday lives.



Owing to the nature and importance of geometry, as mentioned earlier, and
to prepare students for 21% century, geometry lessons should encourage students to
become lifelong learners who increase problem solving, decision making, reasoning,
and critical thinking skills; who make connections, applications, and representations;
and who improve personal responsibility, collaboration, and interpersonal skills
through geometrical tasks that involve and challenge them intellectually (The
National Regional Educational Laboratory [NCREL], 2003; NCTM, 2000). Chi,
Bassok, Lewis, Reimann, and Glaser (1989) and Dale (1969) show that the
percentage of understanding a concept is at the highest level with doing or
experiencing it purposefully. Project-based learning (PBL) seems to be one solution
to improve geometry education because it focuses on “learning by doing”; it engages
students actively in various types of interesting tasks related to within and across the
disciplines and real life; and students in project-based learning must represent
knowledge and develop all of above skills in a variety of ways to solve authentic
questions and to create artifacts by using benchmark lessons, technology,
investigation, collaboration, and authentic assessment with the guidance of teacher
(Beckett, 2002; Blumenfeld et al., 1991; Blumenfeld, Krajcik, Marx, & Soloway,
1994; Frank & Barzilai, 2004; Frank, Lavy, & Elata, 2003, Helm & Katz, 2001,
Katz & Chard, 2000; Krajcik, Blumenfeld, Marx, & Soloway, 1994; Krajcik,
Czerniak, & Berger, 1999; Krajcik et al., 1998; Marx et al., 1994; Moursund, 1999;
Tal, Dori, & Lazarowitz, 2000).

Research studies on project-based learning in mathematics education are
scarce. Some of those studies were related to the effect of PBL on mathematics
learning (Aladag, 2005; Barron et al., 1998; Boaler, 1997; Clanton, 2004; Ozdemir,
2006; Wilhelm, Sherrod, & Walters, 2008) and attitude towards mathematics
(Aladag, 2005; Clanton, 2004; Ozdemir, 2006; Yurtluk, 2003). Project-based
learning takes account of “the acquisition and construction of knowledge” and “the
development of desirable feelings”, two of four kinds of learning goals in PBL (Katz
& Chard, 2000, p. 54). Active learning strategies and learning value are also
important for PBL since PBL focuses on students’ taking an active role in

constructing new knowledge derived from their prior understanding and also



encourages students to find personal value of what they are doing (Blumenfeld et al.,
1991; Frank et al., 2003; Krajcik et al., 1994, 1999; Milner-Bolotin, 2001).

One of the six principles of NCTM (2000) states “excellence in mathematics
education requires equity- high expectations and strong support for all students” (p.
12). If what students are good at and how they learn are known, one then easily
creates and utilizes a variety of instructional treatments to benefit all types of
learners and to accommodate these differences to develop meaningful
understanding. Cognitive style is a form of identifying differences describing “an
individual’s psychological and educational characteristics” (Saracho, 1997, p. 23). It
is “stable attitudes, preferences, or habitual strategies determining a person's typical
modes of perceiving, remembering, thinking, and problem solving” (Messick, 1976,
p. 5). Cognitive style is potentially useful in education to influence the impact of
teaching and learning (Miller, 1987; Saracho, 1997; Shipman & Shipman, 1985).

Field dependence and independence, first introduced by Witkin in the 1940s,
is one of the most researched cognitive styles and has wide application to
educational practices and problems for how students learn (Bahar & Hansell, 2000;
Canino & Cicchelli, 1988; Davis, 1991; Haaken, 1988; Hsu & Dwyer, 2004; Kahtz
& Kling, 1999; Luk, 1998; McGregor, Shapiro, & Niemiec, 1988; Saracho, 1991,
Witkin, Moore, Goodenough, & Cox, 1977). It is based on individual’s tendency of
perception of the surroundings and provides information on cognitive restructuring
and social behaviors (Saracho, 2003). A number of studies have shown that more
field independent learners (FIs) tend to academically outperform field dependent
learners (FDs) in learning mathematics (Berenson, 1985; Carment, 1988; Clark,
Ward, & Lapp, 1988; Idris, 1998; Mrosla, 1983; Phuvipadawat, 1984; Roberge &
Flexer, 1983; Vaidya & Chansky, 1980). Additionally, Hadfield and Maddux
(1988), MacGregor (1988) and Phuvipadawat (1984) have found that FIs have more
positive attitudes toward mathematics than FDs. Low level of cognitive and affective
outcomes does not essentially demonstrate lack of ability, but rather the unsuitability
of the types of instructional materials and the strategies they utilize (Witkin et al.,
1977). Project-based learning accommodates the different learning characteristics of
students having three different cognitive styles in terms of field dependence-

independence to reach an optimal benefit for all students since it requires a variety of
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styles and intelligences and projects are adaptable to different types of learners and
learning situations (Blumenfeld et al., 1991; Frank et al., 2003; Hargrave, 2003).

Literature suggests that the role of student characteristics on gender (Boaler,
1997; Clanton, 2004), different pre-achievement levels (Barron, et al., 1998) and
learning styles (Meyer, Turner, & Spencer, 1997) in project-based learning in
mathematics education has been investigated. Considering the previous studies,
although cognitive style is one of the most important individual differences, as
noted before, no study has been encountered on the effect of PBL in mathematics on
students having different cognitive styles.

Taking into consideration these facts, the purpose of this study was twofold:
(@) to investigate whether seventh grade students’ conditional and procedural
geometry knowledge acquisition, attitude towards geometry, active learning
strategies in geometry, and learning value of geometry improve differentially for
students having different cognitive styles in project-based learning and (b) to
examine how project-based learning affects students having different cognitive
styles on their conditional and procedural knowledge acquisition in, attitude towards,

active learning strategies in, and learning value of geometry.

1.1 The Research Questions

The study sought to address the following main research questions:

1. Do seventh grade students’ conditional and procedural geometry
knowledge acquisition, attitude towards geometry, active learning strategies in
geometry, and learning value of geometry with a project-based learning

environment improve differentially having dissimilar cognitive styles?

2. How does a project-based learning environment affect seventh grade
students having dissimilar cognitive styles on their conditional and procedural
geometry knowledge acquisition, attitude towards geometry, active learning

strategies in geometry, and learning value of geometry?



1.2 Significance of the Study

There are research studies about the effect of project-based learning on
investigating mathematics learning (Aladag, 2005; Barron et al., 1998; Boaler, 1997,
Clanton, 2004; Ozdemir, 2006; Wilhelm et al., 2008) and attitude towards
mathematics (Aladag, 2005; Clanton, 2004; Ozdemir, 2006; Yurtluk, 2003). Active
engagement of students in learning mathematics and valuing of it are also two
significant factors for ensuring quality for students (NCTM, 2000). Therefore,
examining the effect of PBL on active learning strategies in and learning value of
geometry are essential.

For the studies on the effect of PBL on mathematics learning, even though
Aladag (2005) evaluated learning graphs, natural numbers, and fractions and
Clanton (2004) analyzed learning algebra, the remaining four studies (Barron et al.,
1998; Boaler, 1997; Ozdemir, 2006; Wilhelm et al., 2008) investigated learning
geometry, focusing on applying concepts of measurement, scale, angles, perimeter,
and area of quadrilateral and circular regions, surface area and volume of some solid
figures and some higher geometry concepts. The studies on learning geometry found
a positive effect of PBL. Although they, except Boaler (1997), have not
distinguished the effect of project-based learning for different knowledge types,
examining the test questions showed that they examined procedural knowledge
(procedural rules), which is related to action sequences such as identifying concepts,
how to use cognitive activities, applying rules and algorithms, and solving problems
(Schunk, 1996; Smith & Ragan, 1993). Some of those studies explored procedural
knowledge acquisition in a real life context.

Analyzing the studies of Barron et al. (1998), Boaler (1997) and Wilhelm et al.
(2008) illustrated that they reported procedural knowledge in two different ways:
performance or applied assessment and testing. For performance or applied
assessment, fifth grade students developed three projects in the study of Barron et
al., designing blueprint of a chair and that of a playground individually and a
blueprint and two and three dimensional scale models of a playhouse as a small
group work considering needs of young children and the builders and geometry

concepts of reasonabless of dimensions, the scale, consistency among scale and



measurements, perspective, relationship between perimeter and area. Artifacts of the
students were evaluated in terms of the scale and the appropriateness and accuracy
of measurements to be built. As a result, there was a substantial improvement for the
use of realistic measurements and most of the student projects were judged as
accurate and safe enough to be built. Boaler (1997) aimed to provide information on
high school students’ use of mathematics in two applied activities, the architectural
and the planning a flat activities in which students developed a plan and a model of a
house and a flat by utilizing geometry concepts of measurement, scale, angles,
perimeter, area, volume and some other mathematical concepts. While students were
making their projects, students were asked accompanying questions that require
students to combine and use different areas of mathematics together related to their
activities. The same questions were asked to the traditional group. Findings from the
study displayed that PBL students gathered higher scores on utilizing concepts of
perimeter, area and their estimation of an angle. Wilhelm et al. explored ways that
pre-service teachers used their knowledge in higher geometry concepts while they
were developing a project in an astronomical context. The researchers analyzed
journals of their investigations, narrative responses in online discussions and
classroom interactions and artifacts to ascertain the level of their content
understanding. The results illustrated that understanding of the students’ geometry
concepts developed.

Those three studies and Ozdemir (2006) investigated procedural knowledge
through testing in pretest and posttest fashion. Barron et al. conducted a ‘traditional’
geometry test covering scale, volume, perimeter, area, units of measurement, and
perspective drawing. Students were required to find out the related quantities from
figures and to identify correct strategies for deciding these quantities. Boaler (1997)
administered a test which was designed to assess procedural knowledge as
replication of their textbooks in different numbers and contexts. Wilhelm at al.
utilized an inventory regarding an astronomical context to evaluate students’
understanding in applying four higher level geometry concepts (periodic patterns,
geometric spatial visualization, cardinal directions, and spatial projection). Ozdemir
(2006) assessed procedural knowledge of applying perimeter and area of

quadrilateral and circular closed regions and surface area and volume of cylinders
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mostly in a real life context. The findings of those four studies indicated that the
students made significant gains in above geometry concepts. Additionally, Boaler
(1997) examined the effect of PBL for different forms of mathematics knowledge by
conducting the national mathematics examination. Two thirds of this test assessed
utilizing knowledge for rehearsal of a rule or formula without requiring a great deal
of thought for deciding upon a method to adapt the method to fit the demands of the
particular situation and one-third of it evaluated using more difficult knowledge
which required the use of some thought instead of answering from memory alone.
Accordingly, although PBL students did as well as the traditional students in
applying knowledge of mathematical facts, rules and procedures directly from
memory, PBL students outperformed the traditional students in making use of the
knowledge they had in different situations.

Investigating those four studies also revealed that students developed
procedural knowledge due to the fact that the following experiences of students with
PBL helped them concentrate on the topic, challenge and extend their existing
knowledge and explore new concepts: (a) enjoying while developing their own
projects; (b) posing a variety of their own questions and seeking the appropriate
answers to them, making decisions, developing reasoning skills, and thinking and
acting mathematically; (c) collaborating concepts with the teacher, classmates, and
others by sharing and discussing when encountered some difficulties related to real-
life issues; (d) making connections with life, the future career, and within and across
disciplines to learn how and when to use their knowledge; and (e) learning about
new mathematical methods and procedures by changing and adapting them to fit the
needs of different situations. In addition to investigating the development of
procedural geometry knowledge, examining that of conditional knowledge
describing the relationship between two or more concepts is also necessary since
geometry includes propositions, principles, postulates, axioms and theorems and all
students are required to reason relationships among geometry concepts (Burger &
Shaugnessy, 1986; NCTM, 2000; Senk, 1985).

Analysis of the studies on the effect of PBL on attitude towards mathematics
showed contradictory results. Clanton (2004) regarding perceived usefulness of

mathematics and Ozdemir (2006) representing interest, enjoyment, confidence and
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anxiety showed that PBL is effective in increasing attitude. However, Yurtluk
(2003) in the sense of liking mathematics and tendency to engage in or avoid
mathematical activities and Clanton (2004) related to students’ intended carcer paths
and perceived competence in doing mathematics could not find that effect. One
reason of these different results may be because of the fact that while the treatment
of Aladag (2005), Yurtluk (2003) and Clanton (2004) were on different topics of
mathematics, they studied attitude towards mathematics. For example, Aladag
(2005) utilized PBL on the topics of numbers and graphs, Yurtluk (2003) on some
geometry concepts, and Clanton (2004) on algebra, statistics and some geometry
concepts. Only Ozdemir (2006) conducted PBL in geometry concepts and
investigated attitude towards geometry. The researcher showed that having fun with
making students’ own models, dealing with authentic daily life problems, feeling
some confidence with doing something that they could accomplish, working as
groups, providing the opportunity for the students to be able to learn more about
their future professions attracted students’ attention and made them study willingly,
which affected their attitudes toward geometry positively. Students may have
different attitudes towards some topics, such as geometry, in mathematics. For that
reason and because of the importance of geometry, investigating attitudes towards
geometry is necessary.

Literature suggests that the role of student characteristics on gender (Boaler,
1997; Clanton, 2004), different pre-achievement levels (Barron et al., 1998) and
learning styles (Meyer et al., 1997) in project-based learning in mathematics
education has been examined. The participants in the study of Barron, et al. (1998)
were partitioned into three groups using their prior mathematics acheivement as low,
average and high level students. After conducting project-based learning, as
explained earlier, according to the findings of procedural knowledge in terms of both
performance assessment and testing, each of the three groups showed statistically
significant improvements and lower achieving students benefited from PBL as much
as average and high achieving students. Meyer et al. (1997) examined the
relationship between students’ learning styles of challenge seeking and five
dependent variables (academic risk taking, achievement goals, self-efficacy,
volition, and affect) in PBL in geometry. They divided small sample of fifth and
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sixth grade students in one classroom into "challenge seekers™ versus "challenge
avoiders". During the treatment, the students were solving the driving question,
‘what makes a kite aerodynamic?’, in which they created a kite to understand,
integrate, and apply the principles of some geometry concepts (the relationships
among measures of angles, the length of sides, and the surface area in polygons) and
aerodynamics by building, testing, and evaluating the properties of flying objects.
Two students from each of the two learning style groups were chosen to be
interviewed about their ongoing decisions related to the challenges and their actions
during the project. Although there were some indications that challenge seekers have
a higher tolerance for failure, a learning goal orientation and higher than average
self-efficacy in math and challenge avoiders have a higher negative affect after
failure, a more performance focused goal orientation, a low self-efficacy in math; the
small sample of this study reduced the study to an exploratory investigation.

Considering the previous studies, no study has been encountered examining
conditional and procedural knowledge acquisition in, attitude towards, active
learning strategies in, and learning value of geometry as a function of the interaction
of project-based learning environment with field dependence and independence. It
is foreseen that this study will have important contributions to the literature in terms
of filling this gap.

Additionally, there appeared to be very little research that examined the
nature and form of the classroom processes that contributed towards differential
knowledge acquisition and attitude. Besides quantitative tools, utilizing qualitative
ones can serve complementary functions and can provide a more complete picture

of the issue.

This study is also important for developing different and appropriate project-
based learning lesson plans, two knowledge acquisition tests in geometry, and
adaptation of active learning strategies and learning value questionnaire into
geometry, which may be very helpful for mathematics teachers and researchers for
both research and instructional purposes. The findings of the present study may have
many significant implications for students, teachers, administrators, educators, and
curriculum developers to utilize project-based learning for education of K-12 and
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higher level students having different cognitive styles and that of teachers in learning
and teaching mathematics and other disciplines. Both teachers and researchers can
make their own decisions and design effective instructional environments for their
students by understanding the relationship between learners’ field
independent/dependent cognitive styles and features of PBL and details of both
students’ and teacher’s descriptions, actions, and reflections. Information derived
from this study can serve as foundations for development of curricular
considerations. The curriculum developers might modify the curriculum according
to the outcomes of the study. This study may also open the way to conduct more
studies about PBL and individual differences. Therefore, this study is worthwhile to

conduct.

1.3 Definition of the Important Terms

This section provides brief descriptions and definitions of critical concepts
that are used in this study.

Project-based learning: Project-based learning is a comprehensive approach
to classroom teaching and learning that “engages students in learning knowledge and
skills through an extended inquiry process structured around complex, authentic
questions and carefully designed products and tasks” (Markham, Larmer, & Ravitz,
2003, p. 4).

Field dependent, field middle and field independent learner: Field
dependent learners have difficulty in separating an item from its context and have
superior social skills. In contrast, field independent learners easily break up an
organized field and separate relevant information from its context and have greater
cognitive structuring skills (Witkin et al., 1977; Witkin & Goodenough, 1981). Field
middle learners have no certain tendency toward either style (Dwyer & Moore,
2001).

Conditional and procedural knowledge: Conditional knowledge involves
“if-then” or “condition-action” statements and describes the relationship between
two or more concepts. Procedural knowledge is the knowledge of how to perform

cognitive activities (Smith & Ragan, 1993).
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Attitude: Attitude refers to “one's feelings toward a given circumstances and
affect one's reaction to a particular situation” (Duatepe-Paksu & Ubuz, 2007, p.
205).

Active learning strategies: Active learning strategies includes “using a
variety of strategies to construct new knowledge based on students’ previous
understanding” by taking an active role (Tuan, Chin, & Shieh, 2005, p. 643).

Learning value: Learning value is “to let students acquire problem-solving
competency, experience the inquiry activity, stimulate their own thinking, and find

the relevance ... with daily life” (Tuan et al., 2005, p. 643).
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CHAPTER 2

REVIEW OF RELATED LITERATURE

In this chapter, a review of literature relevant to this research is presented as
follows: (1) project-based learning and (2) project-based learning and field

dependence-independence.

2.1 Project-Based Learning

An idea of “learning by doing” is not new in education but it has changed
noticeably over time. A variety of terms are used interchangeably in the literature
for that idea such as project method, project approach, project-oriented approach,
project-based science, project-based mathematics, project-based instruction and
project-based learning. In this study, the term project-based learning (PBL) will be
used to emphasize the importance of learner and the broadest term for education.

Generally speaking, project-based learning includes mainly the following
features: (1) Driving question that serve to organize and guide instructional tasks and
activities; (2) Engaging students in investigations to answer their questions; (3)
Collaboration of students, teachers and members of society on the driving question;
(4) Use of technology to access information, investigate, and collaborate; (5)
Developing artifacts or products that address the driving question; and (6) authentic
assessment (Blumenfeld et al., 1991, 1994; Frank & Barzilai, 2004; Krajcik et al.,
1991, 1994, 1999; Marx et al., 1994; Tal et al., 2000). Although each feature can be
expressed one by one, in practice features are dependent to each other and
orchestration among the features is significant (Blumenfeld et al., 1994). Those
features of PBL have its roots in constructivism, a theory about how people learn

suggesting that they actively construct their new understandings or knowledge on
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the basis of their prior knowledge and giving meaning to their experiences (Fosnot,
1996; Frank et al., 2003). Detailed descriptions of those features and relation of them
with the theories of proponents of constructivism, Dewey, Kilpatrick, Bruner,
Rogers, Piaget, and VVygotsky, are presented in order as follow:

First, the driving question is students’ first introduction to the project. A good
driving question should be anchored in a real life context; be meaningful and
interesting to learners; encompass worthwhile content and process that match
curriculum standards; connect the subject-matter to various disciplines and the real
life so that students can understand the relations among them; and be broken down
into sub-questions (Krajcik et al., 1994, 1998, 1999; Marx et al., 1994; Rivet, 2003).
For example, the driving question, “what makes a kite acrodynamic?” (Meyer et al.,
1997, p. 507) meets all of the features of a good driving question. Developing a kite
is meaningful and interesting for students. They can learn geometry concepts of the
relationships among measures of angles, sides and surface area of polygons by
connecting those concepts to science and real life by building, testing and evaluating
the properties of flying objects. Dewey (1938), Kilpatrick (1918) and Rogers (1969)
support that learning takes place by doing and personal involvement in the learning
process that is interdisciplinary and concerned on learner’s interests and life.

Investigation, the second feature of PBL, is a piece of research that makes
students look for answers to the driving question by themselves or in collaboration
with others (Katz & Chard, 2000). For above driving question, learners can get
information about the properties of flying objects by observing them and
interviewing experts such as engineers or by using secondary sources such as books,
videos, the Internet, and other sources where information has been prepared by other
researchers. The process of investigation may include initially exploring ideas and
asking sub-questions; planning and carrying out procedures; finding information and
making conclusions; and communicating findings with others (Krajcik et al., 1999).
According to Kilpatrick (1918), students learn best when “wholehearted purposeful
activity” is present (p. 320). Dewey (1938) and Rogers (1969) also agree that
children learn best from planning their own activities in line with pursuing their own

purposes and interests and carrying out their own plans.
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The third feature of PBL is collaboration and it is a common intellectual
effort of students with their peers, their teacher, or community members to
investigate the driving question, to examine their conceptions and ideas, to make
sense of information, to draw conclusions and present them, and finally to develop
understanding (Krajcik et al., 1999). Vygotsky (1978) gives emphasis on learning in
the social context and using language and students use language as a tool to express
their concepts and ideas, to debate, and to come to resolution in PBL. Collaboration
feature of PBL is based on mainly two main principles of Vygotsky, the more
knowledgeable other and the zone of proximal development. The more
knowledgeable other is someone who has a better understanding or a higher ability
level than the learner about a particular task, process, or concept. Vygotsky (1978)
described the zone of proximal development as “the distance between the actual
developmental level as determined by independent problem solving and the level of
potential development as determined through problem solving under adult guidance
or in collaboration with more capable peers” (p. 86). Students are exposed to more
zones of proximal development and their cognitive development is promoted when
they interact with others who may be a little more knowledgeable or have different
viewpoints, strengths, and weaknesses. Scaffolding, a process in which a more
knowledgeable other provides support to the learner to help him/her understand or
solve the driving question, derives from Vygotsky’s the zone of proximal
development. In addition, the application of scaffolding in PBL involves teacher
roles of coaching, modeling and guiding students. Using Vygotsky’s ideas, it is
possible to state that collaboration during PBL works most effectively in
heterogeneous groups with moderate differences in ability, personality, and
previous experience. In addition to Vygotsky, Dewey and Kilpatrick give
importance to social activity during group work through interacting with other
children. Dewey also supports the guidance of teacher.

As another feature of PBL, technology, such as computers and
accompanying software programs, is utilized as a tool to support teaching and
learning. Using technology makes the environment more authentic to students since
they can use computer to access real data on the Internet, which facilitate

communication with knowledgeable others outside the classroom. In addition to
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gathering data, technology makes it easy to understand key concepts with utilizing
visualization tools. It also helps analyze data through the use of electronic
spreadsheets and graphing. It allows students to manipulate, construct, and revise
their own artifacts easily in several media including text, graphic and video.
Moreover, technology can enhance challenge and variety by providing multiple
tasks and plays a powerful role in improving student and teacher motivation by
actively engaging students in the learning process (Blumenfeld et al., 1991; Krajcik
et al., 1994, 1999; Lundeberg, Coballes-Vega, Standiford, Langer, & Dibble, 1997;
Salomon, Perkins, & Globerson, 1991).

Project-based learning results in some artifacts or products, which are
multiple representations of students’ solutions to the driving question and show
what they have learned. Since artifacts are concrete and explicit, such as physical
models such as a kite, reports, videotapes, multimedia projects, web sites, and
computer programs, they are motivating and can be shared and critiqued. Students
should demonstrate their knowledge, integrate information, use complex thought
and mirror real-world issues in their constructing and sharing of artifacts
(Blumenfeld et al., 1991; Marx, Blumenfeld, Krajcik, & Soloway, 1997). In
addition to constructivism, this feature of PBL reflects constructionism, both theory
of learning and a strategy for education extending the constructivist view of
learner’s active builder of knowledge by suggesting that people learn the best when
they are creating an artifact (Grant, 2002; Han & Kakali, 2001; Kafai & Resnick,
1996; Papert, 1993).

For assessment, the terms ‘“active assessment”, “alternative assessment”,
“authentic assessment”, and “performance assessment” are appropriate for PBL. The
term “authentic assessment”, the sixth feature of PBL, is used for the present study.
It assesses learning progress of an individual student, not just the final result and
rather than comparing them with others, on the basis of their active performance
throughout applying knowledge in artifact development to solve driving question. It
measures deep understanding of subject matter knowledge, higher-order thinking
skills, and affective outcomes such as attitudes and values with utilizing paper and
pencil tests, observations, discussions, interviews, questionnaires, journal writing,

rubrics ...etc. It involves both students and teachers in the assessment process by
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helping students monitor their own learning progress in guiding teaching and in
evaluating and revising curriculum (Frank & Barzilai, 2004; Krajcik et al., 1999; Tal
et al., 2000). Rogers (1969) gives emphasis on self-evaluation rather than being
evaluated by others.

In addition to six main features of PBL, as mentioned previously, PBL
consists of benchmark lessons, teacher-directed classroom activities based on the
curriculum objectives that present certain concepts, principles, skills, and procedures
so that students conduct investigation, collaborate, utilize technology, create the
project and develop deeper understandings. Students in benchmark lessons are
learning the concepts and principles to help them understand and find solutions to
the driving question rather than just learning them for the sake of learning. They
may include presenting information, giving demonstrations, facilitating discussions,
going on field trips, making concept maps and role-playing (Krajcik et al., 1999).

Teachers in project-based learning are considered to have sufficient
understanding of content knowledge and they are aware of children’s prior
knowledge, set clear expectations, create a collaborative learning environment to
share information and to appreciate each other’s work, overcome challenges, keep
referring to the driving question, observe, listen, question, provide feedback, give
guidance, offer alternatives, facilitate learning by using benchmark lessons, support
inquiry and help children integrate their understandings and strengthen their
dispositions (Blumenfeld et al., 1991; Chard, 1998; Katz & Chard, 2000, Krajcik et
al., 1999).

The word “learning” in PBL takes account of the learner pointing out
student-centered education. The students in PBL have enough prerequisite content
knowledge and specific skills; determine how to manage the driving question, what
steps to follow, what activities and artifacts to construct, what resources to use, and
how to divide up responsibility; gather information; collaborate and consult; practice
knowledge and skills through creation of artifacts; keep track of the process to see
errors and false steps; improve their work; and judge their own success (Blumenfeld
et al., 1991; Chard, 1998). According to Piaget (1977), learning takes place
primarily within the individual’s mind as a result of internalization and construction

of external reality depending on his/her prior knowledge and stage of cognitive
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development. A general principle derived from Piaget’s theory is errors and
misconceptions and students are encouraged to examine new ideas through the use
of real world problems, authentic materials, and making meaningful connections by
linking the new information to their prior knowledge to help students see and correct
their errors in PBL. Like the prior education theorists mentioned earlier, Bruner
(1961) also agrees that learners should be active in the learning process. The key
feature of Bruner’s theory is discovery and the discovery learning requires that the
student explores examples, concepts and principles and participates in making many

of the decisions about what, how, and when something is to be learned.

2.2 Project-Based Learning and Field Dependence and Independence

Educators and psychologists value learners’ social and cognitive
characteristics, fundamental in field dependence and independence, by viewing from
an educational perspective and utilize in their instructional efforts to have better
learning outcomes (Davis, 1991; Witkin et al., 1977). Witkin et al. (1977) described
educational implications of field dependence and independence by examining social
characteristics of learners in terms of “learning of social material” and “the effects of
reinforcement” and cognitive characteristics of them as “the use of mediators in
learning” and “cue salience” (p. 17). Based on the researchers’ four learning areas,
the characteristics of field dependent learners (FDs) include (a) being better at
concentrating on social aspects of the surrounding and learning and remembering
information having social relevance, (b) being more affected by extrinsic goals
reinforcements, and motivation, (c) utilizing meditational processes such as
analyzing and structuring less effectively and accepting a passive and spectator role
in learning, and (d) being more dominated by the most noticeable or salient cues in
learning. On the other hand, the characteristics of field independent learners (FIs)
comprise (a) having lack of attention to social materials (b) being more influenced
by intrinsic goals, reinforcements, and motivation, (c) making better use of
meditational processes and accepting an active and hypothesis-testing role in
learning, and (d) being less governed by salient cues in learning.
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Field dependent learners and field independent learners may respond
differentially to the content being presented as well as the learning environment
because of the characteristics of them (Witkin et al., 1977). Considering that FDs
learn better in a social context and they have great difficulty imposing organization
in an unstructured environment they learn, Saracho (1988) and Witkin et al. (1977)
point out that the performance of FDs can be equal to that of FIs with social material
and when learning materials are highly organized. Bearing in mind the social and
cognitive characteristics of FDs and the features of PBL as explained earlier, we may
also hypothesize that FDs can make connections between two or more concepts and
through engaging physically and cognitively with varied novel elements and
authentic and meaningful tasks of well designed PBL, especially solving the driving
question related to real-life issues and practices by working collaboratively in
heterogeneous groups by interacting with a little more knowledgeable peers and
teachers, by utilizing the most significant cues through demonstrations of pictures
and objects from other disciplines and real life and those of dynamic geometry
software and applets and solving everyday problems in benchmark lessons and
constructing artifacts and by being assessed learning progress of an individual
student instead of just the final result and rather than comparing him/her with others
to solve. Furthermore, since Fls favor mathematics and higher-order tasks and they
are more influenced by intrinsic goals (Witkin et al., 1977), they can make relations
between two or more concepts while challenging with solving consolidating
geometry problems and demonstrations from real life pictures and objects and those
of dynamic geometry software and applets. They also have change to make analysis
and structures during some higher-order tasks such as making decisions and posing
their own questions and pursuing answers to them while orchestrating all features of
PBL at the same time, particularly when creating their artifacts. Since PBL
encourages responsibility and independent learning (Krajcik et al., 1999), FIs may
internalize geometry concepts through all of those processes. For these reasons, it
seems reasonable to anticipate that PBL may enhance conditional geometry
knowledge acquisition of both FDs and Fls similarly.

PBL promotes students to acquire and apply concepts and principles and to

explore why, when, where, and how they learn (Von Kotze & Cooper, 2000). The
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previous research studies on applying rules and algorithms and solving problems in
geometry found a positive effect of PBL (Barron et al., 1998; Boaler, 1997
Ozdemir, 2006; Wilhelm et al., 2008). They also gathered that the following
experiences of students with PBL affected on that type of knowledge positively:
enjoying; posing questions and seeking answers to them; making decisions;
developing reasoning skills; thinking and acting mathematically; collaborating
concepts with the teacher, class mates, and others; making connections with life, the
future career and within and across disciplines to learn how and when to use their
knowledge; and learning about new mathematical methods and procedures by
adapting them into different situations. Taking into account of the findings of the
earlier studies and the characteristics of PBL which have potential to affect
conditional knowledge acquisition of FDs and Fls, as emphasized in the previous
paragraph, both FDs and FlIs can apply geometry concepts in project-based learning
environment. Therefore, we can also predict that PBL improve acquisition of
procedural geometry knowledge of both FDs and Fls equally.

Like knowledge acquisition, each feature PBL has great potential to foster
attitude (Blumenfeld et al., 1991; Branford, 2005; Sidman-Taveau, 2005; Sidman-
Taveau & Milner-Bolotin, 2001). Ozdemir (2006) found that the following features
of PBL affected attitude towards geometry positively: (a) having fun with making
students’ own models, (b) dealing with authentic daily life problems, (c) feeling
some confidence with doing something that they could accomplish, (d) working as
groups, (e) providing the opportunity for the students to be able to learn more about
their future professions. Different students need different strategies to increase
attitude towards geometry because application of any given strategy is likely to
increase attitude in some students but decrease it in others. Field dependence and
independence dimension of cognitive styles has implications for it (Brophy, 1998).
FDs tend to be extrinsically motivated and enjoy learning through working together
with others, while Fls tend to be intrinsically motivated and are prone to like
individualized learning (Karnasih, 1995; Luk, 1998; Rayner & Riding, 1997; Witkin
et al., 1977). Particularly finding the driving question interesting and meaningful,
authenticity of the tasks, overcoming obstacles with peer and teacher support,

utilizing physical and virtual manipulatives as salient cues, role playing as people
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from different occupations, and utilizing their thought and wishes in PBL may
provide FDs to feel pleasure and confident when dealing with geometry. Moreover,
we may also predict that PBL provides high level of attitude of FIs because of the
fact that utilizing their imagination in higher-order tasks in solving the driving
question and developing artifact help them be intrinsically motivated and feel
confident. Within this framework, we may also expect that every feature of well-
designed PBL may increase attitude of both FDs and Fls towards geometry
similarly.

PBL also requires many features in the process of solving the driving
question to enhance active learning strategies and learning value. For instance,
discussing on demonstrations of pictures from other disciplines and real life and
those of dynamic geometry software and applets and solving everyday problems to
understand and consolidate the geometry concepts and collaborating with the group-
mates and the teacher on making decisions in line with their own wishes while
creating their artifacts provide students to connect previous geometry knowledge and
experiences with new knowledge, to value having opportunity to satisfy their
curiosity, and to be willing to participate in geometry lesson. Facing with difficulties
in these processes and overcoming those obstacles by thinking and collaborating
help them value solving problems. The students solve the driving question by
investigating through utilizing technology and some other resources such as books,
encyclopedias and relatives from different occupations, which provide them to find
relevant resources and to value these inquiry activities. Because of those facts, we
can anticipate that both FDs and Fls develop active learning strategies and learning
value equally in PBL.
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CHAPTER 3

METHODS

This chapter explains design, participants, data collection instruments,
variables, data collection procedures, development of lesson plans, treatment,

treatment verification, and data analysis of the study.

3.1 Design of the Study

The purpose of this study was to investigate whether students’ conditional
and procedural knowledge in, attitude towards, active learning strategies in, and
learning value of geometry improve differentially for students having different
cognitive styles in project-based learning.

A mixed methods design, more specifically equivalent status
parallel/simultaneous design, integrating both quantitative and qualitative data was
used for this study (Cresswell, 2003; Greene, Caracelli, & Graham, 1989; Johnson &
Onwuegbuzie, 2004; Tashakkori & Teddlie, 1998; Teddlie & Tashakkori, 2003).
This design was utilized to have broader and deeper understanding of the
phenomenon by converging both broad quantitative data and the detailed qualitative
data and to provide better and stronger inferences that confirm or complement each
other. In this design, the quantitative and qualitative data were gathered at the same
time. Priority was equal between the two methods. Integration occurred in the
interpretation of the overall results.

This is a quasi-experimental study together with extensive interviews and
observations of participants. Only one treatment (i.e., PBL) was conducted for the
study. Pre-test and post-test design for the students having three different cognitive

styles was utilized.
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3.2 Participants

The study was conducted with seventh grade students in a private school in
Ankara. There were 20 seventh-grade classes in the school and conveniently chosen
three of those classes having totally 97 students were included in this study. 90 % of
the mothers and 93 % of the fathers graduated from a university. Most of the
students had relatives having different occupations such as architects, city planners,
and engineers. Majority of them had high socioeconomic status and they had
opportunity to utilize computer and Internet at home. This school had computer
laboratories and a rich library. The students had opportunity to search from them.

Group Embedded Figures Test (GEFT) developed by Witkin, Oltman,
Raskin, and Karp (1971) and translated and validated into Turkish by Cakan (2003)
was administered to all students at the beginning of the 2007-2008 academic year as
a measure of cognitive style (field dependence and independence). Although Witkin
et al. (1971) did not specify a clear cut-off score for grouping field dependent and
field independent individuals, Dwyer and Moore (2001) categorized the students
into three groups, instead of two groups, to increase differentiation of them
according to standard deviation of the total raw scores from the GEFT. Individuals
whose raw score fell one half of the standard deviation above the mean were
considered to be field independent (FI); those who located one half of the standard
deviation below it were classified as field dependent (FD), and those in the middle
were classified as field middle (FM) who may said to have no certain tendency
toward either style. Frequency, mean (M), standard deviation (SD), and range of the
each group of students are presented in Table 3.1. The half of the standard deviation
for this study was 2.19. So, mean plus half of the standard deviation was 8.23 + 2.19
= 10.62 and mean minus half of it was 8.23 - 2.19 = 5.84. This showed that subjects
who get a raw score from 0 to 5 are considered to be FD, from 6 to 10 to be FM, and
from 11 to 18 to be FI. The same range is gathered by the 27 % rule, suggested by
Cureton (1957), such that the upper 27 % of the scorers are identified as Fl; the
lower 27% of the scorers as FD; and individuals whose scores fall between the cut-
off values of the upper and lower 27 % as FM.
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Table 3.1 The Distribution of Students” Cognitive Styles

Group N M SD Range
Field dependent 31 2.84 1.81 0-5
Field middle 35 8.03 1.54 6-10
Field independent 31 13.84 213 11-18
Total 97 8.23 4.78 0-18

As a result, based on the raw scores of the participants from the GEFT, they
were classified into three groups: Field dependent (N=31), field middle (N=35), and
field independent (N=31). Each of the three classes had all those three group of
students and they all did their learning in the same project-based learning
environment. The students were not informed of their cognitive styles. The
distribution of the participants in three classes including 34, 30, and 33 students,

respectively, in terms of field dependence and independence is given in Table 3.2

Table 3.2 The Distribution of the Participants in Three Intact Classes in Terms of

Field Dependence and Independence

Groups

Classes Field Field Field Total

Dependents  Middles Independents

(%) (%) (%)
7A 10 (32.1) 16 (45.7) 8(25.8) 34 (35.1)
7B 9 (29.0) 8 (22.9) 13 (41.9) 30 (30.9)
7C 12 (38.7) 11 (31.4) 10(32.1) 33 (34.0)
Total 31 (100) 35(100) 31 (100) 97 (100)

The distribution of the participants in three cognitive style groups in terms of

gender is given in Table 3.3. The average age of all groups of students was 13.

Table 3.3 The Distribution of the Participants in Three Cognitive Style Groups in

Terms of Gender

Groups
Gender Field Field Field Total
Dependents  Middles Independents
(%) (%) (%)
Females 18 (58.1) 24 (68.6) 15 ((48.4) 57 (58.8)
Males 13 (41.9) 11(31.4) 16(51.6) 40 (41.2)
Total 31 (100) 35 (100) 31 (100) 97 (100)
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3.3 Data Collection Instruments

In this study, quantitative and qualitative data collection instruments were
utilized for methodological triangulation and a variety of data sources were used for

data triangulation. Detailed information about these is stated below.

3.3.1 The Quantitative Data Collection Instruments

In order to gather the quantitative data, six instruments were used in the
study: Group Embedded Figures Test, Conditional and Procedural Knowledge Tests,
Active Learning Strategies in and Learning Value of Geometry Questionnaire,

Geometry Attitude Scale and Lesson Plan Evaluation Scale.

3.3.1.1 Group Embedded Figures Test

Group Embedded Figures Test (GEFT), developed by Witkin, Oltman,
Raskin, and Karp (1971) and translated and validated into Turkish by Cakan (2003),
was a measure of field dependence/independence and used to assess an individual's
perceptual differentiation. In this test, the object is for the individual to find, or
disembed, the simple geometric figure within the more complex geometric figure.
How a person responds to the GEFT indicates their general tendencies in learning,
perceiving and understanding the world. The GEFT score indicates one’s ability to
locate relevant information within, or separate it from, the overall organizational
context. The GEFT has three sections. The first section which is mainly for practice
contains seven relatively simple items which must be located and traced in two
minutes. This section is designed to determine students' understanding of the GEFT;
participants rarely make errors in the first section. The scores from this section are
not included in the total scores. The second and third sections each contain nine
complex items that are progressively more difficult and have time limits of five
minutes each. Scoring is based on the combined number of simple complex figures
correctly traced in sections two and three, thus scores may range from 0 (highly field
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dependent) to 18 (highly field independent). The scores of the second and third
sections indicate a learner's ability to perceive a part of a stimulus as discrete from
its surroundings through "active and analytic™ processes as opposed to "passive and
global™ processes. Turkish version of the GEFT, which was adapted into Turkish by
Cakan (2003), had satisfactory parallel-form reliability and internal consistency for
eight graders. The reliability coefficient between the second and third sections was
0.74 and it was 0.85 for the total sample. The Cronbach’s alpha coefficient of the
GEFT of the present study for seventh graders was 0.87, which indicate high
reliability.

3.3.1.2 Conditional and Procedural Knowledge Tests

In this study, the Conditional Knowledge Test (ConKT) and Procedural
Knowledge Test (ProKT) related to the angles and polygons were developed for
seventh grade students’ geometry knowledge with the help of the advisor of this
study, a mathematics educator at a university. All questions for the two tests were
developed by considering the objectives of the National Mathematics Curriculum
(MNE, 2005) for the seventh grade geometry and the nature of those two types of
knowledge. The researcher consulted the following textbooks and teachers’ resource
books for the selection of the questions of ProKT (Aygiin et al., 2007; Boyd, Burrill,
Cummins, Kanold, & Malloy, 1998; Kalin & Corbitt, 1993; Larson, Boswell, &
Stiff, 1995; Onal & Aydm, 2003; Rubenstein & Littell, 2002; Serra, 1997; Sahin,
Karakaya, Targil, Mendil, & Katirci, 1997). Two mathematics teachers, one of them
is a doctorate student in educational sciences at the same time, checked the tests for
the content validity by comparing the content of the tests with the objectives. Then,
the tests were submitted to the advisor to check the appropriateness, relevance, and
conciseness of the questions with the nature of mathematical knowledge acquisition
and with that of project-based learning. Taking into account their suggestions, some
revisions were made on the wordings of questions to make them clear and suitable
for the learning outcome being measured.

Draft forms of the ConKT and ProKT were piloted on eight grade students from

six public schools in the first semester of 2007-2008 academic year. The aim of the
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piloting was to check the clarity of the questions, to make sure the adequacy of the
test duration, and to check reliability and construct validity of the tests.

Two focused holistic scoring schemes, developed by Lane (1993), reflecting the
conceptual framework of conditional and procedural knowledge were utilized for
this study for grading the responses for each question in the ConKT and ProKT (see
Appendices B and F). For each question of the tests, a five-score level (0-4) was
assigned. The highest score of 4 was awarded for responses that the researchers
regard as being entirely correct and satisfactory at grade seven geometry level, while
the lowest score of 0 was reserved for no answer. The researcher graded the answers
on the basis of the question number rather than each student. In other words, the
answers given to question 1 were graded by going through each student’s answers.
Additionally, students’ names and cognitive style groups were not taken into account
while scoring the tests in order not to be biased.

The reliability analyses were conducted by using Statistical Package for Social
Sciences (SPSS) 13.0 for Windows for each test in order to obtain Cronbach alpha
reliability coefficients. Construct validity of the draft forms of them were examined
in two phases: Exploratory and confirmatory factor analyses. Exploratory factor
analyses were conducted by using SPSS 13.0 for Windows and the confirmatory
factor analysis was performed by using LISREL (Linear Structural Relations
Statistics Package Program) 8.30 for Windows (Joreskog & Sorbom, 1999).

The exploratory factor analyses were performed to evaluate the factor structures
of ConKT and ProKT with regard to the data obtained from Turkish eight grade
students. A principal component factor analysis with oblimin rotation was conducted
on them. The Kaiser-Meyer-Olkin (KMO) (Kaiser, 1970, 1974) measure of
sampling adequacy and Bartlett’s Test of Sphericity (BTS) (Bartlett, 1954) were
analyzed to ensure that the characteristics of the data were suitable for performing
exploratory factor analyses. After the results of KMO exceeded the recommended
value of 0.60 and BTS reached statistical significance, a further consideration was to
determine the number of factors to be extracted in the subsequent analyses. Pallant
(2007) and Thompson and Daniel (1996) suggested three methods to select factors.
Accordingly, the present study used: (a) eigenvalue-greater-than-one rule (Kaiser,
1970, 1974), (b) scree tests (Catell, 1966), and (c) parallel analysis (Horn, 1965). To
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decide which items to retain in each factor, the following rules were used: (a) item
loadings have to exceed .30 on at least one factor (Hair, Anderson, Tatham, &
Black, 1995) and (b) at least three significant loadings are required to identify a
factor (Zwick & Velicer, 1986).

The confirmatory factor analyses were administered to the new samples for each
test in order to make sure that selected observed variables with regard to the results
of exploratory factor analysis account for the latent variables. Multiple criteria
including chi-square (y%?), normed-chi square (NC), which is the ratio of chi-square
and its degrees of freedom), root mean square error of approximation (RMSEA), the
root mean square residual (RMR), standardized RMR, goodness-of-fit index (GFI),
adjusted-goodness-of-fit index (AGFI), comparative fit index (CFI) were used to test
model-data-fit. It is suggested that non-significant chi-square implies that the model
fits data and NC index of five or less have been interpreted as a good fit to the data
and with y*/df ratios of less than 2 indicating overfitting. It is suggested that RMSEA
values below 0.10 indicate a good fit to the data and the values below 0.05 indicate a
very good fit to the data. The RMSEA index has the advantage of going beyond
point estimates to the provision of 90%. Furthermore, by testing whether the value
obtained is significantly different from 0.05, LISREL provides a test of the
significance of the RMSEA. It is also suggested that RMR and standardized RMR
below .05, GFI, AGFI and CFI above .90 as a good fit to the data (Kelloway, 1998;
Steiger, 1990). Table 3.4 represents the summary of the criteria of fit indices defined

above.
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Table 3.4 Criteria for Fit Indices

Fit Index Criterion
Chi-Square (%) Non-significant
Normed Chi-Square (NC) 2<NC < 5 (good fit)
NC<2 (overfit)
Root Mean Square Error of 0.05 < RMSEA < 0.10 (good fit)
Approximation (RMSEA) 0.01<RMSEA < 0.05 (very good fit)
Root Mean Square Residual RMR < 0.05
(RMR)

Standardized Root Mean Square S-RMR < 0.05
Residual (S-RMR)

Goodness of Fit Index (GFI) GFI> 0.90
Adjusted Goodness of Fit Index AGFI> 0.90
(AGFI)

Comparative Fit Index (CFI) CFI>0.90

3.3.1.2.1 Conditional Knowledge Test

The Conditional Knowledge Test (ConKT) involves 10 “if-then” statements
in which students were required to describe the relationship between two concepts
about angles and polygons (see Appendix A). Objectives of those items are to justify
the relationships between the following two concepts: (1) angles when one line
intersects two parallel lines at two different points; (2) the angle and side properties
of isosceles and equilateral triangles, squares and rectangles, trapezoids and
parallelograms, and rhombi and parallelograms; (3) the sum of the measure of
angles of polygons and its number of sides; (4) being a regular polygon and its side
properties; (5) equal and similar polygons; (6) the being similar polygons and
measure of their angles and (7) being similarity of two regular polygons which have
the same number of sides. The possible scores of the ConKT range from 0 to 40.

Draft form of the ConKT was piloted on 134 eight grade students for
exploratory factor analysis for construct validity of it. As emphasized in section
3.3.1.2, ConKT questions were scored based on the rubric developed by Lane
(1993). If we want to give a specific example, grading responses for question 4 (Is
the statement “Every trapezoid is a parallelogram” true? Justify your answer) was

discussed. As it is seen, the question includes two parts: True/false and justification.
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If a student attempted no answer, copied a part of the problem without a solution,
used completely irrelevant information or gave false answer by writing down “yes
(every trapezoid is a parallelogram)”, he/she got 0 score. If a student answered
true/false part correctly by writing down “no (every trapezoid is not a
parallelogram)”, he/she got 1 or more points, depending on their explanation on
justification part. If a student failed to explain the reasons of why every trapezoid is
not a parallelogram or gave unrelated or wrong evidence of the explanation process,
the student got 1 point. If he/she identified some of the angle and side properties of
trapezoids and parallelograms but could not make connection between them, the
student got 2 points. If he/she identified the most important parts, gave a fairly
complete response with reasonably clear explanations or descriptions of the relations
and statements and presented supporting logically sound arguments which contain
some minor gaps such as some of the angle and side properties of those two types of
special quadrilaterals, the student got 3 points. If a student showed clear, strong,
supporting, logically sound and complete arguments, explanations or descriptions of
the relations between angle and side properties of trapezoids and parallelograms, the
student got 4 points.

Upon the completion of grading by the researcher, one mathematics teacher,
a doctorate student in educational sciences at the same time, scored randomly
selected 50 tests. Inter-rater reliability coefficient by means of intra-class correlation
(ICC) was computed in order to establish the extent of consensus on the use of the
scoring rubric for each of the tests. The ICC value of the ConKT was 0.87, which
indicated high reliability and internal consistency of scoring rubric as used by two
raters.

For exploratory factor analysis (EFA), 10 questions of the ConKT were
subjected to principles component analysis (PCA). Prior to performing PCA, the
suitability of data for EFA was assessed. All of inter-item correlations of those
questions of the ConKT were .3 or above (see table 3.5). The results of a KMO
measure of .91 and a statistically significant BTS measure of 703.83 (p < .001, df =
45) allowed us to conduct PCA. Subsequent investigations demonstrated the
presence of one factor with eigenvalues exceeding 1, explaining 55.74 % of the

variance. Table 3.6 presents the eigenvalue, percentage of variance explained by
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factor and factor loadings for component matrix along with communalities of the
questions of Conditional Knowledge Test.

Table 3.5 Correlations Between ConKT Questions
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CON1 1.00

CON2 43 1.00

CON3 .47 .66 1.00

CON4 45 54 51 1.00

CON5 45 33 .44 47 1.00

CON6 60 .58 .62 .55 .39 1.00

CONT7 45 56 56 .62 .36 .61 1.00

CON8 56 .34 38 .39 .30 .53 .54 1.00

CON9 S0 57 57 50 35 64 .66 .59 1.00
CON10 53 39 49 59 42 56 .57 .51 .59 1.00
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Table 3.6 Eigenvalue, Percentage of Variance Explained by Factors, and Factor
Loadings for Component Matrix Along With Communalities of the Questions of
ConKT

Conditional Knowledge

Component of Angles and Polygons
Eigenvalue 5.57
% of
Variance 55.74
Question Objectives Fac_tor Communalities
no loadings
6 To justify the relationship between sum
of interior angles of polygons and their .82 .68
number of sides
9 To justify the relationship between
. 81 .65
rectangles and similar polygons
7 To justify the relationship between
measure of angles and sides of polygons .80 .65
and being a regular polygon
3 To justify the relationship between
7 .59
squares and rectangles
10 To justify the relationship between two
regular polygons having the same number .76 .58
of sides and similarity of polygons
4 To justify the relationship between
X .75 57
trapezoids and parallelograms
2 To justify  the relationship between
equilateral  triangles and isosceles 73 .53
triangles
1 To justify the relationship between (a) the

situation of one line intersects other two

parallel lines at two different points and 12 52
(b) corresponding angles among them
8 To justify the relationship between
. .68 A7
congruency and similarity of polygons
5 To justify the relationship between 58 34

rhombi and parallelograms

The component matrix revealed that all ten questions constituted one factor
and all factor loadings and communality values were above .30, concurrent with the
suggestions of (Hair et al., 1995). The inspection of the screeplot revealed a clear
break between the first and second factors. Hence, Catell’s (1966) scree test
demonstrated to retain one factor (see Figure 3.1). This was further supported by the
results of parallel analysis. To compare the initial eigenvalues obtained in the
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exploratory factor analysis with the corresponding values of the random eigenvalues,
Monte Carlo PCA for Parallel Analysis (Watkins, 2000) was used. The results
showed only one factor with eigenvalue of 5.57 exceeding the corresponding values
of the random eigenvalues generated for 10 variables, 134 subjects and 100

replications. Therefore, a one-factor solution was selected.

Scree Plot

Eigenvalue
©
L

Component Number

Figure 3.1 Screeplot of ConKT

Regarding the findings of EFA, ConKT was conducted to 259 different eight
grade students for CFA to specify ten observed variables (CON1, CON2, CON3,
CON4, CON5, CON6, CON7, CON8, CON9, and CON10) which indicate the latent
variable of conditional knowledge of angles and polygons. The model was tested
and three covariance terms were added to SIMPLIS syntax in order to improve the
model considering the modification indices with the highest values. The final
SIMPLIS syntax for the CFA of the model is given in Appendix C. LISREL
estimates of parameters in ConKT model with coefficients in standardized value and
t-values are given in Table 3.7 and Appendix D. The maximum likelihood
estimations appeared between .74 and .88 and all t values were significant at p < .05.
This showed that the factor loadings of each item on the related dimension were at a

reasonable size to define ConKT.
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Table 3.7 Maximum Likelihood Estimates and t Values of Confirmatory Factor
Analysis of ConKT

Itemno ConKT

74 (13.68)
74 (13.59)
84 (16.36)
81 (15.49)
75 (14.03)
87 (17.39)
77 (14.37)
88 (17.61)
78 (14.64)
0 80 (15.30)

P O00~NO Ol WN P

* t values are given in parentheses

Fit statistics of squared multiple correlation (R?) that equal the proportion of
explained variance were displayed in the LISREL output. The values of R? for

ConKT were presented in Table 3.8.

Table 3.8 Squared Multiple Correlations for ConKT

Observed R?

Variables

CON1 .55
CON2 .54
CON3 .70
CON4 .65
CON5 57
CONG .75
CON7 .59
CONS 17
CON9 .60
CON10 .64

ConKT was evaluated in terms of the goodness-of-fit-indices which were
discussed in detail in section 3.3.1.2. The values of the goodness-of-fit criteria of the
model for ConKT are represented in Table 3.9. The model for ConKT demonstrated
a significant Chi-Square value of y*> = 64.00 with degrees of freedom, df = 31, at a
significance level p < .001. As known, y? is sensible to sample size. In this sense,
this criterion indicates a significant probability level when the sample size increases,

generally above 200 (Kelloway, 1998). The sample size in this study was 259, which
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was large enough to make the test statistically significant. The value of the NC was
2.06 that indicated a good fit to the data with its being less than 5.

The Goodness-of-Fit Index (GFI), the Adjusted Goodness-of-Fit Index
(AGFI) and the Comparative Fit Index (CFI) of the model for ConKT was 0.95, 0.92
and .90, respectively. All of those values were higher than 0.90 that indicated a good
fit to the data. The Root- Mean-Square Residual (RMR) value of the model was
0.13. It did not support data because it was higher than 0.05.The Standardized-RMR
value of the model was equal to 0.024. Since, it was lower than 0.05, it indicated a
good fit to the data. The value of Root-Mean-Squared Error of Approximation
(RMSEA) of the model was 0.064, which was less than 0.10, indicating a good fit to
the data. Additionally, RMSEA of the model was demonstrated to be in the 90
percent confidence interval for RMSEA, which was from 0.042 to 0.087.

Table 3.9 Goodness of Fit Indices of the One Factor Model for ConKT

Fit Index Value

Chi-Square (?) 64.00 (p=0.00044)
Normed Chi-Square (NC) 2.06

Root Mean Square Error of Approximation (RMSEA)  0.064

Root Mean Square Residual (RMR) 0.13

Standardized Root Mean Square Residual (S-RMR) 0.024

Goodness of Fit Index (GFI) 0.95

Adjusted Goodness of Fit Index (AGFI) 0.92

Comparative Fit Index (CFI) 0.99

As a result, although RMR was higher than .05 and the relation yielded a
significant ¥2, all other fit indices (NC, RMSEA, S-RMR, GFIl, AGFI, and CFlI)
showed a good fit (see Table 3.9). Moreover, the factor loadings of each item on the
related dimension were at a reasonable size to define ConKT. As a result,
confirmatory factor analysis supported the one-factor solution that emerged from the
exploratory factor analysis in the first phase.

Results of factor structure analysis of ConKT were generally favorable with
regard to the validity of scores. Both exploratory and confirmatory factor analysis
data yielded Cronbach alpha reliability coefficients of .91 and .93, respectively,
which indicate high reliability.
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3.3.1.2.2 Procedural Knowledge Test

The Procedural Knowledge Test (ProKT) comprises 14 open-ended
questions on angles and polygons, which were prepared to have a deeper
understanding of students’ computation and application processes (see Appendix E).
Questions are posed in the real life context as the focus of the project-based learning
is on real life situations. Objectives of the questions are to apply- (1) angles when a
line intersects two parallel lines at two different points, (2) the measure of interior
angles of a triangle and a rectangle, (3) the measure of interior and exterior angles of
a triangle, a pentagon, and a hexagon, (4) the measure of one of the interior angles of
a regular octagon, (5) the number of sides of a regular polygon when one of the
measures of the interior angle is given, and (6) the side and angle properties of
equilateral triangles, parallelograms, rhombi, squares, trapezoids, similar triangles
and similar rectangles. The possible scores of the ProKT range from 0 to 56.

Draft form of the ProKT was piloted on 120 eight grade students for EFA for
construct validity of ProKT. As emphasized in section 3.3.1.2, ProKT questions
were scored based on the rubric developed by Lane (1993). If we want to give a
specific example, grading responses for question 12, which aims to apply angles and
side properties of a square, an equilateral triangle, and an isosceles triangle in a real

life situation, was discussed.

Question 12:
L E L E
\% \%
A H A H

The above signboard consists of LEHA square and EVH equilateral triangle.
What is the measure of EVL angle?
If a student attempted no answer, copied a part of the problem without a

solution or used completely irrelevant information, he/she got 0 score. If a student
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reflected just some angle and side properties of a square and an equilateral triangle
but then used an inappropriate strategy for solving the problem or the solution
process was missing, he/she got 1 point. If a student gave incomplete solution but
made significant progress towards completion of the problem and could not see that
LEV is an isosceles triangle, he/she got 2 points. If a student executed algorithms,
recognized that LEV is an isosceles triangle, used angle and side properties of a
square, an equilateral triangle, and an isosceles triangle, computations were
generally correct but may contain minor errors, the solution process is nearly
complete but could not find measure of EVL angle, he/she got 3 points. If he/she
found the measure of EVL angle by executing algorithm and rules and giving
evidence of a solution process systematically, completely and correctly, he/she got 4
points.

Upon the completion of grading by the researcher, one mathematics teacher,
a doctorate student in educational sciences at the same time, scored randomly
selected 50 tests. Inter-rater reliability coefficient by means of intra-class correlation
(ICC) was computed in order to establish the extent of consensus on the use of the
scoring rubric for each of the tests. The ICC value of the ProKT was 0.96, which
indicated high reliability and internal consistency of scoring rubric as used by two
raters.

For EFA, 14 questions of the ProKT were subjected to PCA. Prior to
performing PCA, the suitability of data for EFA was assessed. All of inter-item
correlations of those questions of the ProKT were .3 or above (see Table 3.10). The
results of a KMO measure of .94 and a statistically significant BTS measure of
11132.16 (p < .001, df = 91) allowed us to conduct PCA. Subsequent investigations
demonstrated the presence of one factor with eigenvalues exceeding 1, explaining
59.40 % of the variance. Table 3.11 presents the eigenvalue, percentage of variance
explained by factor and factor loadings for component matrix along with

communalities of the questions of Procedural Knowledge Test.
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Table 3.10 Correlations Between ProKT Questions

o — N ™ <

ceggggegggceccos
A o o A A o a o o g a a o o

PRO1 1.0

PRO2 55 1.0

PRO3 50 .49 1.0

PRO4 55 41 .60 1.0

PRO5 66 .43 .61 .61 1.0

PRO6 60 .57 .61 .58 .63 1.0

PRO7 73 52 55 60 .65 .60 1.0

PRO8 64 53 54 47 66 .57 59 1.0

PRO9 55 57 48 45 51 65 .50 .55 1.0

PRO10 65 .54 62 47 60 .72 66 .66 .58 1.0

PRO11 55 .60 .52 .51 56 .56 .59 .48 .50 .52 1.0

PRO12 60 .52 52 51 56 .62 .55 .58 .64 .55 .51 1.0

PRO13 50 .54 53 .51 50 .58 50 .64 59 .59 42 54 1.0

PRO14 53 .64 53 .48 51 .63 58 .65 .53 .53 54 .60 .64 1.0
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Table 3.11 Eigenvalue, Percentage of Variance Explained by the Factor,
and Factor Loadings for Component Matrix Along With Communalities of the
Questions of ProKT

Procedural
Knowledge
of Angles and
Component Polygons
Eigenvalue 8.32
% of Variance 59.40
= 3
= —
2 R
5 Objectives ° E
@ L &)
6 To apply angles of a triangle and supplementary angles in a 83 69
real life situation '
10 To apply angles and sides of a trapezoid in a real life situation 81 .65
1 To apply supplementary angles and angles when a line
intersects two parallel lines at two different points in a real .80 .64
life situation
7 To apply the measure of angles of a regular octagon in a real
o .80 .64
life situation
8 To apply one of the measures of the interior angle of a regular 80 63
polygon to find its the number of sides in a real life situation ' '
5 To apply sum of the measure of the interior angles of a 79 62
polygon ' '
14 To apply sides of a triangle, similar polygons and proportion 78 60
in a real life situation ' '
12 To apply angles and sides of a square, an equilateral triangle,
: . : e 17 .59
and an isosceles triangle in a real life situation
9 To apply angles and sides of a rhombus and an isosceles
) : e 75 .56
triangle in a real life situation
13 To apply sides of a rectangle, similar polygons and proportion 75 56
in a real life situation ' '
3 To apply measure of interior angles of a triangle and a
: e 75 .56
rectangle in a real life situation
2 To apply supplementary angles and angles when a line
intersects two parallel lines at two different points in a real .73 .53
life situation
11 To apply angles and sides of a parallelogram, supplementary
angles and angles when a line intersects two parallel lines at .72 52
two different points in a real life situation
4 To apply an exterior and interior angle of a polygon and sum 71 51

of interior angles of it in a real life situation

38



The component matrix revealed that four-teen questions constituted one
factor and all factor loadings and communality values were above .30, concurrent
with the suggestions of (Hair et al., 1995). The inspection of the screeplot revealed a
clear break between the first and second factors. Hence, Catell’s (1966) scree test
showed to retain one factor for subsequent analyses (see Figure 3.2). This was
further supported by the results of parallel analysis. To compare the initial
eigenvalues obtained in the exploratory factor analysis with the corresponding
values of the random eigenvalues, Monte Carlo PCA for Parallel Analysis (Watkins,
2000) was used. The results showed only one factor with eigenvalue of 8.32
exceeding the corresponding values of the random eigenvalues generated for 14
variables, 120 subjects and 100 replications. Therefore, a one-factor solution was

selected.

Scree Plot

Eigenvalue

T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Component Number

Figure 3.2 Screeplot of ProKT

Regarding the findings of EFA, ProKT was conducted to 192 different eight
grade students for CFA to specify four-teen observed variables (PRO1, PRO2,
PRO3, PRO4, PRO5, PRO6, PRO7, PRO8, PRO9, PRO10, PRO11, PRO12,
PRO13, and PRO14) which indicate the latent variable of procedural knowledge of
angles and polygons. The model was tested and twenty-six covariance terms were
added to SIMPLIS syntax in order to improve the model considering the
modification indices with the highest values. The final SIMPLIS syntax for the CFA

of the model is given in Appendix G. LISREL estimates of parameters in ProKT
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model with coefficients in standardized value and t-values are given in Table 3.12
and Appendix H. The maximum likelihood estimations appeared between 0.80 and
0.97 and all t values were significant at p < .05. Table 3.12 presents the standardized
estimates and t values for the items of the ProKT. This showed that the factor
loadings of each item on the related dimension were at a reasonable size to define
ProKT.

Table 3.12 Maximum Likelihood Estimates and t Values of Confirmatory Factor
Analysis of ProKT

Itemno  ProKT

1 97 (18.22)
2 85 (14.74)
3 82 (13.90)
4 82 (13.77)
5 86 (14.84)
6 91 (16.33)
7 87 (15.27)
8 95 (17.58)
9 88 (15.57)
10 83 (14.15)
11 80 (13.34)
12 .90 (16.10)
13 85 (14.67)
14 93 (16.95)

* t values are given in parentheses

Fit statistics of squared multiple correlation (R?) that equal the proportion of
explained variance were displayed in the LISREL output. The values of R? for
ProKT were presented in Table 3.13.
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Table 3.13 Squared Multiple Correlations for ProKT

Observed R?

Variables

PRO1 .93
PRO2 73
PRO3 .67
PRO4 .67
PRO5 74
PRO6 .82
PRO7 .76
PROS8 .90
PRO9 .78
PRO10 .69
PRO11 .64
PRO12 .81
PRO13 12
PRO14 .86

ProKT was evaluated in terms of the goodness-of-fit-indices which were
discussed in detail in section 3.3.1.2. The values of the goodness-of-fit criteria of the
model for ProKT are represented in Table 3.14. The model for ProKT demonstrated
a significant Chi-Square value of ¥? = 125.56 with degrees of freedom, df = 51, at a
significance level p < .001. As known, y? is sensible to sample size. In this sense,
this criterion indicates a significant probability level when the sample size increases,
generally above 200 (Kelloway, 1998). The sample size in this study was 259, which
was large enough to make the test statistically significant. The value of the NC was
2.44 that indicated a good fit to the data with its being less than 5.

The Goodness-of-Fit Index (GFI), the Adjusted Goodness-of-Fit Index
(AGFI), and the Comparative Fit Index (CFI) of the model for ProKT was 0.91,
0.82, and 0.99, respectively. Although GFI and CFI values were higher than 0.90
that indicated a good fit to the data, AGFI value did not support data. Both of the
Root- Mean-Square Residual (RMR) and Standardized RMR values of the model
were equal to 0.021. Since, they were lower than 0.05, they indicated a good fit to
the data. The value of Root-Mean-Squared Error of Approximation (RMSEA) of the
model was 0.087, which was less than 0.10, indicating a good fit to the data.
Additionally, RMSEA of the model was demonstrated to be in the 90 percent
confidence interval for RMSEA, which was from 0.068 to 0.11.
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Table 3.14 Goodness of Fit Indices of the One Factor Model for ProKT

Fit Index Value
Chi-Square (%) 124.56 (p= 0.00)
Normed Chi-Square (NC) 2.44

Root Mean Square Error of Approximation (RMSEA)  0.087

Root Mean Square Residual (RMR) 0.021
Standardized Root Mean Square Residual (S-RMR) 0.021

Goodness of Fit Index (GFI) 0.91

Adjusted Goodness of Fit Index (AGFI) 0.82
Comparative Fit Index (CFI) 0.99

As a result, although AGFI was little bit lower than 0.90 and the relation
yielded a significant y2, all other fit indices (NC, RMSEA, RMR, S-RMR, GFl, and
CFI) showed a good fit (see Table 3.14). Moreover, the factor loadings of each item
on the related dimension were at a reasonable size to define ProKT. As a result,
confirmatory factor analysis supported the one-factor solution that emerged from the
exploratory factor analysis in the first phase.

Results of factor structure analysis of ProKT were generally favorable with
regard to the validity of scores. Both exploratory and confirmatory factor analysis
data yielded Cronbach alpha reliability coefficients of .95 and .96, respectively,
which indicate high reliability.

3.3.1.3 Active Learning Strategies in and Learning Value of Geometry

Questionnaire

Active Learning Strategies in and Learning Value of Geometry
Questionnaire (ALSLVGQ) was adapted from the Students’ Motivation Toward
Science Learning (SMTSL) questionnaire (Tuan et al., 2005; Yilmaz & Huyugiizel-
Cavas, 2007) that measured motivation in six dimensions: Self-efficacy, active
learning strategies, science learning value, performance goal, achievement goal, and
learning environment stimulation. Of those dimensions, the active learning strategies
dimension including 7 items and science learning value dimension with 5 items were
taken as a whole questionnaire only changing the word “science” into “geometry” by
considering the nature of project-based learning. These two dimensions were taken

into consideration in the context of this present study since PBL focuses on students
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taking an active role in constructing new knowledge derived from their prior
understanding and also encourages students to find personal value of what they are
doing (Blumenfeld et al., 1991; Frank et al., 2003; Krajcik et al., 1994, 2003;
Milner-Bolotin, 2001). Active engagement in learning mathematics and valuing of it
are two important factors for ensuring quality for all students (NCTM, 2000).

ALSLVGQ includes statements representing active learning strategies of -
(a) attempting to understand new concepts, (b) connecting previous knowledge and
experiences with new knowledge, (c) finding relevant resources, (d) discussing with
the teacher or the other students, and (e) thinking the reason of mistakes. An
example of such items contains: ‘During the learning process, I attempt to make
connections between the concepts that I learn’. The questionnaire also comprises
statements representing learning value of - (a) finding the relevance with daily life,
(b) stimulating thinking, (c) acquiring problem solving, (d) experiencing the inquiry
activities, and (e) having the opportunity to satisfy their curiosity in geometry. An
example of such items of the scale is: ‘In geometry, | think it is important to learn to
solve problems’. Thus, ALSLVGQ consists of 12 positive items with five-point
Likert-type scale. Items on the scale anchor at 1= strongly disagree, 2= disagree; 3=
no opinion, 4= agree, 5= strongly agree. The score was the sum of the ratings and
the possible scores of the ALSLVGQ range from 12 to 60. Items of the
questionnaire are given in Appendix .

Draft form of the ALSLVGQ including 12 questions was piloted on 188
sixth grade students from a private school for EFA for construct validity of it to
understand the underlying structure of them. Principal components analysis (PCA)
was carried out for the ALSLVGQ by SPSS 13.0. Prior to performing PCA, the
suitability of data for EFA was assessed. Most of inter-item correlations of those
items of the ALSLVGQ were above 0.30 (see table 3.15).
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Table 3.15 Correlations Between Items of ALSLVGQ

i 12 13 14 15 16 17 18 19 110 111 112

11 1.00

12 27 1.00

13 39 .23 1.00

14 39 .24 .33 1.00

15 33 53 29 .32 1.00

16 31 .32 24 38 .43 1.00

17 35 25 3 39 51 .38 1.00

18 26 34 27 20 35 .19 .22 1.00

19 30 .29 31 40 34 20 35 .47 1.00

10 33 30 24 21 26 .29 .22 .40 .50 1.00
111 22 26 .27 .11 .26 .26 .18 44 35 .41 1.00
12 30 21 32 25 40 30 .28 .33 .35 .27 .40 1.00

The results of a KMO measure of 0.85 and a statistically significant BTS
measure of 632.30 (p < .001, df = 66) yielded that the data to run PCA was adequate
and appropriate. Subsequent investigations demonstrated the presence of two factors
with eigenvalues exceeding 1, explaining 37.14 % and 10.74 % of the variance,
respectively. The total variance explained by these two factors was 47.87 %. The
factor loadings of the first dimension of the items of direct oblimin rotated pattern
matrix ranged from .39 to .79. The factor loadings of the second dimension of the
items of direct oblimin rotated pattern matrix ranged from .43 to .82. All 12 items
had communalities varying from .34 to .58. Therefore, all factor loadings and
communality values were above .30, concurrent with the suggestions of Hair et al.
(1995). These proposed that all items contributed significantly. Eigenvalues,
percentages of variances explained by factors, and factor loadings of pattern matrix
and structure matrix along with communalities of the items for the factor analysis of
ALSLVGQ were presented in Table 3.16.
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Table 3.16 Eigenvalues, Percentages of Variances Explained by Factors, and
Factor Loadings of Pattern Matrix and Structure Matrix Along With Communalities
of the Items for the Factor Analysis of ALSLVGQ

Components 1 2
Eigenvalues 4.46 1.29
% of Variances 37.14 10.74
Factor Loadings
3
=
L L S
ltems Ex ZxXx ExX ZX E
35 SE 35 SE £
58 28 EBE 28 5
a2 h= o= h= O
7. Anlamadigim  geometri  kavramlartyla
karsilastigimda. yine de bunlar1 anlamak i¢in ¢caba .79 .74 -11 .27 .56

gosteririm.

4. Bir geometri kavramim1 anlamadigimda. bu

kavrami anlayabilmek i¢in &gretmenimle ya da .76 .70 -13 .23 51
diger 6grencilerle tartigirim.

6. Bir hata yaptifimda. nig¢in hata yaptigimi 68 67 -02 30 45
bulmaya c¢aligirim.

5. Ogrenme siireci boyunca. 6grendigim kavramlar
arasinda baglantilar kurmaya ¢alisirim.

1. Yeni geometri kavramlarint 6grenirken bunlari
anlamak i¢in ¢aba gosteririm.

3. Bir geometri kavramini anlamadigimda bana 50 57 16 39 35
yardimci olacak uygun kaynaklar bulurum.

2. Yeni geometri kavramlarini 6grenirken. bunlarla

daha oOnceki deneyimlerim arasinda baglantilar .39 .52 .29 47 .34
kurarim.

11. Geometride arastirmaya yonelik etkinliklere
katilmanin 6nemli oldugunu diisiiniiyorum.

8. Giinliik hayatimda kullanabilecegim i¢in
geometri Ogrenmenin Oonemli oldugunu -03 34 78 .76 .58
diisiiniiyorum.

%O. QeOmeErlde Izrc.).blnem ¢ozmeyi Ogrenmenin o, oo 45 73 a3
onemli oldugunu diistiniiyorum.

9. Geor‘n‘etrln ben} dusvunmey"e ) y9neltt1g1 €. 50 4 61 70 52
geometrinin dnemli oldugunu diisiiniiyorum.

12. Geometri konularim1 6grenirken merakimi
giderecek firsatlarin olmasi 6nemlidir.

66 72 13 45 54

59 64 10 38 41

-12 271 82 76 .59

28 49 43 56 .38

The inspection of screeplot revealed a clear break between the second and

third factors, and that first two factors explain the much more of the variance than
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remaining factors (see Figure 3.3). Hence, it was decided to retain two factors
(active learning strategies in geometry and learning value of geometry) for

subsequent analyses by using Catell’s (1966) scree test.

Scree Plot

Eigenvalue

Component Number

Figure 3.3 Screeplot of ALSLVGQ

This was further checked by the results of parallel analysis. To compare the
initial eigenvalues obtained in the first exploratory factor analysis with the
corresponding values of the random eigenvalues, Monte Carlo PCA for Parallel
Analysis (Watkins, 2000) was used. The results showed only one factor with
eigenvalue of 4.66 exceeding the corresponding values of the random eigenvalues
generated for 12 variables, 188 subjects and 100 replications. Although the parallel
analysis indicated that one factor should be extracted, a second was extracted
because its eigenvalue was close to that provided by the second factor extracted
from the random data set and the parallel analysis tends to err in the direction of
overextraction (O’Connor, 2000).

Regarding the findings of EFA, ALSLVGQ was conducted to 277 different
sixth grade students for CFA to specify twelve observed variables (11, 12, 13, 14, 15,
16, 17, 18, 19, 110, 111, and 112) which indicate three latent variables of active
learning strategies in and learning value of geometry. The model was tested and five
covariance terms were added to SIMPLIS syntax in order to improve the model
considering the modification indices with the highest values. The final SIMPLIS
syntax for the CFA of the model is given in Appendix J. LISREL estimates of

parameters in ALSLVGQ model with coefficients in standardized value and t-values
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are given in Table 3.17 and Appendix K. The maximum likelihood estimations of
Active Learning Strategies in Geometry Scale (ALSGS) appeared between .60 and
.70 and those of Learning Value of Geometry Scale (LVGS) appeared between .59
and .70 and all t values were significant at p < .05. This showed that the factor
loadings of each item on the related dimension were at a reasonable size to define

active learning strategies in and learning value of geometry.

Table 3.17 Maximum Likelihood Estimates and t Values of Confirmatory Factor

Analysis of ALSLVGQ

ltemno ALSG LVG

1 .70 (12.47)

2 .68 (11.83)

3 .61 (10.53)

4 .60 (10.22)

5 .70 (12.20)

6 .62 (10.55)

7 .67 (11.65)

8 .63 (10.49)
9 .70 (12.05)
10 .63 (10.62)
11 .62 (10.48)
12 .59 (9.78)

* t values are given in parentheses

Fit statistics of squared multiple correlation (R?) that equal the proportion of
explained variance were displayed in the LISREL output. The values of R? for
ALSLVGQ were presented in Table 3.18.
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Table 3.18 Squared Multiple Correlations for ALSLVGQ

Latent Observed R?

Variables Variables

11 49
12 46
13 .38
ALSG 14 .36
15 49
16 .38
17 45
18 40
19 49
LVG 110 .39
111 .38
112 34

ALSLVGQ was evaluated in terms of the goodness-of-fit-indices which were
discussed in detail in section 3.3.1.2. The values of the goodness-of-fit criteria of the
model for active learning strategies in and learning value of geometry are
represented in Table 3.19. The model demonstrated a significant Chi-Square value
of y> = 76.10 with degrees of freedom, df = 48, at a significance level p < .001. As
known, ¥* is sensible to sample size. In this sense, this criterion indicates a
significant probability level when the sample size increases, generally above 200
(Kelloway, 1998). The sample size in this study was 277, which was large enough to
make the test statistically significant. The value of the Normed Chi-Square (NC) in
terms of which y2/df is displayed, was 1.59 that indicated an overfitting to the data
with its being less than 2.

The Goodness-of-Fit Index (GFI), the Adjusted Goodness-of-Fit Index
(AGFI), and the Comparative Fit Index (CFI) of the model for ProKT was 0.96,
0.93, and 0.99, respectively. All of those values were higher than 0.90 that indicated
a good fit to the data. Although the Root- Mean-Square Residual (RMR) was higher
than 0.05, Standardized RMR value of the model was equal to 0.035 and it was
lower than 0.05, which indicated a good fit to the data. The value of Root-Mean-
Squared Error of Approximation (RMSEA) of the model was 0.046, which was less
than 0.10, indicating a good fit to the data. Additionally, RMSEA of the model was
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demonstrated to be in the 90 percent confidence interval for RMSEA, which was
from 0.025 to 0.065.

Table 3.19 Goodness of Fit Indices of the One Factor Model for ALSLVGQ

Fit Index Value
Chi-Square (y?) 76.10 (p=0.0060)
Normed Chi-Square (NC) 1.59

Root Mean Square Error of Approximation (RMSEA)  0.046

Root Mean Square Residual (RMR) 0.12
Standardized Root Mean Square Residual (S-RMR) 0.035

Goodness of Fit Index (GFI) 0.96

Adjusted Goodness of Fit Index (AGFI) 0.93

Comparative Fit Index (CFI) 0.99

As a result, although the relation yielded a significant > and RMR was
higher than .05, all other fit indices (NC, RMSEA, S-RMR, GFI, AGFI, and CFI)
showed a good fit (see Table 3.20). Moreover, the factor loadings of each item on
the related dimension were at a reasonable size to define active learning strategies in
and learning value of geometry. Thus, confirmatory factor analysis supported the
two-factor solution that emerged from the exploratory factor analysis in the first
phase.

Results of factor structure analysis were generally favorable with regard to
the validity of scores. Both exploratory factor analysis and confirmatory factor
analysis data for the entire questionnaire indicated .84 Cronbach alpha reliability
estimates, which indicate high reliability. The internal consistency of the two sub-
scales of the ALSLVGQ was estimated by the Cronbach alpha coefficient to be
generally satisfactory. Those were .78 and .76 for exploratory factor analysis and .78
and .70 for confirmatory factor analysis. The score was the sum of the ratings and
the possible scores of the ALSGS range from 7 to 35 and those of the LVGS range
from 5 to 25.

3.3.1.4 Geometry Attitude Scale

To determine students’ attitudes toward geometry, geometry attitude scale

(GAS), developed by Duatepe-Paksu and Ubuz (2007), covering the components of
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motivation and self-confidence was used (see Appendix L). Seven items
representing motivation reflected students’ pleasure when dealing with geometry
and their eager to continue to think about puzzling ideas outside class. Five items
standing for self-confidence involved the behavior of nervousness and tension felt in
geometry topics and the students’ confidence in their ability to learn and to perform
well on examination on geometry. Examples of items related to each component —
motivation and self-confidence - include respectively: (a) | do not realize how the
time passes when | am studying geometry and (b) I do not feel tension in geometry
lessons. This scale consists of 12 Likert type items with five possible alternatives as
strongly disagree, disagree, uncertain, agree, and strongly agree. Mainly it included
eight indicative and nine contraindicative items. Negative statements were scored as
5,4, 3, 2, and 1 and positive statements were scored as 1, 2, 3, 4 and 5 according to
the order of alternatives. The score was the sum of the ratings. The possible scores
of the GAS range from 12 to 60. Both pre and post administration of the GAS
generally for the present study yielded Cronbach alpha reliability coefficient of .87,
which indicate high reliability.

3.3.1.5 Lesson Plan Evaluation Scale

A lesson plan evaluation scale (see Appendix N) was prepared by the
researcher using the criteria (given in section 3.6) to determine to what extent
project-based learning was implemented according to the lesson plans. This scale
comprises 14 Likert type items with five possible alternatives as strongly disagree,
disagree, uncertain, agree, and strongly agree. They were scored as 1, 2, 3, 4 and 5
according to the order of alternatives. Item 1 reflected the driving question, item 2
reflected making investigation, item 3 reflected collaboration of group members,
item 4 reflected using technology for both the teacher and the students, item 5
reflected creating an artifact, item 6 reflected authentic assessment, item 7 reflected
employing benchmark lessons to supply students with preparatory knowledge for
developing an artifact, item 8 reflected the relation of the project with real-life
issues, item 9 reflected the students’ and teacher’s role, item 10 reflected learning by

doing, item 11 reflected interdisciplinary opportunities, item 12 reflected making use
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of higher order thinking skills and the acquired knowledge, item 13 reflected taking
students’ interest and item 14 reflected orchestration instead of isolation among

them.

3.3.2 The Qualitative Data Collection Instruments

In order to gather the qualitative data, two instruments were used in the study:
Interview Questions Form and Teacher’s Observation Form. Both of them were
prepared by the researcher by the help of the advisor. She critiqued and
recommended necessary changes to the instruments and the feedback was used to

revise organization of the statements and wording of the items.

3.3.2.1 Interview Questions Form

Open-ended interview questions were used in the study (see Appendix P).
Exact wording and sequence of questions were determined in advance. They were
prepared to get students’ having different cognitive styles opinions and experiences
of project-based learning in terms of conditional and procedural geometry
knowledge acquisition, attitude towards geometry, active learning strategies in, and
learning value of geometry. The questions were developed so that students from
three different cognitive styles were going to be interviewed at two stage: (a) before
artifact development to understand the influence of benchmark lessons and (b)
during and upon the creation of the project to see the influence of producing and
sharing of the artifact. Interview guide consists of three questions, designed to be
asked before development of the artifact, with a focus of assessing the influence of
exemplifying geometry concepts from real life on students’ procedural knowledge
acquisition in, attitude towards, active learning strategies in, and learning value of
geometry and utilizing visual tools on their overall and conditional geometry
knowledge acquisition. It also includes seven questions to be asked during and after
the artifact development which aimed to examine (a) the processes of investigation
and choosing polygonal shape of the buildings and (b) the influence of the project on

students’ overall conditional, and procedural knowledge acquisition in, attitude
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towards, active learning strategies in, and learning value of geometry. The questions

and purpose of assessment are given in detail in Table 3.20.

Table 3.20 Semi-Structured Interview Guide for Analyzing the Learning Process

Time

Interview questions

Purpose of assessment

Before creation of artifact

1. What do you think about
demonstrations of some pictures from real
life? In what ways?

2. What do you think about the usefulness
of geometry in other lessons and in real
life? In what ways?

Prompt: How is geometry useful in other
lessons and in real life?

3. What do you think about demonstrating
some pictures from real life, some
concrete materials and using technology
are effective in your geometry learning?
If yes, in what ways? Prompt: How do
they affect your geometry learning?

Assess students’ attitude
toward exemplifying geometry
concepts from real life

Assess  the influence of
exemplifying geometry
concepts from real life on
procedural knowledge

acquisition in, active learning
strategies in, and learning value
of geometry

Assess the influence of
utilizing visual tools on
students’ overall and
conditional geometry
knowledge acquisition

During and upon creation of artifact

4. How did you make investigation,
which references did you find and use?”

5. How did you place polygons in your
project, randomly or purposefully?”

6. Do you like this project? If yes/no,
what have you liked/disliked the most?
Prompt: Why do you like/dislike?”

7. Do you think that you can connect
geometrical concepts with each other?”
Prompt: If yes, explain how you connect
geometrical concepts with each other by
giving examples from your project.

8. Do you think that you can apply
geometry concepts in real life? What have
you learned? Prompt: If yes, explain how
you apply which geometry concepts in
real life by giving examples from your
project.

9. Do you like group work? Prompt: Why
do you like/dislike group work?

10. What difficulties did you face with
this project, if any? Prompt: What did you
make to overcome those obstacles?

Examine the investigation
process of the students
Examine the process of

students’ choosing polygonal

shape of the buildings

Examine students’
toward the project

attitude

Assess the influence of the
project on students’ conditional
geometry knowledge
acquisition

Assess the influence of the
project on students’ procedural
geometry knowledge
acquisition

Assess students’ attitude

toward group work

Examine students’ reflections
about active learning strategies
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3.3.2.2 Teacher’s Observation Form

Teacher’s observation form (see Appendix O) consisting of six main open-
ended questions was developed by the researcher to see how project-based learning
was implemented in the classroom environment by students having three different
cognitive styles and to obtain information about experiences of those three type of
students in PBL in terms of five dependent variables of this study by taking into
consideration the related literature on the characteristics of them. The first four
questions were on the behaviors and reactions of students from three different
cognitive groups regarding instructional materials, solving problems, individual and
group works, and communication with the teacher and friends. Question five and six
reflected how those students show conditional and procedural geometry knowledge,

respectively, during benchmark lessons and developing and sharing of the artifact.

3.4 Variables

Four dependent and two independent variables were considered in this study
(see Table 3.21). Dependent variables of the study are students’ gain scores on the
ConKT, ProKT, GAS, ALSGS, and LVGS. The independent variables include
between-subject variables and within-subject variables. Time (timel and time2) was
the within-subject factor and cognitive style (FD, FM and FI) was between-subjects

factor.

Table 3.21 Variables of the Study

Dependent variables Independent variables
Students’ gain scores on the ConKT Within-subject Between-
variable subjects variable
Students’ gain scores on the ProKT Time Cognitive style
Students’ gain scores on the GAS Timel FD
Students’ gain scores on the ALSGS Time2 FM
Students’ gain scores on the LVGS Fl
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3.5 Data Collection Procedures

At the beginning of the study, cognitive styles of the students were tested and
they were grouped based on the results from the Group Embedded Figures Test as
field dependent, field middle, and field independent and each student was assigned
randomly to three or four-member groups, having different cognitive styles, that is,
at least one FD, one FM, and one FI student.

The experimental teaching lasted 8 weeks. The teacher explained learning
objectives, learning procedures and how to present their artifacts in benchmark
lessons to supply them with preparatory knowledge for investigating and preparing
their projects. Then, the students worked with their group members to create their
artifact. Under the guidance of the teacher, they discussed possible ‘sub-questions’
with their group members and they shared their findings and expressed their own
ideas with their group members by making use of the benchmark lessons. After the
projects were done, each group manifested and shared the results of their work and
process to the class by artifact presentation.

In addition to the GEFT, the other four quantitative instruments (ConKT,
ProKT, GAS, and ALSLVGQ) were administered to all cognitive style groups as pre
and post test, with an interval of approximately ten weeks between them. During the
posttests, only a few students questioned whether they had taken the test before, yet
the others did not become aware. ConKT, ProKT, and ALSLVGQ were developed
by the researcher and piloted before the study. Details related to the development of
these instruments can be seen in sections 3.3.1.2 and 3.3.1.3. The pre-tests were
administered prior to the treatment and post-tests were conducted upon the
completion of the treatment to examine whether students’ conditional and procedural
geometry knowledge acquisition, attitude towards geometry, active learning
strategies in geometry, and learning value of geometry improve differentially for
students having different cognitive styles in project-based learning.

The time allotted for the administration of each of the ConKT and ProKT
was one lesson hour each time. Prior to the administering them, the teacher

announced to the students that their scores from these tests would affect their course
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grade to make them respond questions with serious effort and dedicate the duration
to the tests.

The time allotted for conducting the GAS and ALSLVGQ was
approximately 5 to 10 minutes each time. Before carrying out them, the teacher
declared to the students that their course grade would not be affected from their
answers to the items but to reply each item with concentration to show their
thoughts.

Qualitative data for this study were gathered by the classroom teacher who is
the researcher of this study at the same time because conducting interviews and
observations by someone else might have some disadvantages. For example, he/she
would not know the characteristics of the students for this study as much as the
classroom teacher and students might not feel relaxed when they were observed and
interviewed by someone else that they didn’t know. On the other hand,
administering them by the classroom teacher had some advantages. For instance, the
students behaved naturally in their classroom and the teacher had chance to observe
them even during the break. The teacher was not biased to any of the cognitive style
groups and the researcher documented all interview answers and observational field
notes, even negative ones.

As mentioned earlier, participant observations were used for the study taking
into consideration teacher’s observation form (see Appendix O). Whole-class
observations were made for each class period. Observational field notes were made
of the classroom environment, student-student and teacher-student interactions: how
the classroom is structured, what resources were available, what tasks were
requirements to students, what value statements were made by the teacher and the
students, how students reacted verbally and nonverbally, how certain kinds of
questions were answered, how the students made sense of the process, and how they
were affected by the method. While collecting data, the nature of students having
different cognitive styles, project-based learning, and four dependent variables of
this study and the role of the students and the teacher were considered.
Observational field notes instead of videotaping were gathered to make the students
feel relaxed and behave naturally. While teaching, the teacher took overall notes
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quickly for everything observed even negative reactions of the students. She wrote
them down more in detail after the lesson.

In addition to classroom observations, semi-structured interviews were
carried out at two stages: (a) prior to artifact development and (b) during and upon
the creation of the project related to the current issues of enactment and to get their
opinions and experiences of students with dissimilar cognitive styles in PBL on four
dependent variables of the study. Two students from each of the three groups (FD17,
FD20, FM20, FM25, FI15, and FI22) were randomly chosen to have the best
representative sample to reflect their cognitive style. FD17, FD20, FM20, FM25,
FI15, and FI22 got 0, 1, 9, 7, 17, and 18 from the GEFT, respectively. As seen from
their GEFT results, FD17 and FD20 are highly field dependent learners and FI15
and FI22 are highly field independent learners. Those six students were interviewed
for each interview question. Besides those students, 22 FDs, 31 FMs and 27 Fls
were chosen conveniently to ask some of the questions, not all of them, depending
on the time limit (see Table 3.22).

Table 3.22 Interview Questions and Interviewed Students

Interview Interviewed students

question no FD FM Fl

land 2 11, 17, 20 14, 20, 25 7,15, 22

3 11, 17, 22 14, 20, 25 3,7,15, 20, 22

4 17, 20 2,14, 20, 25 7,13, 15, 22

5 16, 17, 20 10, 15, 20, 25 6, 10, 13, 15, 21, 22

6 1,2,5,9,11,12, 1,2,4,5,8,9,10,11,12, 1,2,4,6,7,8,9, 10,
13, 16, 17, 18, 13, 14, 15, 16, 18, 19, 20, 13, 14, 15, 17, 18, 19,
20, 21, 22, 25, 21, 22, 24, 25, 26, 28, 29, 20, 22, 27, 28, 29, 30
27,29, 30 31, 33,34

7 1,17,20 1, 14, 20, 25 1, 10, 15, 22, 30

8 5,9,11,13,16, 1,2,5,6,8,9,10,11,12, 1,2,6,7,9, 10,13
17, 18, 20, 22, 13, 14, 15, 16, 18, 19, 20, 14, 15, 17, 19, 20, 22,
25, 27 21,22, 23,24, 25, 28,34 27,28, 29, 30

9 1,3,5,6,9,11, 1,2,4,5,8,9,611,12,13, 2,3,6,7,9, 10, 12,
13, 14, 16, 17, 14, 15, 16, 18, 19, 20, 21, 13, 14, 15, 16, 17, 19,
18, 20, 22, 27, 22,23, 24, 25, 26, 29, 31, 20, 21, 22, 23, 24, 27,
29, 30 32,34 28, 30

10 1,2,5,6,16,17, 1,2,4,8,11,13,15,20, 1,3,8,14,15,17,22,
18, 20, 24, 29 21, 25, 26, 30, 34 25
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Each interview was conducted individually in an empty classroom during
their break times and they were audio-taped. In order to increase the probability of
honest responses, the interviewees were informed that they were not graded for their
answers and their names and other personal information would be kept confidential
and would not be used in anywhere. After the students’ explanation, general

2 ¢

inquiries were made, such as, “explain,” “clarify,” or “why” and continue to ask
more specific questions, until a response was elicited. This process is repeated for
each question in the interviews. The interview tone was amiable and non-
threatening, and efforts were made to provide candid responses comfortably.
Although interviews were primarily structured, some flexibility was provided by
reacting spontaneously to student’s explanations to make them clearer. Duration of
the interviews varied from 5 to 15 minutes and more than one interview was
conducted by the same students different time periods. The researcher wrote a
reflective journal for interviews and observations to be aware of issues, biases, and
subjectivity.

To sum up, the outline of the main study can be seen from Table 3.23.

Table 3.23 Outline of the Procedure of the Main Study

Three Groups Time Schedule
Pretests Conditional Knowledge Test 11 February 2008

Procedural Knowledge Test 12 February 2008

Geometry Attitude Scale 13 February 2008

Active Learning Strategies in 14 February 2008
and Learning Value of
Geometry Questionnaire

Treatment Project-based learning on 10 March —2 May 2008
angles and polygons

Interviews

Posttest Conditional Knowledge Test 5 May April 2008
Procedural Knowledge Test 6 May 2008
Geometry Attitude Scale 7 May 2008
Active Learning Strategies in 8 April 2008
and Learning Value of
Geometry Questionnaire

Interviews 5 May-16 May 2008
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3.6 Development of Lesson Plans

In developing the lesson plans, the objectives of the seventh grade geometry
suggested by Ministry of National Education (MNE, 2005) were considered to be
able to cover each objective. The driving question of ‘How is a neighborhood plan
designed?’ was developed for the subject of angles and polygons in the seventh
geometry course as teaching and learning content. Lesson plans were developed by
considering the criteria of project-based learning after reviewing the relevant
literature (e.g. Beckett, 2002; Blumenfeld et al., 1991, 1994; Carter & Thomas,
1986; Challenge 2000 Multimedia Project, 1999; Chard, 1998; Diffily, 1996, 2003;
Erdem, 2002; Erdem & Akkoyunlu, 2002; Helm & Katz, 2001; Katz & Chard, 2000;
Kilpatrick, 1918; Krajcik et al., 1994, 1999; Ladewski, Krajcik, & Harvey, 1994;
Lundeberg et al., 1997; Marx et al., 1997; Moursund, 1999; Peterson & Thomas,
1986; Reinfried, 1996; Rivet, 2003; Salomon, Perkins, & Globerson, 1991; Stevens,
2000; Tal et al., 2000). The criteria list was as follows: (a) the driving question
which integrates interdisciplinary knowledge, reflects real-life issues, takes the
students’ interest, and makes use of higher order thinking skills and the acquired
knowledge; (b) employing benchmark lessons to supply students with preparatory
knowledge for developing an artifact; (c) making investigation; (d) using technology
for both the teacher and the students (e) collaboration of group members; (f) creating
an artifact; (g) authentic assessment; (h) the students’ and teacher’s role; and (i)
orchestration instead of isolation among them.

Eleven lesson plans, four were for benchmark lessons, six were for creating
artifact, and one was for presenting artifacts (see Table 3.25) in accordance with the
above criteria. Developing a two-dimensional neighborhood plan confronted
students with situations related with real life problems and interdisciplinary tasks
including mathematics (ratio, proportion, measurement and scale), geometry
(angles, polygons), science (plants and green areas), social studies (climate,
population, geographic position, economy, industry, etc), art and technology and
design (constructing drafts and plans by using protractors and painting plans),
religion (religious areas), and Turkish (collaborating on creating artifacts and

presenting them and writing a petition). Moreover, teacher’s role as a guider was to
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facilitate exploration, development, imagination, and communication of ideas and
concepts. Students are required to be active participants by doing, drawing,
researching, measuring, comparing, finding, deciding, discussing, criticizing,
imagining, etc. in the process.

Lesson plans and worksheets were formed by the researcher with the help of
the advisor. Many modifications were made with her criticisms and suggestions.
After establishing the lesson plans and worksheets, one elementary school
mathematics teacher, who had an experience of 8 years with teaching mathematics
and with project-based learning in geometry, checked the lesson plans in terms of
their content, appropriateness of the language used, the grade level of students, and
the project-based learning criteria and filled out the lesson plan evaluation scale. She
stated that the lesson plans included all criteria of project-based learning. She also
pointed out that the students might have difficulty with making meaning of angles
and polygons and those lesson plans connecting geometry with their life and making
a work related to their desired future occupations would take attention of them and
would be helpful for visualizing those concepts. She warned the researcher about
investigation stage because the students might not make related research.

The same teacher who checked the lesson plans piloted some of the lesson plans
with project-based learning prior to this study on 14 seventh grade students from a
private school other than the one used in the main study during the beginning of the
second semester of 2007-2008 academic year. The purpose of piloting those lesson
plans was to check their applicability in classroom settings, how the classroom
settings could be arranged, whether directions given were clear, how classroom
management could be accomplished, whether the objectives could be achieved, and
whether the lesson plans were attractive to the students. The same mathematics
teacher who checked the lesson plans piloted those lesson plans. She grouped the
students with three or four students in each group without considering their cognitive
styles. She provided the researcher how to use the lesson plans in the classroom
effectively. She utilized one of the benchmark lessons including a geometry applet
about equal angles when two parallel lines intersect another line and 5 periods
making the project. The following conclusions and suggestions were taken in the

consideration in order to revise the lesson plans after the pilot study;
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* During benchmark lessons, some of the pictures from daily life took lots of time
and some of them repeated each other. That’s why eliminate some of them.
* Students had trouble with drafting first the roads or other parts in the neighborhood
plan. Students should start first from the roads and than the other parts.
* Students make some mathematical mistakes in the table and teacher needs to give
some guidance about the declarative knowledge of angle and sides of polygons.
* Students had trouble with using protractor. Teacher needs to give guidance with
using the protractor.

Upon the completion of piloting lesson plans, they were ready to be used (see
Appendix M). The aims of each lesson plan are shown in Table 3.24.

Table 3.24 The Aim of the Lesson Plans

# of lesson plan ~ Time Aim

1 1x 40’  Introducing the driving question and the project

2 6 x 40°  Presenting the concept of angles among three lines

3 8x 40> Presenting the concepts of angles and sides of
polygons

4 1x40° Presenting how to collaborate for decision-making
and how to use creative thinking skills

5 1x40° Collaborating on the results of their investigations on
the driving question and possible sub-questions

6 3 x40’ Deciding the elements of the neighborhood and the

placement of them using social dimension and
drawing the draft of the neighborhood plan

7 2 x 40> Deciding the angle and side measures of the polygons
on the plan and in real life

8 3x40> Constructing the plan using social and geometrical
dimensions

9 1x40° Checking the projects after teacher feedback

10 2 x40’ Collaborating the geometrical concepts on the plan

11 2 x40’ Presenting the artifacts

3.7 Treatment

This experimental study lasted 30 lesson hours (8 weeks) during the second

semester of 2007-2008 academic year. Each lesson lasted 40 minutes. In this study,
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all of the students were conducted project-based learning in mathematics courses.
There was no control group.

Project-based learning environment was formed by three main parts: (1)
benchmark lessons, (2) creation of artifact, and (3) sharing artifact. The sequence of
the treatment is given in Table 3.25. As seen from this table, benchmark lessons
lasted 16 hours, developing artifacts went on 12 hours, and 2 hours were allotted to

presenting artifacts.

Table 3.25 The Sequence of the Treatment of the Study

Project-based learning with angles and polygons Lesson Week
x Introducing the driving question and the project 1
g g Presenting particular geometrical concepts about angles and 9 1t0 4
=9 to 15
o g polygons .
@ — Presenting how to collaborate for decision-making and how
m . o . 16
to use creative thinking skills
Collaborating on the results of their investigations on the
2 driving question and possible sub-questions 17
:"c-; Drawing the draft of the neighborhood plan and deciding the
E angle and side measures of the polygons on the plan ig and
o
S _ _ _ _ 5to7
§ Creating artifact (neighborhood plan) using real 20 10 25
5 measurements
Checking the projects after teacher feedback 26
Collaborating the geometrical concepts on the plan 27 and
28
% Presenting the artifacts
[%2]
g8 o e
£
N ©

3.7.1 Benchmark Lessons

The purpose of the benchmark lessons for this study was to supply students
with preparatory knowledge for developing artifact. At the end of the each of the
benchmark lesson, the teacher summarized aim of the lesson both in terms of related

geometry concepts and the project. She gave problem solving homework to make
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the students consolidate the geometry concepts and investigation homework for the
next lesson.

During those benchmark lessons, before starting to develop projects, students
discussed teacher’s questions as a whole class by answering them individually and
regular arrangement of the desks was not changed during the benchmark lessons
(from 1% lesson to 16™ lesson). In other words, students were sitting in the class

separately from each of their groups as shown in the figure 3.4.

| Blackboard \
Teacher _
table 8
e
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S.
desk | desk

Figure 3.4 The Arrangement of the Classroom in Benchmark Lessons

Students received benchmark lesson to be introduced to the driving question
of “how do you design your neighborhood plan?” and the project in the first lesson.
The teacher gave a written scenario (project worksheet-1.1) in which they were
given a rectangular smooth place and considering the design constraints; they would
design a neighborhood as a group of people from different occupations such as
engineer, architect, and landscape architect. Some of the design constraints were to
(1) design a plan on the white cardboard with the given dimensions; (2) use at least

two from each of the isosceles triangles, equilateral triangles, rectangles, squares,
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parallelograms, rhombi, any other quadrilateral, pentagons, hexagons, regular
pentagons, regular hexagons and regular octagons for building grounds; (3) draw
roads that (i) intersect at a point, (ii) intersect two by two forming a triangle, (iii)
were parallel to each other and (iv) a road intersects two other parallel roads at two
different points. The painting of the project was not compulsory. If the group
members wanted to paint the plan, they were free to choose colors and types of
paint. Some of the other design constraints, such as kinds of buildings which are
necessary for residents of a neighborhood and those depending on their wishes and
deciding on types of polygons representing those buildings and angle and side
measurements of them, would be given after the first group discussion.

The benchmark lesson went on with giving demonstrations of some sample
neighborhood plans on acetates to make students understand and visualize the
project. The teacher also showed them some bad and mixed neighborhood plans as
counter-examples. The teacher asked to explain what they saw in the plans about
parts of the plan, the positions of the roads with respect to each other and name of
the polygons used in the plans. They told whatever they knew and recognize.
Moreover, as an interdisciplinary approach of the project with social studies,
students were given investigation homework about the driving question. They were
required to make their research individually in three weeks. They were supposed to
find a sample neighborhood plan, to investigate people from which occupations were
included in a neighborhood plan and what those people did, what were included in a
neighborhood plan. They were also needed to decide in what city they wanted to
construct a neighborhood and investigate climate of the city, population of the
neighborhood and if there were natural, cultural and historical places in the
neighborhood... etc. The students were explained about how to make a research on
above topics: (i) communicating with knowledgeable individuals such as their
neighborhood autonomous, parents or relatives; (ii) using technology such as
Internet and (iii) using books and other sources.

After the introduction of the project, the students were given approximately
14 hours of benchmark lessons about geometrical concepts of angles and polygons
to create a neighborhood plan. To be more precise, those geometry benchmark

lessons were mainly about - (1) angles when two parallel lines are intersected by the
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third line and (2) angle and side properties polygons, special triangles (isosceles and
equilateral triangles), special quadrilaterals (rectangle, square, parallelograms,
rhombi, and trapezoids), regular polygons and congruent and similar polygons. The
researcher decided to instruct students first on three lines in a plane two draw the
roads and then angle and side properties of polygons to draw the ground areas in the
plan, respectively. The goals of the benchmark lessons on geometrical concepts

were given in Table 3.26.

Table 3.26 Goals of the Benchmark Lessons on Angles and Polygons

Lesson Goals Geometry
Concept
1 To remind prerequisite knowledge on types of angles Three
(supplementary, complementary, vertically opposite and lines in a
straight angles and angles at a point) plane and
2 To describe three lines in a plane equal
3 To discover equal angles when a line intersects two other angles
parallel lines at two different points when a
4 To discover position of those lines and equal angles on line
different examples from daily life including sample intersects
neighborhood plans two other
5 To apply those equal angles parallel
6 To apply those equal angles lines at
two
different
points
7 To discover measures of sum of interior angles of a
polygon
8 To give examples to usage of polygons in real life and to
find measures of exterior angles of a polygon
9 To describe side and angle properties of regular polygons
10 To get patterns using regular polygons and to recognize Angle
angle and side properties of special quadrilaterals and side
11 To describe the relationship between special quadrilaterals —properties
12 To apply angles and side properties of polygons of
13 To define and use congruent and similar polygons and to polygons
describe the relationship between being congruent and
similar
14 To discover polygons, congruent and similar polygons on

sample neighborhood plans and to apply congruent and
similar polygons
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The benchmark lessons on geometrical concepts included demonstrating
pictures from real life and illustrating physical and virtual manipulatives to help the
students explore geometrical concepts, to develop geometrical reasoning and to
support conceptual understanding. First of all, the teacher demonstrated some
pictures from daily life such as pictures of sample neighborhood plans, buildings,
bicycles, ornaments, home objects, knot designs, logos and traffic signs, on
computer to discover geometrical representations of them on the position of the
lines with respect to each other and types of polygons. In addition to those, some
pictures were shown from different disciplines such as (i) science: pictures of leaves
and flowers, light, reflection, refraction, concave mirrors and parallel linkages to
exemplify parallel lines and types of angles; (ii) music: to illustrate parallel and not
parallel strings and geometrical shapes of instruments and (iii) art: paintings of
some artists who used parallel lines and polygons. Moreover, some pictures were
used to exemplify how some people from different occupations, such as designers,
building constructers, carpenters, oarsmen, sailors, pilots, architects, meteorologists
use those geometry concepts. After discussing geometrical representations of the
pictures, the properties of polygons were explained.

Some hands-on materials such as geometry rods, pattern blocks, geo-boards,
and tangrams were used to help students visualize the geometry concepts. To be
more precise, geometry rods were utilized to show the angle and side properties of
polygons and the rigidity of the triangles compared to other polygons; pattern blocks
were used to get tessellations of regular polygons; geo-boards were employed to get
congruent and similar polygons; and tangrams were used to discuss angle and side
properties of polygons.

The students were expected to explore both the relationships among the
angles when a line intersected by two other parallel lines by measuring those angles
drawn on a paper using a protractor and the formulas to find sum of the measure of
the angles of polygons and one of the measure of angles of a regular polygon before
they were explicitly stated. The teacher guided the students’ thought process by
posing a series of guiding questions such as “what is the sum of the measure of the
angles of a triangle”, “how many triangles can be constructed when the diagonals

are drawn from only one edge” and “remember angle properties of regular
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polygons”. After students expressed their findings orally and writing through
symbols, the new concept was defined.

Those lessons also comprised consolidating and investigation homework.
The students solved problems about angles and polygons, chosen from a daily life
context, mostly about designing a plan, to consolidate those geometry concepts. As
investigation homework, the students were required to examine some topics such as
rigidity of the buildings and the reason for that honeycombs had regular hexagonal
shape to help them see application of polygons in real life.

Technology, mainly Internet, was used by students to access information
about their investigation homework such as rigidity of the buildings, the reason for
that honeycombs had regular hexagonal shape ... etc. Moreover, the teacher used
computer and acetates to show sample pictures from daily life and sample
illustrations using Geometers’ Sketchpad, geometry applets and animations to show
angle properties when a line intersected by two parallel or not parallel lines and
angle and side properties of polygons and the relation among them. To be more
precise, the students discussed the relationships among special kinds of
quadrilaterals by dragging the figures from their edges as a whole class. For
example, they gathered a square by dragging the edges of a rhombus. Therefore,
they recognized that every square is a rhombus and explained it orally. As a result
of those discussions, they constructed a Venn diagram showing disjoint and
intersecting sets and subsets using the sets of parallelograms, rhombi, rectangles,
squares and trapezoids. When needed, the teacher reminded prerequisite knowledge
of numbers, types of angles, proportion, and first degree equations with one
unknown and sets (intersecting and disjoint sets and subsets).

At the end of benchmark lessons on geometrical concepts and before starting
artifact development, one more benchmark lesson for decision-making and using
their creative thinking skills was given. Students were encouraged to be creative and
to develop authentic projects. Benchmark lesson as just-in-time lessons for couple of
minutes also went on during development and presentation of artifacts when needed
by students such as using the prerequisite knowledge of mathematics concepts of
scale, measurements and ratio, using protractor, being creative and collaborating

equally in their groups. They will be explained in the artifact development part.
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3.7.2 Creation of Artifact

The project-based learning resulted in an artifact, two-dimensional model of

neighborhood plan. The purpose of creation of artifacts was to make deepen

students’ understanding, mainly on the geometrical concepts of angles and polygons,

by integrating interdisciplinary knowledge, using complex thought and mirroring

real-world issues.

The students worked with their groups having three to four students and at

least one of each cognitive style: field dependent, field middle, and field

independent. During this stage, arrangement of the desks was changed so that the

group members could sit together and discuss their ideas. The arrangement of the

desks while they were working with their group members was given in Figure 3.5.

| Blackboard
Teacher _
table 8
Q
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S.
desk | desk
S. S.
desk | desk

Figure 3.5 The Arrangements of Desks in Group Works

In developing projects, students with their group members collaborated first

on the results of their research on the driving question and possible sub-questions.

Then, they made the draft of the neighborhood plan on an A4 paper without

considering any scale and measurements. In addition the constraints in project
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worksheet-1 on the parts of the neighborhood, project worksheet-2 was given to the
students in which more design constraints existed such as drawing two dimensional
representations of schools, village clinic, green areas, etc. Students were free to add
to those constraints whatever they wanted. Some of the groups were too slow and
wanted to draw the draft in detail like a plan more than needed and the teacher
reminded them that were going to draw the plan with respect to real measurements
later on and to be careful about the duration of the lesson. While they were drawing
their drafts, students couldn’t look at their files about their research results in order
not to copy whatever they found; instead, they applied in an authentic way whatever
they remembered. They collaborated on what real-life issues was the most important
for them such as economy, industry, traffic, climate, population, water, plants and
green areas, religious areas and the place of the parts on the plan. The projects in
general included interdisciplinary approach with (i) social studies while discussing
and deciding on real-life issues: economy, industry, climate, population, plants and
green areas ...etc; (iii) Turkish while presenting and writing a petition; and (iv) art
while drawing the drafts and painting the plans. After that, they were required to
decide the scale of the plan and using that scale, they completed a table on the side
and angle measurements of polygonal representations (isosceles and equilateral
triangles, parallelograms, rectangles, squares, rhombi, trapezoids, other
quadrilaterals, pentagons, hexagons, and regular pentagons, hexagons and octagons)
of the grounds in real life and measurements on the plan. When needed, they used
calculators to make calculations. While groups were deciding on angle and side
properties of those polygons, they made some changes in their drafts after taking the
teacher’s approval. When no one could remember such properties in the group, they
looked at their notebooks or asked their teacher. She again did not give direct answer
but she guided them as “you can ask your group members or look at your notebooks
by remembering our benchmark lessons on this topic.” When she realized that the
groups wrote some impossible measurements, she warned to provide the groups to
be aware of that by asking “Isn’t it too long for that building to think of a place
having such length? Think of that place in real life.” This guidance was enough for
all of the groups and they found their answers. Afterwards, the teacher examined the

tables of the properties of the angle and side properties of polygons and gave
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feedback to be careful about interior and exterior angles or the number of sides of
some polygons. Although some groups did not make any mistake, they were warned
to use possible measurements considering real measurements and to use just one
couple of equal shape or to finish the table.

Later, students started to draw the two-dimensional plan on a white
cardboard with the dimensions of 50 cm by 70 cm, leaving 1 cm from each side,
using 30 cm- and 1 m- rulers and protractors. Every material in this project was
given to the groups and collected back in each lesson hour to have them make their
projects only in the class by themselves. They were advised first to draw the roads
and then the ground places. Some groups again used calculator in that stage of the
projects. It was very hard for most of the students to draw polygons using protractors
because they did not know how to use protractor or even they knew to use it, they
had problems on error of measurement. For instance, because of some measurement
errors in angles or sides of the polygons, they could not get the real measurement at
the last angle or side. Most of them needed the teacher’s help and she depicted how
to use the protractor to each group. Then, group members showed how to use the
protractor to each other and she stated that some simple errors in the measurements
could be acceptable in this project. The groups needed to make revisions in their
drafts and in the table of measurements. After the students were done with their
projects, the teacher checked them and gave feedback to them on the consistency of
their measurement table and the measurements on the plan. The feedback included
“recheck polygons on your plan, I came up with different measurements than you
did for the part of... ” and “be sure about the parallel lines by checking equal angles
among the roads.” After those warnings, the groups improved their plans by
checking the measurements.

At the end of creation of artifact phase, they collaborated on the relationship
among the geometrical concepts in their plans which included following questions
on polygons: Is it possible for calling (i) rectangles in their plans as squares, (ii)
parallelograms as rhombi, (iii) trapezoids as parallelograms, (iv) squares as rhombi,
(v) equilateral triangles as isosceles triangles, (vi) equal polygons as similar to each

other and vice versa for each of them (vii) rectangles as similar, (viii) regular
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hexagons as similar, (ix) rhombi as regular polygon and (x) rectangle as regular
polygon.

The students as a group created their two-dimensional neighborhood plans.
They collaborated on how to approach the driving question, what resources to use,
what steps to follow. They needed to keep track of the process to see errors and false
steps with the help of each others and teacher’s feedbacks to improve their work.
While collaborating, they consulted the different sources such as using maps and
their teachers when they need any help on geometrical concepts, using protractor
and the project in general. The students also consulted their teacher when there
existed disagreements about the project on where to put what part of the plan, the
teacher gave some advises stressing that they would find common answer on that.
The teacher carried out benchmark lessons as just-in-time lessons for couple of
minutes when needed by students such as using the prerequisite knowledge of scale,
measurements, ratio, ... etc., using protractor, being creative, participating equally in
group discussions, working planned and respecting each other when she saw some
conflicts during group discussions . Moreover, during the benchmark lessons, she set
clear expectations about the constraints of the project, what and how students were
needed to make in every period, to behave in collaborations, to use their creative
thinking skills and how to present their projects. In addition, she observed whole
class, the groups and the members of the groups in every stage of creating and
sharing their artifacts to solve their problems. She participated in the discussions and
she was co-learner of the project. She listened to their discussions and their
questions about mathematical knowledge, using protractor and the project in general.
She guided students by questioning first to understand their opinions, giving
feedback to the students when she realized some misconceptions on the
mathematical knowledge and on the project, giving demonstrating to use protractor,
suggesting alternatives without giving direct answers. The teacher created a
collaborative learning environment and warned the members of the groups when she
observed that they were not collaborating to each other. When group members were
collaborating in a very noisy way, the teacher also reminded them to be careful on
that. Throughout projects, she continually made connections to the driving question.

When she sensed that students were loosing their interests in the driving question;
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she used a benchmark lesson to refocus the students’ attention on the goal and value
of the project. Besides, she encouraged the students about their work, appreciated
and valued each other’s work. As a part of authentic assessment, she assessed whole

process in addition to the product.

3.7.3 Sharing of Artifact

After the students with their group members created their project, they were
required to present it to share their ideas with the other groups and the teacher. As a
part of the scenario, each presenter acted as if they were people from different
occupations such as an engineer, an architect or a landscape architect who developed
the neighborhood plans collaboratively and the teacher acted as if she was an
authorized person or a jury from the related municipality. While one group was
presenting their project, each of the other groups were sitting together with their
group-mates as the same as when producing their artifacts. The presenters as a group
were expected to convince the listeners (both the teacher and the other group
members) during the four to five minute- presentation on the advantages of their
project in terms of attractive appearance of the neighborhood, comfort and safety of
the residents and how their project solved some real-life issues such as global
warming, drought, air pollution, not having enough green areas, traffic congestion,
noise pollution, unplanned urbanization and infrastructure. They also presented why
they chose some special position of the roads and some special type of polygons for
buildings. Every member of the group was needed to speak in the presentation. They
also handed a petition over to the teacher to get permission from the related
municipality to apply the project. Some of the groups prepared their presentations
using PowerPoint. While one group introducing their neighborhood plan, the other
groups listened them carefully and asked some questions to understand the plan and
to affect the thought of the teacher.
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3.8 Treatment Verification

A mathematics teacher, a doctorate student in educational sciences at the
same time who is different from the teachers who conducted the pilot study and the
main study, observed three lessons, one lesson from each of the benchmark, artifact
development, and sharing artifact parts (lesson plan 3, 8, and 11) and filled out the
lesson plan evaluation scale to determine to what extent project-based learning was
implemented according to the lesson plans. She graded all three lessons as giving
them grade 5. This demonstrated that the implementation by the researcher went as
planned. Furthermore, the interview responses of the students were also reckoned as

treatment verification.

3.9 Data Analysis

Collected combination of both qualitative and quantitative data were
analyzed by utilizing concurrent mixed data analysis, more specifically the parallel
mixed analysis model as described by Tashakkori and Teddlie (1998). In this study,
both sets of data analyses occurred separately. The quantitative responses were
analyzed using descriptive and inferential statistics. The qualitative responses were
analyzed using coding and thematic analysis (Bogdan & Biklen, 1992; Tesch, 1990).

In the quantitative part of the study, data included results of Group
Embedded Figures Test (GEFT), administered to identify the cognitive styles of
each students, and pre- and post results of Conditional Knowledge Test, Procedural
Knowledge Test, Geometry Attitude Scale, and Active Learning Strategies in and
Learning Value of Geometry Questionnaire. Descriptive statistics comprised of raw
scores, percentages, means, medians, standard deviations, skewness and kurtosis to
summarize, organize, and simplify the data and to check the assumptions of the
inferential statistics. Data analysis for inferential statistics is done by evaluating the
results of the tests and scales. Mixed Design (one between factor and one within
factor) Multivariate Analysis of Variance (MANOVA) was conducted to examine
whether students’ conditional and procedural geometry knowledge acquisition,

attitude towards geometry, active learning strategies in geometry and learning value
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of geometry improve for students having different cognitive styles in project-based
learning. The independent variables include between-subject variables of time
(timel and time 2) and within-subject variables of cognitive styles (FD, FM, and FI).
Statistical analyses are performed at 0.05 significance level using Statistical Package
for Social Sciences (SPSS) 13.0.

To gain more insight on the quantitative findings and to give more
information about the process as well as product, field notes of participant
observation and formal and informal interviews with students included the
qualitative data. The qualitative data were transcribed into text and read line by line
to get the big picture of them. Then, data coding and grouping were generated
considering the data, the nature of project-based learning, field dependence and
independence, and four dependent variables of this study (the inductive coding
system). It was ongoing processes and recoding and regrouping were conducted
whenever necessary. Generally, all types of codes were considered: perspectives of
students, students’ way of thinking about people and objects, process, activities,
strategies and relationships and social structures (Bogdan & Biklen, 1992).
Identifying common responses of the students were classified under the same theme.
Three main themes were gathered: Influence of contextualizing, visualizing, and
collaborating geometry concepts. Each theme was subdivided into three main parts
of the treatment of this study: (a) benchmark lessons, (b) creation of artifact, and (c)
sharing artifact. Then, the data were analyzed into specific categories of the related
task and outcomes pertaining to conditional and procedural geometry knowledge
acquisition, attitude towards geometry, active learning strategies in geometry and

learning value of geometry for students having three different cognitive styles.
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CHAPTER 4

RESULTS

This chapter is divided into two sections. The first section presents
quantitative results and the second section deals with qualitative results.

4.1 Quantitative Results

4.1.1 Descriptive Statistics

Descriptive statistics related to students’ pretest and posttest scores of
ConKT, ProKT, GAS, ALSGS, and LVGS for each of the three groups (FD, FM and
FI) are given in Table 4.1.

As shown in Table 4.1, the FD, FM and FI groups showed a mean increase of
23.82, 27.26 and 27.44 from PreConKT to PosConKT; and a mean increase of
38.24, 39.6, and 38.22 from PreProKT to PosProKT, respectively. Similarly, the FD,
FM and FI groups showed a mean increase of 9.55, 8.4, and 7.68 from PreGAS to
PosGAS, a mean increase of 5.10, 5.05, and 3.07 from PreALSGS to PosALSGS,
and a mean increase of 4.29, 3.32, and 2.61 from PreLVGS to PosLVGS,

respectively.
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Table 4.1 Descriptive Statistics Related to Pretest and Posttest Scores of the ConKT,
ProKT, GAS, ALSGS, and LVGS for the FD, FM and FI Groups

Field Dependent  Field Middle  Field Independent
Pretest Posttest Pretest Posttest Pretest Posttest

Scores on ConKT

N 31 31 35 35 31 31
Mean 8.12 31.94 8.43 35.69 8.31 35.75
Standard Deviation 4.01 7.20 5.42 3.96 5.20 5.86
Skewness .36 -.78 .50 -.69 .32 -1.37
Kurtosis -.27 -31 -1.02 -.29 =21 .53
Minimum 1 14 1 26 0 22
Maximum 16 40 19 40 22 40
Scores on ProKT

N 31 31 35 35 31 31
Mean 4.94 43.18 9.65 49.25 10.03 48.25
Standard Deviation 4.50 11.84 7.04 7.98 7.55 8.16
Skewness .88 =75 .92 -1.44 21 -1.81
Kurtosis -.22 -.60 54 1.56 -1.36 3.05
Minimum 0 17 0 25 0 22
Maximum 16 56 28 56 23 56
Scores on GAS

N 31 31 35 35 31 31
Mean 3548 45.03 39.00 47.40 38.29 45.97
Standard Deviation 8.27 8.94 8.44 8.47 10.50 9.38
Skewness -.09 -.20 -57 -1.16 -.60 -.35
Kurtosis -47 -1.04 1.27 1.62 46 -72
Minimum 19 29 15 21 11 26
Maximum 53 60 55 60 53 60
Scores on ALSGS

N 31 31 35 35 31 31
Mean 23.58 28.68 23.46 28.51 2477 27.84
Standard Deviation 7.40 4.166 6.04 4.579 5.562 5.139
Skewness -1.09 -415  -1.01 -.447 -.99 -.241
Kurtosis 1.25 -.385 1.49 -.569 1.27 -1.102
Minimum 2 19 7 19 9 19
Maximum 32 35 33 35 32 35
Scores on LVGS

N 31 31 35 35 31 31
Mean 15.77 20.06 15.74 19.06 16.68 19.29
Standard Deviation 4.06 3.72 4.20 3.66 4,01 3.64
Skewness -11 -52 -.33 -.32 -.20 =27
Kurtosis -.32 A2 -.79 =77 -.98 -43
Minimum 7 10 7 11 10 11
Maximum 23 25 22 25 23 25
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4.1.2 Inferential Statistics

4.1.2.1 Preliminary Analysis

Since random sampling was not utilized for this study, Multivariate Analysis
of VVariance (MANOVA) was conducted to investigate whether three cognitive style
groups were equal or not according to their pretest scores for five tests as a
preliminary analysis. Prior to conducting MANOVA used for comparing the
PreConKT, PreProKT, PreGAS and PreALSGS, and PreLVGS for the FD, FM and
FI groups, the assumptions of the MANOVA, namely independence of observations,
multivariate normality, homogeneity of variance-covariance and absence of
multicollinearity were checked.

Independence of observation assumption was met since different groups did
not affect from each other when answering the items in the tests used for this study.

Univariate normality was checked through the skewness and kurtosis values
of PreDecKT, PreConKT, PreProKT, PreGAS, PreALSGS, and PreLVGS. As seen
in Table 4.1, all values were in the acceptable range for a normal distribution.

The homogeneity of covariance matrices was checked by using Box M test.
This assumption was satisfied, Box’s M = 37.457, F(30, 27311.813) = 1.152, p =
259 (p > .05).

The equality of variance assumption was satisfied by the result of the
Levene’s test of equality of error variances (Table 4.2). As it is seen from Table 4.2,
Levene’s test was found to be non-significant for PreConKT, PreGAS, PreALSGS,
and PreLVGS and significant for PreProKT. Therefore, while there were not any
issues in terms of PreConKT, PreGAS, PreALSGS, and PreLVGS, this assumption
was violated for PreProKT but significant result will not cause any problem since
the ratio of the largest group size to the smallest group size is less than 1.5 (Hair et

al., 1995). Thus, it was assumed that equality of variances assumption was met.
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Table 4.2 Levene’s Test of Equality of Error Variances for the MANOVA
Comparing Pretest Scores

F dfl df2 Sig.
PreConKT 2.390 2 94 .097
PreProKT 5.714 2 94 .005
PreGAS 1.145 2 94 323
PreALSGS 1.473 2 94 .235
PreLVGS 157 2 94 .855

Since the correlation coefficient between the dependent variables were found
to be lower than .80 (Table 4.3), multicollinearity issue was not observed.

Table 4.3 Correlations Between Pretest Scores

PreConKT PreProKT PreGAS PreALSGS PreLVGS

PreConKT 1

PreProKT .330(*) 1

PreGAS 167 143 1

PreALSGS 193 .060 452(*) 1

PreLVGS 106 -.023 .536(*) 463(*) 1

* Correlation is significant at the 0.05 level (2-tailed).

Table 4.4 presents multivariate test result comparing pretest scores for the
three groups. As seen from this table, there was no significant mean difference for
PreConKT, PreProKT, PreGAS, PreALSGS, and LVGS of the FD, FM and FI
groups at the level p>.05, F(10, 180) = 1.652, p =.084. It was concluded that three
groups were equal according to their conditional and procedural geometry
knowledge acquisition, attitude towards geometry, active learning strategies in
geometry and learning value of geometry before the treatment. The eta-squared
statistics calculated as .08, which indicated large effect size (Cohen 1988 as cited in
Pallant, 2007) and showed that if the sample of the study was higher, significant
difference could be found.
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Table 4.4 Multivariate Test Result Comparing Pretest Scores

Effect Wilks' F Hypothesis Error df Sig. Partial ~ Observed
Lambda df Eta Power
Squared (a)
Intercept .038 461.697 5.000 90.000 .000 962 1.000
GROUP .839 1.652 10.000 180.000 .095 .084 783

4.1.2.2 Mixed Design Multivariate Analysis of Variance

A Mixed Design (one between factor and one within factor) Multivariate
Analysis of Variance was conducted to test the first research question: Does a
project-based learning environment affect conditional and procedural knowledge
acqusition in, attitude towards, active learning strategies in geometry and learning
value of geometry students in geometry differentially with dissimilar cognitive
styles? Prior to the analysis, data were examined in terms of missing values, outliers
and assumptions of Mixed Design MANOVA.

4.1.2.2.1 Missing Data Analysis

There were no missing data in all pretests and posttests. When a student was
absent during application of any test, the researcher, who was also the class teacher,
utilized the test as soon as possible after he/she came back to school. This was main
factor in achieving a result with no missing data.

Approximately the same number of students from each of the three cognitive
style groups was absent when conducting the tests. For instance, two FDs, one FM
and one FI were not present as administering PosProKT. Therefore, it is not

considered as limitation of the study.

4.1.2.2.2 Outliers

Since MANOVA is quite sensitive to the outliers, both univariate and
multivariate outliers should be checked. Standardized z scores, Cook’s Distance and

Leverage values were checked for univariate outliers. Since there were not any cases
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observed standardized z scores exceeding the range between -3.29 and +3.29, the
Cook’s Distance values greater than 1 and Leverage values higher than 5
(Tabachnick & Fidell, 2001), no univariate outliers were found. It was concluded

that no univariate and multivariate outliers were found and excluded from the data.

4.1.2.2.3 Assumptions of the Mixed Design Multivariate Analysis of Variance

Independency of observations, multivariate normality, homogeneity of
variance-covariance matrices between groups and absence of multicollinearity
assumptions of Mixed Design MANOVA were checked.

Independency of observations means that each participant responded
independently from other participants. This assumption was supplied by the
observations of the researcher during the administration of the all tests. All subjects
did all tests by themselves. Moreover, there was no significant mean difference for
all pretests among the three groups (Table 4.4).

For the normality assumption, skewness and kurtosis values of the scores
should be checked. The values between —2 and +2 can be assumed as approximately
normal for skewness and kurtosis (Pallant, 2007). As it is seen in Table 4.1, all of the
skewness and kurtosis values were in the acceptable range for a normal distribution.

Homogeneity of covariance matrices, that is, the observed covariance
matrices of the dependent variables are equal across the groups, was examined
through Box’s test of equality of covariance matrices. The F-test from Box’s test,
Box’s M = 156.186, F(110, 23352.538) = 1.203, p=.073, indicated no significance
at the level p>.05, and this assumption was met.

Equality of variances was tested by using Levene’s test of equality of error
variances. As it is seen from Table 4.5, Levene’s test was found to be non-
significant for PreConKT, PreGAS, PosGAS, PreALSGS, PosALSGS, PreLVGS,
and PosLVGS at the level p>.05, F(2, 94) = 2.390, p = .097; F(2, 94) = 1.145, p =
323; F(2, 94) = .495, p = .611; F(2, 94) = 1.473, p = .235; F(2, 94) = 1.104, p =
.336; F(2, 94) = .157, p = .855; F(2, 94) = .027, p = .973, respectively, and
significant for PosConKT, PreProKT, and PosProKT at the level p<.05, F(2, 94) =
5.046, p = .008; F(2, 94) = 5.714, p = .005; and F(2, 94) = 5.199, p = .007,
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respectively. Therefore, while there were not any issues in terms of PreConKT,
PreGAS Po0sGAS, PreALSGS, PosALSGS, PreLVGS, and PosLVGS, this
assumption was violated for PosConKT, PreProKT, and PosProKT. However,
significant result will not cause any problem since the ratio of the largest group size
to the smallest group size is less than 1.5 (Hair et al., 1995). Thus, it was assumed

that equality of variances assumption was met.

Table 4.5 Levene’s Test of Equality of Error Variances for the Mixed Design
MANOVA

F dfl df2 Sig.
PreConKT 2.390 2 94 .097
PosConKT 5.046 2 94 .008
PreProKT 5.714 2 94 .005
PosProKT 5.199 2 94 .007
PreGAS 1.145 2 94 323
PosGAS 495 2 94 611
PreALSGS 1.473 2 94 235
PosALSGS 1.104 2 94 .336
PreLVGS 157 2 94 .855
PosLVGS 027 2 94 973

In order to check the multicollinearity assumption, bivariate correlation
between dependent variables were analyzed via Pearson product moment correlation
method. Since the correlation coefficient between the dependent variables were

found to be lower than .80 (Table 4.6), multicollinearity issue was not observed.

Table 4.6 Correlations Between Dependent Variables

PosConKT PosProKT PosGAS PosALSGS PosLVGS

PosConKT 1

PosProKT A27(%) 1

PosGAS .361(*) .285(*) 1

PosALSGS .188 212(*%)  .334(%) 1

PosLVGS .262(*) 097  .437(%) .602(*) 1

* Correlation is significant at the 0.05 level (2-tailed).
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4.1.2.2.4 Mixed Design Multivariate Analysis of Variance Results

Mixed Design Multivariate Analysis of Variance (MANOVA) was
conducted to examine whether students’ conditional and procedural knowledge
acquisition in, attitude towards, active learning strategies in, and learning value of
geometry improve differentially for students having different cognitive styles in a
project-based learning environment. The independent variables include between-
subject variables and within-subject variables. Time (timel and time2) was the
within-subject factor, cognitive style (FD, FM and FI) was between-subject factor
and students’ gain scores on ConKT, ProKT, GAS, ALSGS, and LVGS were the

dependent variables.

Table 4.7 Multivariate Test Results for the Mixed Design MANOVA

Effect Wilks' F Hypothesis  Error df Sig. Partial
Lambda df Eta Observed
Squared  Power(a)
Group .835 1.695 10.000 180.000 .085 .086 796
Time .029 596.237 5.000 90.000 .000 .971 1.000
Time* .867 1.337 10.000 180.000 .214 .069 671
Group

As shown in Table 4.7, Mixed Design (one between factor and one within
factor) MANOVA indicated no significant interaction between time and group,
Wilks' A = .867, F(10, 180) = 1.337, p = .214, n?> = .069, suggesting there was the
same change in scores over time from pretests to posttests for three cognitive style
groups. There was a substantial main effect of time, Wilks' A = .029, F(5, 90) =
596.237, p < .001, n* = .971. The main effect of group was not significant, Wilks' A
= .835, F(10, 180) = 1.695, p = .085, n* = .086 at the level p>.05, suggesting no
significant difference in the effectiveness of three types of cognitive styles.

Since there was a significant main effect found for time, in order to test the
effect of time on students’ pretest and posttest scores on the ConKT, ProKT, GAS,
ALSGS, and LVGS, Mixed Design (one within subject factor and one between

subject factor) Analysis of VVariance (ANOVA) was conducted as follow up tests of

81



Mixed Design MANOVA. The results of tests of within-subjects contrasts and

descriptive statistics for the tests can be seen in Table 4.8 and Table 4.9,

respectively.

Table 4.8 Tests of Within-Subjects Contrasts

Partial Eta Observed
Source Measure time df F Sig.  Squared Power(a)
ConKT Level 1vs.
1 1582.895 .000 .944 1.000
Level 2
TIME — ProkT  Levellvs. 615637 000 45 1.000
Level 2
GAS  Levellvs. 4 5589 000 479 1,000
Level 2
ALSGS Levellvs. 1 6086 000 390 1,000
Level 2
LVGS  Levellvs. 93350 000 498 1,000
Level 2
ConKT Level 1 vs. 94
Error Level 2
(TIME) ProKT  Level 1vs. 94
Level 2
GAS Level 1 vs. 94
Level 2
ALSGS Level 1 vs. 94
Level 2
LVGS Level 1 vs. 94
Level 2
Table 4.9 Descriptive Statistics for the Tests
Std.
Standard. Error
Mean N Deviation Mean
Pairl PosConKT 34.51 97 5.967 .606
PreConKT 8.29 97 4.886 496
Pair2  PosProKT 46.99 97 9.712 .986
PreProKT 8.27 97 6.854 .696
Pair3 PosGAS 46.19 97 8.880 902
PreGAS 37.65 97 9.132 927
Pair4 PosALSGS 28.35 97 4.608 468
PreALSGS 23.92 97 6.317 .641
Pair5 PosLVGS 19.45 97 3.663 372
PreLVGS 16.05 97 4.078 414
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Table 4.8 and Table 4.9 showed there was a statistically significant increase
in ConKT scores from PreConKT (M = 8.29, SD = 4.886) to PosConKT (M = 34.51,
SD = 5.967), F(1, 94) = 1582.895, p < .001, n? = .944. The eta-squared statistics
calculated as .94 which indicated large effect size (Cohen 1988 as cited in Pallant,
2007) and 94 % of the gain in conditional geometry knowledge acquisition can be
attributed to project-based learning.

Similarly, there was a statistically significant increase in ProKT scores from
PreProKT (M = 8.27, SD = 6.854) to PosProKT (M = 46.99, SD = 9.712), F(1, 94) =
1615.637, p < .001, , n? = .95. The eta-squared statistics calculated as .95 which
indicated large effect size (Cohen, 1988 as cited in Pallant, 2007) and 95 % of the
gain in procedural geometry knowledge acquisition can be attributed to PBL.

There was also a statistically significant increase in GAS scores from
PreGAS (M = 37.65, SD = 9.132) to PosGAS (M = 46.19, SD = 8.880), F(1, 94) =
14.887, p < 0.001, , n? = .48. The eta-squared statistics calculated as .48 which
indicated large effect size (Cohen, 1988 as cited in Pallant, 2007) and 48 % of the
gain in attitude towards geometry can be attributed to PBL.

There was a statistically significant increase in ALSGS scores from
PreALSGS (M = 23.92, SD = 6.317) to PosALSGS (M = 28.35, SD = 6.317),
F(1, 94) = 60.086, p < .001. The eta-squared statistics calculated as .39 high
indicated large effect size (Cohen, 1988 as cited in Pallant, 2007) and 39 % of the
gain in active learning strategies in geometry can be attributed to PBL.

In the same way, there was a statistically significant increase in LVGS
scores from PreLVGS (M = 19.45, SD = 3.663) to PosLVGS (M = 16.05, SD =
4.078), F(1, 94) = 93.352, p < .001. The eta-squared statistics calculated as .50
which indicated large effect size (Cohen, 1988 as cited in Pallant, 2007) and 50 % of
the gain in learning value of geometry can be attributed to PBL.

Therefore, the students achieved large learning gains for conditional and
procedural knowledge in, attitude towards, active learning strategies in, and learning

value of geometry.
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4.2 Qualitative Results

In order to determine how a project-based learning environment affects
students having dissimilar cognitive styles with respect to conditional and procedural
geometry knowledge acquisition, attitude towards geometry, active learning
strategies in, and learning value of geometry, their reactions during classroom
interactions based on field notes of observations and by means of interview
responses were examined in terms of influence of contextualizing, visualizing, and
collaborating geometry concepts. The following excerpts from the interview
responses and observation field notes can be seen in Turkish in the Appendices S
and P, respectively. They can be followed with codes, involving a letter and two
letters followed by a number. For example, in the codes INT-FD2 and OBS-FD2,
INT and OBS were used to indicate the interview response and observation field
note excerpt, respectively, and FD2 indicated the quote of the second field

dependent student.
4.2.1 Influence of Contextualizing Geometry Concepts
Students worked contextually in geometry and made connections to

geometry and real-life in authentic environments during benchmark lessons and

developing and sharing of artifacts as the characteristics of project-based learning.

4.2.1.1 Influence of Contextualizing in Benchmark Lessons

Contextualizing elements in benchmark lessons to supply students with
preparatory knowledge for artifact development involved introducing the driving
question; exemplifying geometry concepts from real life; and solving geometry

problems in a real-life context.

84



4.2.1.1.1 Influence of Introducing Driving Question

Classroom observations showed that introducing the driving question, ‘how do
you design your neighborhood plan’, captured students’ attention and they posed
questions to understand whether each group member only make the work of a person
having an occupation and whether they can (a) design the neighborhood anywhere
such as abroad, (b) make a (three-dimensional) model, (c) use computer programs to
design their plans and (d) get information from their relatives or people around them
related to their occupations. The teacher explained all of the students’ questions
saying, “This project is going to be only two dimensional, not three dimensional.
That is to say, you are going to construct birds’ eye views of the neighborhood on a
carton. You are free to choose the neighborhood anywhere and to add whatever you
want in keeping with the design constraints. Remember that people from different
occupations share their knowledge and experiences with each other in real life to
create a common product. Like that, you as a whole group are going to produce one
artifact in the classroom, not at home. You can benefit from your relatives to get
information on their occupation but it is not allowed to have your relative make the
project. I am going to see the work of each group member. Don’t worry”.

In addition to asking the above questions to comprehend the driving question,
some of them were worried about the difficulty of the project since they had not
become accustomed to making such a project. Some of them, especially Fls, were
also unhappy with their group members and wanted to change them because they
thought that some of them would be given more responsibilities.

What is that? (OBS-FD10)
This project is too difficult for us, it is many dimensional. (OBS-FI27)

Although many of the students from three cognitive styles could not connect the
project with geometrical concepts in the beginning of the project and in spite of
some students’ worries about the difficulty of the project, introducing the driving
question increased some of their curiosity and some of them showed their
excitement in different ways. For example, FM16 and FI120 drew their draft designs

immediately and showed them to their teacher with enthusiasm and some groups
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decided their group leaders straight away after the lesson. Moreover, some of them
made connections with their future plans.
| liked the idea of designing a neighborhood. (OBS-FD12)
It seems very enjoyable (OBS-FM10)
| already want to be an architect so this project is going to be helpful for me.
(OBS-FM11)

4.2.1.1.2 Influence of Exemplifying Geometry Concepts from Real-life

After the introduction of the driving question, some real objects such as a
matryoshka doll and a ball to play football were demonstrated to help students
understand geometrical concepts. Students were also displayed a matryoshka doll, a
set of five or more wooden dolls of decreasing sizes placed one inside the other,
which provided students intuition of similar figures. They were shown a ball with
which football was played and its picture which allowed students to differentiate two
and three-dimensions. They explained that there was not any pentagonal or
hexagonal shape on the ball but there were those shapes on its picture.

They (the figures on the ball) are not pentagon or hexagon because they are not

on a plane; it (the ball) is not smooth. (OBS-FD16, OBS-FM2 and OBS-

FM29)

The teacher also showed some pictures from daily life such as sample
neighborhood designs to support students to comprehend the driving question;
pictures of leaves, buildings, iron table, reflection and refraction of a light from
science to exemplify types of angles; pictures of sample logos, bicycle wheels, flags,
spider web, house, mosaics, shelf, stairs, traffics signs, musical instruments,
meridians, parking areas, parallel linkages, devices used by pilots, sailors, oarsman,
carpenters, and designers, symbols used by meteorologists, etc related to the position
of three lines in a plane and equal angles among them; pictures of bicycles and some
popular buildings to show the rigidity of triangles; pictures of traffic signs,
ornaments, home objects, knot designs, and flowers to represent different types of

polygons, especially quadrilaterals; pictures of Turkey taken from different distances
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in space and those of a person with the same and different sizes and with
proportional and non-proportional lengths to help them make sense of similar
figures. Most of the students from three cognitive style groups, even the ones who
had not participated in the lessons before project-based learning environment such as
FD10, FD21, FD24, FM9, FM16, FM31, FI22, FI25, and FI26 raised their hands
excitedly to give their opinions and show what they recognized on geometric
representations of the pictures.

To give more precise examples, demonstrations and class discussions on the
pictures of a traffic sign representing a triangle, a table for a quadrilateral, a ball with
which football was played for a pentagon and a hexagon, a frame for a hexagon, and
a stop sign for an octagon activated their prior knowledge of the sum of the measure
of angles of a triangle and pushed them to discover the sum of the measure of
interior angles of polygons with respect to the number of their sides. As another
specific example, students were given an illustration of the teacher’s own
rectangular shaped photograph and proportional and non-proportional photocopies
of it with the same and different lengths to allow students to make meaning of
concepts of congruent and similar polygons in their minds. Students found the ratio
of the sides of two similar photographs by using a ruler and a calculator. They also
recognized that the similarity ratio of congruent polygons was 1. Students realized
the expression of the person on her face didn’t change in two similar photographs
but it altered in the photograph having non-proportional sides with the other
photographs and that was very amazing for the students and they smiled and
laughed. It was interesting to observe that one FD and one FM student realized non-
similarity of the rectangles by concentrating on changing the expression on the face
of the person and one FI student by recognizing non-proportional sides of them.
Those pictures make the students, especially Fls at the beginning; ask some bridging
questions to find connections between the concepts. They answered their own
questions by thinking about some salient cues such as the person’s face and the
rectangles’ side lengths. This activity helped all types of students learn the
conditional knowledge that rectangles might not be similar if their sides were not

proportional.
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They are not similar because the expression on the face has changed. (OBS-
FD1)

You look longer in this photograph; they are not similar. (OBS-FM3)

The sides of those photographs are not proportional and they are not similar.
(OBS-FI3)

Are two rectangles similar to each other if we double one side and take half of
the other side? (OBS-FI12)

Showing such pictures activated all kinds of students’ previous experience in
real-world settings and provided them a topic with which to talk about those
experiences and to pose additional questions from real life to create a correlation

between geometrical and everyday meaning.

(While discussing the pictures representing congruent and similar figures) Are
the two pictures of a mountain having the top and side views similar to each
other? (OBS-FD2)

| have a set of Matryoshka dolls at home, | can bring them tomorrow if you
want. (OBS-FD18)

(While showing pictures of a person, formed by using pieces of a tangram)
That resembles the pictures to a person who was wrestling. (OBS-FM2)

That resembles the logo of a bank. (OBS-FM4)

I have never thought of a stop sign being in the shape of an octagon before.
(OBS-FM5)

(After showing and experiencing that triangles are the most rigid polygons
with the help of geometry rods) Are pyramids more rigid than other buildings
because they consisted of triangles? (OBS-FM12)

I like those pictures of instruments because | play them. (OBS-FM17)

(While showing the pictures of snowflakes which represented a regular
hexagon) How are snowflakes examined without being melted on a
microscope? (OBS-Fl4)

(While showing a temple in the shape of a trapezoid) Maya Temple. (OBS-
FI6)
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(While discussing the activity of the rigidity of polygons) Triangles are used in
the buildings for rigidity. | watched the documentary of the construction of a

building in Hong Hong. It was so interesting to me. (OBS-FI128)

Both the classroom observations and interview responses to interview
questions 1 and 2 about what they think about demonstrations of some pictures from
real life and about the usefulness of geometry in other lessons and in real life,
revealed that presenting geometry concepts connecting with elements of daily life;
asking their own questions remembering their earlier knowledge and experiences
and pursuing solutions to them; and participating in the activities helped all types of
students understand why they need to know the concept and when and how to use
their knowledge. These situations were meaningful, interesting and enjoyable and
they had fun with them. As a result, they had higher active learning strategies,
appreciation, and attitude towards learning of geometry concepts. In addition, in this
way, they recalled simple facts and rules and make connections among the concepts
and learning became less abstract and more connected to their own lives and
experiences and they developed usable understandings of geometry concepts. For
that reason, the conditional and procedural knowledge levels of all kinds of students
were enhanced.

I could not concentrate on mathematics before since it was too difficult for me.

However, examples from real life and discussing them caused me to pay

attention. (INT-FD11)

| learned rectangles might be non-similar by remembering your picture on

which your face has changed. (INT-FD17)

I connect mathematics with what | see in our life. We were involved in the

activities and participated more. | found whether two of your photographs (in

the shape of rectangles) were similar using a calculator. That caused me to
understand geometry more. (INT-FD20)

We understood more because of being given examples from daily life. (INT-

FM14)
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| learned geometry is used in buildings. While discussing pictures on
buildings, we saw when to use triangles and why we learn triangles. (INT-
FM20)

Now, | say that this is related to that geometry subject when | see an object
outside. They eased my understanding. (INT-FI7)

| realized that geometry is related to real life because people from different
occupations use it. We learned the reasons for everything. That is why we
learned better. (INT-FI22)

4.2.1.1.3 Influence of Solving Geometry Problems in a Real-Life Context

In addition to exemplifying geometrical concepts, questions assessing
conditional and mostly procedural knowledge situated in a real life context were
solved by students. Those questions included the hour-hand and minute-hand of a
clock, elbow movements, skiing, seesaw and using scissors for applying types of
angles; pictures of traffic signs, home objects, a ball, and any type of design to use
representations of polygons and their interior and exterior angles; and designing a
plan to utilize three lines in a plane and angles among them, the measures of interior
and exterior angles of polygons, regular polygons, congruent and similar polygons.
Some of those questions were discussed in the class and some others were given as
consolidating homework assignment. Solving everyday life geometry questions
activated students’ previous experience, as stated in the previous section.

(For the question related to complementary angles which was situated in the
context of moving the arms of a person whose arms were broken) | have never
thought of angles while moving my arms. (OBS-FD2)

(For the question related to supplementary angles which was situated in the
context of skiing) | ski. I haven’t thought of skiing and supplementary angles
together. (OBS-FM9 and OBS-FM23)

Classroom observations showed that most of the students had difficulty with
solving procedural knowledge type of questions at first. “We didn’t solve this kind

of questions before” said OBS-FD2. To give an example of a difficulty in solving
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geometry question in a real life context, they had a trouble with solving the question,
what is the number of sides of a signboard whose sum of measures of interior angles
is 2160 degrees.” To solve it, they remembered their knowledge of finding the
measure of the sum of interior angles of a polygon and constructing a proportion.
OBS-FM3 and OBS-FM34 related this question with the first question they had just
solved and said “We know from the first question that the sum of the measures of
interior angles of an octagon is 1080 degrees. So, if twice that is 2160, the number of
sides is 16 (two times 8).” They made wrong generalizations. The teacher asked
“does the sum of measures of a polygon also double if the number of the sides
doubles?” to help them recognize their misconception. OBS-FI6 recalled the
knowledge of angles of a triangle and any other polygon with respect to its sides and
answered with enthusiasm, “For example, a polygon with three sides has sum of
interior angles of 180 degrees. A polygon having four sides has 4 minus 2 times 180,
360 degrees. There is no relation of doubling”. The students realized that there was
no direct variation between the number of sides of a polygon and the sum of the
measures of its interior angles. They also utilized other mathematical concepts such
as first degree equations with one unknown to solve the questions. They also started
to connect procedural types of questions with other contexts such as angles in any
design. Those questions became easier after they were encouraged to utilize their
active learning strategies. “Solving such kinds of questions is very good, (because)
they remain in my mind longer this way” said OBS-FD2. By answering them more,
students had opportunities to engage in thinking and reasoning in discussions, to
reflect on their own understanding and to refine their existing knowledge, which
helped the three types of students increase conditional and procedural knowledge
acquisition.

In addition, solving geometry problems including pictures from real-life
showed the features of students having different cognitive styles. For example, a
field dependent student (OBS-FD2) could not select a hexagon on a design of
wallpaper, in which it was embedded and said “I could not see any hexagon in this
picture, where is it?” His desk friend, a field independent student separated the

hexagon from the whole design and displayed it to OBS-FD2.

91



4.2.1.2 Influence of Contextualizing in Artifact Development

Besides benchmark lessons, creating an artifact involved three elements for
contextualization in solving the driving question process: investigating, making

decisions, and constructing blueprints and plans.

4.2.1.2.1 Influence of Investigation

The students investigated from different sources in order to find a place of a
neighborhood. Classroom observations in this process and interview responses to
question 4, ‘how did you make investigation related to neighborhood design and
what references did you find and use?’, showed that they investigated from an atlas
to gather information on the geographic position of a neighborhood in which they
wanted to design their project. Moreover, they found sample plans, sample projects
and articles on designing a place, on what people from different occupations do, and
on the geographic position, history, population, climate, plants, cultural, natural, and
historical places of the neighborhood from the Internet, encyclopedias, and with the
help of their relatives. They realized there was much information on designing a
place. They prepared a summary on their findings. As a result of their investigations,
they discovered meaning through inquiry, they understood the world around them
and they realized all details were important in real life. Since they did research from
different references, those investigations helped all types of students increase their
active learning strategies and value of those inquiry activities. Some of them
mentioned their investigation process and the benefits of them as follows:

| found information from the Internet easily by selecting appropriate

keywords. | have learned the duties of a city planner, an architect, an

engineer, a landscape architect. We are going to choose black pine (for green
areas) because we have learned that it produces more oxygen compared to
other types of trees. (INT-FD17)

| searched the web sites you gave us. | did not have any difficulty with that. |

saw that one mistake may demolish everything if architects are not careful

with their drawings. (INT-FD20)

92



We decided what neighborhood to design by looking for the place of it in an
atlas. We got information on the geographic position of Edirne and
occupations such as architecture and landscape architecture. (INT-FM14)
Our prime minister lives in our neighborhood. That’s why finding
information on that neighborhood was easy related to climate, geographic
position, population, history, cultural places and the parts of that
neighborhood. There was lots of information and selecting appropriate
information was difficult. My father, older sister and brother are engineers. |
got help from them. | found sample plans and information on occupations. |
also found newspaper articles from the Internet and | prepared a summary of
my findings. (INT-FM25)

| searched the Internet but there was so much information. I found
information on what a city planner does, sample plans and the geographic
position and population of a place. | also researched in encyclopedias but |
could not find any information. (INT-FI7)

| benefited from Internet and Google. | increased my information on

engineering, architecture, and constructing a place. (INT-FI22)

4.2.1.2.2 Influence of Making Decisions

Following the investigations, students needed to make decisions on two issues:

the social and geometrical dimensions of the project.

4.2.1.2.2.1 Influence of Making Decisions on Social Dimension

The social dimension included four anchoring events or experiences that all
students shared, for which students used their findings of investigations, summary of
them, and their social studies knowledge which they associated with their previous
experiences on their life. The first was deciding on what occupation each member of
the group wanted to be, as a result of gathering information from their investigations
and in line with their wishes. Classroom observations indicated that students chose

to be people from different occupations, mostly different types of engineering and
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architecture and city planning. Most of the students who wanted to be different
types of engineering are FDs and then FIs and FMs, respectively. Generally FMs
and then FlIs and FDs in order preferred to be architects and city planners. One FD,
one FM and two Fls wished to be different ministers. One FI decided be a head
doctor and one FM wanted to a lawyer. It was interesting to observe that one FD
desired to be a sociologist and another FD selected to be an assistant of an engineer.
Groups also decided their group leader. It was observed that approximately half of
the group leaders were FMs, a quarter of them were Fls and only three of them were
FDs. Only a few groups did not have their group leaders.

The second anchoring event was deciding on a common place in the
neighborhood. Different groups decided to design a neighborhood in different places
most of them in Turkey and a few abroad. Some of them were in big cities; some
others were in small towns. Some of them were in a seaside, on an island, or in the
places where industry has been developed. After deciding a place for the
neighborhood, groups also discussed population, geographic position, history,
cultural and natural beauties, climate, and plants of the neighborhood. They had
problems about estimating population of a neighborhood. They also asked other
questions related to social studies. Some of the students from three types of students
looked at a Turkish map for position of any place they wanted in the class.

| did not know that they were living in a neighborhood. (OBS-FD4)

Where (what city) does Bodrum belong to? (OBS-FD23)

We investigated places from different cities; we are going to decide on one
city. (OBS-FM8)

Is there a steppe climate? (OBS-FM13)

We used our investigations to choose the place of the neighborhood. (OBS-
FM15)

What can be the population of a neighborhood, can it be one thousand? (OBS-
FM23, OBS-FM35 and OBS-FI1)

Do you know where the stadium of ... is? (OBS-FM35)

The third anchoring event was determining elements of the neighborhood

considering the current and future needs of inhabitants on health (village clinic,
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hospital, pharmacy), education (preschool, kindergarten, primary school, high
school, university), shopping (supermarket, bazaar, shopping center), entertainment
(theatre, cinema, disco), sport (football, volleyball, basketball, tennis, ice-skating
areas), recreation (forest, greenness, areas to picnic, park, playgrounds for kids,
botany, tea garden, beach, zoo), religion (church, mosque, synagogue), residence
(houses), administration (bank, mukhtar’s office, fire department, police office, post
office, law court), transportation (airport, bicycle routes, bus station, harbor, parking
lot, petrol station, roads, taxi rank, train station, subway metro station), eating-out
(restaurant, bakery), and other needs (animal shelter, dormitory, rest house, hotel,
dormitory, water tank, museum, cemetery, recycling factory, place of a course for
women). The most interesting part during observing was they were respectful to
people from different religions. For example, they thought to make a church and a
synagogue in addition to a mosque. They thought to protect existing historical and
cultural places and natural beauties in the neighborhood and restore them if needed.
Depending on the position of the neighborhood, some groups thought the
development of the neighborhood at industry and tourism.

The fourth anchoring event was determining the placement of those elements in
the neighborhood plan. It was observed that some students had trouble with that. For
example, when OBS-FM3 said “the police station should be on the side (of the
neighborhood)”, her group friend OBS-FI6 said “no, it should be in the center to
catch up with thieves easily”. OBS-FDS5 from the same group said “FI6 wants to
make a playground for children to close to the road; it should not be like that”.
Moreover, OBS-FD1 from another group said “we could not agree with where to put
this building of a course”. They found a common place for the elements of the
neighborhood by taking into account the comfort and safety of the residents and
attractive appearance of the neighborhood. Classroom observations demonstrated
that they thought to construct buildings for shopping, education, and administration
in the center of the neighborhood to access them easily by walking from homes.
Moreover, they put forest, fire department, and a water tank nearby in case of any
fire and village clinic and pharmacy close to each other to acquire a medicine easily.
They also paid attention to solve the current issues of global warming, drought, air

pollution, not having enough green areas, traffic congestion, noise pollution,
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unplanned urbanization, and infrastructure. The students also designed that were
aesthetically pleasing and architecturally sound neighborhoods.

By means of those anchoring events, all students from three different cognitive
style groups realized the world around them by bringing in their personal experience
of their own life-especially their neighborhood-by discussing them reasonably. They
stated that they learned how to design a place and the reasons behind the places of
each element in their neighborhood where they lived. Since they were given freedom
about what they wanted to do, they were more involved in developing the project,
which increased their active learning strategies and learning value. Here are some
examples from students’ statements of their decisions from classroom observations
on the third and fourth anchoring events:

We put entertainment places in different regions in the neighborhood for
everyone to be close to them. | have learned how to design a place while
developing this project (OBS-FD1)

There is a water tank to solve the water problem of the region, a police station
close to houses, and a cemetery in case of any need. There are parallel roads to
make their appearance proper (OBS-FD2)

We did not change historical places and we did not construct just a mosque for
religious buildings. There is a mosque, synagogue, and church since we think
that there should be religious freedom. We put a train station to ease the
transportation issue. (OBS-FD3)

We wanted people to pay attention to global warming (OBS-FD11)

We tried to make some places, which were used commonly more, bigger and
some others, utilized less, smaller (OBS-FD13)

We tried to design green areas as large as possible. (OBS-FD18)

We made the fire department close to green areas so arrival would be easyt in
case of fire. We did not change historical places such as a historical church and
Greek houses. We placed fish restaurants due to the fact that this region is a
touristic place. We put a church thinking that some Greeks might live in the
neighborhood. We placed a mosque near the houses. We put some places such
as a village clinic, pharmacy, and fire department in the center of the
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neighborhood. We put pharmacy near to the village clinic. We made cycle
track, not available for other vehicles (OBS-FM1)

| have learned the logic behind the place of the elements (of neighborhood)
(OBS-FM3)

We put a water tank because of the water problem, nowadays. (OBS-FM4)

We wanted to have a decent and beautiful neighborhood. We did not want to
have too maby concrete roads. (OBS-FM9)

(While developing our project) I tried to remember the places that I went and
travelled before. We designed crossing roads by thinking of traffic. (OBS-
FM15)

We decided what we need in our neighborhood. To do that, | think our own
neighborhood (where my family lives). (OBS-FM20)

| understood why markets, mosques, and some other buildings are close to
apartments. Shortly, I have learned city planning (OBS-FM25)

There is infrastructure problem and we gave importance to that issue. We took
a great care not to have unplanned urbanization (OBS-FM26)

We paid attention to noise pollution. We made a condition of not having
buildings that are too high. (OBS-FM34)

The reason that we chose this neighborhood was its unplanned urbanization.
We tried to give importance to the esthetic (appearance of the neighborhood).
We gave importance also to industry. There is a hospital, a village clinic, etc to
meet the health service needs, the pharmacy and the school are close to each
other to find medicine when there is health problem. There are parking areas
not to have any parking problem. We placed subway metro-train stations in
order to ease transportation. (OBS-FI3)

Having parallel roads provided planned urbanization and decreases traffic and
traffic accidents. We gave importance to greenness and we included many
green areas in our neighborhood to meet the needs of enough clean air for the
people in the city. We put the school near to the apartment complexes. We
placed some building such as village clinic and police office in the center of
the neighborhood to arrive them easily. (OBS-FI16)
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We used some strategies which we saw in computer games before. For
example, there should be enough distance among buildings for soldiers to
cross. (OBS-FI12)

This neighborhood became a place where so many people wanted to live. We
placed a mosque, the building of social and cultural facilities and a sports
center in line with the wishes of people in our neighborhood. We tried to put

apartment complexes near to each other. (OBS-FI16)

Both classroom observations and interview responses to question 6 about their
thoughts on the reason for their enjoyment of the project revealed that students had
fun with feeling a sense of ownership of the project and deciding elements of the
neighborhood and placement of them by utilizing their thought, wishes, imagination,
and creativity. They also enjoyed acting as people from different occupations do, in
particular an architect. They helped all kinds of students’ attitude level go up. They
mentioned about their thoughts on the reason of their enjoyment as follows:

| liked the most designing the city because both it becomes funny and we

designed the city (the neighborhood) ourselves. For example, there is a disco

nearby the rest home (in our design), it was enjoyable for me. We also
designed a new place. Everything of the design belongs to us. We put whatever
we wanted. Being everything in ourselves’ power is very nice. (INT-FD2)

We really liked the project because it is very enjoyable and entertaining and

you show your imagination (INT-FD13)

| liked this project since | am interested in and enjoy designing and creating

places. | was very interested in imagining myself as an architect and designing

a place. (INT-FD27)

| liked it. I had fun doing it and | enjoyed deciding the position of some places.
(INT-FM5)
| liked it because I think that our creativity and imagination has developed.
(INT-FM9)
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| liked this project because you can show your imagination with the project. |
think that | placed the elements of the neighborhood in the right places. (INT-
FM13)

| liked it because (the project was) entertaining and good. Finding a place was
the most interesting part for me. (INT-FM21)

(With her eyes lighting up) I liked the project and it was very pleasant for me
because | like to design things very much. (INT-FM24)

(With her eyes lighting up) The reasons of where and how elements were
placed attracted my attention (INT-FM25)

| liked the project very much because it was designing a neighborhood only
based on our imagination. Generally, it was an easy and entertaining project.
(INT-FM29)

| liked the project because we could make whatever we wanted. We decided
the place of the elements (of the neighborhood). I liked it the most. (INT-
FM31)

Since we envisaged something, | liked it. We planned a neighborhood It was
also entertaining for me. (INT-FI1)

| liked the whole project very much. | had the best time when deciding the
placement of elements of the neighborhood. (INT-FI13)

It was pleasant to form and design our own neighborhood based on our wishes.
| think that we did the design well. (INT-FI114)

| liked it. In my opinion, it was a fun project and we placed the buildings to the
proper places. (INT-FI18)

The most interesting part for me was deciding the places of the school, homes,

and the shopping center to construct the neighborhood. (INT-FI27)

4.2.1.2.2.2 Influence of Making Decisions on Geometrical Dimension

The geometrical dimension of making decisions comprised three anchoring
events. First was deciding positions of roads with respect to each other using

positions of three lines in a plane and angles among them. As design constraints,
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roads should have been drawn according to the following positions: (a) intersecting
at a point, (b) intersecting two by two forming a triangle, (c) being parallel to each
other, (d) a road intersecting two other non-parallel roads, (e) a road intersecting two
other parallel roads at two different points with 90 degrees and other than 90
degrees. The students related those constraints to each other and asked some
bridging questions showing that they thought more critically. This event made
students relate and utilize positions of three lines in a plane.

Can parallel roads be vertical (instead of horizontal)? OBS-FM11

Can we draw roads by including more than one constraint at a time? (OBS-

FD23, OBS-FM11, OBS-FI1 and OBS-FI10)

We demonstrated (the positions of) three parallel roads and a road which

intersects two other parallel roads with 90 degrees at the same time. We

already draw a road which is intersected by two other non-parallel roads when

we draw roads forming a triangle. Aren’t they the same? (OBS-FI1 and OBS-

FI10)

The second anchoring event of geometrical dimension in the project
development was deciding on polygonal shape of each building. Classroom
observations and interview responses to question 5, ‘How did you place polygons in
your project, randomly or purposefully?’ demonstrated that they chose the polygonal
shape of the buildings with respect to different criteria. For example, INT-FD16,
INT-FD20, INT-FI15 decided to use some polygons such as rectangles for a football
field and administration buildings and squares for apartment by remembering their
shape in real life. INT-FI6 and INT-FI21 chose some shapes for well appearance and
for good architectural style such as apartments in the shape of squares which were
symmetrical to each other and a cinema saloon in the shape of hexagon. INT-FI10
and INT-FI15 selected a triangle for small places such as a museum and a bus
station. Moreover, INT-FD17, INT-FM10, INT-FM15, INT-FI10, INT-FI13, INT-
FI15, and INT-FI21 decided some polygons should have more than three sides to
have a larger area and to take some buildings together and nest them such as harbor
in the shape of rectangle; an airport in the shape of pentagon; and a hotel, religious
buildings, shopping center, and schools in the shape of hexagons. INT-FD16, INT-
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FM20, INT-FM25, and INT-FI10 chose trapezoids, parallelograms, and rhombi for
buildings which had narrower and wider parts. INT-FI15 and INT-FI21 chose the
shapes of a rectangle and an octagon considering the position of the roads. INT-FI21
and INT-FI22 thought also whether the polygon they decided fit into the carton and
made changes in the shapes, if not. Deciding on polygonal shape of the buildings
helped three types of students increase knowledge of simple facts and rules of
identifying polygons.

The third anchoring event of geometrical dimension was deciding interior and
exterior angle and side measurements of polygonal shapes of buildings in real life
and in the plan considering the scale together. It was observed that they determined
the scale of the plan by thinking about the dimensions in the plan (carton), 48 cm by
68 cm, and those in real life, 1200 m by 1700 m. In this stage, students used their
prerequisite knowledge on measurements of lengths and changes among them such
as changing from meter to centimeter and they found the scale to be 1:2500.
Students were given two tables in project worksheet 6.1 to be filled out, which
included two from each of the isosceles triangles, equilateral triangles,
parallelograms, rectangles, squares, rhombi, trapezoids, any other type of
quadrilaterals, regular pentagons, regular hexagons, regular octagons, irregular
pentagons having equal sides, and any other irregular hexagons and irregular
pentagons for the buildings. In one table, the students decided interior and exterior
angle and side measurements of the buildings in real life. In the other table, they
decided those of the same buildings in the plan having 1:2500 scale. Students were
required to choose only two of those polygons as congruent, not others in order to
make them utilize angle and side properties of similar polygons. When they began to
work finding measurements on the tables, each group was given a calculator to find
the results of the operations easily. Students started to activate their prior knowledge
of geometrical facts and relationships pertaining to angle and side properties of
above special polygons from the benchmark lessons and anchor and utilize them in
order to decide measures of interior and exterior angles and side lengths of the
polygons. They looked at their notes of benchmark lessons from their notebooks
when none of the group members remembered the related knowledge. Some of the
students such as OBS-FD25, OBS-FM14, and OBS-FI14 worked while their
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notebooks and textbooks were open. They gave meaning to the relations among
those concepts by active engagement in completing the table. To do that, they
looked at a Venn diagram showing the relationships among special quadrilaterals
they had prepared in the benchmark lessons. This event helped all types of learners
build their own representations of the concepts of angle and side measurements of
polygons.

Classroom observations and interview responses to question 10, “What kind of
difficulties were you faced with, if any?’ indicated that all kinds of students
encountered four main difficulties in computations of finding angle and side
measurements of polygons on those two tables. First, they faced a problem related to
interior and exterior angle relationships of a polygonal shape of a building on the
plan and that in real life. Some of them could not realize that those two polygons are
similar and they have congruent angles. For example, OBS-FD29 said, “We must
multiply every (angle) measure (of an isosceles triangle) on the plan by 2500 (scale)
in order to find (angle) measurement of it in real life.” When she remembered the
previous knowledge of the fact that the sum of interior angles of a triangle is always
180 degrees, she understood her mistake and said, “Yes... They (angle
measurements of polygons) must be the same (both in the plan and in real life)”.
The second difficulty was estimating the lengths of the buildings in real-life. For
example, OBS-FD23 asked, “Is the width of this class 25 meter-long? | want to
picture how long 25 m is in my mind.” The teacher let her and her group friend
OBS-FI25 measure the length of the classroom using a 1 meter ruler and they found
it to be approximately 8 meters. In this way, they visualized what an eight meters-
length means. Thirdly, the students had difficulty with considering the scale and the
lengths of a building both in the plan and in real life and the usability of that length
in real life simultaneously. For instance, OBS-FI21 said, “One side of a post office
in the plan is 10 cm.” Her mind was challenged when thinking of its dimension as
250 m in real life which was too long for a post office. They as a group wrote down
a shorter length for that building. This happened in many groups. Fourth, they had
difficulty with time limits. The speed of the groups in deciding all measurements in
those two tables was different. Some group-members got stressed because of not

finishing the tables and they were rude to their peers. For instance, OBS-FI23 to his
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group friend OBS-FM25, OBS-FM28 to his group friend OBS-FD24, OBS-FI31 to
his group friend OBS-FD29 said some rude expressions like “Take this and finish it
in the break”.

After they were done with those two tables, the teacher checked and found some
mistakes with them. For example, even though there was not any geometrical
mistake in some of the tables, some groups did not complete some parts in the tables
and some groups did not choose any congruent polygons; some others chose
congruent polygons more than needed; and some of the lengths of polygons were
useless for real life, such as a parallelogram with 20, 5, 20, 5 cm-lengths
representing a post office on the 1:2500 scale-plan. In some others, there were some
geometrical mistakes: (a) wrong angle or side measures for the polygons such as 2,
2, 3, 1, 1 cm lengths for a irregular pentagon with equal sides; (b) mistake with the
number of sides of a polygons such as six interior angles for a trapezoid; and (c)
confusion with interior and exterior angles of a polygon such as 60 and 120 degrees
for interior and exterior angles of a regular hexagon, respectively. The teacher
warned the students by writing guiding expressions. For example, “You haven’t
decided measurements in this part”, “You should complete each part (of the tables)”,
and “Be careful with the angle and side measurements of that polygon by
remembering the related properties.” Samples from the students’ work on those two

tables are given in Figures 4.1 and 4.2. Other examples can be seen in Appendix S.
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in Real Life
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Grup iiyeleri:

Figure 4.2 One Sample from Angle and Side Measurements of Buildings (Polygons)
in the Plan

The fourth anchoring event of geometrical dimension was deciding the width
and length of the roads on the plan. The teacher asked the students to find the width
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of a road on the plan in terms of cm whose width was 10 m in real life. They found it
as 0.4 cm using the scale. Then, the teacher advised them to decide to have roads
whose width was approximately 0.5 cm-long in the plan. The above discussion was
not enough for some students to make sense of it and they found 0.5 cm too small
for the width of the road on the plan. Then, the teacher asked them to compare it
with the length of any building such as a post office having 4 cm length they found
in the third anchoring event to help them see viability of that width in real life. In
addition to width, they also have to decide the length of a road on the plan. It was so
interesting to observe that they developed their own strategies in this stage. They
measured the length of A4 paper and that of the carton, used for their blueprints and
plans, respectively. They got a ratio between those two lengths and constructed a
proportion to find the length of the road on the carton. They asked for a calculator to
find the results of operations they discovered.
We found the ratio of 7 to 3 (between the lengths of A4 paper and the road) in
our blueprint. We magnified and constructed the road on the plan in the same
ratio of seven to three (between the lengths of the carton and the road). (OBS-
FM21)
If the length of A4 paper is 28 cm and that of the road on it is 7.5 cm, what
would be the length of the road on the plan if that of the carton is 68 cm?
(OBS-FI15)

Classroom observations revealed that after making decisions on geometric
dimension and although some of them were very upset at first with the difficulty of
the project, they smiled and joined the activity well after they understood the driving
question and the project more in detail. In addition, interview responses to question
6, “Did you like the project, why?” illustrated that making decisions on geometric
dimension was more enjoyable for all types of students. Some students such as INT-
FD5, INT-FD11, INT-FD27, INT-FM1, INT-FM19, INT-FM23, and INT-FM28 had
fun with using geometry concepts and learning how geometry is utilized in real life.
INT-FD13, INT-FD17, INT-FM4, INT-FM13, INT-FM15, INT-FM22, INT-FM24,
INT-FI1, INT-FI4, INT-FI6, INT-FI10, INT-FI13, INT-FI19, INT-FI20 and INT-

FI27 thought the project is interesting because it is different from other projects that
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they used to as solving just ordinary questions. Designing neighborhoods had varied
elements such as deciding polygonal shape of the buildings, computing angle and
side measurements of the polygons in the plan and in real life using calculators and
designing and producing a neighborhood plan by thinking, combining their
imagination with mathematics and utilizing geometry concepts. In addition to above
reasons, interview responses of some FMs and FlIs (INT-FM14, INT-FI10, INT-FI13
and INT-FI30) showed that they liked the project because they liked geometry in
general. INT-FI10 also wanted to make its three-dimensional model. As a result,
although some of the students had some difficulties in the process of deciding
geometrical dimensions of the project, they were happy and gained confidence when
they overcame those obstacles. Because of those reasons, attitude level of the
students with different cognitive styles increased.

It was hard but we think that we accomplished it. (INT-FM18)

Most of the students generally said, ‘What is that’ at first; we though that there

was nothing related to mathematics in the project but then it was beneficial for

me. (INT-FI15)

| thought, “What is the relationship of this project with mathematics?’ when

you first introduced it but | realized its connection later. (INT-FI20)

All types of students participated in challenging tasks and solved the difficulties
in a mathematical manner related to (a) positions of the roads, (b) their width and
length measurements and (c) angle and side measurements of polygons with the help
of their peers and teacher and using a calculator. They also utilized those concepts in
their life by connecting them with their previous knowledge and real life experience
and by satisfying their curiosity. Those reasons helped all kinds of students increase
their active learning strategies and appreciate learning geometry more.

Deciding on the angle and side properties of special polygons (given in Figres
4.1 and 4.2) with the help of peer discussions and teacher guidance enabled them to
justify the relationships between (a) the measure of angles and sides of polygons and
being a regular polygon, (b) the sum of interior angles of polygons and their number
of sides, (c) equilateral triangles and isosceles triangles, and (d) special

quadrilaterals. For instance, OBS-FI8 saw on the tables that they wrote down all
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angle measures of a parallelogram as 90 degrees. She said, “There is a mistake here.
Angles of parallelogram can’t be 90 degrees.” Then, the teacher asked her to
remember angle properties of a parallelogram. After she told the properties as “It has
opposite equal angles”, the teacher posed, “Does a parallelogram have opposite
equal angles if it has all 90 degrees?” The student understood that angles of a
parallelogram can be 90 degrees, which are the angles of a rectangle at the same
time. As a result of those discussions based on imagining those polygons as
buildings of the neighborhood boosted conditional knowledge.

Additionally, three types of students utilized interior and exterior angles and
sides of an isosceles triangle, an equilateral triangle, a parallelogram, a rhombus, a
rectangle, a square, regular and irregular polygons and congruent and similar
polygons in the context of neighborhood design. This made them acquire a high

level of procedural knowledge.

4.2.1.2.3 Influence of Constructing Blueprints and Plans

While students were working on making decisions on social and geometrical
dimension, as mentioned previously, they also constructed their blueprints without
taking into consideration the scale and without drawing exact polygonal shapes of
the buildings. Students were free to construct any geometrical shape in addition to
given polygons in project worksheet 6.1. For example, they added some circles and
more number of polygons. There were some observed problems in this stage, too.
Some groups started to construct a detailed blueprint more than needed. Some of
them wanted to construct two different blueprints by dividing their groups into two
sub-groups, having a field independent and field middle pairs and a field
independent and field middle pairs in each one. Some of them did not consider
some positions of the roads such as roads constituting a triangle. They made some
changes in their blueprints after the teacher’s feedback on these points. One sample
from the students’ blueprints is given in Figure 4.3. Other examples can be seen in

Appendix S.
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Figure 4.3 One Sample from the Students’ Blueprints

Then, the students started to construct their plan by using their decisions on
social and geometrical dimensions of the project and their blueprints. Classroom

observations and interview responses to question 10 regarding the difficulties they
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faced showed that they had seven main troubles in constructing the plan: (a) using
protractors, (b) error of measurement in constructing polygons considering their
angle and side measurements, (c) constructing polygons and roads at the same time
because of the nature of some of their design, (d) having some polygons which did
not fit into the plan, (e) having more empty space than planned, (f) giving
importance to adornment before finishing constructions of roads and polygons, and
(g) time issue. First, it was observed that students needed the help of the teacher and
asked some questions about constructing an angle and a polygon in their plan by
using a protractor individually representing his/her group and as a group for using a
protractor. All of those students concentrated on the teacher’s demonstration of
using a protractor and they tried to apply it. Some of them realized that they did not
understand it exactly after the first trial of application. They asked for the same
demonstration again. As a result of this trial and error process, they understood it
since they needed to utilize it within the context of designing a neighborhood.
Another problem with using a protractor was constructing polygons with small sides
of lengths such as one centimeter-long side.

How do we construct 90 degrees? Could you please show me how to draw an

angle? (OBS-FD23)

We could not construct a parallelogram with 100 and 80 degrees of angles,

could you help us? (OBS-FM4)

We don’t know how to draw this irregular hexagon, could you give an idea?

(OBS-FM8)

I could not construct the irregular pentagon which has equal sides. Could you

help me. (OBS-FI12)

I could not construct regular octagon, I haven’t constructed one before. (OBS-

FI6)

How do we construct an angle with 100 degrees? Could you please show us?

(OBS-FI23)

We could not construct a regular pentagon. (OBS-FI31)

We could not construct the triangle with 2.8, 2 and 2 cm-lengths and 90, 45

and 45 degrees of angles, could you show us? (The group of OBS-FD3, OBS-

FM4, OBS-FI9 and OBS-FI10)
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We don’t know how to construct this shape, could you demonstrate it to us?

(The group of OBS-FD10, OBS-FM9 and OBS-FI14)

Second, although the students understood using a protractor, they had also
difficulty with error of measurement in constructing polygons considering their
angle and side measurements. The teacher checked each construction and gave
feedback immediately if she realized any mistake. For instance, she said, “You
constructed this angle having 115 degrees for this regular octagon. What is measure
of one of the angles of it. Think about it and construct again.” If she realized error of
measurement, she explained, “Every construction by hand might include error in
your measurements. If you make a mistake of one or two degrees when constructing
an angle of a polygon, it causes the last angle to be different than its real
measurement. As long as you are aware of the angle and side measurements of them,
it is acceptable for this project.”

We tried to construct a regular hexagon whose sides are 2.5 cm long. We were
careful with its angles but the sixth length became 3 c¢cm instead of 2.5 cm.
(OBS-Fl4)

We tried (the construction of this regular octagon) again but we could not
make it. All of its sides must be 1-cm long but the last side became smaller.
(OBS-FI6)

For constructing the irregular hexagon with its 90, 100, 105, 130, 140, and 155
degrees of angles, the last angle became 140 degrees-different from 155
degrees-as we decided although we constructed the other angles carefully.
(OBS-FI8)

We could not construct the isosceles (right-angled) triangle. We constructed an
angle with 90 degrees and equal sides but the other two angles became 40 and
50 degrees instead of 45 and 45 degrees. (the group of OBS-FD16, OBS-
FM12, OBS-FM13 and OBS-FI119)

We planned to construct a regular hexagon here but its side and angle
measurements were different. That is to say, it was not a regular hexagon. How
can we improve it? (The group of OBS-FD11, OBS-FM10, OBS-FM11 and
OBS-FI18)

111



Another difficulty was with constructing roads. The students stated that they
solved that problem with deciding to construct polygons before roads. Despite their
decisions on the width of the roads, some students constructed roads whose width
was so bigger than 0.5 cm which caused students to have trouble with making
polygons fit into the plan. Because of that difficulty some of the groups wanted to
change the angle and side measurements in the plan. Besides this, some of the
groups had to construct roads and polygons together because of the nature of their
design. For example, roads and polygons were nested for some blueprints. That’s
why those groups had to think about both length and direction of roads and polygons
at the same time. Moreover, the students needed to utilize equal angles when one
road intersected the other two parallel roads. Some of them also had much space in
the plan after they constructed roads. They added some more parts to the plan or
changed their blueprints and the angle and side measurements of the buildings in the
plan.

Something we planned in the blueprint did not fit into the plan since there was
not enough space. (INT-FM14)

We thought this of element of the neighborhood as a parallelogram but it did
not fit into the plan. We changed this parallelogram into a trapezoid. (OBS-
FM20)

Some groups gave importance to adornment before finishing constructions of
polygons. Some students, such as FM35, wanted to construct three-dimensional
representations of the buildings instead of two-dimensional. Since some of the
groups constructed the plan very detailed, they had problem with time issue. To
solve that obstacle, they worked during lunch breaks and they divided their labor of
construction in their group and constructed different polygons at the same time to
finish the constructions quicker.

At the end of constructing the plans, they checked the angle and side
measurements using a protractor and a ruler. This was the last stage of artifact

development. It was observed that mostly Fls checked the measurements and FMs
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and FDs made needed changes. Sample neighborhood plan of a group can be seen in
Figure 4.4. Other examples can be seen in Appendix S.

Figure 4.4 One Sample Neighborhood Plan
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Then, they collaborated on the following relationships between the polygons
(buildings) in their plan: (a) isosceles triangles and equilateral triangles, (b)
parallelograms and rhombi, (c) parallelograms and squares, (d) rectangles and
squares, (e) rhombi and squares, (f) trapezoids and parallelograms, (g) congruent and
similar polygons, (h) rectangles and similarity, (i) regular polygons and similarity,
(3 rhombi and regular polygons, and (k) rectangles and regular polygons with
respect to their angle and side properties by explaining their reasons. They also
discussed the relationship between parallel lines and equal angles (corresponding,
interior alternate and exterior alternate angles). Furthermore, three FDs, four FMs
and five Fls were asked the seventh interview question, ‘Do you think that you have
connected geometrical concepts with each other? If yes, give examples from your
project’, to get students’ opinions related to the effect of artifact development on
conditional knowledge acquisition. They answered this interview question while
they were looking at their projects in front of them. Both classroom observations and
interview responses to this question illustrated that all types of students could make
those relations easily by remembering all phases of the project and benchmark
lessons. They formed connections among the above geometrical concepts by
interacting with geometry and interpreting and developing meaning in everyday life
situations in their neighborhood design. They stated that the excitement they felt
during the activities and facing with and solving challenging events in making
decision on geometric dimension of the project took their attention and provided
them to associate geometry concepts better. They mentioned their opinions on their
conditional knowledge acquisition as follows:

Yes, | have learned since | remember what we did in the project. The calculator
was useful for us. The measure of one of angles of this hexagon is 120 degrees.
This is a regular hexagon. We found a total angle with 180 times n-2. We
divided it by n to find (the measure of) one of its angles. These regular hexagons
are similar to each other because they have equal angles and equal sides and their
sides are proportional. Opposite angles are equal in this parallelogram, but only
these two sides are parallel in this trapezoid. What else..., those regular
pentagons having the same sides and angles are congruent. There are many

similar polygons such as those two regular hexagons. The angles of those
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rectangles are 90 degrees. Those two rectangles are not similar because their
sides are not proportional. Those squares representing houses are congruent
figures. They are also similar if they are congruent but the opposite is false. This
pentagon has equal sides but it is not a regular polygon. Its angles have to be the
same to be a regular polygon. All angles in this equilateral triangle are the same.
Two angles in this isosceles triangle are the same. If three angles are equal, any
two of them are equal. For that reason, every equilateral triangle is an isosceles
triangle. The opposite is not true, of course. |1 had never thought of those
relationships before. While we were making our projects, we were aware of what
we were doing. (INT-FD20)

Yes, for example, these congruent shapes are similar because their measures are
the same but all similar shapes are not congruent. Those regular hexagons are
similar. Their angles are the same. Only their sides are different but they (sides)
have to be proportional. That’s why, they are similar. We used three congruent
shapes here. Restaurants... They are similar, too because every congruent figure
is similar at the same time but every similar figure is not congruent. We can not
call this rhombus a square because the sides and angles of a square are equal.
This village clinic is in the shape of a square and we can call it as a rhombus.
The angles of a rhombus can be the same or different. Bases are parallel but not
the other opposite sides in this trapezoid. This (trapezoid) is not a parallelogram
since all opposite sides are parallel in a parallelogram. (INT-FMZ20)

Yes, for example, we made this post office (in the shape of) a parallelogram.
This parallelogram is not a trapezoid because all (opposite) sides are parallel (in
parallelogram). Only two of the sides are parallel in a trapezoid. This village
clinic is (in the shape of) a rhombus. A square is also called a rhombus because
all sides are equal in a rhombus. (If it is a square) its angles are 90 degrees,
additionally. This square is a parallelogram because those two (opposite) sides
are parallel and the other two sides are also parallel. Opposite sides are equal.
We can also call this equilateral triangle an isosceles triangle since it includes the
properties of an isosceles triangle; at least two sides are equal. This mukhtar’s

office (a pentagon with equal sides and unequal angles) is not a regular polygon
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because its angles are different. Those equal octagons are similar because every
side and the angles are the same. (INT-FI1)

All types of students needed to utilize geometry concepts of (a) angle and
side properties of polygons (isosceles triangles, equilateral triangles, parallelograms,
rectangles, rhombi, squares, trapezoids and congruent, similar, regular, and irregular
polygons) and (b) equal angles when a line intersects two other parallel lines to
create and reflect on their own neighborhood plans. 11 FDs, 23 FMs and 17 FIs were
also asked the eight interview question, ‘Do you think that you have applied any
geometry concepts in your projects? If yes, give examples from your project.’ to get
students’ opinions related to the effect of artifact development on procedural
knowledge acquisition. Both classroom observations and interview responses to the
eight question displayed that all types of students gained or consolidated applying
the above geometry concepts in daily life as a result of developing their projects with
enjoyment, investigating, computing, using a calculator, utilizing angle and side
properties and constructing. They constructed and reconstructed usable
understanding on above geometry concepts by engaging both physically and
cognitively in seeing, discovering, reasoning, interpreting, applying and doing ideas
through all cycles of enactment and revision processes in the context of designing a
neighborhood plan. They were able to perceive and integrate different situations and
develop meaning from them; to select appropriate procedures; and to adapt and
change procedures to fit new situation. They expressed their opinions on their
procedural knowledge acquisition as follows:

I learned this subject (angles and polygons) better by making geometry
enjoyable and entertaining. For example, those angles are corresponding angles.
This is a regular hexagon and (total) measure of its angles is 720 degrees. We
find it as n-2 times 180. Then, we divide it by n to find one of them. All sides
and angles are equal in a regular polygon. This twin towers and football field
(rectangles) are similar because their lengths and widths are three times those of
the other. They are interior and exterior angles in this triangle. (The shapes of)
the water tank and post office are congruent. This kindergarten, school, and

parking area are (in the shape of) a parallelogram. When | forgot rules | looked
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at my notebook to remember them and we used them to complete the table. | can
utilize angles of some polygons and some other subjects that | learned easily.
(INT-FD17)

I have learned utilizing facts. For example, vertically opposite angles, they have
equal measures. The sum of those two angles (interior angles among parallel
lines) is 180 degrees. Those two angles are corresponding angles. We find the
measure of total angles: 180 times 8-2, and divide it by 8 to find (the measure of
one of) angles of this regular octagon. When you asked the rules, 1 remembered
our project. | did not memorize the rules. Now, those are meaningful for me.
(INT-FM1)

I learned utilizing simple facts. For example, the sum of (measure of) those two
(interior) angles is 180 degrees. If those (parallel) roads continued like that, those
two angles, corresponding angles, would have the same angles. This is an
exterior angle of the triangle. It supplements (the interior angle) to 180 degrees.
This square is a regular polygon. We find (the measure of) one of its angles by n-
2 times 180 divided by n. Those homes (octagons) are congruent. They have
equal angles and equal sides. Those rectangles are similar since the ratio (of its
sides) is equal. For example, if (lengths of) sides are 4 to 8, those of the others
are 3 to 6. Those rectangles are not similar. They have to have the same ratio
between their sides to be similar. We used simple facts related to angles and side
properties. We decided on the sides and angles of polygons and completed a
table. (INT-FI1)

In addition to learning those new geometry concepts, students from three

cognitive styles stated that they have consolidated their previous knowledge of plan

and scale and shrinking in a given ratio and learned the following: (a) where

geometry is used in real life, especially in architectural designs, and the importance

and value of it in real life, (b) designing a place, (c) details about different

occupations, (d) using a protractor to construct geometrical shapes and (e)

challenges and difficulties on that and how to overcome those obstacles. All of those

opportunities helped them to enhance procedural knowledge of three types of

students.
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In addition to conditional and procedural acquisition, both classroom
observations and interview responses to question 6, “Did you like the project, why?”
displayed that all types of students gave a varied picture of their enjoyment with all
stimulating experiences in artifact development. The students were happy to make
their own projects with their own effort and worked with enthusiasm even at the
lunch break and in the counseling hour since they wished to do so. They also showed
their desire by discussing their projects with the other groups of students in the
breaks. The interview responses showed that all FDs out of 17, all FMs out of 26
and 17 FlIs out of 20 felt that creating artifacts were pleasant and entertaining. Three
of the FIs (INT-FI7, INT-FI8, and INT-FI22) revealed that they didn’t like the
project because they thought the project was difficult, boring and taking time,
although they expressed their excitement with some parts of the project. For
instance, INT-FI7 said that he liked deciding angles and sides of polygons and he
also said, “It gets more enjoyable (every period)” on his own while working on the
project. His group friend OBS-FI8 articulated, “I was good at deciding the place of
the elements of the neighborhood. I am proud of myself (when | overcome
obstacles).” INT-FI22, whose group had one more field independent student,
mentioned her enjoyment with constructions in the project and her group finished
the project first in the class.

All of the other students’ replies to the interview question gave the impression
that they were genuinely interested in dealing with authentic situations which were
more interesting and familiar to them due to several reasons. Some students from
three types of cognitive style groups such as INT-FD9, INT-FD17, INT-FD18, INT-
FD25, INT-FM21, INT-FM24, INT-FI1, INT-FI9, INT-FI15, INT-FI17, and INT-
F122 found the whole project enjoyable. 10 FDs, 18 FMs and 12 Fls stated that they
liked the project because of constructions. They had fun creating neighborhood
design by utilizing hand skills; combining their imagination with geometry;
acquiring geometry concepts; and learning the reason behind them by seeing,
feeling, and doing. The students such as OBS-FD1, OBS-FM6, OBS-FM24, OBS-
FI7 and OBS-FI26 showed their excitement and enjoyment with the project by
expressing their feelings directly to their group members while working on their
projects. Because of that, some of them (INT-FM9, INT-FM25, INT-FM26, OBS-
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FI8, OBS-FI16, OBS-FI28, INT-FI28, INT-FI29) decided they want to be an
architect. Some of them started to act as if they were architects. For example, they
needed to stand up while using one-meter rulers and put their pencils in back of their
ears. Moreover, INT-FD13, INT-FM12-INT-FM13, INT-FI9, INT-FI17, INT-FI18,
and INT-FI122 expressed that they liked paintings. In interviews, the students from
three cognitive styles reported that overcoming the challenges they were confronted
with helped them feel happy and be confident. All of those reasons contributed three
types of students to have higher level attitude towards geometry.

Students valued the importance of geometrical and mathematical processes in
building their products. The level of their active learning strategies went up because
they needed to find information from different sources, to choose their own methods
and plan routes through the task to overcome obstacles and to combine different
areas of mathematical content. They understood both the importance of geometry in
architecture and the kinds of difficulties architects were faced with during
construction. For instance, INT-FD20 said, “I realized construction is not an easy
work.” This allowed them to develop active learning strategies in and learning value

of geometry.

4.2.1.3 Influence of Contextualizing in Sharing Artifacts

The last contextualizing feature was sharing and presenting their projects to the
teacher and their class friends by acting as if they were people from different
occupations and as if the listeners were from the related municipality to convince
them on the advantages of their project. In addition to the neighborhood plan, some
of the groups prepared their presentations using PowerPoint. While one group was
presenting their project, the other groups listened to them carefully. Interview
responses to question 6 about their thoughts on the reason of their enjoyment of the
project also showed that some students such as INT-FD21, INT-FM26, INT-FM33,
and INT-FI13 liked the presentations. The students, both presenters and listeners,
also showed their excitement during the presentation of their projects. The listening

groups got excited and compared their project with the presenters’ and asked some
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questions to affect the thought of the teacher who acted as if an authorized person or
ajury.

What is the meaning of a sociologist? (OBS-FD1)

What are the historical places? OBS-FD5)

Is there a coiffeur? (OBS-FM1)

Why didn’t you give importance to naturalness? (OBS-FM3)

What kind of entertainment places did you have? Isn’t there noise? (OBS-

FM30)
Why didn’t you show water pipes in your project? (OBS-FI28)

Moreover, after the students observed the presentation of the other groups, they
emphasized the difference between their projects and others. For example, OBS-
FM18 said “there is no petrol station in other projects as we listened carefully. We
put it because we thought it was necessary.” All listeners applauded the presenters
when they finished their presentation although the teacher did not emphasize that.
Those reasons enabled all types of students to have a higher level of attitude.

All students made connection with Turkish while presenting and writing a
petition to get permission from the related municipality to apply the project. A
sample petition of them can be seen in Figure 4.5. Other examples can be seen in
Appendix S.
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Figure 4.5 One Sample Petition

4.2.2 Influence of Visualizing Geometry Concepts

In addition to contextualizing geometry concepts, students visualized them
during benchmark lessons and creating and sharing artifacts. The students developed
mental images of the geometrical concepts through constructing their plans. They
activated those images when needed by remembering the process of constructions
and the geometrical shapes on their plan. Visualizing the two-dimensional
neighborhood plans during their presentations got the attention of all students and
they listened to the presentations carefully. Detailed description on the influence of
visualization in benchmark lessons is presented below:

The influence of visualizing geometry concepts in benchmark lessons were

investigated through exemplifying geometry concepts using visual tools. Concepts
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were demonstrated with visual tools such as (a) lined paper, (b) physical
manipulatives (e.g., pattern blocks, geo-boards, geometry rods, and tangrams), (c)
virtual manipulatives (e.g., Geometers’ Sketchpad, geometry applets, and animations
on the computer), (d) real objects (e.g., a ball and Russian matrushka dolls), (e)
rulers, (f) protractors, (g) calculators, (h) Venn diagrams and (i) pictures from real-
life and related to other disciplines, as mentioned in the contextualizing section. The
experiences of the students with them helped all types of students form geometry
concepts of equal angles when a line intersects two other parallel lines and angle and
side properties of polygons, regular polygons, congruent and similar polygons, and
special quadrilaterals and the relation among them.

Students folded a lined paper in such a way that a line intersected two other
parallel lines. They measured the angles among the lines with a protractor and
discovered equal angles without identifying their names. Corresponding angles were
likened to the letter of F and vertically opposite angles to that of Z. They also
realized the sum of the measures of the interior angles of a triangle was 180 degrees
by cutting out each angle of a paper in any type of triangular shape and arranging the
angles to form three adjacent supplementary angles. Especially, some FD students
had trouble with completing these experiments and the teacher or their desk friend
helped them. Working on those visual materials caused FI students to think more
critically and make connections between geometry concepts. For example, OBS-
F112 on his own, made a squared shaped paper and cut out from its angles and he put
them together in order to get four adjacent angles to see whether they constitute 360
degrees.

Students also experienced physical manipulatives such as pattern blocks,
geo-boards, geometry rods and tangrams to visualize geometrical concepts. After the
benchmark lessons on finding each angle of a regular polygon, they tried to get
regular tessellations in the context of making a quilt design using pattern blocks of
equilateral triangles, squares, regular pentagons and regular hexagons. Having an
empty space when only using regular pentagons but not when using others
challenged the students’ minds and made them think about its reason. The students
found its reason by considering one of the measures of the interior angles of those

regular polygons and its divisibility by 360 degrees.
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A regular hexagon consists of six equal equilateral triangles. That’s why, we
can get a hexagon with using equilateral triangles. (OBS-FM10)

One of the interior angles of an equilateral triangle, a square and a regular
hexagon are 60, 90 and 120 degrees (respectively). 360 can be obtained with
all of them (they are divisible by 360). However, one of the interior angles of a
regular pentagon is 108 and 360 can’t be obtained using 108 (360 is not
divisible by 108). (OBS-FM13)

Moreover, students were given double-sided geo-boards, including a pin
isometric array on one side and a square grid of pegs on the other side, and different
colored rubber bands to help students visualize congruent and similar polygons. The
students, mostly FI students, examined the positions of pegs on geo-boards with
curiosity. They were encouraged to place rubber bands around the isometric pegs to
form four congruent equilateral triangles nearby. Students also set up rectangles,
having proportional and non-proportional sides on the square grid side of the geo-
board. They experienced the relation between angles and side properties of
congruent and similar polygons with class discussion. Students realized that a
polygon with equal angles such as rectangles having sides of 1 by 2 and 2 by 5 did
not have to be similar if its sides were not proportional.

Congruent and similar polygons were also visualized on tangrams, a puzzle
that consists of a square cut into seven pieces including a small square, a
parallelogram, two small congruent triangles, two large congruent triangles, and a
medium-size triangle. After discussing the history of tangrams, students were given
all those seven pieces and they formed tangrams. Some FD students had difficulty
on that and the teacher helped them. Then, the class discussed the type of those
polygons and their angle and side properties. The students made connections with
previous geometry concepts of equal angles among three parallel lines. After that,
the congruent and similar polygons of those pieces were explored. It was interesting
to see some FD students put some polygonal pieces of the tangram above each other
and observed whether the shapes covered exactly the other to check the congruence
of them. Working with those hands-on materials provoked their curiosity and made

abstract geometry concepts more concrete and they convinced the students that what
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they had learned was true. When the teacher asked them to discuss congruency and
similarity of the seven pieces of the tangram, it was also interesting to observe that
some FI students expressed their complex thinking in such a way that they thought
also congruency and similarity of the polygons which were made up of two or more
of those seven pieces.

As another manipulative, geometry rods were utilized to show the rigidity of
the triangles compared to other polygons. Students constructed a triangle, a
quadrilateral, a pentagon and a hexagon using those geometry rods. They were very
excited when they noticed the triangle did not move but others did. The expression
on the students’ face changed and they concentrated more on the lesson. Some of
them were challenged when they saw a square is moving and it is not rigid. OBS-
FM21 brought his own material called GeoMac another day and said, “I tried (the
rigidity of polygons) with GeoMac and triangles are more rigid compared to other
polygons”.

In addition to physical manipulatives, virtual manipulatives such as
Geometers’ Sketchpad, geometry applets, and animations on computer were
demonstrated to empower to see, to consolidate and to create visual image in
students’ minds, and to make meaning of the geometry concepts. In Geometers’
Sketchpad, polygons, regular polygons, congruent and similar polygons and special
quadrilaterals were illustrated to help them visualize angle and side properties of
them and the relation of them. Besides vertical and horizontal directions as the
students used to, those polygons were shown in other directions as well by dragging
the figures. It was interesting to observe that OBS-FD16 wanted to see the
demonstration again and some of the FI students wanted to see what would happen if
the teacher manipulated, dragged and moved the edges. The teacher provided
students to make connections on different geometrical concepts by asking guiding
questions. For instance, she questioned, “Is every parallelogram called as a
rectangle?”, “What are the relations between a rectangle and a square, between a
rhombus and a parallelogram, and between a thombus and a rectangle?”, “What is it
called if the measure of all angles of a rhombus is 90 degrees” and “What is the
relationship between a trapezoid and a parallelogram?” By recalling the angle and

side properties of special quadrilaterals, students as a class discussed the relations
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among them with guidance of the teacher. Such kind of technology either made the
students realize the relationship among them intuitively or caused them, even FDs,
to think more critically and to pose more relational questions. For example, after
showing a parallelogram on computer screen, OBS-FD2, OBS-FD4, and OBS-FD13
asked whether a rectangle or a square could be obtained from the parallelogram by
moving its edges, OBS-FI2 asked whether a square could be gathered from a
rhombus, OBS-FI6 asked whether a square can be got from a rectangle, and OBS-
F123 asked the relation among a rhombus, rectangle and a square.

During the discussions, if a student made wrong relationships on special
quadrilaterals, the teacher asked them to verbalize why they thought in that way and
emphasized to them that they should revise their knowledge of simple facts and
rules. While discussing more relationships between the concepts, the students started
to realize those relationships more easily. After the discussion on each of the above
relational questions came to end, the teacher demonstrated them on the computer
screen. To allow them to connect their relations among special quadrilaterals more
deeply, the students created Venn diagrams showing those relations using disjoint
sets, intersecting sets, and subsets. Even though most of the students had trouble
with connecting quadrilaterals with each other in the beginning of the lesson, the
number of students who made those connections increased with visualizing them.

In addition to showing special quadrilaterals, the students were displayed a
sample logo design in the shape of a star (having ten sides), which made the students
smile, to make them visualize that the shape and angles of similar figures except its
dimensions remained the same even if its direction was changed. Additionally,
students were shown three animations on a computer screen related to congruency
and similarity. The first animation was a scenario, in which an expert in NASA
wanted to work on a satellite but it was too hard with that large of an object. The
teacher asked for the solution to that and students said to make its (three
dimensional) model. They realized the dimensions of the original satellite and its
model had to be proportional and they found the scale by being careful in changing
between units of length. Another animation was a demonstration of drawing similar
triangles to help them visualize how to construct their neighborhood plan. The

teacher explained that there might be error in their measurement while they were
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drawing their plan using a protractor and a ruler. The last animation was in similarity
of rectangles. The class discussed whether it was enough to compare only one pair
of sides of two rectangles for similarity. The students again realized that all
dimensions of similar rectangles had the same ratio.

As another virtual manipulative, they saw equal angles (corresponding angles,
interior alternate angles, and exterior alternate angles) among three lines when one
of them intersected two other parallel lines using a geometry applet.

Some misconceptions such as defining the part of the bicycle wheel as a
triangle; thinking all rectangles were similar, all rectangles have two small and two
tall sides, and all rectangles are made up of two equal squares; confusing the
concepts of congruent polygons and regular polygons came into being after those
demonstrations. Moreover, students had trouble with if-then statements. For
example, some students thought (a) if all sides of a quadrilateral have equal length,
its opposite sides had different lengths; (b) if the measure of all angles were the
same, its opposite angles had different measure; and (c) if only one pair of sides
were parallel, so would the other pairs be. Even if some of those students knew
related simple facts and rules, they could not connect the relation among them.
Instead of saying the right answers directly, the teacher reminded them of what they
already knew and made them engaged in argumentation and reflection so they could
realize and correct the misconceptions and to refine their existing knowledge.

Besides these classroom observations, interview responses to question 3
concerning the effect of demonstrating visual tools on knowledge acquisition
revealed that all students from three cognitive style groups learned geometry
concepts especially the relations among them, better with the help of virtual
manipulatives because they were very interesting and enjoyable for them. Moreover,
using such materials was visual for them and caused them to concentrate on the
details of the lesson. Four FDs, one FM and two FIs stated what they saw on the
demonstration on the computer. They expressed gathering some types of
quadrilaterals from others or not by dragging the edges of them such as obtaining a
square from a parallelogram. Three FDs pointed out the superiority of this type of
learning over traditional learning. One FD, two FMs and two Fls thought that seeing
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things on computer makes learning more permanent. Additionally, one FD student
stated that she experienced the rigidity of triangles.

As a result, the experience of all types of students in this active learning
environment with all of the above visual tools by seeing, touching, doing, posing
and answering more critical questions, engaging mentally in discussions, verbalizing
their geometrical thinking, creating a visual picture of the concepts and constructing
meaning had a positive influence on conditional and procedural geometry
knowledge. The students were more comfortable with those visual tools which
boosted their self-confidence. They were reluctant to participate in the activities and
to visualize the concepts, which provided them to have a higher level of attitude.

4.2.3 Influence of Collaborating Geometry Concepts

As one of the features of project-based learning, the students collaborated with
their teacher and classmates in whole class discussions during the benchmark
lessons; with the community members, their teacher, and their peers in
heterogeneous small-groups having the students from three different cognitive styles
during artifact development; and with their teachers and within and between groups
during presentations to investigate the driving question and to build understanding of

the geometry concepts.

4.2.3.1 Influence of Collaborating in Benchmark Lessons

As mentioned earlier in the contextualizing and visualizing sections, the
students interacted with their teacher and discussed the knowledge, experiences, and
ideas as a whole class to understand the driving question in detail, to exemplify the
concepts, and to apply them in real-life geometry problems. The teacher related each
activity of the benchmark lessons with the driving question. She challenged their
minds with demonstrations and by asking questions such as “Is it enough to know
one of the measure of eight angles to find that of the other seven angles when one
line intersects the other two parallel lines?”; “What is the special name for a

rhombus having all 90 degrees angles?”; and “Why are honey combs in the shape of
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regular hexagons? Have you ever thought on that?” While solving those kinds of
questions and geometry problems, the teacher helped them activate related
preexisting mental structures and apply them to the new situation. For example, she
enabled them to remember the prerequisite knowledge of angles at a point, first
degree equations with one unknown and finding the measure of angles of regular
polygons to discover the reason of getting regular tessellations using regular
triangles, quadrilaterals, and hexagons, but not using regular pentagons. When some
field dependent students had difficulty with the class activities, such as cutting out a
triangular shaped paper to get adjacent supplementary angles and forming a tangram
using its seven pieces, the teacher helped them. The students also communicated
with the teacher and with their classmates on the activities during the breaks.

Those interactions with the teacher made the students connect and utilize the
concepts, stimulate thinking, and wish for participating challenging activities. They
enabled the higher level of all kinds of students’ attitude towards, active learning
strategies in, and learning value of geometry. In this way, their knowledge

acquisition level also increased.

4.2.3.2 Influence of Collaborating in Artifact Development

As seen earlier, the students collaborated with their parents and relatives to
get information on different occupations and with a mukhtar, an administrator of a
neighborhood, to get a sample neighborhood plan; with their teacher and group
members to make decisions on social and geometrical dimensions and to construct
their blueprints and plans during artifact development.

The teacher facilitated learning by orchestrating the instructional events;
reminding them of benchmark lessons; setting clear expectations; giving guidance;
resolving small-group conflicts as soon as they arose; maintaining control of certain
classroom events and appropriate behavior; keeping the students on task; and
creating a learning environment in which students could feel comfortable with
making decisions, discussing knowledge and ideas, asking questions, making

experiments, posing solutions, revising and changing their work.
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The students worked equally together with their group members on creating a
neighborhood plan without dividing any labor except in constructing different parts
in the plan by consulting their peers or teacher when needed. They used language to
express, debate, and explain knowledge and ideas and to come to a resolution and
consensus regarding the ideas and concepts.

In collaboration in the heterogeneous group of students, strengths, weaknesses,
and different viewpoints among children’s views promoted deeper understanding.
Students learned from their more knowledgeable group members a lot. All of the
students from three different cognitive style groups talked about their ideas on
collaborating investigation results, making decisions on social dimension,
constructing blueprints and plans. Mostly Fls and some FMs in the groups were
decision makers for the geometrical dimension of the project. They decided what
operations to make for the angle and side measurements of buildings, which showed
cognitive restructuring skills of the FlIs, by reminding the properties of polygons to
their group members and mostly FDs found the results using calculators. Fls found
some short ways to find the real side measurements of the buildings. For example,
OBS-FI28 explained that “if you multiply it with 25 without changing from
centimeter into meter, it will provide easiness to find real lengths” to his group
members. Each other enabled them to be aware of their mistakes. For instance, OBS-
FM28 warned his group friend OBS-FI126 with his mistake on construction and said,
“Be careful, the angle you constructed is 35 degrees instead of 45 degrees.”

The collaboration between the groups existed also during the breaks and the
students, mostly Fls and some FMs but not generally FDs, examined the other
groups’ blueprints and plans and compared them with theirs. They explained what
they were doing in their projects to the other groups. The next day, some FI students
such as OBS-Fl4 and OBS-FI5 did not like what they did compared to others and
erased what they had constructed on the previous day and said ,“Other groups
constructed better than us. That’s why, we erased (our constructions).” Moreover,
OBS-FM7 from the same group said “our project is not as good as the others.” The
teacher talked to them and the whole class and said “you should not compare what
you did with other groups. Every group creates their own project. You should do

your best. | don’t compare among the projects of the groups. You are working well.”
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Some FDs talked to the teacher and wanted motivation from the teacher by asking
the opinion of the teacher related only to their project. Since they were sensitive to
criticism, they were happy to hear positive comments on their projects. These
examples showed that Fls liked a competitive atmosphere but not FDs.

Students had challenges on social and geometrical dimensions of the project as
seen in the contextualizing section. When the group members could not reach an
agreement on making decisions on social dimension such as on the placement of the
elements in the neighborhood plan, they wanted guidance from the teacher. After she
listened to them and emphasized to them to think about the validity of their
responses and suggested alternatives, she left them to make their own decisions.
They also had trouble with geometrical dimension such as imagining the availability
of dimensions of a building in real life. Instead of talking about the answers directly,
she helped them see the unavailability of the dimensions they thought by asking
guiding questions. For example, she said, “You determined the dimensions of the
post office on the plan as 10 cm. Think about its real dimension”. After peer
collaboration, they found its real dimension to be 250 m and the teacher said, “Don’t
you think this dimension is too long for a post office if you think of a post office in
real life?”” The teacher also recognized that some groups had a problem remembering
angle and side properties of some polygons. If no one in their group had
remembered related geometry concepts, she posed guiding expressions. For instance,
“Remember how the measure of an interior angle of a regular polygon is found” and
reviewed the discussions during benchmark lessons and advised them to look at their
notebook.

Moreover, the teacher caused students to recognize and overcome
misconceptions they had stated in the visualizing section. She enabled the students
who had a misconception to verbalize their previous knowledge on that concept and
have them utilize their angle and side properties. She also warned the students with
their plan constructions when she saw any mistake of angle or side measures of
polygons. For example, she said, “You constructed 115 degrees for one of the angles
of this regular octagon. What is the measure of it? You should think about it and
construct it again.” In addition, the students collaborated on the difficulty of

constructing equal angles among the roads. To do that, they reminded each other of
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these concepts. After she checked the work of each group at the end of each stage,
she warned them by giving written and oral feedback before going on the next stage,
as mentioned in the contextualizing section.

Classroom observations and interview responses to question 10 on the
difficulties they faced revealed that conflicts arose when they participated with their
peers. Some of the students had difficulty getting used to each other, refused to
work together, and did not involve each other in developing the artifact. Some
students, especially some FDs, such as OBS-FD7, OBS-FD8, OBS-FD10, OBS-
FD11, OBS-FD15, OBS-FD17, OBS-FD18, were passive and did not join the group
discussions at first. Some of the students also had other misbehaviors such as not
controlling their level and tone of voice and hitting each other by using one meter-
rulers, and critiquing by offending others. The speed of the groups was different and
some students were rude to their group members, such as OFI23 to OBS-FM25,
OBS-FI31 to OBS-FD24, and OBS-FM28 to OFD24, because of getting stressed on
being behind other groups. Conflicts also arose in some groups having two FI
students such as FI1 and FI2, FI7 and FI8, and FI22 and FI23 in the same group.
Mostly, some Fls resisted having their group members accept their ideas.

When the students disagree with their peers’ ideas, the teacher motivated the
students to join discussions and she told them to listen carefully to what others are
saying to learn to understand the point of view of others, to criticize ideas other than
their peers, and to appreciate each others’ differences. When the students had a
discrepancy on their ideas, the teacher helped them by asking guiding questions such
as “How can you use all ideas and can you come up with a compromise?” The
students needed to be open to criticism from their peers and to learn to compromise.
It was observed that the students having disagreements with their peers started to
work well when they were motivated, understood the project, and were physically
and cognitively engaged in designing a neighborhood plan. This could be seen in the
statement of OBS-FI7 as, “Our group members were not in accordance with each
other (at first)but now we are working more harmoniously.” Classroom observations
and interview responses showed that they found their own ways to resolve conflicts
and differences in opinion amicably. For example, they made drawing, balloted,

applied what the majority wanted, reached a common ground instead of insisting on
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their ideas, and got help from the teacher or their peers for any challenge. Sample
interview responses on the influence of collaboration of students with the teacher
and their peers on solving difficulties can be seen as follows:
| overcame difficulties with the help of my friends. (INT-FD5)
My group friends taught me to use a protractor and construct polygons. (INT-
FD16)
We could not come to an agreement in where to place this course first but then,
we voted on that and placed (the remaining polygons) on the empty spaces.
(INT-FD17)
| had difficulty with getting used to the project and my group mates at first but
everything was resolved with the help of my friends. (INT-FD18)
We mentioned our difficulties to our teacher and she explained them in very

appropriate language. (INT-FD24)

We made others in the group responsible for the constructions that we could not
do. Then, a volunteer constructed them. Our group friends FI1 and FI2 had
difficulty with having disagreements choosing the polygons to construct. Then,
they solved it by constructing in order. (INT-FM1)

We learned constructing by asking questions and getting help from our teacher.
(INT-FM4)

My group mates helped with constructing. My friends and | had difficulties
constructing taking into consideration the measurement of angles and sides but
we solved that problem by getting help from our teacher and solidarity with our
friends. (INT-FM13)

We had discrepancies in our ideas but we did what most of us wanted to do.
(INT-FM15)

We experienced difficulty with arranging both real life measurements and those
on the plan but calculators and our group friend FI15 helped us. (INT-FM20)

My group mates enabled me to make anything that I could not do. I also helped
them (when they needed it) and we did not have any trouble. (INT-FM25)

We got help from our teacher and constructed the trapezoid according to the
degrees of its angles. (INT-FM34)

132



| asked questions to my teacher (when | had any difficulty) and I got help from
her. (INT-FI8)

We tried to correct the mistakes by helping each other. (INT-FI22)

My friends and | had different ideas. | did not insist on my opinion so that we
would not be late. (INT-FI25)

Facing the disagreements and resolving them helped the students enhance
their problem-solving skills. They used some strategies that enabled them to form
more detailed and thorough understanding when they discussed concepts, defended
their views, debate ideas, and explained concept to others as well as to the teacher.
In this way, their active learning strategies were boosted.

The teacher sometimes reflected on the involvement of the students
individually and on the progress of their project as a group. She motivated the
groups’ work by using gestures and with encouraging expressions such as “Good
job, your project looks nice.” and “All of you are working in accordance with your
peers, contributing to the project with a proper tone of voice.” Those groups went on
working with enthusiasm after being encouraged. In this way, the students gained
self-esteem because they felt needed for developing the projects and saw that their
ideas were valued. During a break some students from three different cognitive style
groups stated that they liked the project. Interview responses to question 9, ‘Do you
like group work? Why do you like/dislike group work?’ also showed that all FDs out
of 16, all FMs out of 25, and 19 Fls out of 21 stated that they liked collaborating
with their group members. Although two Fls (INT-FI20 and INT-FI22) pointed out
that they disliked the group work because of disagreements in the groups, they stated
that they liked sharing ideas and work during classroom observations. The others
stated different reasons for liking group work. 8 FDs, 12 FMs and 8 FlIs pointed out
that the group work was more enjoyable and they overcame difficulties and finished
the work easily and faster when working with others in comparison to individual
work. 5 FDs, 9 FMs and 6 Fls enjoyed sharing and discussing different and creative
ideas and knowledge. 4 FDs, 6 FMs and one FI student liked supporting each other,

solidarity and increasing friendship. Some Fls liked group work also because of
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guiding their friends. Additionally, although INT-FI6 stressed that he liked group
work, he wished to choose his own group friends. Those situations enabled the
students to have a higher attitude toward geometry.

As seen in the contextualizing and visualizing sections, it was observed that
social interaction of the students with their teachers and peers contributed to the
knowledge acquisition of all type of students. It suited FDs because they were
provided guidance and it suited FIs since it encouraged using their cognitive
restructuring skills. Knowledgeable others helped the students learn new ideas and
skills that they could not learn on their own. The collaborative environment
promoted their own active learning as well as the learning of others. The students
brought multiple perspectives to the classroom with diverse backgrounds and
aspirations. They shared their discoveries with their peers and reviewed what they
had learned through explaining it to them. Discussions promoted an exchange and
reflection on different views. Suggestions, seeing others’ behaviors, receiving
different ideas, and understanding others’ points of views during discussions
provided students with opportunities to solve any problem, to improve their work
and to acquire knowledge. They were aware of what they were studying. The
feedback from the teacher their peers and involving both socially and intellectually
led to better understanding of geometry.

In addition to geometry knowledge acquisition, interview responses to question
9 revealed that some students from all three types emphasized that they learned
interpersonal skills such as working as a team, comprehending and developing team
spirit, the importance of group work, being and working together, helping each
other, becoming close friends with their classmates, respecting others’ decisions,

increasing communication, and creating a product together.
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CHAPTER 5

DISCUSSION, CONCLUSIONS AND IMPLICATIONS

This chapter includes three sections. First section presents the discussion of
the results. Implications and recommendations for further studies are given in the

second and third sections, respectively.

5.1 Discussion

The aim of this study was twofold: (a) to investigate whether seventh grade
students’ conditional and procedural geometry knowledge acquisition, attitude
towards geometry, active learning strategies in geometry, and learning value of
geometry improve differentially for students having different cognitive styles in
project-based learning and (b) to examine how project-based learning affects
students having different cognitive styles on their conditional and procedural
knowledge acquisition in, attitude towards, active learning strategies in, and learning
value of geometry.

It was hypothesized that engaging with varied novel elements and authentic
and meaningful tasks of well-designed project-based learning might improve
conditional and procedural geometry knowledge acquisition, attitude towards
geometry, active learning strategies in geometry, and learning value of geometry of
both FDs and Fls similarly. The hypotheses of this study were supported by both
quantitative and qualitative data. Quantitative results showed that three types of
students achieved similar improvements for conditional and procedural knowledge
in, attitude towards, active learning strategies in, and learning value of geometry. In
addition, there was a substantial main effect of time and no significant difference in

the effectiveness of three types of cognitive styles.
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5.1.1 Conditional and Procedural Geometry Knowledge Acquisition

According to the quantitative results, field dependent, field middle, and field
independent groups showed a similar mean increase of 23.82, 27.26 and 27.44 from
PreConKT to PosConKT, respectively. The calculated very large effect size (.944)
for time effect of conditional knowledge claims the practical significance of this
result. The findings on conditional knowledge were verified by the qualitative
results. All students from three different cognitive styles were demonstrated some
pictures from daily life in benchmark lessons and developed two dimensional
neighborhood plans as a group by deciding on angle and side measurements of
different types of buildings in the shape of different polygons (regular and irregular
polygons, congruent and similar polygons and special quadrilaterals) and
constructing those plans by utilizing the measurements.

They caused all types of students to represent and make sense of different
types of angles, the position of three lines in a plane, equal angles when one line
intersected two parallel lines and different types of polygons. They made all kinds of
students, even FDs, remember their earlier knowledge and experiences and pose
some bridging questions to find connections between the angle and side properties of
polygons. They pursued solutions to their own questions by thinking about some
salient cues such as the person’s face in a picture and constructions using rulers and
protractors, by thinking and reasoning in discussions, by reflecting on their own
understanding, and by refining their existing knowledge. In this way, they recalled
simple facts and rules and formed connections among above geometry concepts by
interacting with geometry and interpreting and developing meaning in everyday life
situations in their neighborhood design.

Learning became less abstract and more connected to their own lives and
experiences. In this way, the students understood why they need to know the concept
and when and how to use their knowledge, which supports the idea of Von Kotze
and Cooper (2000). These situations were meaningful, interesting and enjoyable and
they had fun with them. The students stated that the excitement they felt during the
activities and facing with and solving challenging events in making decision on

geometric dimension of the project took their attention and provided them to
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associate geometry concepts better. Those findings were concurrent with Dewey
(1938), Kilpatrick (1918) and Rogers (1969), who support that learning takes place
by doing and personal involvement in the learning process that is interdisciplinary
and concerned on learner’s interests and life. The results of this study are also
consistent with Bruner (1961), who states that learners explore examples, concepts
and principles and participate in making many of the decisions about what, how, and
when something is to be learned.

Experiences of all types of students in this active learning environment with all
of the visual tools by seeing, touching, doing, posing and answering more critical
questions, engaging mentally in discussions, verbalizing their geometrical thinking,
creating a visual picture of the concepts and constructing meaning had a positive
impact on conditional geometry knowledge.

The significant mean increase of three types of students in conditional
knowledge acquisition in this study was partly attributable to social interaction of the
students with knowledgeable others (the teacher and peers). It helped each type of
students learn new ideas and skills that they couldn’t learn on their own. All of the
students having three different cognitive styles talked about their ideas on
collaborating investigation results, making decisions on social and geometrical
dimensions, constructing blueprints and plans. In collaboration in the heterogeneous
group of students, strengths, weaknesses and different viewpoints among children’s
views promoted deeper understanding as stated by Vygotsky (1978). They shared
their discoveries with their peers and reviewed what they have learned through
explaining it to them. Suggestions, seeing others’ behaviors, receiving different
ideas, and understanding others’ points of views during discussions provided
children with opportunities to solve any problem and to improve their work and to
acquire knowledge. Mostly Fls and some FMs in the groups were decision makers
for geometrical dimension of the project and found some short ways to find the real
side measurements of the buildings. They decided what operations to make for the
angle and side measurements of buildings, which showed cognitive restructuring
skills of the Fls, by reminding the properties of polygons to their group members
and mostly FDs found the results using calculators. That’s why, collaboration
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feature of PBL suited FDs because they were provided guidance and it suited Fls
since it encouraged using their cognitive restructuring skills.

According to the results of procedural knowledge, FD, FM, and FI groups
showed a similar mean increase of 38.24, 39.6, and 38.22 from PreProKT to
PosProKT, respectively. The calculated very large effect size (.945) for time effect
of procedural knowledge claims the practical significance of this result. Significant
improvements related with procedural knowledge acquisition supports the findings
of Barron et al., which provided evidence that each of the three different pre-
achievement level groups showed statistically significant improvements and lower
achieving students benefited from PBL as much as average and high achieving
students. Findings of the present study are concurrent with other previous studies
(Boaler, 1997; Ozdemir, 2006; Wilhelm et al., 2008) which provided a positive
effect of PBL on applying rules and algorithms and solving problems in geometry.
Those studies also found that the following experiences of students with PBL
affected procedural knowledge positively: enjoying; posing questions and seeking
answers to them; making decisions; developing reasoning skills; thinking and acting
mathematically; collaborating concepts with the teacher, class mates, and others;
making connections with life, the future career and within and across disciplines to
learn how and when to use their knowledge; and learning about new mathematical
methods and procedures by adapting them into different situations.

Like those experiences, several other reasons may account for positive effect
of PBL on procedural knowledge. Both the classroom observations and interview
responses showed that exemplifying geometrical concepts and solving procedural
questions situated in a real life context activated students’ previous experience and
knowledge and to engage in thinking and reasoning in discussions, to reflect on their
own understanding and to refine their existing knowledge. Additionally, three types
of students utilized the geometrical concepts in the context of neighborhood design
by engaging both physically and cognitively in seeing, discovering, reasoning,
interpreting, applying and doing ideas through all cycles of enactment and revision
processes. They gained and consolidated applying the geometrical concepts with
enjoyment, investigating, computing, using a calculator, utilizing angle and side

properties and constructing. They were able to perceive and integrate different
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situations and develop meaning from them; to select appropriate procedures; and to
adapt and change procedures to fit new situation. In addition to contextualizing
geometrical concepts, visualizing and collaborating them had a positive effect on

procedural knowledge, as stated in conditional knowledge.

5.1.2 Attitude Towards Geometry

According to the results of attitude towards geometry, the FD, FM and FI
groups showed a similar mean increase of 9.55, 8.4, and 7.68 from PreGAS to
PosGAS, respectively. The calculated very large effect size (.479) for time effect of
attitude claims the practical significance of this result. Like knowledge acquisition,
each feature PBL has great potential to foster attitude, as the previous studies stated
(Blumenfeld et al., 1991; Branford, 2005; Sidman-Taveau, 2005; Sidman-Taveau &
Milner-Bolotin, 2001).

Although some of the students were very upset at first with the difficulty of
the project, they smiled and joined the activity well after they understood the driving
question and the project more in detail. All types of students were engaged in
meaningful, interesting, and enjoyable activities, as mentioned above. They thought
the project is interesting because it is different from other projects that they used to
as solving just ordinary questions. Designing a neighborhood had varied elements
such as deciding elements of the neighborhood and placement of them, polygonal
shape of the buildings, computing angle and side measurements of the polygons in
the plan and in real life using calculators and designing, producing and sharing a
neighborhood plan by thinking, utilizing their hads skills, combining their
imagination and creativity with geometry and mathematics geometry concepts in
line with their wishes. They had fun with feeling sense of ownership of the project
and all of those activities. They liked learning the reason behind geometrical
concepts by seeing, feeling, and doing. They also enjoyed acting as people from
different occupations do, in particular an architect. After achieving some difficulties
in the process of deciding geometrical dimensions of the project, they were happy
and gained confidence.
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The students were more comfortable with the visual tools which boosted their
self-confidence. They were reluctant to participate in the activities and to visualize
the concepts.

Another reason for the positive effect on attitude can be stemmed from the
teacher’s reflection on the involvement of the students individually and on the
progress of their project by using gestures and with encouraging expressions as a
group. In this way, the students gained self-esteem because they felt needed for
developing the projects and saw that their ideas were valued. They stated they liked
the project as a whole or some parts such as sharing ideas and work, group work,
sharing and discussing different and creative ideas and knowledge, supporting each
other, solidarity and increasing friendship. Some Fls liked group work also because
of guiding their friends. Each of those situations enabled three types of students to
have a higher attitude toward geometry. Those results were concurrent with Ozdemir
(2006), who found that the following features of PBL affected attitude towards
geometry positively: (a) having fun with making students’ own models, (b) dealing
with authentic daily life problems, (c) feeling some confidence with doing
something that they could accomplish, (d) working as groups, (e) providing the
opportunity for the students to be able to learn more about their future professions.

As hypothesized, since field dependent students tend to be extrinsically
motivated and enjoy learning through working together with others (Karnasih, 1995;
Luk, 1998; Rayner & Riding, 1997; Witkin et al., 1977), finding the driving question
interesting and meaningful, authenticity of the tasks, overcoming obstacles with peer
and teacher support, utilizing physical and virtual manipulatives as salient cues, role
playing as people from different occupations, and utilizing their thought and wishes
in PBL provided FDs to feel pleasure and confident when dealing with geometry.
Furthermore, since field independent students tend to be intrinsically motivated and
are prone to like individualized learning, PBL provided high level of attitude of Fls
because of the fact that utilizing their imagination in higher-order tasks in solving
the driving question and developing artifact help them be intrinsically motivated and

feel confident. Therefore, they had higher level of attitude.
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5.1.3 Active Learning Strategies in and Learning Value of Geometry

According to the results of active learning strategies in and learning value of
geometry, the FD, FM and FI groups showed a similar mean increase of 5.10, 5.05,
and 3.07 from PreALSGS to PosALSGS and a similar mean increase of 4.29, 3.32,
and 2.61 from PreLVGS to PosLVGS, respectively. All types of students showed
statistically significant improvements both in active learning strategies in and
learning value of geometry. The students had higher active learning strategies and
appreciation of geometry concepts with discussing on demonstrations of some
pictures from other disciplines and real life and those of dynamic geometry software
and applets, finding information from different sources, choosing their own methods
and plan routes through the task to overcome obstacles and to combine different
areas of mathematical content, understanding the importance of geometry in
architecture and the kinds of difficulties architects were faced with during
constructions, being given freedom about what they wanted to do and being
involved in both benchmark lessons, developing neighborhood plan and
presentations. All types of students participated in challenging tasks and solved the
difficulties in a mathematical manner related to the geometrical concepts with the
help of their peers and teacher and using a calculator.

They also utilized those concepts in their life by connecting them with their
previous knowledge and real life experiences and by satisfying their curiosity. Those
interactions with the teacher made the students connect and utilize the concepts,
stimulate thinking, and wished for participating challenging activities. Facing with
the disagreements and resolving them helped the students enhance their problem-
solving skills. They used some strategies that enabled them to form more detailed
and thorough mental understanding, when they discussed concepts, defended their
views, debate ideas, and explain concept to others as well as to the teacher. In these

ways, their active learning strategies and learning value were boosted.
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5.2 Implications

In this study, the students having three different cognitive styles created a
neighborhood plan by using benchmark lessons, technology, investigation,
collaboration with the teacher, peers, and others and authentic assessment related to
angles and polygons, within and across the disciplines, and real life. The results of
this study showed that project-based learning caused three types of students to have
significant improvements equally for conditional and procedural knowledge in,
attitude towards, active learning strategies in, and learning value of geometry. These
results suggest that project-based lessons should be utilized in other topics of
geometry and mathematics.

This study shows several challenges and tendencies that three types of
students encountered. Field dependents usually faced with problems related to using
their cognitive restructuring skills such as making decisions on dimensions of the
buildings (polygons) in the plan and in real life. Field independents had difficulties
with social interactions. Teachers should be aware of the cognitive styles of students
and make efforts to design teaching activities considering their characteristics in
order to maximize the benefits for all types of students.

Witkin et al. (1977) described field dependent learners as accepting a passive
and spectator role in learning and field independent learners as accepting an active
and hypothesis-testing role in learning. It was observed that most of the group
leaders while developing their artifacts as a group were field middle students. This
suggests that the students chose neither a passive nor an active characteristic as a
group leader. That’s why teachers should form heterogeneous small-groups having
field middle students in addition to field dependent and field independent students.

One further implication can be suggested for the mathematics textbooks and
other teaching materials. The mathematics textbooks are lacking activities for
students having dissimilar cognitive styles. Authors of mathematics education books
should include concrete activities for them.

In order to use project-based learning in the mathematics, pre-service and
classroom teachers should be given a chance to improve their understanding and

implementation of project-based learning. National Ministry of Education should
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provide in-service training for teachers. Project-based lesson plans of this study for
the geometry topics of angles and polygons can be taught effectively in the specified
period of time given in the curriculum.

Generally, tests or examinations consist of few conditional knowledge
questions that ask students to make justifications. Even though the tests include
procedural knowledge, few of them explore connecting geometrical concepts with a
real life context. Teachers may prepare guidelines and ask students to reason about
the relations between concept definitions and theorems to accustom students with
such tasks. Teachers can also assess procedural knowledge to enable students to
apply geometrical concepts in a daily life context.

This study was conducted in the school having computer laboratories and a
rich library. The participants of this study had opportunity to utilize computer and
Internet both in the school and at home to make a search easily. Most of the students
had relatives having different occupations such as architects, city planners, and
engineers. Both the school and outside school contexts should provide students

opportunities to gather information whatever they need.

5.3 Recommendations for Further Studies

Based on the results of this study, the following recommendations are made
for further researchers:
* This study illustrated that several aspects of project-based learning have an effect
on students having three different cognitive styles with respect to conditional and
procedural knowledge in, attitude towards, active learning strategies in, and learning
value of geometry. More mixed methods studies combining both quantitative and
qualitative data should be conducted to provide a deep understanding about the
effects of project-based learning and how it can be helpful in different geometry and
mathematics concepts and different variables.
» Other kinds of individual differences such as different pre-achievement levels,
multiple intelligences, thinking styles, learning styles, and other dimensions of
cognitive styles in addition to field dependence and independence can be taken into
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consideration. A study to determine effects of project-based learning on the students
with different characteristics would be fruitful.

* Replication of this study on higher sample size, different grade levels and other
mathematics topics are recommended to provide more in-depth results. This would
help to determine whether project-based learning is an effective method for a wider
range of age groups and regardless of the concepts being taught.

» Complete randomization if provided in a replication of this study would allow

researcher to generalize over a wider samples.
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http://www.eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Walters+Kendra%22
http://www.eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Walters+Kendra%22

APPENDIX A

CONDITIONAL KNOWLEDGE TEST

Ad1 Soyadi: Smifi:

Bu sinav, 7. sinifta 6grendiginiz baz1 geometri konular ile ilgili 10 sorudan
olugmaktadir. Her soruda aciklama yapmaniz beklenmektedir. Liitfen bildiginiz tiim
sorular1 cevaplamaya caliginiz. Siav siiresi 40 dakikadir. Basarilar...

1) y k Yandaki sekilde y dogrusu,
k ve p dogrularini birer noktada
kesmektedir. “k ve p dogrular
birbirine paralel degil ise kesisen
noktalarda olusan ag1 ¢iftlerinden
yondes agilarin dlgtileri birbirine
\ esittir” ifadesi dogru mudur?
Cevabinizi nedenleriyle
aciklaymiz.

A
v
©

2) “Her eskenar ili¢gen, bir ikizkenar tiggendir” ifadesi dogru mudur? Cevabinizi
nedenleriyle agiklaymiz.

3) “Her kare bir dikdortgendir” ifadesi dogru mudur? Cevabinizi nedenleriyle
aciklaymiz.

4)  “Her yamuk bir paralelkenardir.” ifadesi dogru mudur? Cevabinizi nedenleriyle
aciklaymniz.
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5) “Her eskenar dortgen bir paralelkenardir.” ifadesi dogru mudur? Cevabinizi
nedenleriyle aciklayiniz.

6) “Bir ¢okgenin kenar sayisi 6 artarsa, i¢ acilarinin dlgiileri toplam1 6 derece
artar” ifadesi dogru mudur? Cevabinizi nedenleriyle acgiklayiniz.

7) “Bir ¢cokgenin tiim kenarlar1 esit uzunlukta ise bu ¢okgen bir diizglin ¢okgendir”
ifadesi dogru mudur? Cevabinizi nedenleriyle agiklaymiz.

8) “Birbirine es olan ¢okgenler ayni zamanda benzerdir” ifadesi dogru mudur?
Cevabinizi nedenleriyle agiklayimiz.

9) “Dikdortgenlerin tiim agilar1 esit 6lgiide olduklari i¢in dikdortgenler birbirine
benzerdir” ifadesi dogru mudur? Cevabinizi nedenleriyle agiklayimiz.

10) “Diizgiin sekizgenler birbirine benzerdir” ifadesi dogru mudur? Cevabinizi
nedenleriyle aciklayiniz.
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APPENDIX B

SCORING RUBRIC FOR
CONDITIONAL KNOWLEDGE TEST QUESTIONS

Visual Skills: interpreting statements.

Verbal Skills: correct use of terminology, accurate communication in describing
relationships.

Drawing Skills: appropriate use of symbols and notations.

Logical Skills: formulating and testing hypothesis, making inferences, using
counter-explanations, develop mathematical arguments about geometric
relationships

Score

Description

0

* No answer attempted.

* Copies parts of the problem without attempting a solution.

* Uses irrelevant information.

* Includes conditional knowledge which completely misrepresent the
problem situation.

* Shows very limited explaining of the principles, theorems, relations, and
statements.

* Fails to identify the important parts when expressing the “if-then”
statements.

* Gives incomplete evidence of the explanation process.

* Places too much emphasis on unimportant relations when expressing the
“if-then” statements.

* Shows some of the limited explaining of the principles, theorems,
relations, and statements.

* Identifies some important parts when expressing the “if-then”
statements.

* The relations expressed in the “if-then” statement is difficult to interpret
and the arguments given are incomplete and logically unsound.

* Shows nearly complete explaining of the principles, theorems, relations,
and statements.

* ldentifies the most important parts when expressing the “if-then”
statements.

* Shows general understanding of the relations in the “if-then” statements.
* Gives a fairly complete response with reasonably clear explanations or
descriptions.

* Presents supporting logically sound arguments which may contain some
minor gaps.
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* Shows explaining of the principles, theorems, relations, and statements.
* Identifies all the important parts when expressing the “if-then”
statements.

* Shows understanding of the relations in the “if-then” statements.

* Gives a complete response with a clear, unambiguous explanation or
description.

* Presents strong, supporting, logically sound and complete arguments
which may include counter-explanations or different aspects.

162



APPENDIX C

THE SIMPLIS SYNTAX FOR THE CONDITIONAL KNOWLEDGE TEST
MODEL

Real Data Set
Observed Variables
CON1 CON2 CON3 CON4 CON5 CON6 CON7 CON8 CON9 CON10

Covariance matrix from File: con.cov
Sample Size = 259

Latent Variables

Con

Relationships

CONS3 CON6 CON8 CON10 CON4 CON7 CON5 CON9 CON1 CON2 =Con

Set error Covariance Between CON4 and CON3 Free
Set error Covariance Between CON10 and CONS8 Free
Set error Covariance Between CON10 and CONS5 Free

Path Diagram
Admissibility Check = 1000
Iterations = 5000

End of problem
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APPENDIX D

LISREL ESTIMATES of PARAMETERS in
CONDITIONAL KNOWLEDGE TEST MODEL
(COEFFICIENTS in STANDARDIZED VALUE and t-VALUEYS)

COEFFICIENTS IN STANDARDIZED VALUE

/a_45*- IO

0.07). 45 = IR 2

i I3
0.09
45_35- k4

Laz-8=  CONG

0.z 5= IR G

0.
“-"’/-//l:l.
/j- i
0.a1-®=  CONT /Dj ;
0.
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0.07). 40 e e

\_ ag==  CORMI0
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COEFFICIENTS IN t-VALUES

f:_q,gl- iz
Z.960_ 53 CiR2
LG CioR3

3.70
‘9_95-'- Cio4
- 0= MG
9. 15 CIMG
10. 36 COnT
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APPENDIX E

PROCEDURAL KNOWLEDGE TEST

Adi Soyadi: Sinifi:
Bu sinav, 7. sinifta 6grendiginiz baz1 geometri konulari ile ilgili 14 sorudan
olusmaktadir. Tiim sorularda agiklamalar yapmaniz veya islemlerinizi gostermeniz

beklenmektedir. Liitfen bildiginiz tiim sorulari cevaplamaya calisiniz. Smav siiresi
40 dakikadir. Basarilar...

Asagidaki 1. ve 2. sorudaki sekiller farkli otoyollardaki bazi yollarin
birbirlerine gore durumlarin1 gosteren iki plandan alinmistir. Yollar arasindaki
bilinen acilar agsagida verilmistir.

1) a ve b yollar1 birbirine paralel ise x agis1 kag derecedir?

X
130°
a (/

110°
b

2) kve m yollar1 birbirine paralel ise y agis1 kag¢ derecedir?
100°
405
m

3) Dikdortgensel bolge seklindeki bilardo masasinda F noktasindan E noktasindan
atilan top ayni agiyla geri doner. Bilardo topu 26%lik ag1 yapacak sekilde A

kosesine girerse S(DEA) =?

D = C

26%/
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4) Altigen seklindeki bir arsanin gevreledigi duvar koselerinin birbirleriyle yaptigi
i¢ ve dis acilarin Olgiileri, sekildeki gibi ¢izilen bir planda verilmistir. Bu sekilde a i¢
acisinin Olcisii kag derecedir?

5) Beysbolda kale isareti olan levha besgen seklindedir ve i¢ agilarinin Slgiileri 90,
90, 3y, 2y, ve 3y derece ise bu levhanin en biiylik agis1 kag derecedir?

2y

0 %

6) Asagidaki sekil birbirine komsu liggensel bolge seklindeki iki arsanin planindan

alimmistir. Bu planda S(BAC) =20° ve |AB|=|AC|=]|cCD| ise D agsi kag
derecedir? A

20

7) Bir usta, bir par¢ga metalden diizgiin sekizgen keserek ‘DUR’ isaretine ait levha
yapmak istiyor. Bu levhanin her bir i¢ agis1 kagar derece olmalidir?
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8) Diizgiin ¢okgen seklindeki bir levhanin tistii kismen bir ortiiyle kapatilmistir. Agik
olan bir kosesine ait i¢ acisinin 6l¢iisii 162%olan bu levha ka¢ kenarlidir?

‘E@@

9) Bir yorgan deseni, sekildeki gibi birbirine es olan eskenar dortgenlerden ve
eskenar dortgenlerin birlestigi yerde iicgenlerden olugsmaktadir.

Y O R
[ A/ ?
\ G
[ ) L
N A
Yukaridaki O ve G noktalari, YRAN eskenar dortgenin kenarlarinin orta noktalar1 ve
N acisinin dlgiisii 40° ise GOR agisinin dlgiisii ka¢ derecedir?

10) Bir ugagin arka kanadi asagidaki sekildeki gibi yamuk bigiminde tasarlanmistir.
UCAK yamugunda, [UC]//[KA] ve K agisinin 6l¢iisii, U agisinin dlgiisiinden 30°
daha fazladir. Buna gore, K agisinin dl¢iisii kag derecedir?
C
U

K A

11) Asagidaki sekil, bir firmanin logosunun bir boliimiinii géstermektedir.

B C
?

105°

F E D
BCDF paralelkenarinda, E noktast FD dogru parcasi iizerindedir. FBE ve EBC

agilariin Olgiileri esittir. BED agisinin Ol¢iisti 105° ise C acgisinin  Olgiisii kag
derecedir?
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12)

A H A H

Yukaridaki yonii gosteren isaret levhast LEHA karesi ve EVH eskenar
ticgeninden olusmaktadir. Buna gére EVL agisinin 6lgiisii kag derecedir?

13) Ahmet 5 cm x 8 cm boyutlarinda g¢ektirdigi fotografini biiyiilterek elindeki
uzun kenar1 20 cm olan g¢ercevelerden birine yerlestirmek istiyor. Fotografini
kesmeden ve seklini degistirmeden kisa kenar1 kag santimetre olan bir ¢ergeve
secmelidir?

14)

Bir orman miihendisi kuruyan agaglart kesmeden Once uzunluklarini
hesaplamak istemektedir. ~ Bir miihendisin golgesi 8 dm ve boyu 18 dm ise
golgesi 96 dm olan bir agacin yiiksekligi ka¢ desimetredir?

169



APPENDIX F

SCORING RUBRIC FOR
PROCEDURAL KNOWLEDGE TEST QUESTIONS

Visual Skills: imaging

Verbal Skills: correct use of terminology

Drawing Skills: appropriate use of symbols and notations, accurate application
of the algorithm.

Logical Skills: classification, recognition of essential properties of a
geometrical

concept, formulating and testing hypothesis, making inferences, using counter-
explanations,

appropriate use of the procedures, use visualization and spatial reasoning to
solve problems.

Score Description
0 * No answer attempted.
* Copies parts of the problem without attempting a solution.
* Uses irrelevant information.
* Includes procedural knowledge which completely misrepresent the
problem situation.

1 * Makes major computational errors when employing the algorithms
and rules.
* Reflects an inappropriate strategy for solving the problem.
* Gives incomplete evidence of a solution process.
* The solution process is missing, difficult to identify or completely
unsystematic.

2 * Makes serious computational errors when employing the algorithms
and rules.
* Gives some evidence of the solution process.
* The solution process is incomplete or somewhat unsystematic.
* Makes significant progress towards completion of the problem but
the algorithm is unclear.

3 * Executes algorithms and rules completely.
* Computations are generally correct but may contain minor errors.
* Gives clear evidence of a solution process.
* The solution process is nearly complete and systematic.

4 * Executes algorithm and rules completely and correctly.
* Reflects an appropriate and systematic strategy for solving the
problem.
* Gives evidence of a solution process.
* The solution process is complete and systematic.
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APPENDIX G

The SIMPLIS SYNTAX for the
PROCEDURAL KNOWLEDGE TEST MODEL

Real Data Set

Observed Variables

PRO1 PRO2 PRO3 PRO4 PRO5 PRO6 PRO7
PRO8 PRO9 PRO10 PRO11 PRO12 PRO13 PRO14

Covariance matrix from File: pro.cov
Sample Size = 192

Latent Variables

Pro

Relationships

PRO8 PRO14 PRO6 PRO12 PRO5 PRO1 PRO11 PRO7 PRO10 PRO4 PRO2
PRO13 PRO9 PRO3 = Pro

Set Error Covariance Between PRO14 and PROL1 Free
Set Error Covariance Between PRO8 and PRO6 Free
Set Error Covariance Between PRO14 and PRO13 Free
Set Error Covariance Between PRO10 and PROS8 Free
Set Error Covariance Between PRO10 and PROG6 Free
Set Error Covariance Between PRO4 and PRO3 Free
Set Error Covariance Between PRO8 and PRO5 Free
Set Error Covariance Between PRO14 and PRO5 Free
Set Error Covariance Between PRO10 and PROS3 Free
Set Error Covariance Between PRO12 and PRO9 Free
Set Error Covariance Between PRO11 and PRO7 Free
Set Error Covariance Between PRO13 and PRO7 Free
Set Error Covariance Between PRO7 and PRO1 Free
Set Error Covariance Between PRO14 and PRO11 Free
Set Error Covariance Between PRO5 and PRO4 Free
Set Error Covariance Between PRO9 and PRO7 Free
Set Error Covariance Between PRO13 and PRO2 Free
Set Error Covariance Between PRO11 and PRO1 Free
Set Error Covariance Between PRO12 and PRO7 Free
Set Error Covariance Between PRO12 and PRO10 Free
Set Error Covariance Between PRO13 and PRO11 Free
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Set Error Covariance Between PRO12 and PROS8 Free
Set Error Covariance Between PRO13 and PRO4 Free
Set Error Covariance Between PRO14 and PRO12 Free
Set Error Covariance Between PRO11 and PRO4 Free
Set Error Covariance Between PRO12 and PRO5 Free

Path Diagram
Admissibility Check = 1000
Iterations = 5000

End of problem
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LISREL ESTIMATES of PARAMETERS in
PROCEDURAL KNOWLEDGE TEST MODEL
(COEFFICIENTS in STANDARDIZED VALUE and t-VALUEYS)

APPENDIX H

COEFFICIENTS IN STANDARDIZED VALUE

FRO1

FROZ

FROZ

FRO4

PROS

FROG

.24

PROY

L1o—

FROZ

.2z

FROG

.31

PRO0

FROM

FRO1Z

PRO:

FRO14

N4

Lo e Y ]

P T
w0

0l Im 5 Y
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COEFFICIENTS IN t-VALUES

5. og—=— FPRC
D . 50— FREOZ
= FROS
o, 7T FEC4
o 30 e FREOS
o o FEOE
Pro
9. og T FEOT
L FREOS
o g0 FREODS

9. 53 = FPRZ10

=N Y bl FFEC11

8 . 7o PRO12

=T PEC13

8. 55 = FEZ 14
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APPENDIX |

ACTIVE LEARNING STRATEGIES in and LEARNING VALUE of
GEOMETRY QUESTIONNAIRE

GEOMETRIDE AKTIiF OGRENME STRATEJILERI
ve OGRENMENIN DEGERi ANKETI

Asagidaki sorular sizin geometri ile ilgili diisiincelerinizi 6grenmek ig¢in
hazirlanmistir. Ciimlelerden higbirinin kesin cevabi yoktur. Her climleyle ilgili goriis,
kisiden kisiye degisebilir. Bunun i¢in vereceginiz cevaplar kendi goriisiiniizii
yansitmalidir. Her ciimleyle ilgili goriis belirtirken 6nce climleyi dikkatle okuyunuz,
sonra climlede belirtilen diisiincenin, sizin diisiince ve duygunuza ne derecede uygun
olduguna karar veriniz. Ciimlede belirtilen diisiinceye

Hi¢ katilmiyorsamiz, Hi¢ Uygun Degildir

Katilmiyorsaniz, Uygun Degildir

Kararsiz iseniz, Karasizim

Kismen katihlyorsamiz, Uygundur

Tamamen katiliyorsamiz, Tamamen Uygundur secenegini isaretleyiniz.

Adi Soyad: Sinif:

= E - —
= N = qC_) -}
o bl o o] ko]
> ) o 7] E

S| cs®| £| | g¢S
- S = < S S
SN [@21=Y ) P o E (@)
o= D > QO < > o >
il N A M N —_

1. Yeni geometri kavramlarin1 6grenirken bunlari
anlamak 1¢in ¢aba gosteririm.

2. Yeni geometri kavramlarini Ogrenirken,
bunlarla daha Onceki deneyimlerim arasinda
baglantilar kurarim.

3. Bir geometri kavramini anlamadigimda bana
yardimci olacak uygun kaynaklar bulurum.

4. Bir geometri kavramini anlamadigimda, bu
kavrami anlayabilmek ic¢in &gretmenimle ya da
diger 6grencilerle tartigirim.

5. Ogrenme siireci boyunca, &grendigim
kavramlar arasinda baglantilar kurmaya caligirim.
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6. Bir hata yaptigimda, nicin hata yaptigimi
bulmaya caligirim.

7.  Anlamadigim  geometri  kavramlariyla
karsilagtigimda, yine de bunlart anlamak icin ¢aba
gosteririm.

8. Giinlik hayatimda kullanabilece§im igin
geometri O0grenmenin  Onemli oldugunu
diisiiniiyorum.

9. Geometri beni diislinmeye yonelttigi ig¢in,
geometrinin dnemli oldugunu diigiiniiyorum.

10. Geometride problem ¢6zmeyi O6grenmenin
onemli oldugunu diislinliyorum.

11. Geometride arastirmaya yonelik etkinliklere
katilmanin 6nemli oldugunu diisiiniiyorum.

12. Geometri konularin1 6grenirken merakimi
giderecek firsatlarin olmas1 6nemlidir.
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APPENDIX J

The SIMPLIS SYNTAX for the ACTIVE LEARNING STRATEGIES and
LEARNING VALUE of GEOMETRY QUESTIONNAIRE

Real Data Set

Observed Variables

ACT1 ACT2 ACT3 ACT4 ACT5 ACT6 ACT7 ACT8 ACT9 ACT10 ACT11
ACT12

Covariance matrix from File: actsecond.cov

Sample Size = 277

Latent Variables

Act Learn

Relationships

ACT3 ACT6 ACT4 ACTS5 ACT7 ACT2 ACT1 = Act
ACT8 ACT9 ACT11 ACT10 ACT12 = Learn

Set Error Covariance Between ACT11 and ACT4 Free
Set Error Covariance Between ACT6 and ACT4 Free
Set Error Covariance Between ACT5 and ACT2 Free
Set Error Covariance Between ACT9 and ACT8 Free
Set Error Covariance Between ACT7 and ACT5 Free

Path Diagram
Admissibility Check = 1000
Iterations = 5000

End of problem
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APPENDIX K

LISREL ESTIMATES of PARAMETERS in ACTIVE LEARNING
STRATEGIES and LEARNING VALUE of GEOMETRY QUESTIONNAIRE
MODEL (COEFFICIENTS in STANDARDIZED VALUE and t-VALUES)

COEFFICIENTS IN STANDARDIZED VALUE
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COEFFICIENTS IN t-VALUES
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APPENDIX L

GEOMETRY ATTITUDE SCALE

GEOMETRIYE KARSI TUTUM OLCEGI

Asagidaki sorular sizin geometri ile ilgili disiincelerinizi 6grenmek igin
hazirlanmistir. Climlelerden hicbirinin kesin cevabi yoktur. Her climleyle ilgili goriis,
kisiden kisiye degisebilir. Bunun igin vereceginiz cevaplar kendi goriisiiniizi
yansitmalidir. Her climleyle ilgili goriis belirtirken dnce climleyi dikkatle okuyunuz,
sonra climlede belirtilen diisiincenin, sizin diislince ve duygunuza ne derecede uygun
olduguna karar veriniz. Ciimlede belirtilen diisiinceye

Hi¢ katilmiyorsaniz, Hi¢c Uygun Degildir

Katilmiyorsaniz, Uygun Degildir

Kararsiz iseniz, Karasizim

Kismen katihlyorsamiz, Uygundur

Tamamen katiliyorsamiz, Tamamen Uygundur secenegini isaretleyiniz.

Adi1 Soyadz: Sinif:

Tamamen
Uygundur
Uygundur
Kararsizim
Uygun
Degildir
Hi¢ Uygun

1. Okulda daha c¢ok geometri dersi olmasini
istemem.

2. Matematikte diger konulara gore geometriyi daha
cok severek calisirim.

3. Matematikte en ¢ok korktugum konular geometri
konulardir.

4. Geometri dersinde bir tedirginlik duyarim.

5. Geometri dersinde gerginlik hissetmem.

6. Geometri konular ilgimi ¢cekmez.
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7. Geometriyi seviyorum.

8. Geometri dersinde kendimi huzursuz
hissediyorum.

9. Geometri sorularini ¢ozmekten zevk almam.

10. Geometri ¢alisirken vaktin nasil gectigini
anlamiyorum.

11. Matematigin en zevkli kism1 geometridir.

12. Geometri dersi sinavindan ¢ekinmem.
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APPENDIX M

LESSON PLANS

PART 1: BENCHMARK LESSONS (Ders Plani 1-4)
Ogrenciler projelerini olusturmaya baslamadan 6nce bireysel ¢alisacaklardir ve sinif

yerlesim plan1 agsagidaki gibi olacaktir.

| Tahta |
Ogretmen _
masasi &
e
|sira |swra | [swra |swra | [swa [swra | [sira |sira |
|sira |swra | [swra |swra | [swra [swra |  [sira |sira |
|sira |swra | [swra |swra | [swra |[swra |  [sira |sira |
|sira [sira | |swra |swa | |swa |swra | | swa | sia |
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DERS PLANI 1

YARARLANILAN DiSIPLINLER: Matematik, Sosyal Bilgiler
TARIH:

SINIF: 7

SURE: 1 ders saati

KAZANIMLAR:

1) Siiriikleyici soruyu (driving question) ve projeyi anlar.

YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma
KULLANILAN EGITIM TEKNOLOJILERI: Bilgisayar, Internet

ARAC ve GEREC: Smif'i¢i arag gerecler, tepegdz, 6rnek planlar, proje ¢aligma
yagragi-1.1

DERSIN ISLENiSi

Siiriikleyici Soru (Driving Question) ve Projeyle Tanigsma ve Sosyal Bilgiler
Dersi ve Giinliik Yasamla Baglanti

1. Ogretmen projeyi dgrencilere tanitmak igin su hikayeyi agiklar: “Diyelim ki bir
sehirdeki bir mahalle gecekondulardan olusuyor ve gecekondular yikilip o mahalle
Kentsel Doniisiim Projesiyle yeniden yapilandirilmak isteniyor. ‘Hayalinizdeki
mahalleyi nasil tasarlarsiniz?” konulu bir mahalle tasarim proje yarigmasi
diizenleniyor. Sizler de farklt mesleklerden kisiler olarak bazi arkadaslarinizla
projeye katilacaksiniz. Bir mahalle tasarimi icin neler gerektigini ve matematikle
baglantisini kurarak projenizi tamamlayacaksiniz.”

2. Ogretmen mahalle tasarimina gegince birlikte ¢alisacaklar1 grup arkadaslarini
belirler. Bunun i¢in her ¢aligma grubunda en az birer tane alandan bagimh (field
dependent), alandan tarafsiz (field middle) ve alandan bagimsiz (field independent)
ogrenci olacak sekilde ii¢ ya da doért 6grenci olacaktir. Ogretmen olusturdugu
gruplar1 6grencilere soyler. Biligsel stillerine gore gruplandirildiklarindan soz
etmeden bu gruplarin rastgele secildiklerini soyler.

3. Ogretmen, dgrencilerin proje konusunu daha iyi anlamalari i¢in su sorulari sorar:
“Bir sehir hangi boliimlerden olusur? Bir kisinin mesela postacinin aradigi bir yeri
bulabilmek icin o yere ait neleri bilmesi gerekir?” Ogrencilerden “Sehir, ilce, semt,
mahalle, cadde ve sokak isimlerinin 6nemli oldugunu bilmemiz gerekir” yaniti
beklenir. Sosyal Bilgiler dersinde gordiikleri ‘Yakin ¢evremiz, sokak, cadde,
mahalle, semt, kOylimiizii taniyalim’ konusu hatirlatilarak burada ogrencilerin
mahalle kavramma ulasmalar1 beklenir. Ogrencilere mahalle kavramindan
bahsedilir: “Sehirdeki en kii¢lik yerlesim birimleri mahallelerdir. Bir adresteki yeri
belirlemek i¢in Once mahallelerdeki yeri belirleriz. Daha sonra caddeyi kesen
sokaklardan, aradigimiz sokag buluruz.” Ogrencilere kendi mahalleleriyle ilgili su
sorular sorulur: “Sizin mahallenizde hangi bdliimler var; caddeler birbirini nasil
kesiyor; ev veya apartmanlarin disinda hangi boliimler var?”
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4. Ogretmen projeyi ve ne yapacaklarini iyi anlasmlar diye tepegdzle asetatta
asagidaki gibi bazi Ornek mahalle planlarin1 Ogrencilere gosterir. Bu planlar
http://pinarkule.meb.k12.tr/ ve http://www.karaman.bel.tr/karaman-rehberi/mahalle-
krokileri.aspx internet adresinden elde edilmistir. Ogrenciler, krokilerde yer alan
yollarin birbirine gore durumlarini ve gérdiikleri ¢okgen gesitlerini tartigirlar.
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5. Yukaridaki krokilere ek olarak, ¢ok karisik olan krokilere de dikkat g¢ekilir ve
http://www.kutahyagundem.com/mahalle-krokileri  internet adresinden alinan
asagidaki gibi ornekler verilir.
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Arastirma Odevi

1. Ogrencilere proje g¢alisma yapragi-1.1 dagitilir. Bu ydnergeyi Ogrencilerin
arastirmalart i¢in yardimer fikirler, projenin smirhiliklari, projede 6grencilerin
alacaklar1 roller... vb konular i¢cermektedir. Tiim Ogrencilerden bireysel olarak
sunlar1 aragtirmalar1 beklenir:

a) Kendi mahallenizin veya bagka bir mahallenin planini,

b) bir mahallenin tasarimi i¢in hangi mesleklerden kisilerin gorev alacagini,

c¢) bu meslekteki kisilerin yaptiklar islerin neleri igerdigini ve

d) mahalle krokisi ¢izimindeki standartlarin neler oldugunu.

2. Arastiracaklar1 bu konular1 mahalle muhtari, internet, aileniz, ¢cevrenizdeki baska
kisiler veya bagka kaynaklardan, Ornegin sehir bolge planlama mezunu bir

tanidiklarindan, bulabilecekleri belirtilir.

3. Arastirma yapmalar1 i¢in yaklasik lic hafta verilecektir. Bu siire sonunda
aragtirmalarinda elde ettikleri bilgileri sinifa getirmeleri beklenir.

4. Dersin sonuna dogru projeyle ilgili 6grencilerden gelen sorular yanitlanir.
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PROJE CALISMA YAPRAGI -1.1

2007-2008 Egitim-Ogretim Y1l1 2. Dénem 7. Sinif Matematik Dersi
HAYALIMDEKI MAHALLE PLANI TASARIMI PROJESI

Calismaya Katilan Grup Uyelerinin Isimleri:

Diyelim ki bir sehirdeki bir mahalle gecekondulardan olusuyor ve gecekondular
yikilip o mahalle Kentsel Donlisiim Projesiyle yeniden yapilandirilmak isteniyor. Bu
amacla HAYALIMDEKI MAHALLE konulu bir mahalle tasarim proje yarismasi
diizenleniyor. Sehir bolge planlama uzmani, mimar, miihendis ve peysaj mimari gibi
mesleklerden olusan grubunuzun da bu projeye katilmasi beklenmektedir. Bir
mahalle plan1 tasarimi i¢in gerekenleri arastirip, matematikle baglantisin1 kurarak
projenizi tamamlayacaksiniz. Bu projede istenilenler asagida siralanmistir:

1) Projenize baslamadan 6nce mahalle planit hazirlamaniza yardimecr olmasit igin
asagidakileri arastiriniz:

a) Bir mahalle plan1 tasariminda hangi meslekteki kisilerin gorev aldigini ve bu
meslekteki kisilerin yaptiklar1 islerin neleri i¢erdigini arastiriniz. Bu konu ile ilgili
belediyedeki yetkililerle veya o meslekten olan bir yakininizla konusup bilgi, belge,
cizim, kroki, fotograflar vb. bir araya getiriniz. Mahalle plani1 ¢izimindeki
standartlarin neler oldugunu da arastiriniz. Mahalle muhtariniza giderek veya
ansiklopedi, kitap veya internet gibi diger kaynaklardan bir 6rnek mahalle plani
bularak bu plan1 smifa getiriniz. Incelemeniz onerilen web sayfalar1 sunlardir:
www.tmmob.org.tr  www.spo.org.tr www.planlama.org www.kentli.org
www.kentselyenileme.org

b) Hangi sehirde bu mahalleyi kurmak istediginize ve bu mahallenin cografi
konumuna grup olarak karar veriniz. Bu sehrin iklim kosullarin1 ve bu iklim
kosullarina gore hangi tip bitki ortilistintin bulundugunu arastiriiz. Belirleyeceginiz
ilin iklimine uygun bitki ve agac cesitlerini arastirmak i¢in sosyal bilgiler dersi
Ogretmeninize danigabilir veya Orman Bakanligimin internet sayfasindan
yararlanabilirsiniz.

¢) Bu mahallenin arazisi iginde tarihi ve kiiltiirel yapilar veya dogal alanlarin olup
olmadigini arastiriniz ve varsa o yapilara veya bolgelere zarar vermeden tasariminizi
yapiniz. (Ornegin o arsada hazir camii, koprii... vb tarihi eser olan yapilar olabilir.)
d) Bir mahalle planinda yer alan béliimleri arastiriniz. Tasarlayacaginiz mahallenin
niifusuna karar vererek bu mahallede yasayan tiim bireylerin her tiirli
gereksinimlerini unutmadan, eski yasam kosullarini daha iyiye gotiirerek ve cevresel
etkileri de dikkate alarak mahallede mutlaka olmasi gerekenleri ve eklemek
istediklerinizi listeleyiniz. Bu projede yer alan mahalle planinda mutlaka olmasi
gereken ve Onerilen boliimler sinif tartismasindan sonra sizlere belirtilecektir.
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2) Bu projede asagidaki matematiksel kavramlari uygulamaniz beklenmektedir:
a) Kurulmasi planlanan mahalle diimdiiz bir alan iizerinde ve 1200metre x
1700metre boyutlarindaki bir dikdortgensel bolge seklindedir. Hayalinizdeki
mahallenin planini ¢izmeniz i¢in 50cm x 70cm boyutlarindaki bir diiz beyaz karton
kullanmaniz gerekiyor. Bu mahallenin planin1 ¢izmeniz i¢in hangi 06lgegi
kullanmaniz gerektigine karar veriniz.
b) Projenizde yer alan boliimlere ait arsalarin ¢izilebilmesi i¢in asagidaki her bir
boliimdeki geometrik sekilleri en az ikiser kez kullanmaniz beklenmektedir:

* Ucgenlerden ikizkenar iicgen ve eskenar ii¢gen,

* Dortgenlerden paralelkenar, dikdortgen, kare, eskenar dortgen, yamuk ve

bu 6zelliklere sahip olmayan bir dértgen,

* Diizgilin besgen, altigen ve sekizgen

* Diizgiin olmayan besgen ve altigen,

* Tiim acilart esit 6l¢iide olup diizglin olmayan bir ¢okgen,

* Tiim kenarlar1 esit uzunlukta olup diizgiin olmayan bir ¢cokgen,

* Birbirine es olan iki ¢okgen,

* Birbirine benzer olup es olmayan iki ¢cokgen seklindeki arsalar olmalidir.

Bunlara ek olarak projenizde yer alan cadde ve sokaklarin birbirlerine gore

durumlan asagidakiler olmalidir:

* Bir noktada kesisen yollar,

* Uggen olusturan yollar,

* Birbirine paralel olan, paralel caddeleri dik kesen ve bagka oOlciideki

acilarla kesen yollar,

* Birbirine paralel olmayan yollar olmalidir.
c¢) Bir A4 kagid1 tizerinde 6lceksiz (gergek dlgiilere uymadan) bir kroki yapiniz.
d) Grup tiyeleri olarak taslak plan iizerinde gosterdiginiz her bir boliimiin geometrik
sekline, gergek kenar uzunluklarina, olusan i¢ ve dis acilarin 6l¢iilerine ve her farklh
boliimiin arasindaki uzakliklara karar veriniz. Bununla ilgili bir tablo hazirlayiniz.
e) Gergek boyutlarma karar verdiginiz her bir boliime ait geometrik seklin, a
stkkinda belirlediginiz 6lcege gore kiigiilteceginiz mahalle plani iizerindeki kenar
uzunluklarina, olusan i¢ ve dis agilarin Olgiilerine ve her farkli boliim arasindaki
uzakliklara karar veriniz. Bununla ilgili de bir tablo hazirlayiniz.
3) Gerekli malzemeleri edininiz. (Agidlger, cetvel, boya kalemi, grup igin ve
bireysel ayr1 iki dosya, A4 kagidi ve karton)
4) Mabhalle tasarimi i¢in ilgili belediyeden izin almaniz gerekmektedir. Bunun i¢in
belediyeye bir dilek¢e yaziniz. Dilek¢e yazmak igin Tiirkce Ogretmeninize
danisabilirsiniz.
5) Mabhalle planinda yer alan boliimleri istediginiz renklerde boyayabilirsiniz.
6) Grubunuza bir isim bulunuz. Plan olusturmak tizere aranizdan birini baskan
seciniz. Buldugunuz tiim kaynaklari, tiim yazilarinizi, ¢izimlerinizi... vb dosyanizda
saklayiniz ve aranizdan bir kisiyi bu is ic¢in gorevlendiriniz. Projenizi yaparken
grubunuzdaki her bir 6grenci esit gOrev alacaktir (tartisma ortaminda, kaynak
arastirirken, projeyi tasarlarken,...vb). Baz1 durumlarda aranizda gérev dagilimi da
yapabilirsiniz ama projeye her 6grencinin esit katilmas1 beklenmektedir.
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7) Smiftaki her 6grenci, projenin baslangicindan bitimine kadar her hafta yapilan
calismay1, okuduklarinizi, kullandiginiz tiim kaynaklari, gézlemlerinizi, karsilagilan
zorluklar1 ve bu zorluklar1 nasil ¢6zdiigiiniizii vb not edecektir. Bu yazdiklarinizi ve
belgelerinizi bir dosyanizda saklaymiz. Projeyi tamamladiktan sonra genel bir rapor
yaziiz. Bu rapor i¢inde en cok ilginizi ¢ekenleri, projede hoslanmadiklarinizi,
projeyi hazirlarken kullandiginiz yontemleri, projede en iyi yapti§iniz ve
zorlandiginiz boliimleri, projeden neler Og8rendiginizi yaziniz. Proje calismasi
bitiminde her 6grenci bireysel dosyasini teslim edecektir.

8) Proje bitiminde grup olarak hazirlayacaginiz iki boyutlu mahalle plan1 ve
grubunuzun sunum raporu da teslim edilecektir.

9) Grup olarak tasarladiginiz mahallenin planini ilgili belediyedeki uzmanlara
sunum yoluyla tanitmaniz ve avantajlarini kabul ettirmeniz beklenmektedir.
Sunumunuzda grubunuzdaki her bir 6grenci gorev alacaktir. Sunumunuz en fazla 5
dakika stirmelidir. Sunum bitiminde mahalle tasariminizi uygulamaya gegirmek igin
ilgili belediyeden izin almaniz gerektigini diisiinerek bir dilek¢e yaziniz. Grup
olarak yazdiginiz dilek¢eyi sunum sonunda teslim ediniz.
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DERS PLANI 2

YARARLANILAN DISIPLINLER: Beden Egitimi, Fen ve Teknoloji, Matematik,
Miizik, Sosyal Bilgiler, Resim, Trafik, Tiirkge.

TARIH:

SINIF: 7

Siire: SURE: 6 ders saati

UNITE: Tam Sayilardan Rasyonel Sayilara

OGRENME ALANI: Geometri-Olcme

ALT OGRENME ALANTI: Dogrular ve Agilar-Agilart Olgme

BOLUM: Ayni Diizlemdeki U¢ Dogru

KAZANIMLAR:

1) Ayni diizlemde olan ii¢ dogrunun birbirine gore durumlarini belirler ve insa eder.
2) Yondes, ig, i¢ ters, dis ters agilari belirleyerek isimlendirir.

3) Paralel iki dogrunun bir kesenle yaptig1r agilarin es olanlarmi ve biitlinler
olanlarini belirler.

4) Paralel iki dogrunun bir kesenle yaptig1 agilarin Olgiileri ile ilgili hesaplamalar
yapar.

DERS ICI ILISKILENDIRME: Birinci dereceden bir bilinmeyenli denklemler, oran,
kiimeler (kiimelerde kesisim ve bos kiime), agilar (agilar1 isimlendirme, agilarin i¢ ve
dis bolgesi ve ag1 cesitleri: dar agi1, dik ac¢1, genis ag1, dogru aci, tam ac1, tiimler
acilar, biitiinler acilar, ters agilar), dogru, dogru pargasi, diizlem, diklik ve paralellik.
YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma, Kesfetme, Soru-
Cevap

KULLANILAN EGITIM TEKNOLOJILERI: Bilgisayar, Internet

ARAC ve GEREC: Smif i¢i ara¢ gerecler, diiz ¢izgili A4 kagidi, cetvel, geometri
tahtasi, geometri seritleri, paket lastigi, acidlcer, noktali ve izometrik kagit, kareli
kagit, boya kalemleri, tepegdz, Ornek fotograflar ve planlar, pekistirici ¢aligma
yapraklar1 2.1 ve 2.2

DERSIN ISLENISI
1. ders
Stiriikleyici Soru ve Sosyal Bilgiler Dersiyle Baglanti

1. Ogretmen dgrencilere geometrinin hangi ihtiyactan dolay1 ortaya ¢iktigini sorar.
Ogrenci yorumlarindan sonra dgrencilere geometrinin hangi ihtiyactan dolay ortaya
ciktig anlatilir: “Insanoglu topraktan yararlanmaya ve ona sahip olmaya basladig
zaman ilk medeniyetin besigi sayilan Nil Vadisi’nde yaz aylarinda Nil Nehri tagar
ve arazi hudutlar silinirmis. Ardindan araziyi iglemek isteyenler arasinda o arazinin
kime ait oldugu ile ilgili kavgalar olurmus cilinkii arazi simirlarmin tekrar
belirlenmesi gerekirmis. Sonunda bu probleme kalici bir ¢éziim bulmuslar ve
gokyiiziindeki yildizlarin olusturdugu ticgen, dortgen, gibi sekiller arazi lizerine
cizilmis ve bunlarin sahipleri tespit edilmis. Boylece ilk geometri konular1 ortaya
cikmis. Sizler de bu ornege benzer olarak bir yeri belirlemek amaciyla geometri
bilgilerinizi kullanarak mahalle planmizi ¢izeceksiniz. Geometrinin baslangig
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noktas1 olarak arazi ¢izimleri oldugu gibi giinlimiizde de bir yerin planinin ¢iziminde
de geometrik sekiller ¢ok kullanilir.”

2. Ogrencilere, projelerini (hayallerindeki mahallenin tasarimi) dogru bir sekilde
cizebilmeleri i¢in gerekli olan geometri bilgisini bu siire i¢cinde hep birlikte tartigarak
ve arastirarak Ogrenecekleri belirtilir. Kendi mahallelerinde yer alan cadde veya
sokaklarin durumlarmin nasil olduguna evlerine gittiklerinde yollardan gecerken
dikkat etmeleri istenir.

Ders I¢i, Diger Derslerle ve Giinliik Hayatla Iliskilendirme ve Teknoloji
Kullanimi

1. Ogrencilere “Dogru ac1 nedir, tiimler agilar nedir?” gibi sorular sorularak daha
onceki yillarda yer alan acgilar konusunu (agilar1 isimlendirme, agilarin i¢ ve dis
bolgesi) ve ag1 ¢esitlerini (dar ac1 dik ac1, genis ac1, dogru ac1, tam aci, tiimler agilar,
biitiinler acilar, ters acilar) hatirlamalar1 beklenir.

2. Agt cesitleri ile ilgili glinlik hayattan asagidaki gibi fotograflar tepegéz
yardimiyla gosterilir: Tiimler ve biitlinler acilar i¢in yaprak fotograflari ve ters agilar
icin bina ve itli masast fotograflart. Bu resimler http://images.google.com.tr/
internet adresinden alinmistir. Ogrencilere bu fotograflarda gordiikleri ac1 cesitleri
sorulur.

Tilimler agilar i¢in Biitiinler agilar igin Ters agilar i¢in

Hong Hong’daki Bank of
China Binas1

3. Ogrencilerden gelen yanmitlardan sonra “Biitiinler agilarin dlgiileri toplaminin
180°”, “Tiimler agilarin dlgiileri toplamimin 90% ve “iki dogru arasinda ve zit yonde
olan agilarin ters agilar ve Olgiilerinin esit” oldugu hatirlatilir. Yukaridaki
gosterimleri tahtaya ¢izilir.

4. Ogrencilerden kendilerinin diger derslerinde ve genel olarak giinliik hayattan
tiimler, biitlinler ve ters acilarla ilgili 6rnekler vermeleri istenir.
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5. Ogrenci yorumlarindan sonra agilarn  kullannomma  6rnek  olarak
http://images.google.com.tr/ internet adresinden alinan asagidaki fotograflar ve
resimler gosterilir.

(a) Dogada 6rnegin yukaridaki gibi yapraklarda,

(b) Baz1 mesleklerde ornegin pilotlar, askerler, denizcilerin yonlerine karar
vermek i¢in magnetik pusula kullanimi ve tasarimcilarin 30-60-90 ve 45-45-90
derece agilar 6lgen T cetveli kullanimi ve {inlii ressamlarin 6rnegin Piet Mondrian ve
Wassily Kandinsky’nin resimlerinden 6rnekler

c) Diger derslerde 6rnegin Teknoloji ve Tasarim dersinde T cetveli kullanimi ve
Fen ve Teknoloji dersinden kirilma ve gelen 15181n diiz aynada yansimasiyla olusan
agilar

Pekistirici Odev
1. Ogrencilere, dogru ac1, dik ac1, tiimler, biitiinler ve ters agilarla ilgili pekistirici

calisma Yapragi-2.1 dagitilir. Calisma yapragindaki tiim sorular gilinliik hayattan bir
durum i¢inde hazirlanmis sorulardir.
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PEKISTIRICI CALISMA YAPRAGI-2.1

DOGRU ACI, DIK ACI, TUMLER, BUTUNLER VE TERS ACILAR

1) SAAT

Asagida ti¢ farkli biiytikliikte saat vardir ve hepsi saat 9:00’1 gostermektedir.

a)Yukaridaki saatlerde akrep ve yelkovan arasindaki agilar kagar derecedir? Bu ag1
sekil lizerinde nasil gosterilir? Bu hangi a¢1 ¢esidine esittir?

b) Saatin bliytlikliigii ile akrep ve yelkovan arasindaki agmin Slgiisii degisir mi?
Neden?

c¢) Saatlerin hepsinde saat 9:37 olsaydi akrep ve yelkovanlar arasindaki agilarin

olgiileri farkli olur muydu? Neden?

2) DIRSEK HAREKETLERI

Irem’in gecirdigi kazadan dolay1 al¢iya alman kol dirsegi agilinca dirsegini
hi¢ hareket ettiremiyordu ve fizik tedaviye basladi. Ilk al¢1 agilinca Irem’in al¢il
dirsegi en fazla 35° acilabiliyordu. Doktor, Irem’in bileklerini énce 90°, sonra da
180° déndiirmesi igin egzersizler verdi. Egzersizleri yapan irem her giin bileklerini
kag¢ derece dondiirdiigiinii ve geriye kag derecelik acis1 kaldigin1 hesapliyordu.

1. giin irem bilegini 18° daha déndiirmiistiir.

a) Irem dirsegini toplam kag derece agabilmektedir?

b) Dik olarak tutmasi icin dirsegini ka¢ derece daha agmas1 gerekmektedir?

¢) Irem’in dirsegini acabildigi a¢1 ile dik dondiirebilmesi igin kalan ac1 hangi ag1
tiirline 6rnektir? Neden? Bu durumu sekil tizerinde gosteriniz.

2. giin bilegini dik tutmay1 basarmistir. Kolu sekildeki gibi gosterilirse aradaki aci
hangi sembolle gosterilir?

3. giin 55° daha hareket ettirirse 180° dondiirmesi i¢in kag derecelik acist kalmugtir?
Irem’in dirsegini dondiirebildigi aci ile 180° déndiirebilmesi icin kalan ac1 hangi a¢1

tiiriine ornektir? Neden? Bu durumu sekil iizerinde gosteriniz.

[rem 4. giin toplam 180° dondiirmeyi basarmistir.
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3) KAYAK ATLAYICISI

Olimpik kayak atlayicisi olabildigince uzaga atlayabilmesi i¢in kendi viicudu ve
kayak onii arasinda olabildigince az ac¢1 yapmak ister. Oniinde 20° ac1 varsa bu
yaris¢inin arka tarafiyla yaptigi aci kac¢ derecedir? Bu iki ac1 hangi a¢1 ¢esidine
ornektir? Bu durumu sekil {izerinde gdsteriniz.

4) TAHTEREVALLI

Iki kardes (Ayse ve Ahmet) sekildeki gibi tahterevalliye binmektedir. Ayse
tahterevallide 60° asag1 inerse Ahmet ka¢ derece yukari ¢ikar? Bu hareket hangi
agilara ornektir?

Ayse Ahmet

=

Ayse Ahmet

Ahmet tahterevallide 70° asag1 inerse Ayse ka¢ derece yukari ¢ikar? Bu hareket
hangi acilara 6rnektir?

Ayse Ahmet
@ ? 70° ?
Ayse Ahmet
5) TERZI

Bir terzi kumas kesmek icin makasini 48° acmistir. Makasii tamamen kapatmasi
icin kag derecelik ag1 yapmasi gerekir? Bu hangi agilara 6rnektir?
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2. ders
Proje ve Sosyal Bilgiler Dersiyle Baglanti

1. Hazirlayacaklar1 mahalle krokisinde caddelerin birbirlerine gore durumlarini
inceleyebilmeleri igin bir diizlemdeki {i¢ farkli dogrunun birbirlerine gore
durumlarini inceleyecekleri belirtilir.

Ders I¢i Iliskilendirme

1. Ogrencilere daha &nceki yillarda gordiikleri su kavramlar ve sembolleri sinif
ortaminda bulunan 6rneklerle hatirlatilir: Nokta, dogrular, paralel dogrular, diizlem,
bos kiime ve kiimelerde kesisim. Ornegin diizlem icin tahta diizlemi gibi.
Ogrencilere bir diizlem iizerindeki ii¢ farklt dogrunun birbirlerine gére durumlarmin
neler olabilecegi sorulur. Ogrencilerden kendi fikirlerini geometri gubuklari veya
cetveller yardimiyla gostererek agiklamalar1 beklenir.

Giinliik Hayatla Iliskilendirme ve Teknoloji Kullanimi

1. Bir diizlemde ii¢ farkli dogrunun birbirine gére durumlari, geometri tahtasi,
geometri  ¢ubuklar1  ve  cetveller kullanilarak ve tepegdz  lizerinde
http://images.google.com.tr/ internet adresinden alinan giinlik hayattan &rnek
fotograflar gosterilerek dgrencilere kesfettirilir:

a) Bir noktada kesisen dogrular igin logo, tekerlek, direksiyon, orlimcek agi,
bisiklet, yaprak, farkli tilkelerin bayraklari,



http://images.google.com.tr/

c) birbirine paralel olan {i¢ dogru i¢cin Anitkabir, resmi toren, raf, merdiven, ev,
gemi, mizik aletleri, olimpiyat yarisi, farkli iilkelerin bayraklari, trafik isaretleri ve
15181n diiz ve ¢ukur aynada yansimast

JAVAVAVAVAN
IANALATALAALLANARARARRRRRRRANANY

d) paralel olan iki dogruyu kesen bir dogru icin 1518 kirilmasi, gemi, gemi
giizergahi, paralel ve meridyenler, bayraklar, trafik isaretleri, kiirek ¢ceken sporcular,
park yerindeki ¢izgiler, Eiffel Kulesi, binalarin dig goriintiileri, egrelti otu ve zigzagl
cetvel.

195



2. DERS PLANI I’de gosterildigi gibi drnek mahalle planlari tekrar gosterilir.
Ogrenciler bu planlarda gordiikleri yollarin birbirine gore durumlarini tartigirlar.

3. Bir diizlemde ii¢ dogrunun birbirine gore durumlarimi gosteren sekilleri ve

sembolleri tahtaya ¢izilir.

a) Uc dogru bir noktada kesisebilir.

a

b) Birbiriyle ikiser ikiser farkli
noktalarda kesisebilirler.
a
c b

¢) Ucii de birbirine paralel olabilir. Bu
dogrularin kesisimleri bos kiime olur.
a/b//c, anbnc =

y
v
o

d) Ikisi paralel, iiciinciisii diger ikisini
birer noktada kesebilir. a//b
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Son madde i¢in su tanim yazilir: “Paralel olan iki dogrunun her birini farkl
bir noktada kesen {igiincii bir dogru, bu iki dogrunun ‘keseni’ olarak adlandirilir.”

3. Ders

1. Ogrencilere iki paralel dogruyu iigiincii bir dogrunun kesmesine érnek olarak diiz
cizgili bir A4 kagidi verilir. Paralel cizgilere asagidaki sekildeki gibi bir dogru
parcast c¢izer. Olusan acilar sekildeki gibi isimlendirilir. Acgidlger yardimiyla
ogrenciler kendi kagitlarinda olusan sekiz aginin dl¢iisiinii bulurlar. Agilar arasindaki
es Olclide olanlar 6grencilere kesfettirilir.

39)\
(o
v

A

A
v

2. Paralel dogrularin bir kesenle kesilmesi durumunda yondes, icters ve disters
acilarin olgiilerinin esit oldugu kesfettirilir ve bu tahtaya yazilir. Gorsel 6grenen
Ogrenciler icin yondes agilar F harfine ve i¢ ters acilar Z harfine benzetilir.

Yondes acilar | Icters acilar Dis ters acilar
avee cvee aved
dvef dveh bvef
bveh
cveg

3. “Olusan sekiz agidan (a, b, ¢, d, e, f, g, h), bir aginin 6l¢iisiiniin bilinmesi diger
yedi aginin Ol¢iilerinin bulunmasini saglar mi?” sorusu 6grencilerle tartigilir.

Teknoloji Kullanimi

1. Ogrencilere
http://demonstrations.wolfram.com/ParallelLinesAnglesWithATransversal/

adresinden indirilen dinamik geometri yazilimi gosterilir. Bu yazilim, paralel iki
dogruyu kesen iigiincii bir dogru olmasi durumunda olusan agilari igerir. Bu iig¢
dogrudan biri hareket ettirilse bile AB ve CD dogrularinin paralelligi degismedigi
icin olusan sekiz agiyla ilgili yondes, i¢ ters ve dis ters acgilarin Slgiilerinin esitligi
degismez.
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4. Ders
Giinliik Hayat ve Diger Derslerle Iliskilendirme

1. Ogrencilerden giinliik hayattan bir diizlemdeki {i¢ dogruya, 6zellikle paralel iki
dogruyu kesen liciincii bir dogrunun olmasi durumuna 6rnek vermeleri istenir.

2. Ogrencilerden gelen cevaplara gére DERS PLANI 2°deki 1. ve 2. derste
gosterilen Ornek fotograflar {izerinde bazi mesleklerin bu ag1 ¢esitlerini nasil
kullandiklari ile ilgili 6rnekler tartisilir. Ornegin 6gretmen su agiklamalar: yapar ve
sorulari sorar:

a) Milli bayramlarda Hava Kuvvetleri ugaklar1 gosteri yaparlar. Neden
birbirine ¢arpmadan ugarlar?

b) Baz1 gemiler riizgardan dolayr ulasmak istedikleri yere dogrudan dogrusal
olarak gidemezler. Bunun yerine gemiyi 45°, 90° seklinde cevirerek zigzag cizerler.

c) Kiirekgiler daha hizli olmak i¢in ayn1 anda birbirine paralel kiirek ¢ekerler.

d) Marangozlar birbirine paralel dogrular1 ve kesenleri ¢ok kullanirlar.

e) Hava durumu sembollerinde bircok geometrik sekil kullanilmaktadir.

f) Otoparktaki ¢izgiler neden birbirine paraleldir? Farkli otoparklarda cizgiler
farkl olgtilerdeki agilardan olusmaktadir. 30, 45, 60 ve 90 derece gibi. Neden farkli
acilar kullanilmig?
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g) Tasarimcilar 30-60-90 ve 45-45-90 derece acilar 6lgen T cetveli kullanirlar.
Her tiirlii tasarimda 6rnegin logo tasariminda kullanilir.

h) Yol, koprii ve tiinel gibi yapilari insa ederken mimar, miihendis, sehir
plancisi neyi diistinmelidir? Paralel dogrulart kesen dogrular1 ve bu durumda olusan
acilar1 neden kullaniyorlar?

3. Ogrencilere diger derslerinde simdiye kadar gordiikleri hangi konularin bir
diizlemdeki {i¢ dogruya ozellikle paralel iki dogruyu kesen iiglincli bir dogrunun
olmas1 durumuna 6rnek verilebilecegi sorulur. Ogrencilerden gelen cevaplara gore
asagidakiler vurgulanir:

a) Fen ve Teknoloji dersinden, ¢ukur aynalara gelen acilar paralel yansir.
Yansima olayinda, diizlem ayna kullanilarak gelme ve yansima acilar1 birbirine
esittir. Eski lokomotif trenlerde ve araba cam sileceklerinde paralel baglantilar
kullanilirmis. Isik 1sinlari, saydam bir ortamdan farkli bir ortama gegerken kirilir ve
dogrultular1 degisir. Paralel gelen 151k demetleri paralel yansir.

b) Paralel dogrular ve kesene miizik aletlerinden drnekler verilir.

Projeyle Iliskilendirme

1. DERS PLANI 1’deki gibi ornek planlar tekrar gosterilir. Bu planlar iizerinde
Ogrencilere,

a) birbirine paralel iki caddenin tiglincii bir cadde tarafindan kesen durumun
oldugu caddeler ve olusan acilar ve

b) bir yerin planini elle ¢izenlerin iki caddenin birbirine gére tam paralel olup
olmadigini neye gore karar verdikleri sorulur.

5. ve 6. Ders

1. Ogrencilere ii¢ dogrunun birbirine gére durumu ve olusan acilarin dlgiileriyle ilgili
pekistirici ¢alisma yapragi-2.2 verilir. Bu calisma yapragi daha ¢ok bir yerin
planinin ¢izilmesiyle ilgili asagidaki kavramlari igermektedir:
a) Bir diizlemde ii¢ dogrunun birbirine gére durumlari,
b) paralel iki dogruyu ti¢iincii bir dogru kesmesi durumunda olusan es agilar ve
c) paralel olmayan iki dogruyu ii¢lincii bir dogru kesmesi durumunda olusan
acilar.

2. Ogrenciler 6nce sira arkadaslariyla sonra smifta calisma yapragi sorularini
tartigirlar. Ogretmen kendi goriisiinii sdylemeden smifta “Farkli diisiinenler var ni?”
diye sorar. Cevap veren kisinin soyledigi dogru ve sinifta da aksi cevap gelmezse
soru gegilir.

3. Ogrencilerin her birinden ertesi giin icin herhangi bir iiggen getirmeleri istenir.
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PEKISTIRICI CALISMA YAPRAGI-2.2

UC DOGRUNUN ARKADASLIGI

1) Asagidaki 3 caddenin birbirine gére durumlarini belirleyiniz.

2) 1. sorunun d sikkinda yer alan agilarin dlgiilerini agidlger yardimiyla bulunuz.
Burada es Ol¢iideki agilar1 belirtiniz.

3) 1. sorunun e sikkindaki agilarin dlgiilerini agidlger yardimiyla bulunuz.
4) 1. sorunun f sikkindaki agilarin dlgiilerini agidlger yardimiyla bulunuz. Burada es

Olctideki agilar (varsa) nelerdir? Bu ii¢ dogrudan birbirine paralel olanlar var midir?
Neden?

5) Asin ngardan dolayr yolun bir kenarindaki uzunca bir kavak agaci sekildeki
gibi yola 507 lik ag1 yapacak sekilde devrilmis ve yolu trafige kapatmistir.

Agaci kaldirmak i¢in iki
ving, agacin yolun iki yaninm
kestigi noktalarda beklemektedir.
Agaci kaldirabilmeleri igin ayn1
anda hareket etmeleri gerekmektedir.
Bunun i¢in de diger yedi ag¢inin
Olciilerini bilmeleri gerekmektedir.

Sekilde olusan asagidaki agilar hangileridir? Tiim olasiliklar1 yaziniz.

Yondes | I¢ ters | Dis ters | Komsu biitiinler acilar | Ters agilar
acilar acilar acilar

Burada olusan agilarin hangileri esittir?

Sekilde olusan diger yedi a¢inin olgiisii (Y, a, S, €, m, i, n) nedir?
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6) Asagida bazi yollarin krokileri ve bu yollarin kagar derecelik agilar olusturdugu
verilmistir. Hepsinde k ve m yollar1 paralel ise agagida x acilar1 kag derecedir? (Her
bir kroki birbirinden farkli yerlerin krokisini géstermektedir.)

a) b)

X k yolu
3X
76°

0
115 2%

144°
/ m yolu
c)
d) Ax

136° /X k yolu

k yolu

64° m yolu

32°

m yolu

e) /

/é k yolu
13% - m yolu

7)  Bir periskop asagidaki gibidir. Aynalar paraleldir ve gelen ac1 ile yansiyan ag1
esit Olciidedir. Sekilde d acis1 ka¢ derecedir?

b ayna
L]

c

N
e
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DERS PLANI 3

YARARLANILAN DISIPLINLER: Beden Egitimi, Fen ve Teknoloji, Matematik,
Miizik, Sosyal Bilgiler, Resim, Trafik, Tiirkge.

TARIH:

SINIF: 7

Siire: SURE: 8 ders saati

UNITE: Orantidan Ciktik Yola

OGRENME ALANI: Geometri-Olcme

ALT OGRENME ALANI: Cokgenler-Agilar1 Olgme

BOLUM: Cokgenler

KAZANIMLAR:

1) Cokgenlerin kosegenlerini, i¢ ve dis agilarini belirler.

2) Cokgenlerin i¢ ve dis acilarinin dlgtilerini belirler.

3) Dortgenlerin kenar, ag1 ve kosegen 6zelliklerini belirler.

4) Diizgiin ¢okgenleri insa eder ve ¢izer.

5) Cokgenleri karsilagtirarak es veya benzer olup olmadiklarini belirler ve bir
cokgene es ve benzer ¢okgenler olusturur.

DERS ICi ILISKILENDIRME: Kiimeler (alt kiimeler, ayrik kiimeler, kiimelerde
kesisim ve birlesim), dteleme, Gteleme ve Oriintil ile siisleme, ondalik sayilar, {iggen
cesitleri, ac1 gesitleri, ¢arpanlara ayirma, oran ve oranti, dlgek, cebirsel ifadeler,
birinci dereceden bir bilinmeyenler, paralel dogrular arasinda kalan es agilar

YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma, Kesfetme

KULLANILAN EGITIM TEKNOLOIJILERI: Bilgisayar, Internet

ARAC ve GEREC: Sinif ici ara¢ gerecler, A4 kagidi, cetvel, geometri tahtasi,
geometri seritleri, paket lastigi, ortintii bloklari, tangram bloklari, acidlcer, hesap
makinesi, noktal1 ve izometrik kagit, kareli kagit, boya kalemleri, tepegdz, makas,
futbol topu, ahsap oyuncak bebekler, liggen seklinde kesilmis kagit, cokgenlerin ve
diizgilin cokgenlerin i¢ acilariyla ilgili tablolar, pekistirici ¢alisma yapraklari 3.1, 3.2,
3.3ve34

DERSIN ISLENISI
1. ders

Ogretmen, “Tasarlayacagmiz mahalle plam iizerinde yer alacak olan
cokgenleri ¢izebilmeniz i¢in ¢okgenler konusuna gececegiz.” der.

Diger Derslerle Iliskilendirme

1. Daha 6nceki yillardan ¢okgenler konusunda neler bildikleri 6grencilere sorulur ve
cokgenler hatirlatilir. Cevremizde bazi seyleri nasil gruplandiriliyorsak (6rnegin
organlarimizi) ¢okgenleri de kenar sayisina veya agilarina gore simiflandirildigi ve
herkesin, her canlinin ve nesnenin bir ismi oldugu gibi her ¢okgenin de iiggen,
dortgen, besgen, altigen, yedigen, sekizgen gibi isimlendirildigi belirtilir.
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Cokgenlere ornekler, geometri cubuklariyla ve geometri tahtasi iizerinde lastiklerle
gosterilir.

Ders I¢i Iliskilendirme ve Teknoloji Kullanimi

1. Bir {iggenin i¢ agilarinin 6l¢iileri toplaminin 180° ve bunun nedeni ii¢ 6rnekle
hatirlatilir.

a) Ogrencilerin getirdigi {icgenlerin ii¢c kdsesini kesip kdselerini bir noktada
yan yana birlestirmeleri istenir. Bdylece bu iic a¢inin birlikte dogru agiy1
olusturdugunu 6grenciler kesfederler ve bunu defterlerine yapistirirlar.

b) Ogrenciler iki paralel dogru arasinda kalan es acilardan yondes ve ig ters
acilar1 kullanarak {iggenin i¢ acilar1 toplaminin 180° oldugunu ispatlarlar.

AD /I BC

¢) Yukaridaki iki yontemle sekildeki gibi b ve ¢ acgilarinin, a acisinin yaninda dogru
actyl olusturdugunu thevisualclassroom.com internet adresinden alinan dinamik
geometri yazilim programi olan “Geometer’s Sketchpad” yardimiyla da goriirler.
Boylece liggenin i¢ agilarinin toplamimin 180 derece oldugu teknolojiyi kullanarak
da kanitlanir.

2. Ogrencilere asagidaki tablo dagitilir. Ogrenciler, bu tabloda ¢okgenlerin i¢ agilar:
toplamuni, liggenin i¢ agilari toplamindan yararlanarak kesfederler.
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a) Ucgen, dortgen, besgen ve altigenin bir kosesinden kars1 koselere
kosegenler cizerler.

b) Bu kdsegenler ¢izildiginde olusan liggen sayisin1 bulurlar.

c) Cokgenin bir kosesinden diger koselere kosegenler c¢izildiginde olusan
licgen sayisi ve o cokgenin kenar sayisi arasindaki baglantiy1 bulurlar.

d) Uggenin i¢ acilarini kullanarak bunu 180’le carparlar.

e) n kenarl1 bir ¢gokgenin i¢ agilarinin 6lgiileri toplaminin (n-2)x180 oldugunu
kesfederler.

Cokgenin ismi ve sekli | Kenar Sayis1 | Cokgenin bir | ¢ Acilarinin
kosesinden  diger | Olgiileri
koselere kosegenler | Toplami
cizildiginde olusan
u¢gen sayisi

i 3 1 1.180 = 180

Ucgen

Dortgen

Besgen Q

A]tlgen <:>

n-gen

3. http://mathbits.com/MathBits/GSP/Polygons.htm internet adresinden indirilen
“Geometer’s Skecthpad” dinamik geometri yaziliminda ¢okgenlerin bir kdsesinden
cizilen kosegenleri gosterilir.
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4. Ayrica, ayn1 adresten alinan licgen, dortgen, besgen ve altigenin kodselerinden
cekildiginde cokgenin kenar sayisi degismeden, i¢ acilarinin her birinin Sl¢iisii
degisse bile dl¢iileri toplaminin degismedigi gosterilir.
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5. Ogretmen c¢okgenler konusunu ogrencilerin hazirlayacaklar1 projeleriyle
iligkilendirerek gerekli hatirlatmalar1 yapar.

Arastirma Odevi

1. Odev olarak “Bir dag bisikletinin ve bircok yapimin daha saglam olmasi i¢in hangi
cokgen daha cok kullanilmaktadir? Neden?” sorusunu 6grencilerden arastirmalar
istenir.

2. ders

Giinliik Hayatla Iliskilendirme

Asagidaki fotograflar http://images.google.com.tr/ internet adresinden
alinmustir.
1. Asagidaki fotograflarda yer alan bisiklet ve Eiffel Kulesi gibi bina fotograflari
gosterilir. Geometri ¢ubuklariyla iiggen, dortgen, besgen ve altigen sekiller elde
edilir ve i¢lerinde en saglam olani tartisilir. Bunun sonunda 6grenciler iiggenin,
cokgenler i¢inde en biikiilmez ve en saglam oldugunu deneyerek kesfederler.
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Bundan dolay1 bisikletin ve yapilarin daha saglam olmalar i¢in {iggen seklinin daha
cok kullanildig1 6rnek fotograflarla gosterilir.

2. Uggen, dortgen, besgen, altigen, yedigen ve sekizgene drnek resimler gosterilir:
Mozaikler, bisiklet, Bermuda Seytan Uggeni, takilar, yapilar, cati, logolar, trafik
isaretleri, yorgan desenleri, satrang tahtasi, dogadan ¢igekler, beyzbol sahasi, ev
esyasi, binalarin siislemeleri, masa, kutu, bal petegi ve kar tanesi resimleri ve
Picasso ve Juan Gris gibi bazi {inlii ressamlarin resimleri... Ozellikle “alandan
bagimli” (field dependent) Ogrenciler diisiiniilerek bu 6rnekler ¢okgenin kenar

sayisina gore siral gosterilir.
(o]
\y oc'ezp
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206



e o0 SoL Jel =

TMMOB
SEHIR
PLANCILARI

BENopas

207



Ofis Mobilyalar

besgen w

Grup 1 anadil

Grup6 secmeli dersler

208




L Jctagon®

Empowering Enterprises

Teknoloji Kullanimi

1. Ogretmen, “Simdi projenizi (mahalle planimizi) c¢izmek icin dis acilari
Ogrenecegiz”’ der. Sonra “Bir ¢okgende bir dis aci, o koseye ait bir i¢ agiy1
biitlinleyen acidir” tanimi yapilir. D1s ac1 ile ilgili
http://mathbits.com/MathBits/GSP/Polygons.htm internet adresinden indirilen
“Geometer’s Skechpad” dinamik geometri yazilimi yardimiyla g¢okgenlerin bir
kosesindeki i¢ ve dis agilarinin Olgiileri toplaminin 180 derece ve bir ¢cokgenin dis
acilariin Slgiileri toplaminin 360 derece oldugu gosterilir.
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Examining Exterior Angles

[[Hide Angle Measurementy
F m ZFAB = 60,45°
mZHBG =87,27°
mZHCD = 62,60°
mZIDJ =53,34°

m ZJEF = 96,34°

e

Drag any point.

Sum of Exterior Angles =360,00°

mA4FAB+mZHB G+m £ZHCD+m £IDJ+m£JEF = 360,00°

Giinliik Hayatla Iliskilendirme

1. Cokgenler ve agilartyla ilgili pekistirici calisma yapragi-3.1 dagitilir ve sorular
siifta ¢oziiliir.
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PEKISTIRICI CALISMA YAPRAGI-3.1

COKGENLER VE ACILARI-I

1. Giinliik hayattan agagidaki fotograflar hangi cokgen ¢esidine 6rnektir? Her birinin
seklini altlarina iki boyutlu ¢iziniz ve her birinin i¢ agilarmin 6l¢iileri toplamini

bulunuz.

Trafik
levhasi

Sekildeki
masanin

usti

Futbol topu
fotografindaki
siyah sekiller

Fotograf
gercevesi

DUR
isareti
levhasi

AiE © ©

Cokgenin
ismi
Cokgenin
sekli
Cokgenin
i¢ acilari
Olciileri
toplami

2. Cokgenlerin kenarlar1 arttikca i¢ acilarinin OSlgiilerinin toplaminin nasil
degistigini tartiginiz.

3. ¢ agilarmin dlgiileri toplan 2160° olan cokgen seklindeki levha kag
kenarlidir?

4. Asagidaki sekiller bir duvar kagidi deseninden alinmistir. Asagidaki
altigenlerin  i¢  acilar1  (sol  dstten saat yonii  tersine  dogru)
90, x + 10, X, X, X + 10 ve 90 derece ise bu altigendeki her bir i¢ aginin Sl¢iisiinii
bulunuz.

o 0O
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5. Elif Hanim’in besgen seklindeki arsasi ve Tuna Bey’in dortgen seklindeki
arsas1 belli bir Olgekle kiiciiltiilen asagidaki plandaki gibi birbirine komsudur.
Ayrica, bu iki arsanin bir kenarlar1 da dogrusal bir yola komsudur. Plan {izerinde, bu
iki arsanin koselerinin birbiriyle yaptig1 acilarin dlgiileri asagidaki gibi verilmistir.

a) Besgensel bolge ve dortgensel bolge seklindeki arsalarin i¢ agilart kagar
derecedir?

b) Sekilde gosterilenlerden hangisi U agisinin bir dis agisidir?
c) Besgendeki a agisinin dis agis1 hangi agidir?

d) Besgendeki a agisinin dis agist olan ag1 hangi seklin i¢ agisidir?

3. ders

1. Diizglin ¢okgenleri bir dnceki seneden biraz gordiikleri i¢in Ogrencilere neler
hatirladiklar1 sorulur. “T{im i¢ agilart ayni1 6l¢iide ve tiim kenarlar1 ayni1 uzunlukta
olan c¢okgenlere diizglin ¢cokgen denir” tanimi hatirlatilir. Tanimda ‘ve’ kelimesine
dikkat ¢ekilir. “Sadece tiim i¢ agilarinin esit olmasi ya da tiim kenarlarinin ayni
uzunlukta olmasi diizgiin ¢okgen olmasina yeterli midir?” sorusu 6grencilere sorulur
ve ornekler vererek agiklamalar istenir.

Giinliik Hayatla Baglanti

1. Diizgiin iiggen, dortgen, besgen, altigen, yedigen ve sekizgene 2. derste gosterilen
baz1 fotograflar tekrar gosterilir. Diizgiin liggenin eskenar iicgen oldugu ve diizgiin
dortgenin kare oldugu 6grencilere kesfettirilir. Diizglin ¢okgenlerin bir i¢ agisinin
Ol¢iistinii bulmak i¢in hazirlanan asagidaki tablo 6grencilere asetatla gosterilir ve
birer kagit 6grencilere dagitilir. Bu tabloda 6grenciler hesap makinesi kullanmadan
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diizgiin cokgenlerin kenar sayisi ve bir i¢ agisinin Olgilisii arasindaki bagintiyi
kesfederler.

Kenar | i¢ aci ongenin Sekli Ic acilarinin | Bir i¢ acisiin
sayist | sayist | Ismi Olciileri Olciisii
toplami
3 3 Eskenar
e A
4 4 Kare
5 5 Diizgiin
= |
6 6 Diizgiin
altigen <:>
7 7 Diizgiin </\
yedigen l
-
8 8 Diizgiin
sekizgen O
n n Diizgiin
n-gen
Teknoloji Kullanimi

1. Bilgisayarda diizgiin ¢okgenlerin kenar sayisi arttikca ¢embere daha yakin
sekiller oldugu gosterilir.

N0
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Arastirma Odevi

1. Ogrencilerden “Bal petekleri hangi diizgiin cokgen seklindedir? Neden?”
sorusunu aragtirmalart istenir. Ayrica, “Cokgenler giinlilk hayatta nerelerde
kullaniliyor? Onunla ilgili poster...vb hazirlayin.” denir.

4. ve 5. ders

Giinliik Hayatla Baglanti

1. Diizgiin ¢okgenlerin uygulamasi ile ilgili 6gretmen su soruyu sorar: “Bir terzi
birbirine es olan sadece diizgiin liggenler, kareler, diizgiin besgenler veya diizgiin
altigenlerden olusan kumas parcalarinit koseleri yan yana gelecek ve hi¢ bosluk
kalmayacak sekilde birlesirse bir yorgan deseni elde edebilir mi?” Ogrencilere
birbirine es olan eskenar iiggen, kare, diizgiin besgen ve diizgiin altigenler seklinde
oriintii  bloklar1 verilir. Ogretmen 6. smf béliinebilme konusunu hatirlatir,
Ogrenciler, bu diizgiin ¢okgenlerin bir i¢ acilarmin 6lgiilerini kullanarak alt1 eskenar
iicgeni (60° x 6 =360%), dort kareyi (90° x 4 = 360°) ve ii¢ diizgiin altigeni (120° x 3 =
360°) yan yana koyarak bir siisleme olusturabileceklerini kesfederler. Buna karsin,
bir diizgilin besgenin bir i¢ agisinin 108° ve 108 sayisinin 360’1n ¢arpanlarindan biri
olmayacag i¢in diizgiin besgenler yan yana gelince bosluk kalacagini ve siisleme
yapilamayacagin1 kesfederler. Bu siislemeleri oriintii bloklar1 kullanarak da elde
ederler.

Teknoloji Kullanim1

1. Kiimelerde alt kiime, ayrik kiimeler, kesisim ve birlesim kavrami hatirlatilir ve
dortgenlerin de kendi i¢inde agilarina ve kenarlarina goére siniflandirilabilecegi
sOylenir. Ogrencilere simdiye kadar duyduklar1 dortgen isimleri sorulur.

2. Ozel dértgenlerin (paralelkenar, dikddrtgen, eskenar drtgen, kare ve yamuk) ac1
ve kenar ozellikleri, http://mathbits.com/MathBits/GSP/Quadrilaterals.htm internet
adresinden alman “Geometers’ Sketchpad” dinamik geometri yazilimi yardimiyla
Ogrencilere gosterilir. Bu yazilimda verilen 6zel dortgenlerin koselerinden hareket
ettirip ac1 Olgiileri ve kenar uzunluklar1 degisse de o dortgenin agi ve kenar
ozelliklerini sabit kalacag1 gosterilir. Ornegin paralelkenarin karsilikli agilarinin esit
Olctide ve karsilikli kenarlarinin ayni uzunlukta oldugunu 6grenciler fark ederler.
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3.0grenciler bu dértgenleri alisik olduklar1 gibi sadece yatay sekilde gdrmezler.
Asagidaki dikdortgenler gibi farkli yonlerden de goriirler.

4. Ozel dortgenlerin dzelliklerini kullanarak birbiriyle baglantilari da tartigilir,
Ormnegin, dgrencilere eskenar dortgen gosterilirken “Burada kare elde edebilir miyiz”
sorusu sorulur. Eskenar dortgenin koselerini hareket ettirerek agilart 90 derece ve
tiim kenarlarinin uzunluklar1 ayn1 olan dortgen, yani kare elde edilir.

Rhombus onagpona
Copyight 20022004 MathBits com

AB =284 cm

DC=294cm

AD =294 cm

BC =294 em

[[Hide Side Measurem ent}

[[Hide Angle Measurement{

mBAD =90,00°
m.ABC =30,00°
m.-BCD =30,00°

l|Show Diagonals and Measure]

mADC =90,00°

[[Show Angles Form ed by Diagonal}
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5. Yamuk gosterilirken koselerini  hareket ettirerek  paralelkenar elde
edilemeyecegini 6grenciler goriirler.

6. Bu tiir tartigmalarla ve Ogrenciler gorerek Ozel dortgenlerden ayrik, kesisen,
birbirinin alt kiimesi olan kiimeleri tartigirlar. Sonra asagidaki Venn semasiyla
gosterilen kiimeler 6grencilerle birlikte ¢izilir.

OZEL DORTGENLER

PARALELKENAR YAMUK

ikdortgen  Eskenar Dortgen / \

Kare

6. ders

1. Cokgenler ve acgilariyla ilgili pekistirici ¢alisma yapragi-3.2 dagitilir. Bu ¢aligma
yapragl asagidaki kavramlarla ilgili giinliikk hayattan bir durum igeren sorulardan
olusur:

a) Ucgende dis a1,

b) ¢okgenlerin i¢ agilar1 ve

¢) bir ¢okgen ve o ¢okgenin belli bir oranda kiiciiltiirken olusan yeni seklindeki
acilariin birbiriyle baglantisi.

2. Dortgenlerle ilgili pekistirici calisma yapragi-3.3 dagitilir. Bu ¢alisma yapraklar

asagida verilmistir. Pekistirici Calisma Yapragi-3.2’deki 3. soru ve 3.3’teki 1. soru
O0gretmenin yonlendirmesiyle siifta ¢oziiliir. Geri kalan sorular 6dev olarak verilir.
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PEKISTIRICI CALISMA YAPRAGI-3.2

COKGENLER VE ACILARI-II

Yandaki ii¢ farkli yol ikiser
ikiger kesiserek ortada
iicgensel bolge seklinde bir
arsa olusturuyorlar. Yukarida
olusan acgilardan  hangileri
ticgensel bolgenin i¢ agilarina
ait dis acilardir?

¢ acisinin dis agilari f a¢isinin dis agilar p acisinin dis agilari

2. Bankalarda, marketlerde... vb hi¢ giivenlik kamerasi gordiiniiz mii? Bunlar belli
araliklarla, belli agilarla donerler ve bu g¢ergcevede ¢ekim yaparlar. Sekildeki gibi
ticgensel bolge seklindeki bir arazinin i¢ ve dis bolgelerine yerlestirilen a,b,c
giivenlik kameralar1 vardir.

Yandaki gibi b ve ¢ i¢
bolgesindeki kameralar
55° ve 64° lik acilarla
donmektedir. Buna gore
a kamerasi kag derecelik
aciyla doner?

3.Bir planci asagidaki gibi bir bahgenin planin1 ¢izmek istemistir. Plan1 belli bir
6l¢ekle kiigiiltlip ¢cizmek i¢in bahgenin etrafindaki koselerin birbiriyle yaptig: agilari
Olcmesi gerekmektedir. Buna gore
a) Bu bahgedeki koselerin birbiriyle yaptiklari agilarin Olgiileri ile plandaki
acilarin oOlgiileri hakkinda ne sdylenebilir? Yani bahcenin gercek ag1 dl¢iileri
ve plandaki ag1 olgiileri arasinda nasil bir baglanti olur?
b) Plani gizdikten sonra buldugu agilar asagidaki gibiyse bilinmeyen agilarin
Olgiilerini bulunuz.
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PEKISTIRICI CALISMA YAPRAGI-3.3

DORTGENLER

1.Asagidaki noktali kagit {izerine ¢izilen ¢okgenler numaralandirilmistir.

a)  Dortgen olanlarin numaralarinin kiimesini liste yontemiyle gostererek yaziniz.

b) Paralelkenar olanlarin numaralarinin kiimesini P ile gostererek liste yontemiyle
gosteriniz. Neden bu numarali sekilleri se¢tiginizi yaziniz.

C) Dikdortgen olanlarin numaralarinin kiimesini D ile gostererek liste
yontemiyle gosteriniz. Neden bu numarali sekilleri sectiginizi yaziniz.

d) Eskenar dortgen olanlarin numaralarinin kiimesini E ile gostererek liste
yontemiyle gdsteriniz. Neden bu numarali sekilleri sectiginizi yaziniz.

e) Kare olanlarin numaralarinin kiimesini K ile gostererek liste yontemiyle
gosteriniz. Neden bu numarali sekilleri se¢tiginizi yaziniz.

f) Yukaridaki P, D, E ve K kiimelerini ayn1 Venn Semasi {izerinde gosteriniz.

9) Yukaridaki paralelkenar, dikdortgen, eskenar dortgen ve kare olusturan P, D,
E ve K kiimelerinden birbirini kapsayan, birbirinin alt kiimesi olanlar varsa
hangileridir?
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h) Yukaridaki sekillerden yamuk olanlarin numaralarinin kiimesini Y ile
gostererek liste yontemiyle gosteriniz. Neden bu numarali sekilleri sectiginizi
yaziniz.

1)  Paralelkenar ve yamuk sekillerinin olusturdugu P ve Y kiimeleri nasil
kiimelerdir? P, D, E, K ve Y kiimelerini ayn1 Venn Semasi iizerinde gosteriniz.

Birbirine es sekiz eskenar dortgenden olusan yukaridaki desen ayni kosede
birlestirilerek yorgan yapmak i¢in ¢iziliyor. Bu eskenar dortgenlerden bir
tanesinin her bir i¢ agis1 ka¢ derecedir?

L

Yukaridaki dikdortgensel bolge iizerine ¢izilen hali deseni birbirine paralel
cizgilerden olusur. Buna gore y kag derecedir?
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7. ders

Giinliik Hayatla Baglanti

1. Ogrencilerin projelerini olusturabilmeleri icin son konu olan cokgenlerde
benzerlik konusuna gegilir. Ogretmen, dgrencilere ¢okgenlerin esligi ve benzerligi
ile ilgili daha 6nceden ne hatirladiklarini sorar. Asagida verilen Tiirkiye’nin uzayda
farkli uzakliklardan ¢ekilen uydu fotograflarini dgrenciler inceler. Bu fotograflarin
birbirine benzer olup olmadiklari tartisilir.

: AR

2. Ogrencilere asagida verilen ahsap oyuncak bebekler gosterilir ve bu bebeklerin
birbiriyle benzerligi tartigilir.

3. Ogrencilere birer tane, bir yiiziinde noktali kagit diger yiiziinde izometrik kagit
tizerindeki noktalarin yer aldig1 geometri tahtasi ve farkli renkteki lastikler verilir.

* . *
R -
. e IO R R N N . * .
r rrrrrrrr - - -
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.........
AN - . -
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Ogretmen izometrik ve noktali kagit ozelliklerini anlatir. Ogrenciler
onlerindeki geometri tahtasini inceler. Izometrik noktalarin yer aldigi béliimde
Ogrenciler lastikler yardimiyla birbirine es ve benzer olan eskenar tliggenleri
(birbirine es yan yana dort eskenar iiggen ve bu iiggenlerin olusturdugu daha biiyiik
boyuttaki eskenar tiggen) elde ederler. Noktali kagittaki noktalarin yer aldig: ytizde,
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boyutlar1 1-2, 2-5, 3-6 ve 5-10 olan dort dikdortgeni elde ederler. Buradaki benzer
olan ve olmayan dikdortgenler tartisilir. Agi Olgiilerini ve kenar uzunluklarini
hatirlayarak tiim dikdortgenlerin birbirine benzer olup olmadiklar1 tartigilir.

4. Ogretmen, eslik ve benzerlik kavramlarmni anlatmak igin kendi fotograflarni
gosterir: Bu ii¢ fotograftan ilk ikisi birbirine estir. Ugiinciisii ise diger fotograftan
orantil1 biiyiitiilmiistiir. Ogrenciler bu fotograflarin kenar uzunluklarmi cetvel
yardimiyla bulurlar. Kisa ve uzun kenarlarin uzunluklarinin birbirine oranlarini
hesap makinesiyle hesaplarlar.

5. Ogretmen dikdortgenlerin birbirine benzer olamayabilecegini gdstermek icin
yukaridaki ilk fotografin kisa ve uzun kenarlarinin orantili sekilde biiyiitiilmedigi ve
kiigiiltiilmedigi iki fotograf daha gosterir. Gorilinilisii degisen bu fotograflarin diger
fotograflarla benzer olup olmadig: tartigilir.

6. Eslik ve benzerligin tanimi tartisilir. “Karsilikli kenar uzunluklarinin orani
birbirine esit olan ¢cokgenler, benzer ¢cokgenlerdir” tanimi1 yapilir. Bu oran “benzerlik
oran1”dir. Es ¢okgenlerde benzerlik oran1 1°dir.”

Teknoloji Kullanimi

1. www.dynamicgeometry.com internet adresinden alinan “Geometer’s Sketchpad”
dinamik geometri yaziliminda hazirlanan yildiz seklinde logo gosterilir. Logonun
koselerinden cekip ayni oranda biiyiitiilen ya da kiiciiltillen farkli dlgtilerdeki bu
logolarin benzerligi tartigilir.
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2.
http://www.saskschools.ca/curr_content/byersjmath/geometry/teachers/polygon/scal
esnd.swf internet adresinden alinan bir animasyonda senaryo geregi NASA’da
gorevli bir kisi bir uzay mekigiyle caligmak ister ama bu kadar biiylik bir nesneyle
calismasi ¢ok zordur. Coziim Onerileri (uzay mekiginin maketinin yapilmasi gibi) ve
uzay mekiginin maketinin hazirlanmasi i¢in dikkat edilmesi gerekenler tartigilir.
Burada 6grencilerden uzay mekiginin tiim boyutlarinin orantili sekilde kii¢tiltiilmesi
gerektigini gormeleri beklenir. Ayn1 animasyonda belli bir oranda kiiciiltiilen maket
gosterilir. Mekigin gercek boyutlari metre cinsinden ve maketinin boyutlar
santimetre cinsinden verilir. Ogrenciler maketin kiiiiltiilme oranini bulurlar.

3. Ayni adresten alinan baska bir animasyonda 1:3 oraninda kiigiiltiilerek bir liggene
benzer licgen c¢izme gosterilir ve Ogretmen, “Mahalle planinizi ¢izerken bunu
kullanacaksmiz.” der. Ogrencilere projeleri hatirlatilarak kendi gizimlerinde hata
payt olabilecegi belirtilir. Animasyonda iiggenin kenarlar1 cetvel yardimiyla ve
acilar agidlcer yardimiyla olgiiliir. Uggenin bir agismin 6lgiisii 72 derece bulunur.
Burada Ogretmen, “Bunu gercekte cizerken oOl¢limiinlizde 1-2 derece hata payi
olabilir ama yine de siz projenizi ¢izerken olabildigince dikkatli ¢izin.” der.

4. Ayni adresten alinan baska bir animasyonda iki dikdortgenin benzerligi tartigilir.
Ogrenciler animasyondaki cetveli hareket ettirerek dikdortgenlerin  kenar
uzunluklarim1 bulurlar ve kenarlariin oranindan benzer olup olmadiklarina karar
verirler.

5. Ogrenciler, hh.harpethhall.org internet adresinden alinan birbirine es iki iiggenin
ac1 ve kenar olctilerinin ayn1 ve benzerlik oraninin 1 oldugunu gériirler.

m/ABC =62° m/ACB =28°

A
m/FDE =62° m/FED =28°
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P
=)
S
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g. hh.harpethhall.org internet adresinden indirilen “Geometer’s Sketchpad” dinamik
geometri yaziliminda, hareket ettirilebilen bir yamugun kdselerinden ¢ekerek farkl
yamuklar gosterilir. Programda kenar ve ac1 6zellikleri de verilir ve es veya benzer
yamuklar elde edilir.

m I
| =0,45
m m
=0,45
mm
mn'
=0,45
mn
o m o'
Center =0,45
m o

K X Check angles

8. ders

1. Ogrencilere tangrami olusturan pargalar dagitilir. Tangramin bir drnegi asagidaki
gibi asetatla tahtaya yansitilir.

[/
Ny

> Ogrenciler kendileri asetata bakip pargalar1 birlestirip
tangrami olustururlar. Pargalarin (iiggenler, kare, paralelkenar, eskenar dortgen)
kenar ve acg1 6zellikleri ve es ve benzer olanlar tartigilir.

2. Tangram parg¢alarindan elde edilen asagidaki fotograflar 6grencilere gosterilir.

a3 3 ? m 1%I.Hﬂ%ﬂl%%‘ﬁl%ﬂ!‘m\
& <

3. Cokgenlerde eslik ve benzerlikle ilgili pekistirici ¢calisma yapragi-3.4 sinifta
¢Oziiliir.
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PEKISTIRICI CALISMA YAPRAGI-3.4

COKGENLERDE ESLIK VE BENZERLIK

1) Fotokopi makineleri, sekilleri istenilen oranda kiigiilterek ya da biiyiiterek
cogaltabilir. Zehra, boyutlar1 40 cm ve 24 cm olan bir resmi ¢ogaltmak istiyor.
a) Resimlerin % 50 kiiciiltiilerek ¢ogaltilmas: durumunda boyutlarini bulunuz.
b) Resimlerin % 50 biiyiiltiilerek ¢ogaltilmas1 durumunda boyutlarini bulunuz.

¢) b ve ¢ siklarinda elde edilen resimler es midir? Benzer midir?

2) Benzerlik orani1 1/3 olan iki liggenin acilar1 Olgiileri arasindaki oran da 1/3 olur
mu?

3) Asagidaki noktali b6lime, yandaki noktali boliimdeki seklin benzerlerini %2 ve 2
oranlarini kullanarak ¢iziniz.

Giinliik Yasamla Baglanti

DERS PLANI 1’deki gibi asetatla yansitilan 6rnek bir mahalle planinda
cokgen cesitleri, dortgen ¢esitleri, es ve benzer cokgenler tartigilir.
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DERS PLANI 4

YARARLANILAN DIiSIPLINLER: Matematik, Miizik, Sosyal Bilgiler.
TARIH:

SINIF: 7

Siire: SURE: 1 ders saati

OGRENME ALANI: Geometri-Olcme

ALT OGRENME ALANTI: Cokgenler- Dogrular ve Agilar-Acilart Olgme
BOLUM: Ayni1 Diizlemdeki Ug Dogru - Cokgenler

KAZANIMLAR:
1) Bir konuda karar verme ile ilgili nasil isbirligi yapilacagini ve yaraticiligin nasil
kullanilacagini anlar.

YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma
DERSIN ISLENISI

Giinliik Yasamla Baglanti

Projelerin 6zgiin olmas1 gerektiginden ve yaraticiliktan bahsedilir. Su 6rnek
verilir: Ug kisi diisiinelim:

1. kisinin nota bilgisi vardir ve ¢ok giizel bir eser besteler.

2. kisinin nota bilgisi vardir ve bir sarki bestelerken baska begendigi bir
sarkinin bir bolimiinii kullanarak kendi sarkisina uyarlar ama kaynagini da
kasetinde belirtir.

3. kisinin nota bilgisi vardir ve daha dnceden begenilen bir sarkinin birkag
veya ¢ogu bolimiinii aynen alir ve kendi besteledigi sarki gibi gostermeye
calisir.

Bu ti¢ kisinin yaptiklar1 konusulur ve yaraticilik tartigilir.

Baz1 konular ve kavramlar smif¢a ve grup i¢inde tartisilirken nasil
davranilmasinin uygun olacagi ile ilgili gereken zamanda agiklamalar yapilir.
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PART 2: CREATION OF ARTIFACT (Lesson Plan 5-10)

Ogrenciler projelerini olustururken DERS PLANI 1°de belirlenen grup
arkadaslariyla yan yana oturarak calisacaklardir ve sinif yerlesim plami asagidaki
gibi olacaktir.

| Blackboard
Teacher L
table S
Q
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S. S. S. S. S. S. S.
desk | desk desk | desk desk | desk desk | desk
S. S.
desk | desk
S. S.
desk | desk
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DERS PLANI 5

YARARLANILAN DIiSIPLINLER: Matematik, Sosyal Bilgiler.
TARIH:

SINIF: 7

Siire: SURE: 1 ders saati

OGRENME ALANI: Geometri-Ol¢me

ALT OGRENME ALANTI: Cokgenler- Dogrular ve Agilar-Acilart Olgme
BOLUM: Ayni1 Diizlemdeki Ug Dogru - Cokgenler

KAZANIMLAR:
1) Projeleriyle ilgili yaptiklar: aragtirmalar1 grup olarak tartisirlar.

YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma

KULLANILAN EGITiM TEKNOLOIJILERI: Bilgisayar, Internet
ARAC ve GEREC: Sinif i¢i arag¢ gerecler, A4 kagidi, cetvel

DERSIN ISLENISI

1. Ogrenciler bireysel yaptiklar1 arastirmalar sonunda elde ettikleri bilgileri grup
olarak birbirleriyle paylasirlar ve hazirlayacaklart mahalle plami ile ilgili
asagidakilere karar verirler:

(a) baskanlarina,

(b) gruptaki her kisinin meslegine,

(c) tasarlayacaklari mahallenin hangi sehirde olduguna

(d) iklimine,

(e) cografi ozelliklerine,

(f) varsa bitki ortiisiine,

(9) niifusuna,

(h) varsa tarihi ve kiiltiirel eserlerine ve

(i) mahalle planlarinda olmasini istedikleri boliimlere.

2. Grup tiyeleri, tartigmalarina ragmen karar veremedikleri ya da anlagamadiklari
konularda 6gretmenlerine damsirlar. Ogretmen, cevabi dogrudan vermek yerine
ogrencilerin projeyi detayli anlamalar1 i¢in asagidaki gibi bazi yonlendirici sorular
sorar veya agiklamalar yapar:

a) Bir mahalle niifusu ne olabilir?

b) Mahallenizi diisiiniin, neler var evinizin etrafinda?

c) Siz bu projede il ya da il¢e degil bir mahalle tasarlayacaksiniz.

3. Ogrenciler getirdikleri ornek krokilerde cadde ve sokaklarm birbirine gore
durumlar1 ve gordiikleri geometrik sekilleri ve 6zelliklerini tartigtilar.
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DERS PLANI 6

YARARLANILAN DISIPLINLER: Fen ve Teknoloji, Matematik, Miizik, Sosyal
Bilgiler, Resim, Trafik, Tiirkge.

TARIH:

SINIF: 7

SURE: 3 ders saati

OGRENME ALANI: Geometri-Olgme
ALT OGRENME ALANI: Cokgenler- Dogrular ve Acilar-Acilart Olgme
BOLUM: Ayni1 Diizlemdeki Ug Dogru - Cokgenler

KAZANIMLAR:

1) Mahallelerinde yer alan boliimlere (binalara ve yollara) ve bu bdliimlerin
mahallelerindeki yerlerine sosyal yasami da diisiinerek karar verirler.

2) Binalarin geometrik sekillerine karar verirler.

3) Bunlara uygun mabhallelerinin krokilerini (taslak planlarini) 6lciilere ve

geometrik sekillere uymaksizin ¢izerler.

DERS iCI ILISKILENDIRME: Uzunluk dl¢iileri, dlgek, oran ve oranti
YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma, Kesfetme

KULLANILAN EGITIM TEKNOLOJILERI: Bilgisayar, Internet

ARAC ve GEREC: Sinif i¢i arag¢ geregler, A4 kagidi, cetvel, proje ¢alisma yapragi-
6.1.

DERSIN ISLENISI

1., 2. ve 3. Ders

Giinliik Yasamla Baglanti ve Proje Hazirlama

1. Ogrencilere Hayalimdeki Mahalle projesi hatirlatilir ve Proje Calisma Yapragi-6.1
ve bos bir A4 kagidi dagitilir. Ogretmen su agiklamayi yapar:

“Projenizi Olciilere uygun karton {lizerinde ¢izmeden On bir hazirlik yapacaksiniz.
Tasarlayacaginiz mahallede mutlaka olmasi gereken binalarin gesitleri ve yollarin
birbirlerine goére durumlar1 verilmistir. Bunlar disinda sizler de istekleriniz
dogrultusunda bu béliimlere eklemeler yapabilirsiniz. Binalar1 size tabloda verilen
cokgen ¢esitlerine uygun sekilde sec¢iniz. Bu arada olgiilere dikkat etmeden hangi
boliim mahallenin neresinde taslak olarak belirtmek i¢in bos A4 iizerinde kroki yani
taslak plan cizeceksiniz. Krokiye Once yollar1 yerlestirip sonra binalar
yerlestirebilirsiniz. Tam tersini de yapabilirsiniz ya da ikisini birlikte de
cizebilirsiniz. Once yollar ¢izseniz sizin i¢in daha kolay olabilir.”

2. Ogrenciler, daha 6nceden yaptiklar1 arastirma sonuglarina ve binalar igin ¢alisma

yapraginda ilk sayfada yer alan listeye gore projelerinde mutlaka olmas1 gereken ve
eklemek istedikleri binalara karar verirler.

228



3. Calisma yapragi ikinci sayfada yer alan c¢okgen cesitlerine gore bu binalarin
sekline karar verirler. Bu ¢okgen ¢esitleri, bir tane kenarlar1 esit uzunlukta olan
diizglin olmayan besgen, baska bir tane diizgiin olmayan besgen ve her birinden
ikiser tane olan

a) ikizkenar tiggen,

b) eskenar tliggen,

c) paralelkenar,

d) dikdortgen,

e) kare,

f) eskenar dortgen,

g) yamuk,

h) baska bir dortgen,

1) diizgiin besgen,

j) diizgiin altigen,

k) diizgiin sekizgen,

1) diizgiin olmayan altigen icermektedir.

4. Calisma yapraginin ilk sayfasinda planda ¢izecekleri yollarin birbirine gore
durumlarina 6rnek yollar ¢izmeleri i¢in de aciklama vardir. Projelerinde yer alan
yollar ve caddeler i¢in asagidakileri diisiintirler:

a) ii¢ili birbirine paralel olan,

b)ikisi paralel ve iiclinciisii diger ikisini birer noktada dik ve baska bir aciyla

kesen,

¢) liggen olusturulan ve

d) paralel olmayan iki yolu ti¢iincii bir yolu kesen yollar ve caddeler.

5. Bir 6nceki iic maddede verdikleri kararlar dogrultusunda A4 kagidina krokilerini
(taslak planlarini) dlciilere ve geometrik sekillere uymaksizin ¢izerler.

6. Ogretmen krokilerin ¢izimleri bitince kontrol eder ve dgrencilerin yonergede yer
alip unuttuklar1 konular1 hatirlatir.

7. Ogrenciler, dgretmenin yorumlar1 dogrultusunda gereken yerlerde diizeltmeler
yaparlar.
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PROJE CALISMA YAPRAGI-6.1

Grup tyeleri:

Tasarlayacaginiz Mahallede Olmasi1 Gereken Bolumler:

1) Yerlesme alanlari: Konutlara ait arsalar

2) Egitim kurumlari: Mahalle i¢inde yiiriinebilir uzaklikta en az bir anaokulu ve
bir ilkdgretim okulu

3) Okul dncesi ve okul ¢agi yas grubu i¢in ¢ocuk bahgeleri

4) Saglik alan1: Saglik ocagi.

5) Sosyal ve kiiltiirel faaliyetler i¢in bir binalar.

6) Alisveris merkezi.

7) Spor alanlart: Futbol sahasi.

8) Dinlenme ve eglence alanlar1: Lokanta, biife, ¢ay bahgesi, pastane.

9) Ulasim: Genisligi 7m-15m arasinda olan yerel yollar, cadde ve sokaklar.

10) Otopark yeri

11) Pazaryeri

12) Yonetim donanimlari: PTT, jandarma (polis karakolu), muhtar, itfaiye, su
sebekesi.

13) Yesil alanlar: Dinlenme, gezinti, piknik eglence, yiiriiylis amagl yesil
alanlar.

14) Dini alanlar: camii, ...vb.

Tasarlayacaginiz Mahallede Istege Bagli Olabilecek Béliimler:

Yukarida belirtilen boliimlerin her birinin sayisint grup tiyelerin ortak
istegine bagl arttirabilirsiniz. Ornegin birden fazla ilkdgretim okulu olabilir.
Bunlara ek olarak asagidaki boliimler veya baska eklemek istediginiz bolimler
olabilir:

Lise, tiniversite, planladiginiz bolgede bulunan tarihi eser (camii ve kilise
gibi), kiiltiirel eser, dogal yap1 ( orman, sulak bolge ve dere gibi) veya o bdlgenin
ekonomik kaynaklar1 (tarim, hayvancilik, ulasim, turizm, el sanatlari, ticaret,
madenler, sanayi ve enerji kaynaklari gibi), hastane ve kaplica gibi saglk
merkezleri, ylizme, atletizm, buz pateni... agik ve kapali tesisler, botanik,
hayvanat bahgesi ve yardim kurumlari.

Zorunlu olan vukaridaki 14 maddeye ekledikleriniz:

Cizeceginiz Yollar:

1. Herhangi {i¢ii paralel olsun.

2. Ikisi paralel olsun, iigiinciisii diger iki paralel yolu dik kessin.

3. [Ikisi paralel olsun, iigiinciisii diger iki paralel yolu baska bir ag1yla kessin.
4. Paralel olmayan iki yolu, {igiincii bir yol kessin.

5. Uggen olusturan ii¢ yol olsun.
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Taslak Kroki tizerinde gdsterdiginiz her bir béliimiin GERCEK o6l¢iileri:
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. Ikizkenar {iggen olan bir boliim

. Ikizkenar iiggen olan diger boliim

. Eskenar iiggen olan bir bolim

. Eskenar iiggen olan diger bolim

. Paralelkenar olan bir bolim

. Paralelkenar olan diger b6lim

. Dikdortgen olan bir boliim

RN N N[N —

. Dikdortgen olan diger bolim

9. Kare olan bir bolim

10. Kare olan diger boliim

11. Eskenar dortgen olan bir boliim

12. Eskenar dortgen olan diger
boliim

13. Yamuk olan bir bolim

14. Yamuk olan diger bolim

15. Baska bir dortgen olan bir
boliim

16.Bagka bir dortgen olan diger
bolim

17. Diizgiin besgen olan bir boliim

18. Diizglin besgen olan diger
bolim

19.Diizgiin altigen olan bir bolim

20. Diizgiin altigen olan diger
bolim

21. Diizgiin sekizgen olan bir
boliim

22. Diizglin sekizgen olan diger
boliim

23. Kenarlar1 esit uzunlukta diizgiin
olmayan besgen olan bir boliim

24.Diizgiin olmayan besgen olan
diger bolim

25.Diizgiin  olmayan altigen bir
boliim

26.Diizgiin olmayan altigen olan
diger bolim

Not: Yukaridaki sadece iki cokgeni

birbirine es se¢in. Diger ¢okgenlerin kenar
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uzunluklari birbirinden farkli olsun.

Olgege gore cizeceginiz PLAN UZERINDE gosterdiginiz her bir bdliimiin dlgiileri:
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. Ikizkenar {icgen olan bir boliim 2,8-2- 2 [90°2- 2

. Ikizkenar iicgen olan diger boliim

. Eskenar iiggen olan bir bolim

. Eskenar iiggen olan diger bolim

. Paralelkenar olan bir bolim

. Paralelkenar olan diger bolim

. Dikdortgen olan bir bolim

0NN N[N —

. Dikdortgen olan diger boliim

9. Kare olan bir bolim

10. Kare olan diger boliim

11. Eskenar dortgen olan bir boliim

12. Eskenar dortgen olan diger
boliim

13. Yamuk olan bir boliim

14.Yamuk olan diger boliim

15. Bagka bir dortgen olan bir
bolim

16. Baska bir dortgen olan diger
boliim

17. Diizgiin besgen olan bir boliim

18. Diizgiin besgen olan diger
bolim

19. Diizgiin altigen olan bir bolim

20.Diizgiin altigen olan diger boliim

21. Diizgiin sekizgen olan bir boliim

22.Diizgiin sekizgen olan diger
boliim

23. Kenarlar esit uzunlukta diizgiin
olmayan besgen olan bir boliim

24. Diizgiin olmayan besgen olan
diger bolim

90%-90°  -150°-

25. Diizgiin olmayan altigen bir
boliim

26. Diizgiin olmayan altigen olan
diger bolim

150°- 2

110%110° —
100%-120°-?
110%-110°-120%-
120°-130° - ?
90°-100°- 105°-
130%-140°-?
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DERS PLANI 7

YARARLANILAN DISIPLINLER: Fen ve Teknoloji, Matematik, Miizik, Sosyal
Bilgiler, Resim, Trafik, Tiirkge.

TARIH:

SINIF: 7

SURE: 2 ders saati

OGRENME ALANI: Geometri-Olgme
ALT OGRENME ALANI: Cokgenler- Dogrular ve Acilar-Acilart Olgme
BOLUM: Ayni1 Diizlemdeki Ug Dogru - Cokgenler

KAZANIMLAR:
1) Mahallelerinde yer alan binalarin (¢okgenlerin) gergekte ve plan iizerindeki
ag1 ve kenar oOl¢iilerine karar verirler.

DERS ICI ILISKILENDIRME: Uzunluk 6lgiileri, dl¢ek, oran ve oranti
YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma, Kesfetme

KULLANILAN EGITiM TEKNOLOJILERI: Bilgisayar, Internet
ARAC ve GEREC: Sinif i¢i arag¢ geregler, A4 kagidi, cetvel, proje calisma yapragi-
6.1, hesap makinesi.

DERSIN ISLENISI

1. ve 2. Ders

Giinliik Yasamla Baglanti ve Proje Hazirlama

1. Sosyal Bilgiler ve matematik dersinde bir dnceki yilda 6grendikleri dlgek konusu
hatirlatilir. “Yeryiiziiniin tamami veya bir kismini1 kagit {izerine ayni Olciilerde
gostermek miimkiin miidiir? Ayni 6lciilerle ¢izilse kullanigh olur mu? Neden? Harita
yaparken uzunluklar neden kiiciiltiiliir? Kii¢tiltme nasil yapilir?” sorular1 yoneltilir.
Ogrencilerin “Kiigiiltme belli oranda olur.” yanitin1 vermeleri dlgek konusunu
hatirlamalar1 beklenir. Olgegin neden ve hangi durumlarda gerekli oldugu sorulur.
Ogrenci yanitlarindan sonra su &rnekler verilir: “Televizyonda izledigimiz
gorintiiler gercek goriintiilerinin belli oranda kii¢iilmiis halleridir. Cizgi film (masal)
kahramanlarinin bir biiyliyle kiigiiliir ya da biliylir. Baz1 durumlarda sekiller ve
nesnelerin goriintiileri kugiiltiiliir (harita gibi). Bazi durumlarda ise biiyiiltiiliir
(mikroskoptaki mikrobun goriintiisii gibi). Bir seklin her tarafinin ayni oranda
kiiciiliip ya da biiylimesi gerekir. Kiiciiltme ya da biiylitme orant mutlaka
belirtilmelidir.”

2. Dikdortgensel bolge seklindeki mahallenin gergek boyutlart 1200m x 1700m’dir.
Mahalle planin1 48cm x 68cm boyutlarindaki kartona ¢izeceklerdir. Mahalle planinin
6l¢eginin 1:2500 olacag: smifta tartisilarak bulunur. Her bir gruba islem yaparken
zorlanmasinlar diye hesap makinesi verilir. Burada dnemli olan 6grencilerin hangi
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islemleri yapacaklarina kendileri karar verip o islemi kolayca hesap makinesinden
bulmalarin1 saglamaktir.

3. Proje Calisma Yapragi-6.1’nin ikinci ve liglincii sayfalarinda yer alan iki tabloda
mahallelerinde yer alan ¢cokgen seklindeki binalarin gergekte ve plan tlizerindeki ag1
ve kenar Olciilerine karar verirler. Ogrencilerin es ve benzer sekilleri
uygulayabilmeleri i¢in sadece iki sekli es se¢meleri, diger sekilleri es secmemeleri
beklenir.

4. Ogrenciler, bu tablolar1 tamamlarken gerekirse krokilerinde diizeltmeler yaparlar.
Ogretmen bu tablolar1 kontrol eder ve gerekli diizeltmeler i¢in dogrudan yanitlari
vermek yerine genel uyarilarda bulunur, yonlendirici sorular sorar ve dgrencilerin
eksikleri veya yanhslariyla ilgili tekrar diisiinmelerini saglar. Ornegin “Surada
diizgiin besgenin i¢ agilar1 ve kenarlar1 nasil olmali?” ve “Dogru oran kullandiniz
mi1?”

5. Ogrenciler, 6gretmenin yorumlar1 dogrultusunda g¢okgenlerin kenar ve ag1
ozellikleriyle ilgili gereken yerlerde diizeltmeler yaparlar.
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DERS PLANI 8

YARARLANILAN DISIPLINLER: Fen ve Teknoloji, Matematik, Miizik, Sosyal
Bilgiler, Resim, Trafik, Tiirkge.

TARIH:

SINIF: 7

SURE: 3 ders saati

OGRENME ALANI: Geometri-Olgme
ALT OGRENME ALANI: Cokgenler- Dogrular ve Acilar-Acilart Olgme
BOLUM: Ayni1 Diizlemdeki Ug Dogru - Cokgenler

KAZANIMLAR:
1) Krokilerini ve mahallede yer alan ¢okgen seklindeki binalarin ac¢1 ve kenar
Olctilerini kullanarak mahalle planini ¢izerler.

DERS ICI ILISKILENDIRME: Uzunluk &lgiileri, dlgek, oran ve oranti
YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma, Kesfetme

KULLANILAN EGITiM TEKNOLOJILERI: Bilgisayar, Internet
ARAC ve GEREC: Sinif i¢i arag¢ geregler, A4 kagidi, cetvel, proje calisma yapragi-
6.1, hesap makinesi, acgi6lger.

DERSIN ISLENISI
1., 2. ve 3. Ders

Giinliik Yasamla Baglanti ve Proje Hazirlama

1. Cetvel ve acidlger kullanarak krokilerini ve Proje Calisma Yapragi-6.1°deki
tabloda karar verdikleri plan tizerindeki ac1 ve kenar dl¢iilerine uygun mahalle plan
cizerler. Ogretmen 6nce yollar1 sonra ¢okgenleri ¢izmelerini &nerir ama kesin bir
smirlama getirmez. Gruplar her seye kendileri karar verirler. Ogrenciler, smnifta
yollarin gercek hayatta ve 1:2500 Olgekli plan iizerindeki genisliklerini enleri
tartisirlar. Ogretmen ¢izilecek yollarm 0,5-0,6 cm olmalarimi &nerir. Ogrenciler kroki
ve tablolarinda ihtiya¢ duyarlarsa diizeltme yapabilirler.

2. Ogretmen, ara sira dgrencilerin yaptiklari ¢alismalar1 genel degerlendirir. Gereken
yerde motive edici sozler soyler ve dgrencilerin projeye daha fazla odaklanmalarina
yardime1 olur. Ogretmen bir sorun gérdiigii zaman gereken yerde miidahale edip
sif disiplinini saglar. Ogretmen ogrencilerin ¢zimlerini kontrol eder ve bazi
yonlendirici sorular sorar: “ Eskenar dortgen seklindeki ... binasmin Olgiilerine
dikkat edin” gibi.

3. Ogrenciler gizimlerini bitirince isteklerine bagl olarak planlarii boyarlar.
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DERS PLANI 9

YARARLANILAN DISIPLINLER: Fen ve Teknoloji, Matematik, Miizik, Sosyal
Bilgiler, Resim, Trafik, Tiirkge.

TARIH:

SINIF: 7

SURE: 1 ders saati

OGRENME ALANI: Geometri-Olgme
ALT QGRENME ALANI: Cgkgenler- Dogrular ve Agilar-Acilar1 Olgme
BOLUM: Ayni Diizlemdeki Ug¢ Dogru - Cokgenler

KAZANIMLAR:
1) Ogrenciler, dgretmenin yorumlarindan sonra projelerini son kez kontrol

ederler.

DERS ICI ILISKILENDIRME: Uzunluk &lgiileri, dlgek, oran ve oranti
YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma, Kesfetme

KULLANILAN EGITIM TEKNOLOJILERI: Bilgisayar, Internet
ARAC ve GEREC: Sinif i¢i arag¢ geregler, A4 kagidi, cetvel, proje calisma yapragi-

6.1, hesap makinesi, agidlger.

DERSIN ISLENISI

Ogrenciler, 6gretmenin cizimleriyle ilgili yorumlarindan sonra mahalle plani
cizimlerini Ol¢iilere de dikkat ederek son kez kontrol ederler.
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DERS PLANI 10

YARARLANILAN DISIPLINLER: Fen ve Teknoloji, Matematik, Miizik, Sosyal
Bilgiler, Resim, Trafik, Tiirkge.

TARIH:

SINIF: 7

SURE: 2 ders saati

OGRENME ALANI: Geometri-Olgme
ALT OGRENME ALANI: Cokgenler- Dogrular ve Acilar-Acilart Olgme
BOLUM: Ayni1 Diizlemdeki Ug Dogru - Cokgenler

KAZANIMLAR:
1) Planlarinda yer alan geometrik kavramlarin birbirleriyle baglantilarini
tartisirlar.

DERS ICI ILISKILENDIRME: Uzunluk 6lgiileri, dl¢ek, oran ve oranti
YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme, Arastirma, Kesfetme

KULLANILAN EGITIM TEKNOLOIJILERI: Bilgisayar, Internet
ARAC ve GEREC: Sinif ici arag geregler, A4 kagidi, cetvel, proje ¢alisma yapragi-

10.1, hesap makinesi, agidlger.
DERSIN ISLENISI
1. Ogrencilere proje ¢alisma yapragi-10.1 verilir. Ogrenciler grup olarak projelerini

tamamladiktan sonra bu ¢aligma yapraginda yer alan geometrik kavramlar arasindaki
baglantilar1 projelerini diisiinerek tartisirlar.

2. Proje calisma yapragi-1.1’in son maddesinde yer alan proje sunumlariyla
ilgili yonergeyi de okuyup sunumlarina hazirlanirlar.
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PROJE CALISMA YAPRAGI-10.1

Planinizda ¢izdiginin iki paralel yolu kesen iiciincii bir yolla ilgili asagidaki
sorular tartiginiz:

* Paralel dediginiz yollarin tam paralel olduguna nasil emin olursunuz?

* Yollar arasinda olusan yondes acilar esit 6lglide mi?

* Yollar arasinda olusan ig ters agilar esit 6l¢liide mi?

* Yollar arasinda olusan dis ters acilar esit 6lgtide mi?

Cizdiginiz cokgen seklindeki binalarla ilgili asagidaki sorular1 tartisiniz:
* Tm ikizkenar ticgenler benzer midir?

* Eskenar tiggen ve ikizkenar liggen arasindaki baglanti nedir?

* Tim eskenar tiggenler benzer midir?

* Eskenar dortgen ve paralelkenar, eskenar dortgen ve kare, kare ve dikdortgen,
paralelkenar ve yamuk arasindaki a¢1 ve kenar 6zellikleri nelerdir?
* Es olan iki ¢okgen benzer midir?

* Benzer olan iki cokgen es midir?

* Sadece kenarlar1 esit olan ¢okgenler diizgiin cokgen midir?

* Sadece acilar1 es olan ¢okgenler diizgiin cokgen midir?

* Sadece agilar1 es olan ¢okgenler benzer midir?

* Diizglin altigenler benzer midir?

* Bir kosede olusan i¢ ve dis agilar arsindaki baginti nedir?

* Ttim dikdortgenler kare midir?

* Tiim kareler dikdortgen midir?

* Tlim eskenar dortgenler kare midir?

* Tiim kareler eskenar dortgen midir?

* Tiim eskenar dortgenler paralelkenar midir?

* Tim paralelkenarlar eskenar dortgen midir?

* Tiim kareler paralelkenar midir?

* Tiim paralelkenarlar kare midir?

* Tiim dikdortgenler paralelkenar midir?

* Tlim paralelkenarlar dikdortgen midir?

* Tiim yamuklar paralelkenar midir?

* Tlim paralelkenarlar yamuk mudur?
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SHARING ARTIFACT (Lesson Plan 11)
Bir grup sunumunu yaparken diger gruplar grup arkadaslariyla ders plani 5-
10’daki gibi yan yana oturacaklardir.

DERS PLANI 11

YARARLANILAN DIiSIPLINLER: Matematik, Sosyal Bilgiler, Tiirkce.
TARIH:

SINIF: 7

Siire: SURE: 2 ders saati

OGRENME ALANI: Geometri-Ol¢me

ALT OGRENME ALANI: Cokgenler- Dogrular ve Agilar-Acilart Olgme
BOLUM: Ayni1 Diizlemdeki Ug Dogru - Cokgenler

KAZANIMLAR:
1) Projelerini grup olarak sunarlar

YONTEM VE TEKNIKLER: Proje Tabanli Ogrenme

KULLANILAN EGITIM TEKNOLOIJILERI: Bilgisayar
ARAC ve GEREC: Sinif i¢i arag gerecler, mahalle planlari

DERSIN ISLENISI
1. ve 2. ders

1. Ogrenciler projelerini grup olarak tamamladiktan sonra dgretmen tiim dgrencilere
proje calisma yapragi 1.1°’nin son maddesini hatirlatir. Tim gruplarin yaklasik 5
dakikalik sunum yapmalar1 beklenir. Yaptiklar: projenin ilgili belediyeden yetkili
kisiye tanitim1 ve avantajlar1 anlatilacaklardir.

2. Projenin bitiminde &grencilerden hazirlayacaklar: bireysel ve grup raporlari, iki

boyutlu olan mahalle plani ve mahalle tasarimlarin1 uygulamaya gecirmek igin ilgili
belediyeden alinmasi1 gereken izin i¢in yazilan bir dilekge teslim edilir.
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APPENDIX N

LESSON PLAN EVALUATION SCALE

Kesinlikle

katilmiyorum

Katilmiyorum

Kararsizim

Katiliyorum

Kesinlikle

katiliyorum

1. Proje calismasi, siiriikkleyici bir soru (driving
question) lizerine kurulmustur.

2.Proje caligmasi, 6grencilerin arastirma yapmalarini
saglamaktadir.

3. Proje calismasi, Ogrencinin grup caligsmalart ile
Ogrenmelerini saglamaktadir.

4. Proje c¢alismasi, Ogretmenin ve Ogrencilerin
teknoloji kullanimini icermektedir.

5. Proje calismasi, Ogrencilerin bir {irlin ortaya
koymalarini saglamaktadir.

6. Proje calismasi, otantik  degerlendirme
igermektedir.

7. Proje ¢alismasi, 6grencilerin kavramlar1 ve projeyi
anlamalar1 i¢in ders anlatimi (benchmark lessons)
igerir.

8. Proje c¢alismasi, Ogrencilerin gercek yasamla
baglant1 kurmalarini saglayacak niteliktedir.

9. Proje calismasi, Ogrenci merkezli egitimi temel
almakta ve 6gretmen rehber roliindedir.

10. Proje ¢alismasi, 6grencilerin yaparak 6grenmesini
saglayacak niteliktedir.

11. Proje caligmasi disiplinler arasi bir ¢calismadir.

12. Proje ¢alismasi, 6grencilerin alt diizey becerilerini
kullanmak yani sira {ist diizey becerilerini (analiz,
sentez) kullanmaya zorlayacak niteliktedir.

13.Proje calismasi, 6grencilerin ilgisini c¢ekebilecek
niteliktedir

14. Proje c¢alismasi, yukarida bahsedilen tiim
Ozellikleri ayr1 ayr1 yapmak yerine birbiri iginde
uygulamay1 saglamaktadir.
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APPENDIX O

TEACHER’S OBSERVATION FORM

. Ug farkli bilissel stile sahip &grenciler projeler i¢inde hangi detaylara ve
soyut Ozelliklere dikkat ediyorlar?

. Ug farkl1 bilissel stile sahip 6grenciler, bireysel ve grup ¢alismalarinda hangi
ozellikleri gosteriyorlar, 6gretmenin ve arkadaslarinin sdylediklerine nasil
dikkat ediyorlar?

. Ug farkli biligsel stile sahip 6grenciler, problem ¢dzerken veya herhangi bir
sorunla karsilaginca nasil davraniyorlar?

. Ug farkl1 bilisgsel stile sahip 6grenciler, kullanilan ders materyallerine karsi
nasil tepki gosteriyorlar?

Geometri benchmark lessons sirasinda ve projeyi hazirlayip sunarken iig
farkli biligsel stile sahip Ogrenciler kavramlar arasindaki baglantilar
kurabilme (conditional knowledge) bilgilerini nasil gosteriyorlar, neler
yaptyorlar?

Geometri benchmark lessons sirasinda ve projeyi hazirlayip sunarken iig
farkli biligsel stile sahip Ogrenciler kavramlar1 giinliik hayattan durumlar
icinde kullanabilme (procedural knowledge) bilgilerini nasil gosteriyorlar,
neler yapiyorlar?
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APPENDIX P

INTERVIEW QUESTIONS FORM

Time Interview questions
s 1. Giinliik hayattan resimler gosterilmesi hakkinda ne diigiiniiyorsunuz?
= Neden?
= 2. Geometri diger derslerde ve giinliik hayatta kullanilmasi ile ilgili ne
g diistinliyorsunuz? Geometri nerede ve nasil kullaniliyor?
o g | 3. Ginliik hayattan baz1 resimler, arac-geregler gostermenin ve teknoloji
qg %5 kullanmanin ~ geometri ~ 0greniminizde  etkisi ~ konusunda  ne
M0 & | disiiniyorsunuz? Geometri 6greniminizi hangi durumlar nasil etkiledi?

During and upon creation of artifact

4. Aragtirmanizi nasil yaptiniz, hangi kaynaklar buldunuz ve kullandiniz?

5. Projenizdeki ¢okgenleri nasil yerlestirdiniz, belli bir amaca goére mi
yoksa rastgele mi?

6. Bu projeyi sevdiniz mi? Neden? Projede en ¢ok sevdiginiz veya en ¢ok
ilginizi ¢eken boliim(ler) nedir? Projede hoslanmadiginiz boliim(ler) var
mi, (varsa nelerdir)? Neden?

7. Geometri konulari arasinda baglanti kurabiliyor musunuz? Evet ise,
geometri konularmi nasil iligskilendirebildiginizi projenizden orneklerle
aciklaymiz.

8. Geometri konularini giinliik hayatinizda kullanabilir misiniz? Evet ise,
giinliik hayatinizda nasil kullanabildiginizle ilgili projenizden Ornekler
verin. Hangi geometri konularini, nasil uyguladiginizi diigiiniiyorsunuz?

9. Grup ¢alismas1 hosunuza gitti mi? Neden?

10. Projede grup ya da bireysel olarak karsilastiginiz zorluklar (varsa)
nelerdir? Bu zorluklar1 agmak i¢in neler yaptiniz? Projede en iyi
yaptiginizi diisiindiigiliniiz neler vardir? Projenizi hazirlarken kullandiginiz
yontemler nelerdir?
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APPENDIX R

TURKISH EXCERPTS FROM STUDENTS’ INTERVIEW RESPONSES

SORU 1: Giinliikk hayattan resimler gosterilmesi hakkinda ne diisliniiyorsunuz?
Neden?

SORU 2: Geometri diger derslerde ve giinliikk hayatta kullanilmasi ile ilgili ne
diistiniiyorsunuz? Geometri nerede ve nasil kullaniliyor?

Geometrinin hayatimizda her yerde oldugunu fark ettim ve geometri gergek hayatta
kullaniliyor. Mesela, dogada ve binalarin yapiminda. Ben peysaj mimari olmay1
sectim ve peysaj mimarlari ne yapiyor, Ogrenmeye bagladim. Daha Onceden
matematik dersi ¢ok zor geldigi i¢in derse kendimi veremiyordum ama giinliik
hayattan 6rnekler verilmesi ve bunlarla ilgili tartismamiz benim dersi iyi dinlememi
sagladi. Gergek hayattan orneklerle 6grenmek c¢ok eglenceli. Daha iyi 6greniyorum
clinkii bu daha zevkli. (INT-FD11)

Uzay mekigini makete kiigiilten gosteriyle eglendim ve cokgenleri top tizerinde
konusmaktan zevk aldim. Dikdortgenleri benzerdir saniyordum. Dikddrtgenlerin
benzer olmayabileceklerini sizin fotografinizda yiiziiniliziin degistigini hatirlayarak
ogrendim. (INT-FD17)

Matematik dersleri giinliik hayatla ilgili. Bu zevkli ve anlamli (bdyle olunca derse)
daha cok katiliyoruz. Aktivitelere katildik. Hayatimizda gordiiklerimle matematigi
diisiiniiyorum. Hesap makinesi kullanarak (dikdortgen seklindeki) iki fotografin
benzer olup olmadiklarini buldum. Bunlar geometriyi daha iyi anlamami sagladi.
(INT-FD20)

Geometri her yerde kullanilir. Biz giinliikk hayattan 6rnekler verildigi i¢in daha iy1
anliyoruz. (INT-FM14)

Geometrinin binalarda kullanildigint 6grendim. Niye {tg¢genleri 6grendigimizi
gordiim. Binalarin fotograflarini tartisirken {iggenleri ne zaman kullanacagimizi
gordiim. (INT-FM20)

Giinlik hayattan Ornekler goérmeyi sevdim. Geometride sosyal bilgilerden
yararlandik. Gergek hayattan Ornekler verilmesi giizel. Ben mimar olmay1
diislinmiiyorum ama mimarlar ¢ok kullaniyormus. Aslinda geometri her seyle
baglantili mesela oniimiizdeki sirada bile dikdortgen gorebiliriz. Geometrik sekilleri
her yerde goriiyorum. Bu sekilde 6grenmek ¢ok eglenceli. (INT-FM25)

Giinliik hayatla daha ¢ok baglanti kurmaya basladim. Onceden diisiinmiiyordum.
Simdi disarida bir sey goriince bu bizim 6grendigimiz su konuyla ilgili diyorum.
Bunlar 6grenmemi kolaylastirdi. (INT-FI7)
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Giinliik hayattan Ornekler de hosumuza gidiyor. Mesela fotograflar. Mesela siz
cubuklarla tiggen, kare falan olusturmustunuz ve tiggenin saglam oldugunu ama
karenin saglam olmadigini ve hareket ettigini gostermistiniz. Bana 6nceden Eiffel
Kulesi pek saglam gelmezdi nedense ama gosterdiginiz fotograflarda ¢ok liggenler
vardi ve onun simdi saglam oldugunu diisliniiyorum. Biz 6. simifta benzerligi
goérmiistiik ama bu benim i¢in gilinliik hayattan fotograflar, animasyon ve (matrugka)
bebeklerle birlestirince daha anlamli oldu. (INT-FI15)

Geometri giinliik hayatla baglantiliymis ¢iink{i mesleklerde kullaniliyormus. Biz her
seyin nedenini 6greniyoruz. Bundan dolay1 daha iyi 6greniyoruz . (INT-FI122)

SORU 3: Giinliik hayattan bazi resimler, arag-geregler géstermenin ve teknoloji
kullanmanin geometri G6greniminizde etkisi konusunda ne diisiiniiyorsunuz?
Geometri 6greniminizi hangi durumlar nasil etkiledi?

(Geometri) giinliik hayatta kullaniliyormus. Mesela dogada, binalarin yapiminda. Siz
dis ac1 ozellikleriyle ilgili bilgisayarda bir sunu gosterdiniz, o daha ¢ok aklimda
kaldi. Tahtada yazilsa o kadar kalic1 olmazdi. Mesela, resimler ve bizler liggen, kare
yaptik ve liggen saglam ama kare saglam degil ve hareket ediyor. (INT-FD11)

Siz bize paralelkenar, kare goOstermistiniz. Onlar1 tahtada gosteremezdiniz. Cok
faydali oldu (INT-FD17)

Ogretme bigiminiz ¢ok giizel. Bilgisayarda gosterdiginiz zaman baz1 seyleri bizim
icin gorsel oluyor ve daha kolay anlhiyoruz. Isiklar kapaninca bilgisayara
odaklanmamiz gerekiyor. Boylece tiim sinif dersle ilgili oluyor. Bilgisayarda bazi
sekiller gdstermistiniz ve onlarin sekillerini degistirmistiniz. Karenin koselerinden
hareket ettirerek eskenar dortgen elde etmissiniz ama tam tersi olamadi (INT-FD20)

Matematik dersinde bilgisayarda gosterdikleriniz anlamamiza da yardimci oluyor.
Tahtada gosteremeyeceginiz seyler vardi orada. Mesela, dortgenlerde birinden
digerini elde ederken (INT-FD22)

Matematikte bilgisayar kullanildigi zaman dortgenlerden birinden digerini elde
ettigimizi 6grendim. (INT-FM14)

Kalic1 oldu. Bu arada hesap makinesinin iizerinde pek ¢ok sey varmig. Diin onu
kesfettim (INT-FM20)

Bilgisayar daha gorsel oluyor. (Bu sekilde) daha iyi 6greniyorum. Bilgisayarda bir
seyler goriince daha kolay 6greniyoruz ve daha kalici oluyor. Teknoloji daha kolay
anlamamizi sagliyor (INT-FM25)

Bilgisayar kullan1ldig1 zaman daha iyi 6greniyoruz ve bizim i¢in daha kalict oluyor
(INT-FI13)

Bilgisayarda sunu ¢ok giizel. Bunu seviyorum. Bunlar1 tahtada gosteremezdiniz. Biz
daha iyi anliyoruz ve benim i¢in daha kalic1 oluyor (INT-FI7)

Matematikte bilgisayar kullanilmasini seviyorum. Ornegin, paralelkenardan kare
elde edebilecegimizi gordiim. Daha 6nceden bunun olabilecegini diisiinmezdim.
Matematik konular1 arasindaki baglantilar ¢ok ilgimi ¢ekiyor. Bunlar1 bilgisayarda
gosterdiginiz zaman dersi dikkatli dinlemeyenler bile dersi iyi takip etti (INT-FI15)
Bilgisayarda gosterdiginiz seyler gorsel oldu ve bunu anladim. Ornegin, bilgisayarda
gosterdiginizde paralelkenarla eskenar dortgen arasindaki farki anladim (INT-FI120)
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Matematik dersinde bilgisayar kullanilmasi daha ¢ok zevkli. Bazen tahtada sikici

oluyor. Konuyu anlamam igin bilgisayar tabii ki faydali. Daha ¢abuk goriiyorsunuz
(INT-FI122)

SORU 4: Arastirmanizi nasil yaptiniz, hangi kaynaklar1 buldunuz ve kullandiniz?

Uygun kelimeler secerek kolaylikla internetten bilgi buldum. Sehir plancisi, mimar,
miihendis, peysaj mimarinin gorevlerini 6grendim. Biz (yesil alanlar i¢in) karacami
sececegiz ciinkii biz karagamin diger agaglara gore daha fazla oksijen iirettigini
ogrendik. (INT-FD17)

Sizin verdiginiz sitelerden arastirma yaptim. Arastirma yaparken zorlanmadim.
Gordiim ki mimarlar ¢izimde dikkat etmezlerse ufak bir hata tiim her seyi
yikabiliyor. (INT-FD20)

Arastirma yaparken muhtara gittik ama muhtar olmadig i¢in yerinde baskas1 vardi.
O da 6rnek mahalle kroki bulamadi . (INT-FM2)

Hangi mahalleyi sececegimize Atlastan Tiirkiye haritasina bakarak karar verdik.
Edirne’yle ilgili ve mimar, peysaj mimar1 gibi mesleklerle ilgili bilgi topladik. (INT-
FM14)

“Ornek kroki” yazarak 6rnek krokiler ve mahallenin tarihiyle ilgili bilgi buldum.
(INT-FM20)

Bizim mahalle bagbakanimizin mahallesi. Bunun igin internetten mahallenin iklimi,
cografi konumu, niifusu, tarihi, kiiltiirel eserleri ve boliimleri ile ilgili bilgiler
bulmak ¢ok kolay oldu. Cok bilgi vardi ve uygun olanlar1 se¢gmek zordu. Babam,
ablam ve abim miihendis. Onlardan yardim aldim. Ornek krokiler ve mesleklerle
ilgili bilgi buldum. Ayrica, internetten gazete makaleleri buldum ve onlarin
Ozetlerini hazirladim. (INT-FM25)

Internetten arastirma yaptim ama mahalle konusunda ¢ok genis bilgiler geldi.
Ansiklopedilerden baktim ama mahalleyle ilgili pek bir sey bulamadim. Sehir bolge
planlamacisinin ne yaptig1 ve bir yerin krokisi ve cografi konumu ve niifusuyla ilgili
bilgi topladim. (INT-FI7)

Ansiklopediden ve bir iiniversite dgrencisinin web adresinden arastirdim. Peysaj
mimarlig1 ve sehir planciligt mesleklerini 6grendim. (INT-FI13)

Google Earth’ten arastirdim ve mahallenin yeri ve 6zelliklerini buldum. (INT-FI15)
Internet ve google’dan yararlandin. Miihendislik, mimarlik ve bir yerin tasarmmu ile
ilgili bilgimi artirdim. (INT-FI22)

SORU 5: Projenizdeki ¢okgenleri nasil yerlestirdiniz, belli bir amaca gore mi yoksa
rastgele mi?

Genelde evler kare oldugu icin onlar1 kare segtik. Burada taksi duragmi yamuk
sectik ¢linkii taksiler egimli park edebiliyor. (INT-FD16)

Limani1 genis olmasi i¢in dikdortgen yaptik. Kiliseyi altigene benzettik. (INT-FD17)
Biz futbol sahasini dogal olarak dikdortgen seklinde yaptik. (INT-FD20)
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Otel i¢in altigen segtik ¢linkii tiggen olsaydi alan daha az olurdu. (INT-FM10)
Cogunlukla bir amagla yaptik. Mesela bu okulu altigen yapmamizin sebebi esit
olarak yer ayirmak istedik, biitiin okullar1 ilkogretim, lise falan hepsini bir arada
topladik. Hatta bahgesini ortak olarak yaptik. (INT-FM15)

Ilk 6nce bir diizene gore yerlestirdik. Sonra kalanlar1 (¢okgenleri) yerlestirdik. iki
paralel yol yaptik ve arasina (eczane icin) paralelkenar koyduk. En son elimizde iki
yamuk ve eskenar dortgen kalmistt biz de iki yamugu da rock bar ve elektrik
sebekesini eskenar dortgen yaptik. (INT-FM20)

Biz binay1 paralelkenar segtik ¢linkii bazi insanlar bazi bdliimler i¢in dar diger
boliimler igin genis segebilirler. (INT-FM25)

Mimari agidan giizel olsun diye sinemayi altigen seklinde sectik. (INT-FI6)

Biiylik bir alan kaplamasina dikkat ettigimiz i¢in havaalanim1 besgen yaptik. Cok
kiigiik mesela iiggen yapmak istemedik bu tren garini. Ama terminal daha kiigiik
oldugu i¢in onu iiggen yaptik. Genelde apartmanlar1 ¢izmesi kolay olsun diye
eskenar dortgen segtik. Dini alan1 genis olmasi i¢in altigen sectik. (INT-FI110)
Binalar i¢ ice. Uggenleri, karelerin icine ¢izdik. (INT-FI13)

Boslugu dolduracak yerlerde ¢ok kose diisiindiik ¢iinkii daha genis goziikiiyordu
(diizglin olmayan altigen olan Pazar yeri i¢in) Suralarin da diizgiin olmas1 i¢in
dikdortgen koyduk (tas kahve i¢in) Diyelim ki diiz olan bu yola iiggen yapsak
diizgiin goriilmeyecekti. Kiliseleri ¢ok kenarli segtik. Miizeleri liggen diisiindiik,
buradan bir koseden kapi, suralardan (diger iki koseden) ¢ikiglar var diye diisiindiik.
Burada devlet binalarinda ¢ok asir1 degisik sekiller olmaz. Ben basta biraz degisik
olsun dedim de baktim suralara da bir seyler daha yerlestirecektik. Onun i¢in klasik
olmasina karar verdik ve bu bolgede dortgenleri topladik. (INT-FI15)

Ik 6nce, (kartona) sigdirabilir miyiz diye diisiindiik. Buraya sekizgen koymamizin
nedeni yollarla ilgili. Biz binalar1 simetrik olmasi i¢in kare yapmay1 kararlastirdik.
Aligveris merkezi i¢in altigen sectik. (INT-FI121)

Sigmayinca fikrimizi degistirdik. (INT-FI22)

SORU 6: Bu projeyi sevdiniz mi? Neden? Projede en ¢ok sevdiginiz veya en ¢ok
ilginizi ¢ceken boliim(ler) nedir? Projede hoslanmadiginiz boliim(ler) var mi, (varsa
nelerdir)? Neden?

Evet, en ¢ok yaptigimiz ¢izimleri sevdim. (INT-FD1)

Evet, sevdim. En ¢ok sehir tasarlamay1 sevdim ¢iinkii hem yaparken komik oluyor,
hem sehri kendimiz tasarliyoruz. Mesela huzur evinin yaninda disko var, o komik
geliyor. Ikincisi, yeni bir seyi tasarliyoruz. Her seyi bize ait. Istedigimizi koyariz,
koymayiz. Bize sorulacak. O yiizden her seyin kendi elinde olmasi bence daha
giizel. Projeyi sevdim ¢iinkii grup calismasini severim. Sevdigim arkadaslarimla
caligmaktan mutlu oldum. (INT-FD2)

Evet, sevdim ¢iinkii ¢okgenleri, acilari, dogrular1 tekrar ettim. Agcilar1 (6lgiilerini)
bulmay1 06grendim. Zorluk ¢ekmeden geometri konularim1i uyguladigimi
diistinliyorum. Agilarina ve kenarlarina gore ¢izmeyi sevdim. Cokgenleri ¢izmeyi
pratik yaptik. (INT-FD5)

Biitlin projeyi sevdim ¢ilinkii ¢ok eglenceli. Geometrinin giinliilk hayatimizdaki
onemini ve degerini bir kez daha anladim. Benim icin en ilging olan yollari
birlestirmekti. (INT-FD9)
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Evet, bu projeyi sevdim ¢ilinkii geometriyi daha iyi anlamami sagladi. Plan
tizerindeki her bir ¢gokgenin Olgiilerine karar verirken ¢okgenlerin temel 6zelliklerini
kullanabildik. Yeterli geometri bilgisine sahipmisim. Bunlar1 kullanarak bir meslek
sahibinin yerine koyduk kendimizi. Ben peysaj mimari oldum. O kisiler ne yap1yor,
onu yapiyorum. Bu ¢ok heyecan verici. (INT-FD11)

Cizim yapmayi seviyorum ve bu ¢ok giizel bir proje. (INT-FD12)

Bu projeyi gergekten ¢ok sevdik ¢iinkii insanin hayal giiciinii ortaya koyabilecegi, el
becerilerini gelistirebilecegi, ¢izim ve boyama yapabilecegi zevkli ve eglenceli bir
projeydi. En c¢ok acilar1 (6lgiilerini) hesaplarken eglendim. Agidlger kullanarak
sekilleri ¢izmeyi sevdim. En iyi yaptigim, cizerken sekillerin agilarin1 6lgmek ve
uygulamak. (INT-FD13)

Evet, sevdim ¢iinkii bu proje geometri ile ilgili ilging konular1 igeriyordu. (INT-
FD16)

Evet, bu proje ¢ok eglenceli. Binalarin sekillerini segmekte iyiydim. (INT-FD17)
Evet, bu projeyi ¢cok sevdim ¢iinkii hayal giiclimiizii matematikle birlestiren oldukca
eglenceli bir projeydi. Zevkliydi. Taslagi ¢izmeyi sevdim ve adayi ¢izerken
eglendim. Her sey giizeldi. Sanirim aci1 Olgiilerini iyi yaptik ¢linkii bir kez
Olctiigimiiz agiya tekrar bakarak ayni yeri ikinci kere Olgtilk bu da hata yapma
riskimizi ortadan kaldird: . (INT-FD18)

Bu projeyi sevdim. (INT-FD20)

Evet, (projeyi sevdim) ¢iinkii sunum giizeldi. (INT-FD21)

Cizim yapmak en ilging ve eglenceli boliimdii benim i¢in. (INT-FD22)

Evet, ¢linkii ¢calismamiz eglenceliydi. En ¢ok ¢izim yapma bdliimiinii sevdim. (INT-
FD25)

Bu projeyi sevdim ¢iinkii bir yerleri tasarlayip yaratmak benim hosuma gidiyor ve
ilgimi ¢ekiyor. Kendimi bir mimar olarak diisiinmek ve bir yer tasarlayarak hayal
etmek ilgimi ¢ekti. Bu projeyi sevdim ¢ilinkii geometri konularin1 anlamami sagladi.
Cizimi severim ben. Bu projeyi hazirlarken ¢izim yapmanin o kadar da kolay
olmadigini fakat ¢ok zevkli oldugunu fark ettim. (INT-FD27)

Sevdim c¢linkii tasarlamay1 ve giinliik hayattan ornekler verilmesini severim. En ¢ok
ilgimi c¢eken boOlim taslaklarin  gergcek Olgiilere gore ¢izilmesiydi. Projede
hoslanmadigim boliim yoktu. Her sey ¢ok eglenceliydi. (INT-FD29)

Sevdim ciinkii zevkliydi. Ozellikle ¢izim asamasini sevdim. Hoslanmadigim bir
bolim yok. (INT-FD30)

Proje ¢izmeyi ve bir sey tasarlamay1 ¢ok severim. Bu projede en sevdigim boliim
taslagi ¢izmekti. (INT-FM1)

Evet, sevdim. Cokgenlerin yerlerine giizel karar verdim. En ¢ok boyamay1 sevdim.
(INT-FM2)

Sevdim. Bu projede benim i¢in en ilging olan mahalledeki ¢okgenlerin gergek ve
plan iizerindeki uzunluklar: bulmakti. (INT-FM4)

Sevdim. Yaparken eglendim. Neresi nerede olsun diye karar verirken eglendim.
(INT-FM5)

Bu projeyi sevdim. (INT-FM8)

Evet, sevdim c¢linkii yaraticiligimizin ve hayal giiclimiiziin gelistigini diigtintiyorum.
Gelecekte mimar olmak istiyorum ¢iinkii ¢izimleri sevdim. (INT-FM9)

Evet, sevdim. Cizim yapmay1 severim. (INT-FM10)

Projemizi eglenerek yaptik. (INT-FM11)
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Biz bu projeyi ¢ok sevdik. Eglenceli bir projeydi. Hayal giiclimiizii gésteren ¢izimler
yaptik . (INT-FM12)

Bu projeyi sevdim ¢iinkii bu projeyle hayal giiciinlizii gosterebiliyorsunuz.
Mahalledeki boliimleri dogru yerlere yerlestirdigimi diistinliyorum. Cizerken, agilar
(6lgiilerini) ayarlarken ve boyarken zevkli bir projeydi. En ¢cok ¢okgenlerin kenar ve
ac1 Ozelliklerini (Slgiilerini) hesaplamay1 sevdim. (INT-FM13)

Evet, ben ¢izmeyi severim zaten. Geometri gilinliik hayatta kullaniliyor ve bunu ¢ok
seviyorum. Evet, ¢iinkii geometri hosuma gider ve bu proje eglenceliydi. Yani
gercegi sOyleyeyim daha onceden yaptigimiz performans, proje ddevlerinden bu
daha eglenceliydi. Grup kuruyorsun, ¢iziyorsun ayni zamanda hesaplamalarin ne
olacagini biliyorsun, kag¢ Olgekli kiicliltecegine, gercek hayatta ne olur bu projeyi
uygulasak. Sonra o mahalleyi arastirtyorsun. (INT-FM14)

Evet, sevdim, ¢izim kismi1 zevkli ve eglenceliydi. Krokiyi plandan daha giizel ¢izdik
bence. Boyle bir sey liretmemiz giizeldi bence. Hesap yapmak, hesap makinesi
kullanmak, genel olarak eglenceliydi bence. Genel olarak bize uygun bir projeydi.
(INT-FM15)

Evet, sevdim. En ¢ok ¢izmeyi sevdim. (INT-FM16)

Evet, ¢cok sevdim ciinkii ilk defa bir derste cetvel vb. araclar kullanarak bir plan
¢izdik. En ¢ok projeyi planlamak ilgimi ¢ekti. Ogrendigimiz geometrik sekillerin
hemen hemen hepsini kullandik. Zor oldu ama basardigimiz1 diisiiniiyorum. (INT-
FM18)

Evet, sevdim ¢iinkii bu proje geometrik sekillerin binalarda kullanildigin1 6gretti.
(INT-FM19)

Herkesin ilgisini ¢ektigi gibi benim de ilgimi ¢izim kismi ¢ekti. Grup olarak da
projeyi sevdik. Bu proje bizleri diisiinmeye ve el becerilerimizi kullanmaya itiyor.
Hoslanmadigim bir bolim yok. (INT-FM20)

Evet clinkii (bu proje) eglenceli ve giizel. En ¢ok ilgimi ¢eken bir yer bulmak ve
¢izmek oldu. (INT-FM21)

Evet, sevdim ¢ilinkii bu c¢alisma (digerlerinden) farkli. En ¢ok 6lgmeyi sevdim.
(INT-FM22)

(Gozleri parlayarak) Sevdim ve c¢ok hosuma gitti ¢ilinkii ben zaten bir seyler
tasarlamay1 ¢ok severim. Farkli bir etkinlik oldu ve bu tiir etkinlikler benim okulu
daha ¢ok sevmeme yardimci oluyor. Bu projeyi ¢ok sevdik ¢iinkii bizleri diisiinmeye
ve el becerilerimizi kullanmaya itiyor. Hem de 6gretiyordu. (INT-FM24)

(Gozleri parlayarak) Ben sevdim ¢ilinkii mimarm, bir biiyliglin yaptig1 isleri
yapiyoruz. Boyle daha gilizel oluyor. (Mahallenin) bdliimlerini nereye ve nasil
yerlestirdigimiz dikkatimi ¢ekti. Gelecekte mimar olmak istiyorum ¢iinkii ¢gizimleri
sevdim. (INT-FM25)

Evet, ¢iinkii insanin kendini mimar olarak diisiinmesi ve kisa bir siirede o duyguyu
yasamasi ¢ok giizel. En ¢ok ilgimi ¢eken ¢izim ve sunum oldu. Gelecekte mimar
olmak istiyorum ¢iinkii ¢izimleri sevdim. (INT-FM26)

Evet, sevdim ¢iinkii bilgilerimi eglenceli bir bi¢imde kullanmami sagliyor. Bu
projedeki konularin neredeyse hepsini daha dnceden biliyorduk. Pekistirme oldu bu
bizim i¢in. (INT-FM28)

Projeyi ¢ok sevdim ¢iinkii kendi mahallemizi isteklerimiz dogrultusunda kurmak,
tasarlamak ¢ok zevkliydi. Genel olarak gayet kolay ve zevkli bir projeydi. En ¢ok
sevdigim boliim belirli 6lgiilerde kiigiilterek ¢izmekti. (INT-FM29)
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Projeyi sevdim c¢iinkii kendi istedigimizi yapabiliyorduk. (Mahallenin) béliimlerinin
yerine karar verdik. En ¢ok bunu sevdim. (INT-FM31)

En ¢ok sevdigim plani ¢izmek ve sunum oldu. (INT-FM33)

Evet, ¢ok sevdim. Cizimi ¢ok sevdim. En c¢ok sevdigim ve ilgimi ¢eken boliim
cokgenleri ¢izmekti ¢iinkii dereceleri tutturmak i¢in ugrastik, zorlandik ve eglendik.
(INT-FM34)

Bir seyler planladigimiz icin bu projeyi sevdim. Olgiilerine gére yaptik. Bu da
eglenceliydi. Projede en sevdigim boliim yollar1 birbirine baglamakti. Yollarin
tasarim1 ve acili sekiller cizmek epey ilgingti. Paralelligi olusturmak, kesisim
yapmak degisikti. Genel bakildiginda mahalle planladik. O da zevkli bir seydi..
(INT-FI1)

Evet, sevdim. (INT-FI2)

Evet, cok sevdim ¢iinkii bu proje ¢ok eglenceli ve diisiindiiriicli bir proje idi. Uzun
ve zor bir projeydi. (INT-FI4)

Bagta pek sevmedim ¢iinkii grup arkadaglarimizi biz se¢meliydik. Sonra sevdim.
Ogretme biciminiz ¢ok giizel. Bize bir seyler iiretmemiz i¢in sans veriyorsunuz. Bu
¢ok hosuma gidiyor. Projede en ¢ok ¢izimi sevdim. (INT-FI6)

Evet, sevdim. Proje ¢ok eglenceliydi. En ¢ok ¢izim ve boyama bdliimleri ilgimi
cekti.. (INT-FI9)

Bu projeyi ¢ok sevdim. Aslinda, benim matematikte en sevdigim konulardan biri
cokgenler. Hani onlarin agilarini falan bulmay1 ¢ok severim. Diger konulardan daha
cok hosuma gidiyor. Cokgenlerle ilgili bir sey oldugunda epey bir hosuma gitmisti.
Mesela eger zamanim olsa maketini yapmak isterdim. En ¢ok ilgimi ¢eken yollar1 ve
cokgen seklindeki binalar1 ¢izmekti. (INT-FI10)

Tiim projeyi ¢ok sevdim. Mahallenin boliimlerini yerlestiritken c¢ok eglendim.
Cokgenler en cok sevdigim konulardan biridir. Onlart kullanarak mahalleyi
tasarlamak ¢ok zevkliydi. (INT-FI13)

Evet, cilinkii kendi mahallemizi isteklerimiz dogrultusunda kurmak ve tasarlamak
cok zevkliydi. (INT-FI114)

Evet sevdim ¢iinkii ¢ok zevkli(INT-FI15)

Evet clinkii zevkli. Projede en ¢ok cizimleri sevdim. Acilarina gore c¢izmek ve
boyamakla giizel zaman gegirdim. (INT-FI17)

Sevdim. Bence, ¢ok eglenceli bir projeydi ve binalari iyi yerlere yerlestirdik. En ¢ok
boyama boliimiini sevdim. (INT-FI18)

Bu projeyi ¢ok sevdim. En ¢ok binalarin geometrik sekillerine karar vermeyi ve
¢izim yapmay1 sevdim. (INT-FI119)

Yonergeyi dagittiginizda bunlarin matematikle ne ilgisi var diye diislinmiistiim ama
baglantis1 varmis. Projeyi sevdim ¢iinkii farkli bir proje. Digerlerinde sadece sinavlar
ve sorular verilir ve biz ¢ozeriz. Bu proje daha pratik ve daha iyi. Cizimleri sevdim.
(INT-F120)

Sevdim ¢iinkii cok eglenceli. Cizimleri ve boyamay1 ¢ok sevdim. (INT-FI22)

Evet, sevdim ¢iinkii ¢okgenlerin acgilarim1 ve kenarlarimi kullandik. Agilar1 ve
kenarlar1 6l¢meyi sevdim. En ¢ok ilgimi ¢eken mahalleyi ¢izmek icin okul, ev ve
aligveris merkezinin yerlerine karar vermek oldu. (INT-FI27)

En ¢ok binalar1 ¢izmeyi sevdim ¢linkii gelecekte de mimar olmak istiyorum. (INT-
F128)
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(Gozleri parlayarak) Proje tabi ki hosuma gitti ¢linkii mimarlik yaptim ve bunu
sevdim. Ileride mimar olmak istiyorum. (INT-F129)

Sevdim ¢linkii geometriyle ugrasmak matematigin en zevkli boliimlerinden biri.
Bazi boliimleri istedigimiz gibi bitiremedik. En ¢ok ¢izim asamasini sevdim. (INT-
F130)

SORU 7. Geometri konular1 arasinda baglanti kurabiliyor musunuz? Evet ise,
geometri konularini nasil iligkilendirebildiginizi projenizden 6rneklerle aciklayiniz.

Evet, bu ikisi estir ve benzerdir ama benzer olan iki sekle her zaman estir diyemeyiz.
Bu eskenar dortgene paralelkenar diyebiliriz. Eskenar dortgende su agilar esitti
(karsiliklr agilart gostererek), sunlarin toplami 180 derece (yan yana olan U harfi
olusturanlar1 gdostererek), paralelkenarda karsilikli kenarlarin uzunluklar esit. O
zaman... paralelkenar eskenar dortgeni kapsiyor. Mesela su (muhtarlik) bir besgen
ama diizgiin degil. Tim kenarlar1 esit uzunlukta ama acilar1 farkli. Bunu sinifta
tartisirken FI-1 anlatmisti. (INT-FD1)

Evet, mesela diizgiin ¢okgenlerin acilar esittir. Bu ikisi es ve benzer ama benzer
sekiller her zaman es olmayabilir. Eskenar dortgendeki bu (karsilikli) agilar esittir.
Bu agilarin (karst durumlu agilar) toplami 180 derecedir. Paralelkenarda zit yonlii
acilar esittir. Paralelkenar eskenar dortgeni kapsar. Bagka, bu diizgiin olmayan
besgendir. Tiim kenarlar1 esit ama acilar1 farklidir. Bu eskenar ticgen (ayn1 zamanda)
ikizkenardir da. Su bir kare. Buna eskenar dortgen diyebiliriz. Sinifa getirmistiniz ya
bilgisayarda hani sekillerini degistirmistik. Iste kareyi soyle biraz iceri dogru
bastirinca yine bu sekil (eskenar dortgen) ¢ikiyor. Ama bunu (eskenar dortgeni)
bastirinca kare olmuyor tam olarak. (INT-FD17)

Evet, 6grendim c¢linkii projede ne yaptigimizi hatirliyorum. Hesap makinesi igimize
yaradi. Mesela bu diizgiin altigenin bir i¢ agist 120 derece. Toplam agiy1 n-2 garp1
180le buluruz. Bir agisin1 bunu n’ye bdlerek buluruz. Bu diizgiin altigenler birbirine
benzerdir ¢iinkii agilar1 ve kenarlar1 esit ve kenarlar1 orantili. Bu paralelkenarda zit
acilar esit ama bu yamukta sadece bu iki kenar paralel. Kare seklindeki evler benzer.
Baska, bu diizgiin besgenlerin ayn1 kenar ve agilar1 var. Iki diizgiin altigen gibi ¢ok
benzer ¢okgen var. Bu dikdortgenlerin agilar1 90 derece. Bu iki dikddrtgen benzer
degil ¢linkii kenarlar1 orantili degil. Bu kareler es. Esse ayn1 zamanda benzer. Tersi
dogru degil. Bu besgenin kenarlar1 esit ama diizgiin besgen degil. Diizglin ¢okgen
olmast i¢in agilart esit olmali. Bu eskenar iiggenin acilari esit. Bu ikizkenar licgenin
iki acis1 esit. Ug ac1 esitse ikisi de esittir. Bunun i¢in her eskenar iicgen ikizkenardir.
Terst dogru degil tabii ki. Bunlar1 daha 6nceden bu kadar diisiinmezdim. Projemizi
yaparken ne yaptigimizin farkindaydik. (INT-FD20)

Evet, mesela suradaki es ¢okgenler benzerdir ¢iinkii biitiin acilar1 ve uzunluk o6l¢iileri
esit ve ayn1 zamanda benzerdir. Bu elektrik sebekesi eskenar dortgen. Bu bir diizgiin
cokgen degildir ¢iinkii i¢ agilar1 ve kenar uzunluklari esit olmali. Eskenar dortgende
acilarinin hepsi esit degil. Bu eskenar {liggen ikizkenar tiggendir ¢iinkii ikizkenar
ticgenin iki acilar1 birbirine esittir. Eskenar {iggende biitiin acilar zaten birbirine
esittir. Bu yamuga paralelkenardir diyemeyiz ¢ilinkii yamugun iki kenar1 paraleldir
ama paralelkenarin dort kenar1 (ikiserli) paraleldir. (INT-FM1)
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Evet, mesela dikdortgenler her zaman birbirine benzer olmaz ¢iinkii bir sabit oran
tutturamayiz ¢iinkii her sayr es degil. Suradaki es olan kareler benzerdir. (INT-
FM14)

Evet mesela buradaki es sekiller benzerdir ¢ilinkii 6l¢iileri ayni oldugu igin zaten
benzer oluyor ama biitiin benzerler de es olmuyor. Buradaki diizgiin altigenler
benzerdir. Zaten agilar esit olur. Bir tek uzunluklar: farkli, o da esit oranda olmak
zorunda ¢iinkii zaten biitiin kenarlar1 birbirine esit olacagi i¢in hepsi esit sekilde
dagilacaktir. Ondan dolay1 benzerdirler. Burada {i¢ es sekil kullandik. Lokantalar...
Bunlar benzerdir de ¢iinkii her es sekil ayn1 zamanda benzerdi ama her benzer sekil
es degildir. Bu eskenar dortgene kare diyemeyiz ¢iinkii karenin kenarlar1 ve agilari
esittir. Bu saglik ocag1 kare seklinde ve buna eskenar dortgen diyebiliriz. Eskenar
dortgenin agilart ayni ya da farkli olabilir. Bu yamugun tabanlar1 paralel ama diger
iki kenar1 degil. Bu (yamuk) paralelkenar degildir c¢ilinkii paralelkenarda tiim
karsilikl1 kenarlar paraleldir. (INT-FMZ20)

Evet, surada ilic tane es sekil kullandik. Lokantalar, biifeler...Bunlar birbirine
benzerdir de ¢iinkii, her es sekil ayn1 zamanda benzerdir ama her benzer sekil es
degildir. Bu eskenar dortgene karedir diyemeyiz c¢iinkii karenin tiim kenarlar1 ve
acilar1 birbirine esit. Bu saglik ocagi kare seklinde ve buna eskenar dortgen ....
Eskenar dortgende acgilar1 ayni olabilir ya da olmayabilir. O zaman diyebiliriz. Bu
yamukta taban ve alt taban birbirine paralel ama iki kenar1 paralel degil. Bu bir
paralelkenar degil ¢linkii paralelkenarin biitiin kenarlar1 birbirine paralel ama bunun
sadece iki kenarlar1 birbirine paralel digerleri degil. (INT-FM25)

Evet, mesela bu Ptt’yi paralelkenar yapmistik. Bu paralelkenar yamuk degildir
¢linkii biitiin kenarlar1 paralel. Yamuk olmasi i¢in ikisi paralel, obiir ikisi kesisimli
olmasi gerekir. Su saglik ocagi eskenar dortgendir. Kare de eskenar dortgendir zaten
¢linkii eskenar dortgenin tiim kenarlari esit yani 6zellik olarak art1 olarak da hepsi 90
derece. Bu kare paralelkenardir da ¢linkii iki kenar1 paralel, obiir ikisi de paralel.
Karsilikli kenarlart esit. Bu eskenar licgene eskenar diyebiliriz ¢linkii ikizkenar
ticgenin dzelliklerini tagiyor en az iki kenar1 esit. Su muhtarlik (kenarlar1 esit, agilar
farkli olan besgen) bir diizgiin ¢okgen degildir ¢iinkii i¢c agilar1 farkli. Su es
sekizgenlere benzerdir ¢iinkii her bir aginin baktigi kenar1 esit. (INT-FI1)

Evet, mesela su bir dikdortgen, bu dikdortgene diizgiin ¢cokgen diyemeyiz ¢iinkii
diizgiin ¢okgen olabilmesi i¢in hem acilarinin hem kenarlarinin esit olmasi
gerekiyordu. Bu bir yamuk ve buna paralelkenar diyemeyiz. Siz bize bir tablo
vermistiniz. Ozel dortgenler diye. Orada paralelkenarlarin altinda yamuk yoktu
(Venn semasini hatirliyor.) Yamuk ayr1 yeten bir kiimeydi. Nedeni, yamukta galiba
acilar (karsilikli her) esit olmuyordu. Paralelkenarda karsilikli agilari esit oluyordu.
Yamukta dyle bir kural yoktu. Su ikisi diizgiin sekizgen ve benzerdir ¢iinkii belli bir
oranda bliylimiistiir. Mesela bunun kenarlar1 3er cm olsun bunun da 4er olsun. Belli
bir oranda biiylimiis olur. (INT-FI10)

Evet, mesela bu bir dikdortgen ve diizgiin ¢okgen degildir ¢linkii diizgiin ¢okgen
olmast i¢in agilar ve kenarlar esit olmali. Bu bir yamuk ve buna paralelkenar
diyemeyiz. Ozel dortgenlerin tablosuna (Venn semasmna) baktik. Yamuk,
paralelkenarin altinda degildir, ayr1 kiimededir. Bunun nedeni sudur: Tim
(karsilikli) agilar yamukta ayni degildir ama paralelkenarda aynidir. Bu ikisi diizgiin
sekizgen ve bunlar benzerdir ¢iinkii (kenarlari) orantili. (INT-FI15)
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Evet, mesela eskenar dortgenle paralelkenarin ikisinin karsilikli kenarlar1 paralel,
paralelkenar eskenar dortgeni kapsiyor. Bu bir yamuk ve bu bir paralelkenar. Bunlar
ayrik kiimeler c¢ilinkii paralelkenarda her karsilikli kenar birbirine paralel ama
yamukta bir ¢ift paralel. Her dikdortgen diizgilin ¢okgen degildir. Bunu grubumuzda
tartisirken karar verememistik size sormustuk. Su eskenar iiggen ikizkenardir da.
Sonugta eskenar tiggenin de iki kenar1 birbirine estir. (INT-FI22)

Evet, birgok sey ogrendik. I¢ acilar, dis acilar, geometrik sekillerin agilar1 ve
kenarlar1 arasindaki baglantilari. (INT-FI30)

SORU 8. Bu projeyi hazirlarken neler 6grendiniz? Geometri konularimi giinliik
hayatinizda kullanabilir misiniz? Evet ise, hangi geometri konularini, nasil
uyguladiginiz1 projenizden 6rnekler vererek acgiklayiniz.

Evet, Acilar1 (6lgiilerini) bulmayr 6grendim. Geometri konularini zorlanmadan
uyguladigimizi diistiniiyorum. (INT-FD5)

Bu projeyi hazirlarken geometrinin giinliik hayatimizdaki énemini ve degerini bir
kez daha anladim. (INT-FD9)

Geometriyi ¢ok daha zevkli ve eglenceli islemis oldum ve bu konuyu (acilar ve
cokgenleri) ¢ok daha iyi 6grendim. (INT-FD11)

Bu projeyi yaparken geometriyi daha iyi anladim. (Binalarin) a¢1 ve kenar 6lgiilerine
karar verirken kroki tizerindeki her bir ¢cokgenin temel 6zelliklerini kullanabildik.
Yeterli geometri bilgisine sahipmisim. Cokgenleri, agidlger kullanmayi, hesaplama
yapmayi...vs bir¢ok sey 0grendim. Uygulama yaptik ve farkli mesleklerden kisiler
gibi davrandik. Ben peysaj mimar1 oldum. Bu insanlarin yaptiklarin1 uyguladim ve
bu c¢ok heyecan verici. (Geometriyi) kroki, plan vs ¢izimlerde, ileride
mesleklerimizde ve giinliikk yasantimizda kullanabiliriz. (INT-FD13)

Cokgenlerin acilarin1 kenarlarin1 kullandik. En iyi acilar1 (6lgiilerini) buldum.
Geometrik sekillerin kenar uzunluklar1 ve acilart ile ilgili 6zellikleri daha iyi
kavradim. Ayrica plan ve 0Ol¢ek adli konuyu tekrar hatirladim. Biitiin bunlar
sekillerin agilarim1 ve kenar uzunluklarini hesaplamada ve ona gore ¢izmemizde
yardimet oldu. (INT-FD16)

Bu konuyu, geometriyi eglenceli ve zevkli yaparak daha 1y1 6grendim. Mesela, bu
acilar yondes. Bu bir diizgiin altigen ve (toplam) dlgiileri 720 derece. Bunu n-2 ¢arp1
180 olarak buluruz. Sonra bunu n’ye bdleriz, bir tanesini bulmak i¢in. Diizgiin
cokgende tiim acilar ve kenarlar esit. Bu ikiz kuleler ve futbol sahasi (dikdortgenler)
benzer ¢linkii birinin enleri ve boylar1 digerinin ii¢ kati. Bu liggende bu i¢ ve bu dis
acl. Su sebekesi ve postahane (nin sekilleri) es. Bu anaokulu, okul ve park alani
paralelkenar (seklinde) Kurallar1 unuttugumda hatirlamak i¢in defterime bakiyorum.
Tabloyu tamamlamak i¢in bunlar1 kullandik. Baz1 ¢okgenlerin agilarini ve diger
konular1 kolaylikla uygulayabilirim. (INT-FD17)

Cokgenler, acilar ve olgiiler ile ilgili birgok bilgi edindim. Projeyi tamamlamamizda
geometri de bize yardim etti . (INT-FD18)

Bu projeyi hazirlarken yerlerin nasil tasarlanabilecegini 6grendim. Geometri
konularini, sekillerin diizgiin olup olmadiklarina gore, paralel vs. 6zelliklerine gore
iyi uygulandigimizi diisinityorum. (INT-FD20)
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Bu projeyi yaparken matematigin mimaride ¢ok onemli bir yer tuttugunu diisiindiim
ve gordiim. Evet, cokgenlerin ozellikleri i¢in sizin anlattiginiz seyleri kullandik.
(INT-FD22)

Bu projede kullandigimiz seyleri daha 6nceden biliyordum. Bu projeyi hazirlarken
geometri konularini tekrar etmis oldum. (INT-FD25)

Bu proje geometri konularinda gelisme sagladi. (INT-FD27)

Proje yapmay1 ve pratik bir sekilde ¢okgen ¢izmeyi 6grendim. Ben mimar oldugum
zaman tasarim yaparken ¢okgenleri kullanirim. Ozelliklerini kullanmay1 6grendim.
Mesela ters acilari. Olgiileri esit. Bu agilarin (karsi durumlu agilar) toplami 180
derece. Bu iki a¢1 yondes agilar. (Diizgiin sekizgenin) toplam agilarin1 180 ¢arp1 8-2
ile buluruz ve bir tanesini bulmak icin sekize boleriz. Kurallar1 ezberlemiyorum.
Projemizi hatirliyorum. Bunlar benim i¢in simdi anlamli.. (INT-FM1)

Bu projeyi hazirlarken, belirli bir oranda bir yeri plan {izerinde kiigiiltmeyi, gercek
uzunlugunu bulmayr égrendim Ogrendigim geometri konularindan g¢okgenlerin ic
ac1 ve dis ag1 toplamlari sayesinde ¢alismami rahat yaptim. Cokgenlerin hayatimizda
ne kadar 6nemli oldugunu ve nerelerde kullanildigini 6grendim. (INT-FM2)

Nerede neresi olmali, nereye koysak daha mantikli olur, bunu 6grendim. (INT-FM5)
Acidlcerle nasil geometrik sekiller ¢izecegimizi 6grendik. Bence biz bu calismay1
cok iyi ve diizenli gerceklestirdik. (INT-FMG6)

Matematigi ve geometrik sekilleri nerede kullanabilecegimizi 6grendik. Bunlari
kolaylikla, uygun sekilde ve bilerek kullandik. Geometri sekillerini kullanmayi,
acidlcer kullanmayi, alan ¢izmeyi (6grendik) Konular1 bilingli ve uygun, kolay
kullandik. (INT-FM8)

Besgenin i¢ agilari,... falan, ve ne kadar oranla nasil kii¢iilttiiglimiizii 6grendim. Ben
ileride mimar olmak istiyorum. Onlar bana faydali olacak bence. (INT-FM9)

Bu projeyi hazirlarken ¢okgenlerin agilarini hesaplamay1 6grendim. Agilarla, diizgiin
cokgenlerle ilgili konular1 dogru uyguladigimi diisiiniiyorum. (INT-FM10)

Acilart kullandik. Diizgiin ¢okgenleri 6lctiik. A¢idlceri arkadaslarim ve siz on kez
gosterdikten sonra anladim (giiliimseyerek) Ben zaten mimar olmak istiyorum. O
konuda kendimi geligtirdim. (INT-FM11)

Agcilarin Olgiilerini bulurken hesap makinesini kullandik. Kolay oldu. Agidlger
kullanmay: &grendim. Iyi uyguladim. “Cokgenleri, diizgiin g¢okgen, besgen,
altigen... ¢izdik. Bilinmeyen agilar1 bulmada kullandik. Geometri konularini giinliik
hayatta uygulamay1 6grendim. (INT-FM12)

Bu projede geometrik konularin gergek hayatta nasil kullanildigin1 ve uygulandigini
o0grendim. Geometrik sekillerin ag1, kenar uzunluklari, kdsegen konularini, dogrulari
projemizde eksiksiz olarak tamamladigimizi diisiiniiyorum. Ben geometrik sekilleri,
acilar1, benzerlikleri giinliik yasantimda 1iy1 bir sekilde kullandigimi diistiniiyorum.
Mahalledeki binalarin ag1 ve kenar oOlgiilerine ve oranlarma karar verdik. (INT-
FM13)

Hangi oranda kiigiiltecegimize ve hesaplamalara karar verdik. Geometriyi ve
cokgenleri nerelerde kullanacagimi 6grendim. Bunu 1yi uyguladigimi diistiniiyorum.
Yamuk, dortgenleri... kullandik. Agcilarint ve c¢evresini kullandik. Alanimi pek
kullanmadik. Geometri giinliik hayatta kullaniliyor ben de ¢ok seviyorum. Mesela
plan ¢izerken kullandik. Temel kurallar1 6grendik. Mesela, bunlar yondes agilar. Bu
acilar Z harfi olusturur. Bunun (br agisinin) 6l¢iisii 120 derece ve bunu 6-2 carp1 180
bolii 6 ile buluruz. Bu dikdortgenlerin agilar1 90 derece, dik . (INT-FM14)
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Mimarlarin yaptiklar1 isin kolay goriinse de bir hayli zor oldugunu ama bir o kadar
da eglenceli oldugunu 6grendim. Cizimlerde acilar1 bilmek yardime1 oldu. Oncelikle
cokgenler, acilar falan vardi. Ondan sonra benzerlikler, hepsini kullandik.
Benzerligi, mesela bunlar (¢izdigi cokgenleri gostererek) bir sekilde diizen
olusturuyor yani. Benzerlikleri ve esitlikleri var. Hatta aralarindaki bosluklar1 bile
esit tutmaya ¢alistik. (INT-FM15)

Agilarin ka¢ derece oldugunu, i¢ agilarinin kag derece oldugunu 6grendim. (INT-
FM16)

Bu projeyi hazirlarken grup c¢alismasi yapmayi1 ve uyguladigimiz mesleklerin ne
kadar zor oldugunu 6grendim. Biz neredeyse 6grendigimiz biitiin geometrik sekilleri
kullandik. Zor oldu ama basardigimiza inantyoruz. (INT-FM18)

Daha onceden ogrendiklerimizi hesaplamalar yaparak kullandik. Agilart igin.
Ozelliklerini kullanarak da uzunluklarina karar verdik. 1/2500 6lgegimiz de vardi.
Onu kullanarak uzunluklar1 bulduk. Temel kurallar1 6grendik. Mesela, bu lokantalar
diizgiin altigen (seklinde) Tim acilar1 ve kenarlar esit. Bir i¢ agiy1 bulmak icin i¢
acilarin toplamini kenar sayisina boleriz(INT-FM19)

Projeyi hazirlarken bir projenin ne kadar uzun siire¢ler sonucunda olustugunu
ogrendim. Acidlgeri kullanmayr 6grendim. Matematikte kullandigimiz geometrik
sekillerin aslinda hayatin her alaninda var oldugunu 6grendim. Ayrica arastirirken
Istanbul’un cografi 6zellikleri hakkinda bilgim oldu. Meslekler hakkinda mesela
peysaj mimarligi, mimarlhik. Karar verirken bazi seylere cogunlukla grup
arkadasimiz FI15 karar verdi. Sunu suraya yapalim, Olgiileri boyle olsun diye.
Aramizda plandaki ve gergek yasamdaki 6lgiilerine karar verdik. (INT-FMZ20)
Oranlamay1 yaptik, 6l¢tiik, agilart yaptik, dogrulari 6grendik. (INT-FM21)

Geometri ve ag¢1 konusunu pekistirdik. Geometride ¢okgenleri nasil kullanacagimizi
ogrendim. (INT-FM22)

Geometrik sekillerin hayatimizda veya ileride nasil faydali oldugunu ve bu
caligmada nasil kullanildigin1 6grendik. (INT-FM23)

Cokgenleri ve acilar1 kullandim ve pekistirdim. Aslinda projeyi ¢okgenleri
kullanarak yaptik. Sokaklar1 ¢izerken paralellikleri, kesisimleri ve agilar1 kullandik.
(INT-FM24)

Camilerin, stipermarketlerin ya da baska alanlarin neden evlere yakin oldugunu
anladim. Kisacasi sehir planlamayr 6grendim. Uggen, dortgen, besgen, altigen ve
sekizgenleri kullanarak ¢izmeyi 6grenip uyguladigimi disiiniiyorum. Matematigi
gercek hayatta kullandik. (INT-FM25)

Proje eglenerek bilgimizi kullanmay:r sagladi. Cokgenleri, agidlger kullanmayi,
cokgenlerin agilarmi o6grendim. Bu proje icin gerekli konular1 biliyordum.
Pekistirme oldu bizim i¢in. (INT-FM28)

Ogrendigim geometri konularini projemizi de tasarlarken dogru ve arastirarak
kullandigimizi diistiniiyorum. (INT-FM34)

Olgiilerine gore yaptik. Bu projede geometrisiz hayatin olamayacagini 6grendim.
Giinliik hayatta geometri kullaniliyor ve énemli. Ornegin tasarimlarda. Bu projede
olgiileri ve cokgenlerin agilarini kullandik. Olgeklendirmeyi ve mahalle planimin
Ozelliklerini 6grendim. Cokgenlerin ozelliklerini ve eslik benzerlik detaylarini
ogrendim. Diizgiin cokgenlerin ozelliklerini dgrendim. Ogrendiklerimi etkin bir
sekilde bina v.b. ¢izimlerinde kullandigimi diisiiniiyorum. Bu konuda yeterli bilgi
biliyordum. Bunu yaparken de bazi 6zelliklere dikkat ettik. Gergek bir mahalle plani
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yaptik. Gergek uzunluk, uygun sekilde yerlestirmek, kenar uzunluklari, ag1
ozelliklerine bagli olarak yaptik. Temel 6zellikleri 6grendim. Mesela, su iki aginin
(i¢ agilarm Olgtileri) toplam1 180 derecedir. Bu (paralel) yollar boyle devam etseydi,
bu iki ac¢1 yondes ve es olurdu. Bu iliggenin bir dis agisi. Bu (i¢) aciyr 180°e
tamamlar. Bu kare bir diizglin ¢okgen. Bunun bir agisini (6l¢iisiinii) n-2 ¢arp1 180
boli n ile buluruz. Bu evler (sekizgen) es. Es a¢1 ve es kenarlar1 var. Bu
dikdortgenler benzer ¢iinkii (kenarlarinin) oranlar1 esit. Mesela, kenarlari
(uzunluklart) 4 ve 8, digerininki 3 ve 6. Bu dikdortgenler benzer degil. Benzer
olmasi i¢in kenarlarinin oranlar1 ayni1 olmali. A¢1 ve kenar 6zellikleriyle ilgili temel
kurallar1 kullandik. Cokgenlerin ag¢1 ve kenar 6zelliklerine karar verdik ve tabloyu
tamamladik.. (INT-FI1)

Geometrik sekilleri daha da yakindan tanidigimi diistintiyorum. (INT-FI2)
Cokgenlerin 6zelliklerini daha iyi kavradim. Geometriyi kullandik. (INT-FI6)
Matematik bilgisini kullandik. (INT-FI7)

Geometriyle ilgili bir siirii sey 6grendik. Mesela es dlgiiler. Bu proje ¢okgenler
konusunu 6grenmemde ve pekistirmemde etkili oldu. Aslinda bir kagit vermistiniz.
Ben bunu da goOstermistim dis a¢1 olarak (dis acinmin ters acisini gostererek)
Arkadaglarimla kontrol edince, bu iki acinin dis ag¢i oldugunu, bunun dis aci
olmadigini 6grendik. Bence giizel bir sekilde uyguladik. (INT-F19)

Bu projeyi hazirlarken ¢okgenlerin a¢1 ve kenar 6zelliklerinden faydalandik. (INT-
F110)

Peysaj mimar1 ve sehir planlama uzman1 mesleklerini 6grendim. Ogrendigimiz tiim
geometrik sekilleri kullandik ve onlarin uzunluklartyla acilarini belirledik. (INT-
FI13)

Hesaplamalari iyi yaptik ve geometrili mesela ¢okgenleri iyi kullandik. (INT-FI114)
Hesaplamalar1 iyi yaptigimi diisiinliyorum. Ac¢1 ve kenarlarina (6lgiilerine) karar
verirken hesap makinesi kullandim. Cokgenlerin agilarini1 ve kenarlarini kullandim
ve bunlar1 bu projeyi hazirlarken daha iyi 6grendim. Basta ilk projeyi aldigimizda
genel olarak bir¢ok kisi “Bu ne?” dedi. Matematikle ilgili bir sey yok diye diisiindiik
ilk basta ama daha sonra benim i¢in faydalari oldu. Bunlarin hepsini 6grendim bence
1yi oldu. (Proje) cokgenleri pekistirmemi sagladi. Bence bunlar1 daha iyi anladim.
Temel kurallar1 6grendim. Bu park alam1 ve bu hastane dikdortgen (seklinde ve
acilar1 90 derece. Bu camii ve market benzer ¢linkii bunlar diizgiin ¢okgen (seklinde)
ve camii marketten daha kiiclik. Bu iki apartman (sekilleri) es. Bu diizgiin sekizgen.
(Bir) agisin1 (6lgiisiinii) bulmak i¢in 180 ¢arpi n-2’yi kenar sayisina boleriz.
Cokgenleri ¢izmek igin kurallari hatirlama geregi duyduk. (INT-FI15)

Geometriyi, agilart ve matematigi kullandik. Geometrik sekillerin giinliik hayatta
kullanildig1 alanlar1 daha iyi 6grendim. Mesela besgenin i¢ agilarini yeniden tekrar
ettik. Matematik ve geometrim gelisti. (INT-FI17)

Geometrik sekillerin 6zelliklerini 6grendim. Geometri zor ama projeyi ¢ok iyi
yaptigimizi diigiiniiyorum. (INT-FI19)

Bu proje pratik ve bu daha giizel. Cokgenleri tekrar hatirlamis oldum. Mesela
cokgenlerin agilarini kullaniyoruz . (INT-FI20)

Yeni bir sey 6grenmedim. Daha 6nceden 6grendiklerimi tekrar ettim. (INT-FI22)

Bu projede cokgenlerin agilarin1 ve kenarlarimi kullandik. Paralellik ve diklik
konularin1 pekistirdik. Bu projeyi hazirlarken, geometrideki temel kurallari, a1 ve
kenar Ozelliklerini giinliik hayatta kullanmayr 6grendim. Tablo olusturduk ve
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cokgenlerin ac¢1 ve kenarlarina karar verirken geometriyi orada kullandik. (INT-
FI127)

Temel kurallar uygulayabildik. A¢ilarin1 ve kenar 6zelliklerini. Simdiye kadar tablo
olusturduk. Geometriyi orada kullandik. Cokgenlerin kenarlarinin ve agilarinin nasil
olmas1 gerektigine karar verirken. Diizgiin sekiller ¢izmeyi 6grendim. Bu projede
kullandiklarimi 6nceden biliyordum. Benim igin tekrar oldu. (INT-FI28)

Bazi meslekler arasinda gidip geliyorum. Ama mimar ne yapiyor? Su anda yagsadim.
Nasil dl¢liyor, nasil ¢iziyor, 6lgegi nasil kullantyor? Mimarlik agir basmaya bagladi.
Mimarlarin bir projeyi hangi problemlerle, hangi zorluklarla hazirladigini 6grendim.
Geometri daha ¢ok binalarin ag¢1 ve kenar Olgiilerine karar vermede isime yaradi.
(INT-F129)

Ogrendiklerimi uyguladigimi diisiiniiyorum. (INT-FI30)

SORU 9: Grup caligsmasi hosunuza gitti mi? Neden?

Evet, grup calismasinda degisik fikirler oluyor. Tek basimiza bazi seyleri
diistinemiyorsun. (INT-FD1)

Evet, fikirlerimizi tartistik. (INT-FD3)

Evet, clinkii boylece grup calismasinin zevkine vardik ve takim ruhunu kavradik.
(INT-FD5)

Evet, gitti ¢linkii grup ¢alismasi yapmak ¢ok eglenceli. (INT-FD6)

Evet ¢iinkii bireysel olarak yapilsaydi uzun ve yorucu olurdu. (INT-FD9)

Evet, hosuma gitti cilinkii grup olarak calismay1 tek caligmaya tercih ederim.
Arkadaglarimizla bilgilerimizi paylasiyoruz. Fikirlerimizi sOyliiyoruz. Herkes
birbirine ¢ok daha sevgi gosterdi. (INT-FD11)

Cok fazla. Cok eglendik. Beraber bir takim gibiydik. Herkes destek veriyordu. Giizel
proje yapinca da ¢ok sevindik . (INT-FD13)

Evet, ¢iinkii herkes birbirine yardim etti. (INT-FD14)

Evet, hosuma gitti ¢iinkii boylece arkadaslarimla aramdaki bag artt1 ve birbirimiz ile
dayanigma iginde olmaya basladik. (INT-FD16)

Evet, proje zevkliydi ve grup olarak eglendik. Grup ¢alismasinda farkli fikirler
oluyor. Bazi fikirleri tek bagimiza diisiinemeyiz. (INT-FD17)

Aslinda grup olarak bagsta biraz fazla kavga etsek de, bir grup oldugumuz kendimize
hatirlatarak zorluklar1 astik. Grup ile ¢alismak zor olsa da birlikte yapilinca ayr1 bir
giizel oluyor projeler. (INT-FD18)

Evet, ¢linkii boyle bir projenin kisisel yapilabilecegini diisinmiiyorum. (INT-FD20)
Evet, projeyi grup ¢alismasi oldugu i¢in de sevdim. Dayanigsma ve isboliimii her seyi
daha da kolaylastirdi. Grup caligsmasi tek bagimiza ¢alismaya gore daha zevkli ¢linkii
her zaman grup calismasi yapmiyoruz. Sadece teknoloji ve tasarim derslerinde
yaptyoruz. (INT-FD22)

Evet, ¢iinkii arkadaglarimla birlikte proje yapmak hosuma gidiyor. (INT-FD27)

Evet, ¢iinkii tek yapmak benim igin zor olabilirdi. (INT-FD29)

Hosuma gitti ¢ilinkii (projeyi) daha ¢abuk bitirebildik. (INT-FD30)
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Evet, hosuma gitti ¢linkli bu calismay1 bireysel olarak yapsaydik daha uzun ve zor
olurdu. Ayrica bu ¢aligmada birlik olmay1 ve yardimlasmay1 da 6grendim. (INT-
FM1)

Evet, sevdim ¢iinkii herkes birbirine yardim ederek ve is bolimii yaparak giizel bir
iirlin yapti. Proje bireysel yapilsaydi bu kadar zevkli olmazdi. Bu proje sayesinde
grup calismasimin 6nemini ve paylagimin 6nemini daha iyi anladim. Ayrica siif
arkadaglarimla da kaynasmis oldum. (INT-FM2)

Evet, clinkii kisisel olsa yetismeme ihtimali vardi fakat grup calismasi sayesinde
yeni fikirler ortaya ¢ikt1 ve ¢alisma bitti. (INT-FM4)

Evet gitti. Eger tek olsaydim daha yavas ilerlerdi. (INT-FM5)

Evet, hem fazla kisi oldugumuz i¢in isimiz kolaylastt hem de beraber calismay1
ogrendik. Bu projeyi sevdim ¢iinkii hem bireysel ¢alismayip grup ¢aligmasi yaptik. .
(INT-FM8)

(Gozleri parlayarak) Evet, c¢linkii grupla beraber calismayr ve bagkalarinin
kararlarina da 6nem vermeyi O0greniyoruz. Daha ¢ok sey paylasiyoruz. Birimizin
bilgisini digeri kullaniyor. (INT-FM9)

Sevdim ¢linkii grup olarak kendimizi gelistiriyoruz. Herkes bireysel degil hayatta
clinkii. (INT-FM11)

Evet, yardimlagsmamiz1 gelistiriyor. Zevkli grup calismasi, ¢ok zevkli, bir seyler
birbirimizden 6greniyoruz. Birimiz digerine fikrini paylasiyor. (INT-FM12)

Evet, hosuma gitti ¢linkli grup arkadaslarimla tam bir dayanisma ve yardimlasma
icinde stirdiirdiik projemizi. Evet, grup ¢alismasi ¢ok zevkliydi. Grup arkadaslarimla
cok siki bir isbirligi, dayanisma ve paylasma i¢inde ¢alistik. (INT-FM13)

Gitti ¢linkil iletisimi artirtyor. Anladigim kadariyla gruplari segerken birbiriyle ¢ok
konusmayanlar1 se¢missiniz. Iyi olmus bence. Birbirimizle grupta iyi anlastik.
(Normalde) anlagsmayan kisiler birbiriyle anlagsmis oldu. (INT-FM14)

Evet, ¢iinkli bireysel ¢alismadan daha eglenceli ve ortaya pek ¢ok fikir ¢ikiyor.
(INT-FM15)

Evet ¢cok sevdim. Benim siniftaki arkadaslarimdan anlagsamadiklarimiz da geldi ama
bir grup olarak birlestigimizde calismayr 6grendik, ge¢inmek zorundaydik bir
bakima. Birlikte bir takim olarak yapmay: 6grendik. Birimiz yaparken digerimiz
oturmadi.. (INT-FM16)

Grup ¢alismasi ¢ok hosuma gitti ¢iinkii yaparken ¢ok eglendik. Evet, grup ¢alismasi,
bu gibi projeler i¢in ¢ok onemli. Evet, ¢ok sevdim. Bu projeyi hazirlarken grup
caligmasi yapmayi 6grendim.. (INT-FM18)

Evet, ¢iinkii bu isi tek basimiza yapsaydik, iyi bir is ¢ikaramazdik. (INT-FM19)
Hosuma gitti, her seyi paylasarak yapmak kolay bence. (INT-FM20)

Evet ¢linkii ¢aligma daha hizli bitiyor. (INT-FM21)

Evet ¢linkii tek kisi cok zorlanirdi. (INT-FM22)

Evet, birlikte ¢alismak giizel. (INT-FM23)

Evet. Ciinkii tek basima yapsaydim bu projenin zor ve gereksiz olacagini
diisiiniirdiim ama gorev paylasimi yapinca proje daha basit ve eglenceli oldu. Grup
caligmas1 bireysel calismadan daha ¢ok hosuma gider. Ciinkii bireysel olarak zor
gelen seyler grup caligmasinda fikirlerimizi paylastigimiz i¢in daha kolay geliyor.
(INT-FM24)

Evet, ¢iinkii kolay oldu ve herkesin kendi fikriyle ¢ok renkli bir tablo olustu.
Arkadaslarimizla bilgi paylasiyoruz. O sizden, siz ondan bir seyler 6greniyorsunuz.
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Daha ¢abuk proje bitiyor. Grup arkadaslari ¢ok onemli. Ornegin FI23 hemen
sinirleniyor. (INT-FM25)

Evet, ¢linkii biitiin ¢alismalar1 grupla beraber yapmak eglenceli oluyor. (INT-FM26)
Boyle bir projenin bireysel olarak yapilmasi ¢ok daha uzun zaman ve ugrasi
gerektirebilirdi. Boyle daha kolay, daha zevkli ve ¢ok daha kisa zamanda oldu.
(INT-FM29)

Evet, ¢linkii herkes birbirine yardim etti. (INT-FM31)

Evet, gitti ¢iinkii fikirlerimiz daha giizel ve yaratici oldu. (INT-FM32)

Evet, ¢ok hosuma gitti ¢iinkii benim yapamadigim yerlerde grup arkadaslarim bana
¢ok yardim etti. Birbirimizle fikir alisverisinde bulunuyoruz. Ornegin iki kisi ayri
ayr1 bir seye karar veremese de grup olarak hemen karar veriyor. Daha kolay oluyor
isler. (INT-FM34)

Evet, bireysel olmasi yerine bu daha iyi. Evet, ¢cok begendim. Ciinkii grup ¢alismasi
cok hosuma gitti. Bu sayede projeyi zevkle yaptim. Bu sayede grup arkadaslarimla
giizel bir proje hazirladik.. (INT-FI2)

Evet, ¢iinkii grup calismas: demek bir isi paylastirmak demek ve planl bir sekilde
iken grup ¢alismasi en iyi yontem olabilir. (INT-FI3)

Grup calismasini severim ama grup iiyelerini biz secersek. Istedigim kisilerle
olmadik fakat bdyle bir projeden tek basimiza hayir gelmezdi. (Yani bireysel
caligmak istemiyor ama grup arkadaslarini kendisi segmek istiyor). (INT-FI6)
Hosuma gitti ¢iinkii tek yapsaydim sikilirdim ve bir seyler paylastik. Ik zamanlarda
grup arkadaslarimizla pek iyi calisamiyorduk ama sonradan daha bir uyumlu
calistik. (INT-FI7)

Evet sevdim. Eglenceli bir projeydi. Takim caligmasi yapmamda etkili oldugunu
diistiniiyorum.. (INT-FI9)

Evet, gitti. Bence arkadaslarla bir calisma yapmak eglenceliydi. (INT-FI10)

Evet, cok kolay oldu. Bireysel calisma yapinca arada fikir ayriliklar1 olmadigi igin
daha az sorun ¢ikiyor ama grupta da bir seyler paylastiginiz i¢cin daha zevkli oluyor.
(INT-FI12)

Evet, clinkii benim diisiinemedigimi arkadaglarim diisiinliyor. Ayrica birbirimizle
hep yardimlagma i¢indeydik. (INT-FI13)

Evet, tek basina is yapmaktan ¢ok daha zevkli. (INT-FI14)

Evet, clinkii ben bazen hep birlikte olmay1 severim. Herkesin ortaklasa calismasi
miikemmeli olusturdu. Tek basimiza ortaya ¢ikaramayabiliriz ama grup olarak biri
digerinin fikrine bagka bir sey ekliyor ve giizel bir sey ortaya ¢ikiyor. (INT-FI15)
Evet, ¢iinkii herkes paylasiyor ve takim olarak ¢aligmay1 6greniyoruz. (INT-FI16)
Evet, ¢iinkii tek basimiza yapmak ¢ok zor olurdu. (INT-FI17)

Evet, ¢linkii insanlarla ¢alismayi seviyorum. (INT-FI19)

Hayir gitmedi. Ayni1 projeyi tek bagimiza yapsak daha iyi olurdu. Grup ¢alismasi da
birinin yapamadigini digeri tamamlayabildigi i¢in 1y1 ama grubumuzda
anlagmazliklar oldu bazen.. (INT-FI120)

Evet, hosuma gitti. Arkadaslarimla yapmak daha eglenceli. (INT-FI21)

Kesinlikle hayir. Ben bireysel ¢alismay1 daha ¢ok severim Bazi grup arkadaslarimla
anlasamiyordum c¢iinkii. (INT-FI122)

Evet, isimiz ¢ok kolaylasti. (INT-FI123)

Evet, ¢iinkii hep beraber birbirimizle ¢alisarak yapmak zevkli. (INT-FI24)

Evet, dayanigma ve isboliimii sayesinde kolay oldu. (INT-FI27)
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Basta pek sevmedim. Grup calismasimi severim c¢iinkii gruptaki arkadaslari ben
yonlendiriyorum. Sonradan sevdim. (INT-FI28)

Evet, grup calismas1 hosuma gitti ¢iinkii tek basina ¢alismaktan daha zevkli. (INT-
F130)

SORU 10: Projede grup ya da bireysel olarak karsilastiginiz zorluklar (varsa)
nelerdir? Bu zorluklart asmak icin neler yaptiniz? Projede en iyi yaptiginizi
diisiindiigliniiz neler vardir? Projenizi hazirlarken kullandiginiz yontemler nelerdir?

Yollar ¢izerken zorlandik ancak yollar1 ¢okgenlerden sonra ¢izmeye karar verince
bu zorluk ¢6ziildii. Camiyi (diizgiin olmayan altigen) ¢izerken ¢ok zorlandik. Bagka
mesela su kursu nereye koyacagimiz konusunda anlasamadik Once sonra oylama
gibi yaptik ve bos kalan yere yerlestirdik. (INT-FD1)

Acilarim ayarlamakta zorlandik ¢ilinkii daha 6nce agidlger kullanmadik. Kareler ¢ok
degil de mesela ormanin (diizglin altigen) ve katedralin (diizgiin sekizgen) agisi,
onlar zor oldu. Bunu agi6lger yardimiyla ¢6zdiik. (INT-FD2)

Ben, agidlgerle agilar belirleyip kenar uzunluklarina gore ¢okgenleri ¢izmede biraz
zorlandim. Tekrar yaparak denemeyi siirdiirdiim. (INT-FD5)

Ben bireysel olarak sadece boyama yapmakta biraz zorlandim. Arkadaslarimin
yardimiyla tistesinden geldim. (INT-FDG6)

Altigen, yedigen gibi ¢ok kenarli sekilleri diizgiince ¢izmekte zorlandik Grup
arkadaglarim agi6l¢eri kullanmayi ve ¢okgenleri ¢izmeyi 6gretti. (INT-FD16)

Bu kursu (yerini) nereye yerlestirecegimiz konusunda basta anlasamadik ama
sonradan bos yerler igin oylama yaptik. (INT-FD17)

Basinda projeye ve grup arkadaslarina alismakta zorlandim fakat sonradan her sey
halloldu. Baska bir zorluk ise ¢okgenlerin ¢evresini hesaplamak oldu. Ama grup
arkadaglarimin yardimiyla bitti. (INT-FD18)

Bence bu ¢alismada ¢ok biiyiik zorluklar yoktu. Ancak basta ag1 6lgmede zorluklar
oldu. Bunun i¢in 6gretmenimizden yardim aldik. (INT-FD20)

Ac¢1 6lgmekte zorlandik ve 6gretmenimize sorduk ve bize ¢ok giizel bir dille anlatti.
(INT-FD24)

Baz1 yerlerin cm’leri zordu. Tekrar tekrar ve deneye deneye yaptik. Arkadaslarim
yardim etti. (INT-FD29)

Diizgiin olmayan ¢okgenleri ¢izerken zorlandik ¢iinkii i¢ acilar1 verilmisti, sigmadi.
Grup olarak yapamadigimiz sekilleri hep birbirimizin {istiine attik. Sonradan bir
goniillii ¢cikip o sekilleri ¢izdi. Bu da boyle ¢oziildii. Ya da grup arkadaglarimizdan
FI1 ve FI2 oray1 ben c¢izeyim, ben ¢izeyim diyordu. Sorun yasadilar. Sonradan
sirayla gizerek ¢ozdiiler. (INT-FM1)

Agilartyla ¢okgen ¢izmek zordu. (INT-FM2)

Kargilagtigimiz zorluklar, ¢okgenlerin i¢ ac¢ilarini ¢izmekti fakat soru sorarak ve
ogretmenimizden yardim alarak ¢izmeyi 6grendik. (INT-FM4)

Olgiilii ¢izmekte biraz zorlandim ama yapa yapa yerine oturdu. (INT-FM8)

Olgiileri ¢izmekte zorlandik ama problemi ¢dzdiik. (INT-FM11)

Bu projede bireysel olarak karsilastigim zorluk ¢izim yapmakti ama grup
arkadaslarim bana bu konuda yardimci oldular. Arkadaslarim da ben de agilarin
Olciilerini ve kenar uzunluklarini ayarlarken ¢ok zorluk ¢ektik ama dayanisma i¢inde
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bu sorunu hallettik, ayrica 6gretmenimizden de yardim aldik. En zor yaptigimiz is,
geometrik sekillerin ag1 ve kenarlarini ayarlamakti. (INT-FM13)

Grup olarak fikir ayriliklarimiz oldu ama sonra c¢ogunlugun begendiklerini
uyguladik. (INT-FM15)

Grup olarak gergek oSlgiileriyle plan olgiilerini ayarlamakta sikint1 ¢cektik ama hesap
makinesiyle FI15 arkadasim halletti. (INT-FMZ20)

Cizmek zordu, biraz kaydirdik fakat ¢izebildik. (INT-FM21)

Aslinda yoktu ¢iinkii benim yapamadigim bir seyi grup arkadaslarim bana yardim
ederek yapmamu sagladilar. Bende de ayn1 durum oldu. Ben de onlara yardim ettim.
(INT-FM25)

Agilar1 plana oturtmakta biraz zorlandik. Gergek boyutlar1 kartona ¢izmek i¢in belli
oranda kiigiiltiirken biraz zorlandik. Fakat birbirimize yardim ederek yaptik. (INT-
FM26)

Projede agilar1 6lgerken zorlandim. Bu zorluklar1 ¢6zmek i¢in tekrar tekrar olgtiik.
(INT-FM30)

Grup olarak vardi. Yamugu dereceli olarak c¢izerken ¢ok zorlandik.
Ogretmenimizden yardim aldik bdylece hallettik. (INT-FM34)

Zorlandigimiz kisimlar oldu. Ornegin gizerken agilarda hata yaptigimiz zaman sekil
olusturamadik. Acilar ve uzunluklar birbirini tutmamisti. Sorunu ¢dzdiikk. Kolay
cizimlerden basladik daha zora dogru. Herkes kendine gore kolaydan zora dogru
¢izdi. Biri digerine ¢izimi anlatti. Ayrica Once a¢1 ayarlayip sonra ¢izim yaparak
problemi ¢6zdiik. (INT-FI1)

Cokgenleri ¢izerken zorluk yasadik. Bazilarinin (mahalledeki) yerlerini degistirdik .
(INT-FI3)

Cizimde zorlandim. Ogretmenimden yardim aldim. Ona sorular sordum. (INT-FI8)
Baz1 sekilleri 6lgmede ve ¢izmede zorlandik ancak sonradan verilen degerleri ve
acilar degistirdik. (INT-F114)

Bir grup arkadasimiz ¢izimi digerine anlatt1 ve sorunu ¢dzdii. (INT-FI15)

Vardi. Agilartyla ve kenarlartyla ¢izmek zordu. Onun i¢in agilarin ve kenarlarin
bazilarini degistirdik. (INT-FI17)

Cizimlerde zorlandik. Agidlger kullandik. Hatalari birbirimize yardim ederek
diizelttik. (INT-FI22)

Diger arkadasimla farkli fikirler icindeydik. Ge¢ kalmamamiz i¢in ben fikirlerimde
israrct olmadim. (INT-FI25)
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APPENDIX S

EXAMPLES FROM STUDENT ARTIFACTS

EXAMPLES FROM STUDENTS’ BLUEPRINTS
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diger boliim

Not: Yukandaki sadece iki gokgeni birbirine ¢§

olsun.

270

secin. Diger cokgenlerin kenar uzunluklan birbirinden farkh

EXAMPLES FROM ANGLES and SIDE MEASUREMENTS of BUILDINGS
(POLYGONS) in REAL LIFE and in the PLAN

Boliim adi Kenarlarinin f¢  aqlannin | Dis agilarinin
gergek olgiileri olgiileri
uzunluklar (m)
1. Tkizkenar tiggen olan bir bolim |, 595965 48,487 | 9,139,435
Mol ke )
2. ikizkenar figgen olan diger bolim o 'n _'S*QWL>‘< 15051546 | 27,4657 465°
3. Eskenar ii¢gen olan bir boliim e 1950575, W0 b0/ v 120,420
4. Eskenar ii i olii 120, 4
| 4. Eskenar fi¢gen olan diger boliim e 50,5150, 60,6060 120,499,479
5. Paralelkenar olan bir bolim i 15¥9 9952 | 60,60,199,42q 120,335, 60960
/ Jandar mey

6. Parale&n{m olan diger bolim Yesiiatn  |100A0uS08E | FoW! 1g 1 130,280,753
7. Dikdortgen olan bir béliim e 9 %31.5 \‘;Qf,\ ) | o5 95,05 | 95,85, o8 o
8.Dikdortgen olan diger bolim | |5 55,5050| 9960,9990 | 20,9202
9. Kare olzfn bir bdlim Tuarie 59,50,S9,50 %, 90,90,9 9°,80,0040
10. Kare olan diger bolim ' 100 o

Lokanta |00, (90,190, ?Qr%" 9, 8¢ 0,29,8980
11. Eskenar dortgen olan bir bélim | == Wl . | s590,430,3%0 | |30,4%0,80,5P

f;‘.,'nl 7S, -_)“, Sy 22
:;%l X Eskenar dortgen olan diger Viane 100 , 1697 100, O 29,20, 169 ltk’\’ 60, 160, 20218

oliim
13. Yamuk olan bir bolim I / %, 90,1205 3\%3/“331 50, A30
14. Yamuk olan diger bolim gl 0,89, 10,309 100,500,990
& 65 1 Faiaol
- = H 3 - ’)/ Lt ‘0 P, Ot 9
:)giﬁzaska bir dortgen olan bir By le /\ 60,60, 2,5 ‘ j57) 6
16.Bagka bir dortgen olan diger | / RS . ]
bolam Cam! %' *—V'L)‘,‘:) (v LX_\ 0,8 ’C/ -'g
17. Diizgiin beggen olan bir bolim k! 50 ) > [108,308 408208812, 32,72 7\ p, 1
18. Diizgiin besgen olan diger bSlim | < (e ciapre |15 "‘3 7 "L; 7 45 Yot AO8, 105, ‘H(-; 2, He 32
108308 2
19.Diizgiin altigen olan bir bolim Pack Meri 36535, 95595759 130,190,490,029, 490 3% | 598 ’DQ“
20. Diizgiin altigen olan diger 94 /\' ey 100,100 100 7/:,5.";,} 25,38] 60,60, 60, |4
biliim me EXTF 1100, 100,100 L2920 60,6000
21. Diizgiin sekizgen olan bir boliim Ho vz |Sasoas®50,50,50 ViRl PaiXe % 37 D ot <
22. Diizgiin sekizgen olan diger | ¥ 135,039, 335,429 - 45,45 L5, LS,
boliim Lo Havis? 135,335435, 45 | 4S,LS, L5ikS
23. Kenarlarn  esit uzunlukta i _ gx), v{_)/ LL557, 90,90,39,
ﬁi-if.gﬁ" olmayan besgen olan bir | 10 0T ;» & 153,65 0,190
oliim =

24.Diizgiin olmayan besgen olan | \ 130,435,199, 1 30, 0,9 0,
diger boliim z B JO? o o
25.Diizgiin olmayan altigen bir bolim | |&van pecurids S o5 7% Sl AR B P,
26.Diizgiin  olmayan altigen olan 90,100,406, | %,80, #5940

Rai” 130,140,455 25
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EXAMPLES from NEIGHBORHOOD PLANS
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EXAMPLES from PETITIONS (Lastname of the students were erased)
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