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ABSTRACT

THE EFFECTS OF PROBLEM-BASED LEARNING METHOD ON 9"
GRADE STUDENTS’ ACHIEVEMENT IN GEOMETRY

Apagcik, Miikerrem
MS, Department of Secondary Science and Mathematics Education

Supervisor: Assoc. Prof. Dr. Safure Bulut
February 2009, 97 pages

The purpose of the study was to determine the effects of problem-based
learning (PBL) on 9™ grade students’ geometry achievement. The study was
conducted in a rural town of Ankara with 44 ninth-grade high school students. The
randomized pretest-posttest control group design was used. The experimental group
was instructed with hybrid PBL and the control group was instructed with traditional
teaching methods. The treatment was given for 4 hours every week for a total of six
weeks.

Geometry Achievement Test (GAT) was administrated as pre-test, post test
and retention test to both groups to measure students’ academic achievement in
geometry, was developed by the researcher. This test included 18 items which were
related to polygons and circular region.

In order to analyze the obtained data, Mann-Witney U, Independent T-test
and one-way repeated measures Analysis of Variance were used. Analysis of post
test results indicated that there was no statistically significant mean rank difference
between students who were instructed by traditional teaching method and those who
were instructed by PBL. There was also no significant mean difference between
retention of GAT scores of the two groups. In addition, a statistically significant
change in GAT scores of students who were instructed by PBL across three time
periods (pre-treatment, post treatment and retention) was found. There were

statistically significant mean differences between their prior and post GAT scores;



and between their prior and retention GAT scores of the PBL method group. On the
other hand, there was no statistically significant mean difference between post and
retention GAT scores.

The present study suggests that PBL can contribute to students’ retention of

geometry achievement.

Keywords: Mathematics education, Problem-based learning, traditional

teaching methods, secondary school students
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_PROBLEME DAYALI OGRENME YONTEMININ 9. SINIF
OGRENCILERININ GEOMETRI BASARISINA ETKIiSI

Apacik, Miikerrem
Yiiksek Lisans, Ortadgretim Fen ve Matematik Alanlari Egitimi Boliimii

Tez Yoneticisi: Dog. Dr. Safure Bulut

Subat 2009, 97 sayfa

Bu caligmanin temel amaci problem tabanli 6grenim yonteminin (PBL), 9.
siif 6grencilerinin geometri basarisina etkisini incelemektir. Bu ¢alisma Ankara’nin
kirsal bir ilgesinde, 44 dokuzuncu sinif 6grencisi ile yapilmistir. Rasgele secilmis
Ontest-sontest kontrol grubu calisma deseni kullanilmistir. Deney grubu melez PBL
ile yonlendirilirken, kontrol grubunda geleneksel matematik dgretimi kullanilmistir.
Uygulama alt1 hafta boyunca, haftada dort saat stirmiistiir.

Ogrencilerin geometrideki basarilarin1 dlgmek igin arastirmaci tarafindan
gelistirilen Geometri Basar1 Testi (GAT) deney ve kontrol gruplarina 6n test, son test
ve uygulamadan 6 hafta sonra kalicilik testi olarak uygulanmistir. Bu teste ¢okgenler
ve gembersel bolgelerle ilgili 18 soru vardir.

Elde edilen sonuglarin analiz edilmesi igin Mann-Witney U testi, iliskisiz
orneklemler T-Testi ve tekrarli 6lgiimler icin tek yonlii varyans analizi yontemi
kullanilmigtir. Analiz sonuglarina gére PBL ve geleneksel 6gretim metodu ile egitim
yapilan gruplarin test bagarilar1 arasinda anlamli bir fark bulunamamaistir. Ayrica iki
grubun kalicilik testi ortalamalari arasinda da anlaml bir fark yoktur. Diger taraftan,
PBL ile 6grenim goriilen deney grubunun ¢ test periyodunda Ggrenci basarilart
arasinda anlamli fark bulunmustur (6n, son, kalicilik testleri). Test sonuglarina gore,
On test ve son test sonuglar ile 6n test ve kalicilik testleri arasinda anlamli bir fark
vardir. Diger yandan son test ve kalicilik testleri ortalama skorlar1 arasinda

istatistiksel olarak anlamli bir fark yoktur.
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Bu calisma, PBL’nin 6grencilerin geometrideki basarisinin kalici olmasina

yardimci olabilecegini iddia eder.

Anahtar Kelimeler: Matematik egitimi, Problem tabanli 6grenim yontemi, geleneksel

Ogretim metotlari, Ortadgretim okullar1 6grencileri.
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CHAPTER 1

INTRODUCTION

‘Why do we have to learn such unnecessary subjects and operations?’ is a
typical question to be heard in high schools. Or we may meet a parent anytime
complaining ‘my son/daughter is very talented in maths/science but s/he is doing
nothing to improve him/herself, s/he isn’t curious about anything’. Such comments
serve as meaningful feedback to educators on the effectiveness of teaching methods
and curriculum on learning motivations of learners. Unfortunately, this feedback
indicates that traditional curriculum does not encourage curiosity, critical thinking
and ownership of task. Indeed traditional education, instead of presenting students
with problems, seems to be more preoccupied with transferring content, especially
content which teachers themselves are most knowledgeable or comfortable with, or
content they think will be useful for solving some problems (Tan, 2003). Learners,
on the other hand, are thought to be responsible for acquiring every piece of
knowledge offered by teachers.

Recently, it has been observed that students, whether consciously or
unconsciously, want to be in control of their learning process, and learners are more
motivated to learn a particular discipline when they believe that the learning process
is under their own control (Bandura, 1997). Actually learners are more motivated
when the subject, they are learning, is carrying carries profound significance and
value for them (Zimmerman, 2000; Ferrari & Mahalingham, 1998). Hence,
educators, by evaluating new approaches developed new curricula to shift the centre
of teaching and learning activity from content and the teacher, to focus on content
coverage and they argued that better models engaged students in problem scenarios
that are similar to real life situations (Glasgow, 1997).

The search to create a learning environment in which the learner is the

owner/a part of the learning activity in which real life situations are focused resulted



in the construction of problem-based learning (PBL); one of the most popular
curricular innovations in education (Savin-Baden, 2000; Tan, 2000).

PBL gained admiration following the research of Barrows and Tamblyn
(1980) on the reasoning abilities of medical students at McMaster Medical School in
Canada. Following PBL’s success of in medical schools, Walton and Matthews
(1989) extended the limits of PBL to a general educational strategy and a philosophy
in preference to its former teaching approach status.

PBL is defined as a strategy facilitating the development of self-regulated
learning skills which make students metacognitively, motivationally, and
behaviourally active participants in their self learning (Galand, Bentein, Bourgeois,
& Frenay, 2003). In PBL, students learn by solving problems and reflecting on their
own experiences (Barrows & Tamblyn, 1980). PBL is developed to support students
in becoming active learners because it situates learning in real life problems and
makes students responsible for their own learning. It has a dual benefit on helping
learners develop strategies and construct knowledge (Hmelo & Ferrari, 1997). Roh
(2003) defined PBL as a learning environment where problems drive the learning.
Learning is initiated with a problem and the problem is posed such a way that
students need to gain new knowledge before they can solve the problem. Rather than
looking for a single correct answer, students understand the problem, collect required
new information, identify solutions, evaluate options, and organize conclusions.

Despite common attributes of PBL, its models and implementations vary
considerably. These models can be determined depending on factors such as unit
area, grade level, characteristics of problem and tutor’s philosophy of education. One
of these models is hybrid PBL. Hybrid PBL is often used as an entry point into PBL
in the course transformation process and problem-driven learning is used non-
exclusively in a class and this hybrid model may include separate lecture segments or
other active-learning components. For instance different hybrid models may include
mini-lectures if needed, whole class discussions, preparation of group product, group
discussions, research, exams and other formal assessment (Smith, Sheppard,
Johnson, & Johnson, 2005).



As hybrid model has been defined as an entry point into PBL, in this thesis
hybrid PBL was conducted in order to examine the effects of PBL in a high school

mathematics class.

1.1. Significance of the Study

The purpose of this study is to find a significant effect of two teaching
methods PBL and traditional teaching method on students’ academic achievement.
The study concentrated on how PBL can be conducted at high school level and how
traditional teaching methods can serve as an attractive learning atmosphere by
including different communication models.

As a teacher, the researcher frequently hears students’ complaints about
mathematics. They tend to think that mathematics have many abstract units and do
not have much usage in real world. As Tan (2004) stated, there is the increasing
demand for bridging the gap between theory and real-world. The gap between the
theory of mathematics and the real world is considerably high compared to most
other disciplines as mathematics is thought to be abstract. Hence, this study aims to
build a bridge between real world and mathematics knowledge by means of PBL. In
addition to this, PBL being comprised of real-world competencies such as
independent learning, collaborative learning, problem solving and decision-making
skills provided a strong rationale for adopting PBL (Tan, 2004).

In the literature there are many studies of PBL in different disciplines such as
medicine, science, educational administration, business, educational psychology,
engineering, chemistry, various undergraduate disciplines, and K-12 education
(Boud & Felletti, 1991). The disciplines that especially purported to have benefited
from the effectiveness of PBL are medicine science and gifted education.
Nevertheless, this evidence has been derived from studies which were mostly
conducted at university level. Indeed, the extent to which this evidence generalizes
disciplines and population has been questioned by Hmelo-Silver (2004), who also
state that there are less empirical studies as to what students are learning and how

they are learning. There are also few implementations in mathematics comparing
3



traditional teaching methods and PBL in mathematics. In Turkey, on the other hand,
there are few implementations of PBL in mathematics in primary school and
university level but the researcher could not reach a study, in mathematics,
comparing student’s achievement between PBL and traditional teaching method at
high school level. What is more, in most studies only the lectures were observed
within the traditional teaching method. In this study, however, traditional teaching
was enhanced by different communication models such as discussion. Although PBL
was conducted mainly in higher education, in medical schools for example, this
thesis claims that PBL can be conducted in mathematics at high school level.
Moreover this study claims that PBL may have a positive effect on students’
achievement in mathematics at high school level. Thus, this study aims to present
valid data and results about PBL to educators in order to enlighten the issue and
promote further studies on mathematics.

Lastly, the mathematics teaching in Turkey is mainly exam-driven. There are
too many exams in students’ school life not only in-class exams but also selection
exams such as secondary education entrance examination (SBS) at grades 6, 7 and 8
and university entrance examination (OSS), which are all multiple choice question
type tests. Multiple choice-driven styles unfortunately promote rote learning and
memorisation. As a result, traditional teaching, mainly lecturing is seen as the sole
means to prepare students for success in for those exams in both schools and exam
preparation centers (Dersane). On the contrary, it is possible to make students
wonder why things in mathematics are valuable to search for solutions while
teaching the curriculum. The results in this study may support this claim and the

mathematics education community in Turkey can argue on the findings.
1.2. Main and Sub-problems of the Study and Associated Hypotheses
In this section the main and sub-problems and hypotheses are stated.

The main problem of the study is “What is the effect of problem-based

learning on 9" grade students’ geometry achievement?” Its sub-problems are:



1. Is there a statistically significant mean difference between students
instructed with the traditional teaching method and those instructed with problem-
based learning with respect to geometry achievement?

2. Is there a statistically significant change in the Geometry Achievement
Test scores of the students instructed with problem-based learning across three time
periods (pre-treatment, post treatment and retention)?

In order to examine the sub problems, null hypotheses were stated and tested
at a significance level of 0.05. The hypotheses regarding the sub-problems are stated
below:

Hol.1: There is no statistically mean difference between students instructed
with traditional teaching methods and those instructed with problem-based learning
with respect to post geometry achievement.

Hol.2: There is no statistically mean difference between students instructed
with traditional teaching methods and those instructed with problem-based learning
with respect to retention in geometry.

The hypothesis of the second sub problem can be stated as:

Ho2: There is no statistically significant change in the Geometry
Achievement Test scores of students instructed with problem-based learning across

three time periods (pre-treatment, post treatment and retention).

1.3. Definition of Terms

The definitions of PBL, traditional teaching method, academic achievement

and problem which this study examined are stated below.

Problem Based Learning (PBL): Problem-based learning (PBL),
teaching/learning method examines problems as a base to encourage student learning
of knowledge and skills. In PBL, students focus on a problem or specifically ill
structured problems in an organized, logical method. This method of teaching is

inquiry-based and student centered. According to Barrows (1996) students will study



in small groups, and the teacher serves as a guide for students through the problem

solving period rather than merely being a source of knowledge.

Hybrid Problem Based Learning: Camp (1996) defines the true PBL model
to possess the following characteristics; active, adult oriented, problem-centered,
student-centered, collaborative, integrated, and interdisciplinary and deviation of one
of these characteristics results in a method which is not pure PBL. This model is so
strict that if the whole environment of learner is not PBL then it is not pure PBL
again. According to Camp (1996) high school implementations of PBL cannot be
pure PBL because of the curriculum. In high schools, teachers have to cover some
curriculum and this prevents pure PBL. In addition to this, pure PBL is achieved
when all environments are PBL and this not possible in high schools.

Hybrid PBL is often used as entry point into PBL in course transformation
process. Problem-driven learning is used non-exclusively in a class and a hybrid
model may include separate lecture segments or other active-learning components.
There are many types of hybrid models including mini-lecture if needed, whole class
discussion, preparation of group product, group discussion, research, exams and
other formal assessment, and writing (Smith, Sheppard, Johnson, & Johnson, 2005).

Traditional Teaching Methods: according to Morgan, Whorton and
Gunsalus (2000), traditional teaching methods may include many different teaching
methods as listed below: (a) teacher lecturing and student note-taking, (b) individual
student pen-and-paper practice problems, (c) pen-and-paper assessment, (d)
laboratory activities with predetermined outcomes in science classes, and (e)

discussions.

Academic Achievement: The students’ scores obtained from the Geometry

Achievement Test developed by the researcher.

Problem: Hmelo-Silver (2004) states that problems need to be complex, ill-
structured and open-ended. These characteristics foster flexible thinking. A good

problem should be realistic and resonate with the learners’ experiences and it helps
6



the learner to evaluate the effectiveness of their knowledge and learning strategies. A
good problem should require multidisciplinary solutions so that it motivates students
to know and to learn different disciplines. Lastly a good problem should encourage
students to study in groups and it should help students to improve their

communication skills.



CHAPTER 2

LITERATURE REVIEW

The related literature is reviewed in this chapter. The literature is examined in
three sections; theoretical background, traditional teaching methods and review of

empirical studies.

2.1. Theoretical Background

Within today’s rapid changing technology, public changes. Thus, individuals
are expected to gain knowledge and skills which could be used in original situations.
Hence, workplace realities force education to contain some features such as;
familiarizing students to the necessary principals related to the problems, available to
face in the future, providing students with the knowledge that is relevant to these
high-impact problems and improving skills in implementing this knowledge. In
addition to these, education should develop problem-solving skills, skills in
implementing solutions, leadership skills that facilitate collaboration, and an array of
affective capacities and self-directed learning skills of learners. Nevertheless
program designers for traditional programs make some critical assumptions while
designing educational program. First, educational program contains the knowledge
which students need order to build their future academic role. Second, students will
be able to remember the achieved knowledge when it is essential or appropriate.
Thirdly, implementing this knowledge is not a critical concern. Indeed it is trivial.
Forth, the context in which the knowledge is learned has little impact on subsequent
recall or use. Moreover, program designers imagine that knowledge is achieved most
effectively when it is organised around the disciplines and taught through lecture and

discussion. Finally, they assume that the aim of student evaluation is to establish



whether students recall the knowledge to which students have been exposed (Bridges
& Hallinger, 1995).

Contrary to the traditional programs expressed above, constructivists believe
that knowledge is not absolute, but rather is constructed (Savin-Baden & Major,
2004). Piaget (1970) states that learning takes place when a student creates a
significant product or interpretation of acquired knowledge. This study has been
basis of constructivism and constructivist theory. That is, the study claims that
learners gain knowledge by interacting with the environment. Vygotsky (1978), on
the other hand, focuses on the cultural and social aspect of learning and the whole
activity which promotes problem-solving and scientific inquiries. He defines a
learning community where novices learn with the help of learned adults.

Wood (1995) states his ideal constructivist learning environment as:

“Instead, teaching becomes a matter of creating situations in which
children actively participate in scientific, mathematical, or literacy
activities that enable them to make their own individual
constructions. To teach well from this perspective, teachers will need
opportunities in which they can learn about their students’
construction. This can be accomplished by creating settings that
encourage children’s sensor motor and mental activity and providing
social situations in which communication can take place. Some
examples of such social arrangements are whole-class discussions of
scientific experiments, small-group cooperative problem solving in
mathematics, and written drafts shared with others in the course of
composition writing”
which is parallel to PBL in all principals. Both PBL and constructivism have
common principals such as; open ended, real life design/problem, learner is the
owner of the task and process, encourage learners’ thinking and opportunity of
learner to reflect his or her ideas (Savery & Duffy, 1995).

As Barrows (1996) defined, there are some fundamental characteristics of
PBL. First of all, learning needs to be student-centered. In the light of this principal,
learning has to occur in small student groups under the guidance of a tutor. The roles

of these tutors are perceived as being facilitator or guide. In PBL, authentic problems
9



are primarily introduced to students in the learning sequence, before any preparation
or study has occurred and these problems dealt with are used as an instrument to
achieve the required knowledge and the problem solving skills necessary to
eventually solve the problem. That is, finally, new information needs to be acquired
through self-directed learning.

Boud (1985), one of the strong supporters of the approach, though broader,
has also outlined characteristics of PBL. He noted that the most important
characteristics of PBL is its problem centeredness and student centeredness. In
addition, Boud (1985) outlined eight characteristics of many PBL courses; perception
of the base of experience of learners, emphasis on students taking responsibility for
their own learning, crossing boundaries between disciplines, link of theory and
practice, centre on the process rather than the outcomes of learning of knowledge
acquisition, alter in instructor’s role from that of instructor to that of facilitator,
change in focus from instructor’s assessment of outcomes of learning to student self
assessment and peer assessment, and focus on communication and interpersonal
skills. Another fundamental characteristics of PBL is that students learn by analyzing
representative problems/cases which are constructed to be a part of daily life (Dochy
, Segers , Bossche, & Gijbels, 2003).

According to Hmelo-Silver (2004) main goals of PBL are to assist learners in
gaining extensive, flexible knowledge, constructing effective problem-solving skills,
having self-directed, lifelong learning skills, and becoming effective cooperative
learners and intrinsically motivated to learn. As a result, if it was possible to
demonstrate such a system in which student’s achievement on conventional
mathematical task were powered by PBL, the basic value of teaching would be
affected by student’s choice on whether to continue to study mathematics, generate a
belief system empowering and supporting further learning Clarke, Breed and Fraser
(2004).

PBL environment is usually constructed mainly by cooperative learning.
Indeed, cooperative problem-solving groups are a key feature of PBL (Hmelo-Silver,
2004). PBL can be implemented for many reasons and invariably chances for team
building to be done at first (Savin—Baden, 2000). Brown (1995) suggests that the

small group discussions and debate in PBL sessions enhances problem solving and

10



higher order thinking and promotes shared knowledge environment. In the studies
concerning mathematics PBL environment is described as learning/ teaching
environment that organizes mathematics education around ill structured problems
and problem solving activities in small groups. In this strategy, students are believed
to have more opportunities to think critically, present their own creative ideas, and
communicate with peers mathematically (Erickson, 1999; Carpenter, Ansell, Franke,
Fennema, & Weisbeck, 1993; Hiebert et al., 1996).

A very important part of PBL is the problem itself. Hmelo-Silver (2004), a
proponent of PBL, states that problems need to be complex, ill-structured and open-
ended. These characteristics foster flexible thinking. A good problem should be
realistic and resonate with the learners’ experiences and it helps learners to evaluate
the effectiveness of their knowledge and learning strategies. A good problem should
encourage students to study in groups and it should help them to improve their
communication skills. Lastly, a good problem should require multidisciplinary
solutions so that it motivates students to know and to learn different disciplines. As
Boud (1985) mentioned, PBL is a beneficial learning environment for
multidisciplinary approaches. In a nutshell, a problem should consist of many
interrelated pieces and as a result the problem should direct learner to collect data
pieces in many data sources.

Stepien, Gallagher and Workman (1993) state a brief description of problem.
A good problem should encourage students to know more information than is
initially presented to them. Each problem should be unique and open ended. It should
be a real world problem and it should foster flexible thinking

In the above paragraphs, the researcher has reported the general
characteristics of PBL from the available literature. As can be seen, proponents of
PBL seem to agree on the characteristics of PBL but models and implementations of
PBL vary considerably. It is worth elaborating on these different models and
implementations of PBL. According to Barrows’ (1986) taxonomy, PBL has six
models. First, lecture-based models: in this method students are lectured and then
case materials are presented for them to create a connection with the lectured
information. In case-based lectures, students are lectured after a case. In another

method, case method, students are given a case and study on it. In modified case-
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based model students are provided with a case and are responsible for reaching some
conclusions so that they can be given some more knowledge. In the problem-based
model, learners are given a problem and they independently study on the problem.
The last one is the closed-loop problem based. This model is an extension of the
problem-based model. In this model students are not as free as the problem-based
model. They are questioned about their decisions and resources during the activity.

Another modeling decreases the number models but extends their limits.
Ellis, Carswell and Bernet (1998) states three categories of PBL methods. The first
category is the problem-based approach, in which the material is presented in normal
lectures, but problems are used to motivate students and demonstrate the theory. The
second category is a hybrid model, guided PBL. In this category, problems are
solved in groups, but also lectures may be used to present the fundamental concepts
and some of the more difficult topics. The third one is a full PBL, where the
problems drive the entire learning experience; in this form there are no lectures from
the expert and groups or individuals work independently of one another.

Hybrid model of PBL is very flexible compared with pure PBL. In countries
where teacher centered instruction is valued, the hybrid PBL is preferred to the pure
PBL. For instance, hybrid model of PBL has become very popular in most Asian
medical schools. In their PBL in hybrid model, PBL tutorials are run together with
other modes of learning such as lectures, small group tutorials, special study modules
and research attachments (Khoo, 2003).

Smith, Sheppard, Johnson and Johnson (2005) state that hybrid PBL is often
used as entry point into PBL in course transformation process. Problem-driven
learning is used non-exclusively in a class and hybrid model may include separate
lecture segments or other active-learning components. There are many types of
hybrid models including mini-lecture if needed, whole class discussion, preparation
of group product, group discussion, research, exams and other formal assessment.

O’Kelly (2005) applied a hybrid PBL model in computer sciences with first
year university students. In this model, some techniques such as student driven
tutorial, PBL style lectures, student induction, lectures, and laboratory activities were
used. The problems implemented in the study were in a range from open ended to

classical exercises. In the study there are three major differences between his hybrid
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models used in this case study and the pure PBL model: the duration of the problems,
the continued inclusion of at least one lecture every week (PBL style lectures) and
the methods of assessment (which include traditional exams). As a result the hybrid
PBL model implemented provided a good transition for students to a university
environment and the model provided a framework to assist the students in problem
abstraction, problem definition and problem refinement.

Similar to the previous study, Wu (2006) applied a hybrid PBL model in
computer sciences offered to first year university students. In his study he gave
examples first to construct the reality on the unit and then an open ended problem for
students to work in groups. His hybrid PBL model differs from the pure PBL from
three points, duration/role of examples and problems, lecturing part and the method
of assessment which still includes traditional examinations. As a result of this study,
the hybrid PBL model proved to be a good transition for students to a university
environment and framework to assist the students in problem abstraction, problem
analysis, and problem solving.

Among many models, Camp (1996) states a very specific and valuable model
for high school PBL model. First of all Camp (1996) defines a true PBL model as
being; active, adult oriented, problem-centered, student-centered, collaborative,
integrated, and interdisciplinary and deviation of one of these characteristics results
in a method which is not pure PBL. Similarly, this model is so strict that if the whole
environment of learner is not PBL then it is not pure PBL. According to Camp
(1996), high school implementations of PBL can not be pure PBL. He identifies the
curriculum as the culprit that ‘corrupts’ the PBL. In high schools teachers have to
cover some curriculum and this prevents pure PBL. In addition to this, pure PBL is
achieved when all environments are PBL and this not possible in high schools.
Another reason is the number of students in classes. It is difficult to apply PBL in a
class with 30 students.

To sum up models and implementations of PBL vary considerably. The
researchers may choose one of the models depending on reasons such as purpose,
discipline, grade level, characteristics of problem/case and education philosophy.

In this study, PBL implementation was hybrid. That is, learning activity was

student-centered and it occurred in small student groups under the guidance of a
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tutor. The tutor acted as a facilitator. Authentic problems were primarily encountered
in the learning sequence and new information needed to be acquired through self-
directed learning. In addition the hybrid model in this study included whole class and
group discussions, preparation of group product, and authentic problems was used to
not only involve students in learning environment, but also to teach some part of
theory. Students also studied some traditional problems in some parts of the
treatment. Lastly, traditional assessment was used in order to assess students’

achievement.

2.2. Traditional Teaching Methods

Although there are many studies not in favour of traditional teaching methods
and most disciplines are moving to more cooperative learning teaching methods, as
Borich (2004) stressed, traditional teaching methods are the most appropriate method
to teach knowledge not easily accessible to students. Additionally, he stated that a
traditional teaching methods lesson consists of three parts: introduction, body, and
conclusion. During the first few introductory minutes the teacher summaries past
knowledge In other words, the teacher aims to build a connection between past
learning and new. Reviewing is an opportunity for students that do not have the
needed prior knowledge to construct information appropriately. Following to the
introductory review, the body of the lesson contains the information, facts, and
concepts which will be presented to the students. This information is presented at a
suitable pace that is not too fast. Furthermore, the teacher needs to ensure that the
content is organized so that the student can observe the framework. Finally, the
teacher should encourage note taking, use different styles of presentation, start some
discussions and ask open ended questions and problems to students. In summary the
instructor should use many techniques in order to activate students.

Brookfield (2006) indicates three important characteristics of traditional
teaching methods as follows; using variety of teaching and communication models,
and a clearly organized lecture so as students can follow the lecturer’s thought and

modelling expected learning behaviours and outcome.
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For many schools and instructors traditional teaching methods are most
appropriate because it is the most economical method of teaching. For the large part,
teachers can handle teaching with easy-to-find materials such as chalkboards, boards,
and worksheets. (Herreid, 2003)

Another important advantage of traditional teaching methods is its flexibility.
The flexibility of traditional teaching methods allows the teacher to change the
tempo of the class in respect to the students and unit being taught. In addition, the
flexibility allows the teacher to introduce new information and activities into
traditional teaching methods with ease. Through observation and questioning, the
teacher rearranges the lesson to help students better realize the material and reduce
misconceptions (Dobbs, 2008).

Despite the various benefits of traditional teaching methods, not all of these
methods are the best practice for all students because different students may have
varying dispositions such as different learning styles, intelligence levels, and
attitudes towards subject. Actually, traditional teaching methods are usually not
appropriate teaching method for students with a more holistic learning style; indeed
some instructors may not enrich their discourse in which traditional teaching method
can provide the best learning opportunity for students with holistic perception
abilities (Borich, 2004).

In studies comparing gained achievement between PBL and traditional
teaching method PBL usually had a negative tendency (Dochy, Segers , Bossche, &
Gijbels, 2003).

In summary, despite its disadvantages, traditional teaching methods are still
one of the most appropriate teaching methods for many schools as it is flexible and
economical. Additionally, traditional teaching method seemed to be slightly more
effective in achievement tests when compared with PBL.

The traditional teaching methods implemented in the study contained teacher
lecturing, student note taking, individual student pen and paper practice problems
and pen and paper assessment. In addition to these, discussions comprised important

sections of the instruction
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2.3. Review of Empirical Studies

Donald Woods planned PBL in 1966 first while he was teaching in Mc
Master University medical school and hospital. Studying on the new instruction in
1969, PBL was first conducted in a classroom with 19 students. In the early
implementations of PBL, Donald Woods focused on stimulating patient problems in
consistence with a practising physician. Students studied in small groups and they
did not attend conventional lectures. Instead they were given a problem pack. In
comparison to the control group, students who had learned by PBL, were more
motivated and were reported to have gained more problem solving skills (Barrows &
Tamblyn 1976; Savin-Baden & Major, 2004). PBL has been effective on
medical education for last four decades. In PBL, students studied on clinical
problems in small groups and the approach has been evaluated as being a reform in
medical education literature.

There are few implementations of PBL in elementary and high schools. These
implementations of PBL in elementary schools and high schools have resulted in
students’ achievement, promoted critical thinking skills as well as long lasting
learning (Duch, Groh, & Allen 2001; Gordon, Rogers, Comfort, Gavula, & McGee,
2001; Norman & Schmidt, 1992). The review of Norman and Schmidt (1992) stated
that, compared to traditional lecture forms, PBL may direct to better retention of
knowledge after some weeks up to years. This result is also true when the post test of
PBL group is weaker than that of group instructed with traditional lecturing method

Before introducing relevant empirical studies on PBL, a meta analysis will
summarize the results of empirical studies. Dochy, Segers , Bossche and Gijbels
(2003) examined the 43 empirical studies. All these studies presented the effects of
PBL on knowledge and 25 of them indicated the effects on application of data. These
25 studies concerning skills of students due to application of knowledge suggested a
strong positive effect, with a combined effect size (ES= 0,46), of PBL. None of these
25 studies indicated a negative effect. The result examined in the meta analysis
presented an effect size for skills which was moderate and had a practical
significance. On the other hand, among the 43 empirical studies examined in meta

analysis, effects of PBL on knowledge achievement of learners suggested a negative
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tendency, with a significantly negative effect size (ES= -0,23). Another result of the
meta analysis has to be indicated. Students gained knowledge levels had a tendency
to negative results however the retention period of knowledge was longer in
comparison to that of knowledge gained in conventional classrooms.

It is worth focussing on empirical studies one by one. First of all, the
dissertation of Griffith (2005) examines the effects of PBL on 727 volunteer
participants in South California Public High School. In the study the grade level is
not indicated. The empirical study took six weeks with the following results. The six
weeks challenge has a positive effect on learner’s attitudes and interest in science,
mathematics, engineering and technology. On the other hand there is an important
limitation of the study. As the sample of the study was selected from volunteer
students, characteristics of the students may not be the same as the whole group in
the school where the study took place.

In another study an oriented PBL instruction program on algebra 1, algebra 11
and geometry classes, namely Interactive Mathematics Program (IMP), aiming at
problem-solving, reasoning and communication, produced significant results. First of
all, IMP students rated themselves as significantly more mathematically able as did
the algebra students. In addition to this, IMP students held a significantly more
positive attitude towards their mathematics classes than did the algebra students.
There were also differences on students perception of mathematics; IMP students
were significantly more likely to perceive mathematics as a mental activity and IMP
students held beliefs consistent with a view of mathematics as arising from
individual and societal need; while algebra students were more likely to view
mathematical ideas as having an independent, absolute and unvarying existence.
Moreover, the IMP students were significantly more likely to perceive mathematics
as having applications in daily use. Lastly, IMP students were significantly more
likely than algebra students to believe that mathematical ideas can be expressed in
everyday words that anyone can understand (Clarke, Breed, & Fraser, 2004).

In the dissertation of McCarthy (2001), a qualitative study, second grade
elementary school students were instructed in light of PBL for eight 45 minutes
sessions. The outcomes of the study indicated that students improved their

mathematical understanding. However, the researcher does not state a clear
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definition of PBL and does not mention about cooperative design, one of the main
characteristics of PBL.

In Christensen’s (2008) qualitative study various effects of PBL on the
mathematics classroom were stated. It was concluded that mathematical content with
which students become familiarized is the mathematics that actually has a specific
direct application value for a certain educational programme and different groups of
students may eventually learn different parts of mathematics depending upon the
project they write, but in return, they are trained directly in closing the gap between
formalism and application. In addition to these results, students are given the
opportunity to learn how mathematics is applied and it may even vary which
mathematical approach should be used, depending upon the specific application
scenario. His last conclusion is that the PBL model can integrate mathematics in an
inter-disciplinary study of a real life problem.

In the experimental study of De Corte et al. (1998), PBL and traditional
lecture based teaching model in fifth graders were compared in mathematics. As a
result of the study peers instructed with PBL performed better than peers instructed
with a traditional lecture based teaching model. In addition to this, students exposed
to PBL were better at problem solving.

Lastly some empirical studies from Turkey will be stated. Sungur (2004)
studied of the effects of PBL on high school biology instruction. This empirical study
was implemented with 10™ grade biology students. PBL was reported to have had a
positive effect on learner’s achievement. In addition to this, PBL improved students’
perceived intrinsic goal orientation and perception of biology in terms of interest,
importance, and utility (task value). Moreover PBL improved students’ use of
elaboration strategies, metacognitive self-regulation, critical thinking, regulation of
their effort, and peer learning. On the other hand PBL was indicated to have had no
effect on students’ perceived extrinsic goal orientation, control of learning beliefs,
self-efficacy for learning and performance, and test anxiety. In sum the study has
emphasized PBL’s a positive impact on achievement and motivation of students.

In another study which aims to increase students’ mathematics performance in
collaboration with other sciences in geophysics engineering at Dokuz Eyliil

University in the 2002 fall semester, the results indicated that PBL was effective in
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increasing students’ participation and developing learning performance (Ozel, Timur,
Ozyalin, & Danisman, 2005).

Yaman and Yalgin (2005) studied the impacts of PBL in developing problem
solving skills and self-efficacy beliefs level towards science teaching of prospective
teachers. The study was conducted at Gazi Educational Faculty in 2002-2003
academic years with 215 prospective teachers in the experimental group and control
group. Results demonstrated that prospective teachers' problem solving skills and
self-efficacy beliefs toward science teaching developed more with the group that
received PBL treatment (experimental group) than control group students. Moreover
it was concluded that PBL was more effective than traditional methods in developing
students' different skills.

Yurd and Olgun (2008) implemented PBL in order to eliminate the 5™ grade
students’ misconceptions of “Light and Sound” in the science and technology course.
The study was conducted in two groups with 99 5th grade students in the 2005-2006
academic year. The findings of the study indicated that, experimental group students’
understanding of what? was better than the control group students’ and most of the
misconceptions of the experimental group were nullified.

Selcen (2008) studied the effects of PBL and the traditional teaching method
on 7" grade elementary school students’ environmental attitude. The sample
consisted of 95 students in two PBL groups and one traditional group. The attitudes
of students were determined by Environmental Attitude Questionnaire. The results of
the study revealed that, one of the PBL groups had significantly more positive
environmental attitudes in general environmental awareness and general attitude
toward the solutions dimensions than the traditional group. On the other hand,
traditional group had significantly more positive attitude than the other PBL groups
in respect to students’ awareness of individual responsibility determined after the
treatment.

In Turkey, there is only one study that the researcher could reach in
geometry. In Giinhan and Baser’s (2006) study, the effect of PBL on 7t grade
students’ attitudes towards mathematics and achievement were examined. In 2005-
2006 academic year, the study was conducted with two groups, a control group and

an experimental group, at a private school in Izmir. The control group received
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instruction via traditional teaching methods and the experimental group were
exposed to PBL. Geometry Achievement Test conducted in the study contained both
real life problems and traditional multiple choice questions. Hence, the study is a
hybrid PBL implementation in the light of literature. The results of the study
indicated that PBL, compared to traditional teaching methods, had more positive
effect on students’ attitudes towards mathematics and achievement.

In summary, there are many studies on PBL which mainly support that PBL
will increase students’ motivation and improve students’ abilities such as thinking
critically, presenting their own ideas, solving problems, and communicating with
peers mathematically. In spite the various studies already conducted, there were only
a few studies comparing PBL and traditional teaching methods in achievement in

mathematics that the researcher could reach.

Chapter Summary

In the light of the literature review, it seems that PBL is a developing
instructional strategy with the following basic characteristics: learning needs to be
student-centered and it has to occur in small groups, the tutor is a facilitator or guide,
real life or/and ill structured problems are primarily encountered in the learning
sequence and problems are used as an instrument to achieve the required knowledge
and the problem solving skills necessary to eventually solve the problem and new
information needs to be acquired through self-directed learning.

The empirical studies are mostly in medicine and science moreover effect of
PBL on mathematics is questioned by some educators. There are many studies in
university level but less in high school level. In Turkey there are few studies
comparing PBL with traditional teaching method in high school level in different
disciplines. Finally, the researcher could not reach any studies conducted in high
school mathematics classes in Turkey.

In empirical studies comparing PBL with traditional teaching methods in
achievement, PBL mostly has a slightly negative effect or there is no significant

difference in studies. There are fewer studies which indicate a positive effect on
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student achievement. On the other hand, positive effect of PBL on retention is

accepted by educators and researchers.
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CHAPTER 3

DESIGN OF THE STUDY

This chapter describes the treatment, definition of variables, sample of the

study and lists the limitations of the study.

3.1. The Experimental Design

In this study the randomized pretest-posttest control group design was used
(Fraenkel & Wallen, 1996). Before 9™ grade students were registered to the school in
august and september, the researcher and school administration agreed on forming 9™
grade classes randomly in order to satisfy randomization for this study. During
registration, the students were randomly distributed to three classes by means of
drawing lots. As a result three classes were formed comprised of 22, 23 and 24
students respectively. Two of these classes were randomly chosen as the control

group and experimental group. Table 3.1 shows the research design of the study.

Table 3.1 Research design of the study

Groups  Before Treatment Treatment After Treatment Follow-up

CG GAT TDGI GAT GAT
EG GAT PBL GAT GAT

In this table, EG represents the experimental group instructed with hybrid
PBL. CG, on the other hand, represents the control group receiving traditionally
designed geometry instruction. GAT is geometry achievement test. PBL represents
hybrid problem-based learning while TDGI is traditionally designed geometry

instruction.
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As seen in Table 3.1 GAT was administered to both the experimental and
control groups before and after the treatment to determine whether there was a
significant mean difference between two groups with respect to previous academic
achievement in geometry. Six weeks following to the treatment, a retention test was
applied in order to determine whether there was a significant mean difference
between the two groups with respect to previous academic achievement in geometry
and whether there were statistically significant mean scores of the students instructed
with problem-based learning across the three time periods (pre-treatment, post

treatment and retention).

3.2. Subjects of the Study

Subjects of this study consisted of 44 ninth grade students (n=28 boys and
n=16 girls) instructed with the same mathematics teacher in an Anatolian high school
in a rural town of Ankara. The study was carried out in the fall semester of the 2007-
2008 academic year. Students were selected by using scores obtained from
Secondary Education Entrance Examination (OKS). The students’ average
mathematics scores were 8 out of 25. The mathematics grades of the students in the
experimental and control group were 4.52 and 4.45 over 5 respectively at grade 8.
The mean age of the students in the experimental group and control group was 14.6
and 14.9, respectively. Four of the students, two in experimental, two in control
group, were repeating ninth grade since they had failed the previous year. Two
instructional methods, hybrid PBL and traditional teaching method were randomly
assigned to the experimental and the control groups. The number of students in both
the experimental and control group was 22.

Table 3.2 shows demographic information regarding the education level and

work status of the parents of students’.
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Table 3.2 Parents’ Education Level and Work Status

Control Group (%) Experimental Group (%)
Education Level Mother Father Mother Father
Primary School 34.8 17.4 50 18.2
Junior High School  30.4 8.7 18.2 13.6
High School 21.7 39.1 13.6 36.4
University 13 30.4 13.6 22.7
Ms 0 4.3 4.5 4.5
PhD 0 0 0 4.5
Work Status Mother Father Mother Father
Employed 135 91 18 100
Unemployed 86.5 0 82 0
Retired 0 9 0 0

In Table 3.2, a difference between fathers’ and mothers’ education level
could easily be observed. 27% of the fathers were university graduates. This rate is
considerably high for a rural town. Some of the students were attending school from
Ankara and this reason might have increased the rate of university graduated fathers.
There is also a difference between fathers’ and mothers’ work status. Most fathers
work and the rest of them are retired. On the other hand, only about 16% of mothers

work.

3.3. Variables

The independent variable in this study was treatment.
The dependent variables in this study were students’ academic achievements
measured by GAT.

3.4. Instrument: Geometry Achievement Test (GAT)

Geometry Achievement Test was developed by the researcher (see Appendix
B). It was used to determine students’ achievement on course objectives (see

Appendix A). The unit was formed by the researcher and it consisted of the topics in
24



10™ and 11" grade geometry courses. A table of specification was prepared (See
Appendix C). The questions were investigated by two high school mathematics
teachers. Various questions were revised in respect to their comments. There were 18
multiple choice items with one correct answer and 4 distracters. There are 6
questions on triangles, 1 question on hexagons, 3 questions on parallelograms, 2
questions on rectangles and squares, 1 question on quadrilaterals, and 3 questions on
circles and circle pieces.

The researcher has various reasons for preferring to use multiple choice. There
are two types of assessments in PBL, traditional assessment and authentic
assessment; in authentic assessment students are assessed by real world situations
and problems (Savin-Baden & Major, 2004). In this way of assessing, the aim is not
only grading students. Moreover, in traditional assessment, the basic concern is to
determine students’ achievement level and in traditional assessment multiple choice
examinations, true or false questionnaires or fill in the blank quizzes are used (Savin-
Baden & Major, 2004). As the aim of this study was to assess students’ achievement,
GAT contained multiple choice questions in order to determine students’ level of
comprehension and knowledge.

Two of the sample questions in GAT are as follows:

B 12

Figure 3.1 A sample question: isosceles triangle

ABC is a triangle, |AB|=|BC|= 12, |AC|=16, Area(ABC) ?

25



In order to solve this question, students should know the characteristics of
isosceles triangle; if we draw a height from corner B to side [AC] then the height

divides the base [AC] in to two equal parts as follows:

12

Figure 3.2 A sample question and the solution

In order to solve the question, students will have to find the measure of [BH]
=height (h) by using Pythagoras Rule 12°= h*+8? Lastly the area of triangle ABC is
(16x4V/5)/2, that is (base x height)/2= area of triangle.

It can be observed in the sample question that student need to know one
characteristic of isosceles triangle and Pythagoras Rule which are taught in the
treatment.

A second sample question is:

-
A E =

Figure 3.3 A sample question: parallelogram
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Figure 3.1 is parallelogram ABCD, in figure [DE] L [AB], [BC] L [DF],
|AB|= 12, |DE|=4 ve |DF|= 6. So what is the perimeter of parallelogram ABCD?

In this question one has to find [BC] in order to calculate the perimeter.
Student should know the area rule of parallelogram that is Area = Base x Height. The
solution is |AB| x |DE| = |BC| x |DF| as a result |BC|=8 and the perimeter is 2x (8+12)
=40

In the pilot study, GAT was administrated to 65 eleventh grade students in the
same school.

Descriptive of item are in Table 3.3.

Table 3.3 Descriptive of pilot GAT scores

N Minimum Maximum Mean Std. Deviation
Pilottest 65 2.00 17.00 12.0154 3.03877

As seen in Table 3.3 minimum grade was 2 and maximum was 17. For
Anatolian high school students who studied geometry for two years this could be a
wide range. The mean of the pilot test was12 out of 18 (SD =3.03877) and this result
will be compared with the mean of the students in the experimental study in the
discussion section.

ITEMAN program was conducted in order to evaluate item difficulty, item
discrimination power and reliability. The ITEMAN program gave information about
item discrimination power as a biserial coefficient and item difficulty power as a
percentage of correct answers. In this study, the criterion for the item difficulty
power is; item difficulty should be between 0.2 and 0.8 (Ebel, 1965 as cited in
Crocker & Algina, 1986). The criterion for item discrimination power is; item
discrimination power should be greater or equal to 0.2 (Crocker & Algina, 1986).
According to the results of the pilot test, all questions satisfied the above criterions,
that is item difficulty is in between 0.20 and 0.80 and item discrimination power is
greater than 0.20. In addition to the pilot test, item difficulty and item discrimination
power of post GAT were analyzed. Items 4, 8, 10, 14 and 18 have item difficulty
between 0.20 and 0.40 and items 6, 9 and 11 have item difficulty between 0.63 and

0.76. ltems 2, 3, 5, 7, 12, 13, 15, 17, on the other hand, have item difficulty around
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0.50. When item discrimination power of post GAT scores was examined, only
question 8 had an item discrimination power less than 0.20, -0.13 to be more precise.
However the same question has a positive item discrimination power (0.29) in the
pilot test. As this item satisfied the criterion in the pilot test and in order to satisfy
validity item 8 was kept in GAT. Reliability in the pilot study is 0.60 and it is 0.74 in
post GAT.

3.5. Procedure

The literature review began one year before the treatment. Following the
literature review at the beginning of 2007-2008 academic year, 9™ grade classrooms
were randomly formed with the school administration.

GAT, including 18 items, was prepared by the researcher. GAT test was
piloted to 65 eleventh grade students and at the beginning of the treatment, GAT was
administrated to both groups. Treatment was administered for 6 weeks in both
groups. At the end of the treatment, GAT was administrated to both groups. Six
weeks following to treatment the retention GAT was administrated to both groups.
All three tests were administrated to both groups at the same time.

At the end of the treatment in the experimental group, students were asked to
write down their previous group work experiences and to state their opinions on
present group work. These opinions were collected by the researcher and the results

were presented in the section 3.6.2.

3.6. Treatment

The study was carried out over 6 weeks starting from the beginning of 2007-
2008 fall semester in an Anatolian high school in Town A which is a rural town. A
total of 44 students, in two mathematics classes were instructed by the same teacher.
One of these classes was the experimental group and the other control group.

Actually the experimental study was initiated with 45 students 23 in the control
28



group and 22 in experimental group. However one of the students had to leave Town
A before the post test. Therefore he was not included in to the analysis. This is also
stated in the internal validity section. The experimental group was instructed with
hybrid PBL and the control group was instructed with traditional teaching method.
Treatment included the elaboration and study of various mathematical
concepts. Pythagoras rule, basic characteristics of right, isosceles, equilateral
triangles and area of triangle were covered in the triangle unit. In addition,
parallelogram, rectangles, square, trapezoid, hexagon and circle were also studied
during the treatment. Special right triangles such as 30°, 60°, 90° and 45°, 45°, 90°
were also covered. Basic concern was the area of polygons and circular regions. In
order to teach area unit, students in control group and experimental group were
taught Pythagoras rule, special right triangles, basic characteristics of right triangle,
isosceles and equilateral, areas of triangle at the beginning of the treatment. The

instruction was four hours a week.

3.6.1. Treatment in Control Group

The control group was instructed with the traditional teaching method and the
treatment consisted of 24 course hours in six weeks. Traditional teaching methods
may include many different teaching methods as listed below: (a) teacher lecturing
and student note-taking, (b) individual student pen-and-paper practice problems, (c)
pen-and-paper assessment, (d) laboratory activities with predetermined outcomes in
science classes, and (e) discussions (Morgan, Whorton and Gunsalus, 2000).

The control group was instructed with traditional teaching strategies which
included discussions, lectures, and critical questioning. The teacher started the class
session with a question related to the topic. Then he let the students to think and
answer the question. At the beginning of the experience, about 5-7 students were
willing to express his/her ideas on questions. In order to activate most students, the
teacher called on not only volunteers but also to other students to express their ideas,
give clues etc. Every time a student answered a teacher-elicited question then the

teacher asked why the student thought in such a way. After the student defended
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his/her ideas the teacher let other students comment on the student’s answer.
Sometimes, he made comments on the solution himself. Discussion usually
continued for 10-15 minutes. In those discussions many times, especially in the
beginning of 6 weeks period, students tried to answer questions by means of
formulas which they had memorized in the previous year in secondary education
entrance examination (OKS) preparation centers. In some cases, the formulas were
relevant to the structure of the question. However, formulas were irrelevant in some
cases. Nevertheless, no matter whether the formula suggested actually helped to
solve the problem or not, students were very willing to apply formulas.

At the end of discussion, if students failed to get the result then the teacher
spoke about the question for some time. He aimed at getting students to get to a
conclusion or remember a fact known before. If the students were not able to make a
connection then the teacher directly gave a hint. In addition, the teacher again asked
students to comment on the question. Most of the time students found answers
following the hints. Nevertheless, if they failed then the teacher answered the
question he had asked and let students argue on the question.

Following the first question, the teacher taught the theoretical parts of the unit.
In other words, he stated theories and rules. He wrote the theory on the board and
waited for students to write it in their notebooks. Following the theory, he asked a
similar question which is different in some details and gave the students some time to
solve the next exercise. Nevertheless, periods to solve exercises following the first
question did not take much time and a student answered the question on the board.
Depending on the discussion period of the first question, students solved 4 to 10
questions in a class session. After each question was solved on the board, the teacher
asked if anybody could solve the question in an alternative way or if there were other
perspectives.

Although questions were solved on the board, some of the students could not
comprehend the solution. In this case, the teacher asked another student to restate
the solution. Restating solutions promoted students to search for alternative
perspectives. Moreover, any student who had a different solution could volunteer to

present his/her alternative solution to the teacher and the class.
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If the unit to be covered was not familiar to the students then the teacher
taught the unit by lecturing. First, the theory part of the unit was stated and following
the theory a couple of questions were solved on the board. The students usually
comprehended the theory by examples. Therefore, while solving the question on the
board, the teacher talked about the solution of the question and then waited for the
students to write the question in their notebooks. Following this, the teacher stated
the solution once more. Hence, a couple of questions were solved twice on the board.
Giving the theory and solving a couple of questions took about 20-25 minutes. After
this period, teacher usually presented some exercises to the students.

In the discussion period, the teacher tried to manage his time effectively. That
is, he increased time of discussion periods in some critical questions by asking more
detailed ones whereas he ended discussions after a short while on some typical
questions. It usually depended on the importance of the unit involved.

The teacher did not force students to participate in activities such as collecting
data, gaining new knowledge, and studying before a classroom period. However,
after class, each student was responsible for completing homework assigned by the
teacher. The homework was related to the topic which was studied in the classroom.
In the first week of class, the teacher strictly checked homework whereas in the
following weeks he sometimes checked completion of assignments. Homework was
generally done by students. The homework contained 12-20 questions on each topic
(basic characteristics and area of right, isosceles and equilateral triangle,
parallelogram, rectangle, square, trapezoid, hexagon and circle). All the questions
within the assignment were elaborated on in class one by one. That is, the teacher
asked the students whether each question was solved or not. If a student could not do
a question then s/he asked the teacher for help to solve the question. The teacher
asked if any volunteer could solve the problem. For most questions, the teacher asked
a second student to revise the solution.

The main problem of every two hours session was difficult to solve in a short
time. Although few students could observe crucial points in first questions, the
following questions were familiar to most of the students. If they had a solution for
the problem then they came to the teacher one by one and showed their answer. The

teacher awarded students effort by awarding pluses (+). These pluses would be
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converted to a general score at the end of the semester. He also awarded less achiever
by asking simpler questions. At the end of two weeks, all students in the classroom
had some pluses. In each two hour session, students counted their pluses on the list.
Pluses were very important for them and it was like a race between students.

At the end of the fifth week, the control group was given homework with 16
questions. The questions were chosen in the resources which are parallel to both
experimental groups and control group’s studies. In the 6™ week, these questions
were solved and the groups reviewed their learning for the 6 week period. During the
treatment, the topics covered in control group were the same as the experimental
group. The lesson plan about areas of triangles is in Appendix E. There are some

sample questions in the sample plan.

3.6.2. Treatment in Experimental Group

The experimental group received instruction with hybrid PBL and the
treatment continued for 24 course hours in six weeks. As indicated beforehand,
hybrid PBL is often used as an entry point into PBL in the course transformation
process. Problem-driven learning is used non-exclusively in a class and a hybrid
model may include separate lecture segments or other active-learning components.
There are many types of hybrid models including mini-lecture if needed, whole class
discussion, preparation of group product, group discussion, research, exams and
other formal assessment, and writing (Smith, Sheppard, Johnson, & Johnson, 2005).

In the experimental group, at the beginning of the treatment, six groups were
formed. There were 4 students in 4 groups and 3 students in 2 groups. In order to
form groups, previous year mathematics grades of students and their mathematics
scores in secondary education entrance examination (OKS) was listed. The groups
were formed in a way that students in different academic performance and gender
could interact. There were 9 girls in the classroom. Therefore there were 2 girls in 3
groups and 1 in 3 groups. Heterogeneity of the groups was maximized based on their
mathematics grades and OKS mathematics scores. The students studied in the same

groups for all 6 weeks.
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After groups were formed, the teacher explained to the students about what
they were expected to do in their group studies. The teacher requested students to
listen to their group members’ ideas, to respond to questions and work together with
their group members during all activities and he requested them to share ideas and
solutions with their group members. They were not given information on PBL in
order to avoid any threats such as attitudes of students.

The main problem was introduced in a very natural sequence. First of all,
needs of town A were discussed. Students usually complained about lack of sports
facilities and interesting places to enjoy time. Then the teacher asked about the
necessity of a park in Town A. Many students agreed that town A needed a park with
entertaining places and sports facilities in it. Following this agreement, the teacher
asked the students how a mathematician would create a park and introduced the first
part of the main problem to the students. This problem is ‘Town A is a touristiC
county. People come to town A because of its natural beauty and thermal facilities.
Nevertheless, in Town A there is no park in which people can walk, have a rest, and
participate in some facilities. So you, as a mathematician, are responsible for
preparing a roughly drawn plan of ‘Town A Geometry Park’. In this park, every part
of any building and construction has to be in a geometrical shape such as a triangle,
parallelogram, rectangle, square, trapezoid, hexagon and circle. You will meet a
landscape architect to have an idea about how to draw a plan and about components
of a geometry park. ’

In order to prepare students for the second part of the problem, mentioned
below, the teacher also requested all groups to state the rules of calculating areas of
geometrical shapes in the project on a paper, calculate areas of elements in the
roughly plan the geometry park and write it down on the plan for the next two hours.
The students asked area formulas of polygons to the teacher. As a part of the
treatment the teacher did not give the formulas. Instead, he recommended some
resources and text books of 10" and 11" grade geometry books which were
recommended by Ministry of Education.

Two of the groups decided that all group members should study all regular
geometrical shapes in the project which are triangle, parallelogram, rectangle, square,

trapezoid, hexagon and circle. The rest of the groups decided, on the other hand, to
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share responsibilities. For instance, member A and B would be responsible for
studying formulas and characteristics of triangle and teach it to rest. Then some
others would be responsible for another unit.

After the problem was introduced, in the second hour, the teacher asked the
students to think about the components of the geometry park. Meanwhile, a sheet
was distributed to all groups namely ‘A ilgesi Geometri Parki Projesi’ (See Appendix
D). In this sheet, general rules and expectations were listed. In the same hour each
group was requested to make a group task plan in order to complete the rough
drawing of the geometry park in 6 school hours. In the Group Task Plan (See
Appendix G) students planned duties of group members, buildings and facilities in
the geometry park, meeting times and drew up a schedule of the steps and dates of
the project. They were also asked to meet at times other than class hours and
complete the drawing of the geometry park.

Following the first two hours, the teacher met a landscape architect who
worked for the municipality of Town A. The teacher explained to the architect about
the project and expected gains of the students. Then he requested the architect to
encourage students to make a plan of the geometry park, give them some ideas and
give detailed information about his job. The following day, the architect came to the
school and met the students. In the meeting, students asked some questions and the
architect answered the questions. Furthermore, he gave some detailed information
about his job. For example, he gave some clues about how an architect draws a plan.
The meeting lasted for 50 minutes. The students seemed very impressed and
motivated for the project after the meeting.

In the second hour of the class period, every group determined elements of
the geometry park. In this period as it was expected, extroverted students were more
active, more willing to take responsibility in groups and they were behaving like
group leaders. In this part of the activity, students studied with their group members
and the teacher talked to every group and asked questions about their process.

The students were requested to complete the rough plan of the geometry park
in 6 hours. Only one of the groups finished the task in time, it took 8 hours for other
groups to finish it. Although there were particular reasons for each group, the most

important difficulty, the groups had, was that the groups did not obey the timetable
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they had drawn up. They had not been able to meet at times planned before and they
failed to complete their duties in time for meetings. Actually, most times the groups
did not meet as a whole group. In each period, the teacher asked the members of all
six groups if they had obeyed the group task plan and if they had met in groups all
the time and he took notes about student’s behaviors. Although all students were
enthusiastic in studying in such a project, they were reluctant to obey group decisions
and timetable. Only one of the groups totally obeyed their timetable. In this group, a
harmony could be observed both in the classroom and out of the classroom. This
group completed their rough plan in six hours. On the other hand, as a result of
weakness to obey meeting times, the teacher had to force the other five groups to
accelerate their projects. Therefore, in these five groups some of the group members
completed missing parts instead of their group members. Students, who undertook
their groups’ members’ duties, did not complain to the teacher. However, the tension
within the groups could easily be observed.

Figure 3.4: A rough plan of the geometry park
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In the 8" hour every group made a small presentation on their geometry park,
geometric elements in it, facilities and reasons of why they choose these facilities.
After each plan, the teacher initiated students to rate presented plans. The students
rated all plans in margins 8-10 out of 10. This was an entertaining activity and all
students had fun.

As the students finished drawing their geometry park, it was time to introduce
the second part of the problem. Teacher asked all groups, one by one, how they
calculated the area of elements in the geometry park. Then, he asked the groups
about the area of the same element by changing its properties. For example, the
teacher talked to a group about a picnic place, shaped in an equilateral triangle, in
their plan and he asked them how they would calculate the area if it was shaped in a
right triangle. At the end of this activity, the groups observed that they were good at
calculating areas of the geometrical shapes with some properties. On the other hand,
they could not calculate the area when some properties of the same element were
changed. Then, the teacher introduced the second part of the problem: ‘you have to
study area formulas again but this time you should consider that a geometrical shape
could have different properties and you should be able to calculate its area when we
chance its properties. For instance, you should be able to calculate the area of a
triangle whether it is an isosceles, equilateral or a right triangle. In order to focus on
area unit deeply you will make presentations in the classroom and discuss about area
unit in the classroom. All of you should study on each area unit existing in your plans
and each group will present one unit. You will also solve some examples on the
intended area unit in your presentations. During this activity please share
responsibilities with your group members. Please do not forget you are
mathematicians and you will show us how you do mathematics.’

The students were successful in calculating areas of elements in their plans
and the teacher aimed for all students to have more knowledge on polygons and
circular regions so that they could calculate the same element when its properties
were changed. The teacher intended students to realize the existence of rules and
facts in the units and to be able to calculate the area of polygons and circular regions
existing in the national geometry curriculum. The teacher declared that the groups

would not be able to choose the unit to present; instead units would be delivered
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randomly. In the 9™ hour the area units were delivered to groups and dates of
presentations were also stated. The subjects and their order of presentations were: 1-
triangle, 2-parallelogram, 3- rectangle, square, 4- trapezoid, 5-hexagon and 6-circle.
Triangle unit contained basic characteristics of isosceles, equilateral right triangle
and area formula of triangle. The intended basic characteristics of equilateral triangle
can be stated as ‘all sides and all interior angles of equilateral triangle are equal’ and
‘a height of an equilateral triangle divides the base in to two equal parts’. The
intended characteristic of isosceles triangles is ‘a height of an equilateral triangle
divides the base into two equal parts’ as shown in Figure 3.5. Pythagoras rule and
characteristics of right triangles 30°, 60°, 90° and 45°, 45°, 90° were also included. In
the other units area formulas and perimeters were included.

All groups were expected to act as if they were a teacher. The presenting
group prepared a lesson plan together with the teacher two days before the
presentation. The teacher asked all groups to demonstrate their preparations to him
two days before the actual class presentation. In this demo-presentation, students
presented their units and solved questions. Students behaved as if they were teaching
in the classroom. If the teacher was not satisfied with the preparations, he stated the
missing parts and another presentation was held the following day. If students still
failed in some parts, teacher helped only in these parts. However, students rarely
failed to perform as expected at the end of second meeting. In total, one group was
well prepared in the first presentation and the teacher did not meet them for the
second time; on the other hand, the other five groups had to present twice.

In this part, the students were requested to bring resources of geometry to
class and use them as a reference in their studies at the beginning of the third week.
Only two of the six groups brought related text books. Although all students had
decided to bring text books for this week, some of them did not. The teacher asked
their reasons; however, the students failed to respond. Although, he lent them his text
books, he declared that he would not do this again. What is more, groups did not
seem well prepared about the characteristics and area formulas of geometrical
shapes. As a result, some groups had small conflicts and discussions. Hence, this
assignment was delayed to the 9" hour. In this hour, most groups were ready and

they shared the characteristics and the formulas in their groups.
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In the last two hours of the third week presentations was initiated. In groups
students shared duties. Such as one of them would start teaching period, one of them
would final teaching period, one of them would answer questions and finally one of
them would prepare homework and check students’ responses to these questions in
homework.

In all groups, it was observed that students researched some resources of
geometry. They first asked their teacher questions such as which book was ‘easy to
understand’, ‘available to borrow’, and ‘has many examples’. In addition, they
interrogated the more senior students at school. They borrowed books mainly from
other students in the school. Some of them asked their teacher to lend some books.
They first studied subject matter by help of the text books and then shared their
findings with their group members. As, it had occurred in previous parts of the
experimental study, students sometimes failed to meet in time.

In the third week, the first group designed their presentation in such a way
that they noted one characteristic of a triangle and gave an example respectively.
This seemed to be the method of their previous mathematics teachers. Interestingly,
after the first presentation the other groups behaved in the same way. The examples
they solved were chosen from recourses which were usually prepared for university
entrance examination (OSS). The questions in these books were parallel to the
curriculum. The exercises in these books were not real life problems. Nevertheless,
it should not be forgotten that the reference point of their presentations was their
geometry park plan. The students prepared such examples and questions because
they wanted to answer the question of ‘how we can calculate the area of the same
geometric figure when its properties are changed?’

Following the presentation on the triangle, the responsible group prepared 10
questions on triangles. Then, the teacher offered to create a competition between
groups. All students accepted the offer. The teacher explained the rules of the
competition. Three minutes would be given for each question and if more then one
group answered the question, the group who solved the question on the board would
be chosen by a draw. Lastly, students who would solve question on the board would

be chosen randomly. The race was very enjoyable. The group members were exited
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and most of them behaved like a team for the first time. In the forth, fifth and sixth
weeks, races were held in order to increase group interaction.

In the teaching period, other students were motivated in asking questions. The
classroom atmosphere was relaxed and they liked to ask questions to their friends.
However, there was a disadvantage of this teaching period. If the presenting group
made a mistake, the other students usually did not realize it. In this case, the teacher
interrupted the presentation and tried to direct the student to realize mistakes by
asking questions. This part of treatment was time consuming.

During the treatment in experimental group, discussions occurred very
naturally. As the presenters were their friends, they seemed confident to ask
questions and to comment on the unit. The discussions mainly happened by
interrupting the presenter. Whether the presenter gave information about theory part
or solving a question, students usually interrupted the presenter and initiated a
discussion session. The presenting groups were sometimes exited in their discussions
and they became very happy when they were able to answer questions. In
discussions, if a group member could not answer the question or could not comment
on the concern, then other group members tried to do so. It was enjoyable to see
them working together even though the discussion sessions were a little bit noisy.

Discussions in classroom were not independent of the teacher. Actually, after
discussions, they automatically made eye connect with the teacher. The reason for
this phenomenon was usual because it was easy for them to make mistakes. If the
students in the classroom could not initiate a discussion then the teacher asked a
question on the topic of concern. For example: in the beginning of triangle unit, the

presenter drew an isosceles triangle on the board and stated the rule:
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Figure 3.5 A characteristics of isosceles

‘In isosceles triangle, the height divides the base of triangle into two equal
parts’ the students drew the figure and wrote the rule on their notebooks. It was the
first week of presentations and the students usually wrote statements on their
notebooks. The teacher turned to the class and warned them ‘If I were you, I would
ask why the height divided the base into two equal parts’. Then, ‘why’ questions
were very popular in discussions.

In the forth week, area of parallelogram, rectangle and square was presented.
In these presentations, groups followed the teaching method that the first group had
applied. In the last hour of the week, groups, themselves prepared a competition with
their own questions. During the competitions, students who stated critical idea were
rated by teacher. Rewarding student’s efforts motivated them very much. The groups
regularly brought their textbooks and notes regularly. As time passed, the groups
studied in increasing harmony. The conflicts in the groups minimized as they were
experienced.

In the fifth week, three groups presented the trapezoid, hexagon and circle. In
these learning periods two of the groups shared their responsibilities very fairly.
Everyone in these groups was involved in one of the parts of their duty. Actually,
they became teams, which is an expected feature of PBL. Moreover, except for the
week students delayed the plan of the geometry park, the group interaction,
classroom discussions and presentations occurred in a relaxing atmosphere.
However, the classroom was noisier than the control group and sometimes some

students complained about the noise.
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At the end of the fifth week, both the experimental group and the control
group were given homework with 16 questions. The questions were chosen in the
resources which are parallel to both experimental groups and control group’s studies.
In the 6™ week these questions were solved and the groups reviewed their learning.
In the last hour, each group studied independently and mainly high achievers helped
their group members to solve questions or comprehend any point. A lesson plan for
experimental group is in appendix F.

At the end of this section it is worth to declare students’ opinions on
cooperative design because group harmony is a very important reason which can
affect the outcome of the study. In order to reflect on group work effect, students
were asked their ideas on cooperative design at the end of the treatment. In the
experimental group, 13 students mentioned that cooperative work was enjoyable, 2
of them complained about the noise, 2 students reveal that they skipped some
important parts of task because of group activity, 5 students complained on group
members who did not complete the task and 7 students stated that their group could
not meet regularly. Lastly, 4 students were completely against group activities. The

effects of cooperative design will be discussed in discussion section.

3.7. Analyses of the Data

The following procedure was used to analyze the data;

- Students’ GAT scores of pre-test, post-test and retention were transferred
to computer environment by SPSS

- Data of the study were analyzed by SPSS

- Descriptive statistics were used to get the means, standard deviations etc. of
the students’ GAT scores and to find the rates of socio economic indicators of
students

- Recorded data was checked in order to detect outliers (data cleaning).

- In order to determine whether there was significant mean difference among
students with respect to their GAT scores, the results of pre-test, post-test and

retention were used. Independent t-test and repeated measures one-way ANOVA
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were the parametric ones and Mann-Witney U test was the nonparametric one.
Independent t-test compared retention test scores of the experimental and control
group. Repeated measures one-way ANOVA compared the means of experimental
group which received hybrid PBL across three time periods. As pre-test and post-test
scores of control group normality assumptions were violated, Mann-Witney U test
was used to compare pre-test and post test scores of the control group and
experimental group.

- The probability of doing a Type | error, a was set to be 0.05.

3.8. Assumptions and Limitations

In this section, assumptions and limitations of the study are presented.

3.8.1. Assumptions

1. The teacher was not biased during the treatments.

2. Geometry Achievement Test was administered under standard conditions.

3. Students answered test questions seriously.

4. Students in control and experimental groups did not interact with each
other.

3.8.2. Limitations

The researcher was the teacher in both the experimental group and control
group. If the researcher had been the observer instead of the teacher, the research
result might have been more reliable. At the beginning of the study, the researcher
suggested many mathematics teachers to work together in such a study in Town A;
however, he could not persuade any mathematics teacher for such a tiring and long
period.
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The subjects of this study were limited to 44 ninth grade students at an
Anatolian high school in Town A during 2007-2008 fall semesters. The students’
learning ability, learning experiences, outcomes, typical behaviours and their
expectations may not reflect the typical students enrolled in other schools in Town A
or in other parts of Turkey. As a result, outcomes of the thesis may not be reliable to
generalize beyond students enrolled in a different situation. In addition to this, this

study was limited to geometry units existing in GAT.

3.9. Internal and External Validity

In this section, the internal and external validity of the present study will be

discussed.

3.9.1. Internal Validity

The internal validity indicates whether any findings observed among the
results are only due to dependent and independent variables, not due to some other
unintended variable (Fraenkel & Wallen, 1996).

In this study, students were randomly distributed to experimental and control
groups. In addition to this, the experimental group and control group were chosen
randomly. As a result of randomization, subject characteristics of the students were
not a threat in this study.

Attitude of the subjects was not a threat for this study because the groups did
not know what the other group was doing. Both groups supposed that they were
being taught geometry in addition to regular curriculum.

Loss of subject was not a threat for this study because the study started with
45 students and one of the students in the control group had to leave school. He did
not take post and retention tests. As a result he was not included in the analysis. In

addition to this, one of the students in the control group left school after the post test;

43



therefore, he was included in the analysis of pre-test and post test and he was not
included in the analysis of retention.

Location was not a threat for this study, because GAT was applied as pretest,
posttest and retention test to both groups at the same time and physical conditions of
classrooms were almost the same for both groups.

Implementation was not a threat for this study because homework and tests
solved in experimental group and control group were the same. Moreover, in order to
prevent an implementation effect, open-ended questions were not asked which
possibly would be a bias for experimental group.

Instrumentation was not a threat in this study. The teacher, teaching in both
experimental and control group, was the researcher of this study; hence, there was a
data collector bias possibility. The conditions such as homework and instruments
were exactly replicated in both groups. On the other hand, testing was a threat for
this study as a pretest was applied to both groups.

3.9.2. External Validity

External validity refers to the results of a study that can be extended to groups
and environments (Fraenkel & Wallen, 1996).

In the present study, the sample size was small; therefore, the generalizations
of the findings of the study were limited. Hence, the results can only be generalized
to the students with the same characteristics which were mentioned in the ‘subject of
the study’ section.

Additionally, the classroom settings were regular classroom setting of 9"
grade classes; therefore, generalizations can only be made with classroom setting of

similar features.
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CHAPTER 4

RESULTS

In this chapter, the results of the study are explained. These results include

statistical evidence for the claims of the study. There are three sections in this

chapter. These are: descriptive statistics, inferential statistics and conclusions of the

study.

4.1. Descriptive Statistics

In this section the descriptive statistics of the data are given. Table 4.1 shows

the means and standard deviations, maximum and minimum values of pre, post and

retention GAT scores.

Table 4.1 Means, standard deviations, maximum and minimum values of GAT

scores
Groups Statistics Pre-test Post Test  Retention Test
Mean 3.05 9.36 7.10
Control Stq. _Deviation 2.554 2.804 3.727
Minimum 0 0 0
Maximum 9 12 14
N 22 22 21
Mean 3.82 8.50 8,00
Experimental Std. Deviation ~ 2.938 3.569 3.916
Minimum 0 2 1
Maximum 10 15 15
N 22 22 22

As seen in the table 4.1, although means of pre-test scores of experimental

group is slightly higher than that of control group, means of post test scores of

control group is higher than that of experimental group. On the other hand, means of
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retention test scores of experimental group is higher than that of control group. In
general, mean scores are low out of 18 questions. The differences will be examined

statistically in the analysis below.

4.2. Results of Inferential Statistics

In this section, the sub-problems of the study will be examined by means of
their associated hypotheses which are in the null form and tested at a significance

level of 0.05.

4.2.1. Results of Testing of the First Main Problem

The main problem of the study is “What is the effect of the problem-based
learning method on ninth grade students’ geometry achievement?”. The first sub-
problem of the study is “Is there a statistically significant mean difference between
students instructed with traditional teaching method and those instructed with
problem-based learning with respect to geometry achievement?”. Its hypotheses are

as follows:

Hol.1: There is no statistically mean difference between students instructed
with traditional teaching methods and those instructed with problem-based learning

with respect to post geometry achievement.

Hol.2: There is no statistically mean difference between students instructed
with traditional teaching methods and those instructed with problem-based learning
with respect to retention in geometry.

Normality and the equality of variance assumptions were tested. The results

of the first assumption are presented in Table 4.2
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Table 4.2 Test of normality for GAT scores

Tests Group Kolmogorov-Smirnov
Statistic N Sig.
Pre-test Control 0.204 22 0.018
Experimental 0.155 22 0.182
Post test Control 0.272 22 0.000
Experimental 0.163 22 0.134
Retention Control 0.139 21 0.200

Experimental  0.146 22 0.200

As seen in Table 4.2, while pre-test and post test scores of control group
normality assumptions were violated (p<0.05); its retention test score was normally
distributed (p>0.05). Three test scores of experimental group satisfied the normality
assumption. The equality of variances was tested by Levene’s test. The results are

given in Table 4.3

Table 4.3 Levene’s Test Results for Three GAT scores

Tests F Sig.

Pre-test 0.450 0.506
Post test 2.573 0.116
Retention test 0.243 0.624

As seen in Table 4.3 assumptions on equality of variance were satisfied for
pre-test, post test and retention test (p>0.05).

The hypothesis of the first sub-problem was “There is no statistically mean
difference between students instructed with traditional teaching methods and those
instructed with problem-based learning with respect to post geometry achievement.”
This hypothesis was tested by Mann-Witney U Test because the normality
assumption of post-test scores was not satisfied. Before testing this hypothesis the

equivalence of the groups were tested. The results are given in Table 4.4
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Table 4.4 Results of Mann-Witney U Test for Pre-test

Variable Groups Mean Rank  Mann-Witney U p

Pre-test Control 20.73
) 203.000 0.356
Experimental  24.27

Table 4.4 indicates that there is no statistically significant mean rank
difference between students instructed with traditional teaching method and those
instructed with PBL method with respect to pre-test scores (p > 0.05). It could be
accepted that these two groups were equivalent in terms of GAT achievement at the
beginning of the treatment (Mean Rankcg= 20.73 and Mean Rankgg =24.27).

The first hypothesis of the first sub-problem was tested by using Mann-
Witney U Test because of the results of assumptions and comparison of pre-test

score. The results are presented in Table 4.5

Table 4.5 Results of Mann-Witney U Test for Post Test

Variable Groups Mean Rank  Mann-Witney U Sig.
Control 24.14
) 206.000 0.394
Post test Experimental  20.86

Table 4.5 reveals that there is no statistically significant mean rank difference
between students who were instructed with traditional method and those instructed
with PBL with respect to post test scores (p > 0.05). However, the mean rank of pre-
test scores of the control group is greater than their mean rank of pre-test scores of
experimental group (Mean Rankcg= 24.14 and Mean Rankgg =20.86).

The second hypothesis of the first problem was “There is no statistical mean
difference between students instructed with traditional teaching methods and those
instructed with problem-based learning with respect to retention in geometry.” Its
assumptions were tested. All assumptions were satisfied so that it was tested by using

t-test. The results are given in Table 4.6
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Table 4.6 Independent t-test for retention test

Variable Group Mean SD T Sig.
Control 7.10 3.727

Retention -0.775 0.443
Experimental 8.00 3.916

As seen in Table 4.6, it was found that there is no statistical mean difference
between students instructed with traditional teaching methods and those instructed
with problem-based learning with respect to retention in geometry (p>0.05).
However, the mean of control group was slightly less than the mean of experimental
group with respect to retention test score (Meancg= 7.10, SDce= 3.727; Meangg=
8.00, SDgg= 3.916). In addition to mean scores, mean rank scores were also
computed. The mean rank of pre-test scores of control group was less than their
mean rank of pre-test scores of experimental group (Mean Rankcg= 20.45 and Mean
Rankgg =23.48).

4.2.2. Results of the Second sub-problem

The second sub-problem of the present study is “Is there a statistically
significant change in the Geometry Achievement Test scores of the students
instructed with problem-based learning across three time periods (pre-treatment, post
treatment and retention)?” Its hypothesis was “There is no statistically significant
change in the Geometry Achievement Test scores of students instructed with
problem-based learning across three time periods (pre-treatment, post treatment and
retention). It was tested by Repeated Measures One-way ANOVA at the significance
level 0.05. Normality and equality of variance assumption were satisfied.
Furthermore, assumption of sphericity was also satisfied (Mauchly’s W=0.801, df=2,
p=0.109). The results of analysis are given in Table 4.7
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Table 4.7 Results of one-way repeated measures ANOVA for GAT scores of
PBL group with respect to time

Effect Value F Sig. N Partialm®> Observed Power

Wwilk’sx  0.219 35.657 0.000 22 0.781 1.000

As seen in Table 4.7, it was found that there was a significant effect for time
(Wilk’s lambda=0 .000, F(2, 22) =35.657, p= 0.000). The partial eta-squared was
found as 0.78. This result suggests very large effect size by utilizing guidelines
proposed by Cohen (1988). To find out which pairs of time periods caused the mean
difference scores of GAT, least significant difference (LSD) comparisons were used.

The results are presented in Table 4.8.

Table 4.8 Pairwise Comparisons of GAT scores of students in PBL group

95% Confidence

Mean Interval for
(N time  (J) time Difference Std. Error  Sig. Difference
(1-J) Lower Upper
Bound Bound
1 2 -4.682 0.544 0.000 -5.813 -3.550
3 -4.182 0.580 0.000 -5.387 -2.976
2 3 0.500 0.382 0.205 -0.295 1.295

As seen in Table 4.8, a statistically significant mean difference between pre-
test and post test scores in the favor of post GAT scores was found (Mpre=3.82,
SDpre=2.938; Mpost=8.50, SDpost=3.569). The mean score of retention test was
statistically significantly higher than the mean score of pre-test score (Mret=8.00,
SDret=3.916). However, it was also revealed that there was no statistically

significant mean difference between post test and retention test scores.

4.3. Conclusions of the study

In the light of the results obtained by examining the hypothesis, the following

conclusions can be stated:
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1. There is no statistically mean difference between students instructed with
traditional teaching methods and those instructed with problem-based learning with
respect to post geometry achievement.

2. There is no statistically mean difference between students instructed with
traditional teaching methods and those instructed with problem-based learning with
respect to retention in geometry.

3. There is a statistically significant change in Geometry Achievement Test
scores of students instructed with problem-based learning across three time periods

(pre-treatment, post treatment and retention).
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CHAPTER 5

DISCUSSION, IMPLICATION AND RECOMMENDATIONS

This chapter is comprised of a discussion, implications and recommendations
for further studies. The first section includes restatement of some results and
discussion of these results in the study. In the second section implications are stated
and lastly some recommendations for further research studies are put forward.

5.1. Discussion

The purpose of this study is to answer, what is the effect of problem-based
learning on ninth grade students’ geometry achievement? The independent variable
is the type of teaching method used in classroom instruction: PBL or traditional
teaching methods. The dependent variable is student achievement as measured by the
difference in pre-GAT, post GAT and retention GAT score.

In this study, before the treatment, the GAT was administered to students
both in the experimental and the control groups to determine whether two groups
differed with respect to the collective dependent variables of the study. Statistical
results revealed that there were no preexisting differences between the two groups
with respect to students’ achievement in geometry, mainly in the unit of areas of
triangle, parallelogram, rectangle, square, trapezoid, hexagon and circle.

During the treatment, the experimental group was instructed in light of hybrid
PBL while students in control group received traditional instruction. Results
indicated that these two groups were equivalent in terms of geometry achievement at
the beginning of the treatment (Mean RankCG= 20.73 and Mean RankEG =24.27).
Following six weeks treatment, the post test was applied and there was no
statistically significant mean rank difference between students who were instructed

with the traditional teaching method and the hybrid PBL with respect to post test
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scores. On the other hand, the mean rank of post test scores of the control group is
greater than that of the experimental group (Mean RankCG= 24.14 and Mean
RankEG =20.86). The retention test results were parallel to the two preceding results;
there is no statistically significant difference between students instructed with the
traditional teaching method and students instructed with the hybrid PBL. However,
the mean of retention scores of the control group is less than that of the experimental
group (Mce= 7.10, SDcg= 3.727 and Mgc=8.00, SDgg= 3.916 ).

Following the statistical meanings of the tests, it is worth comparing the
means of the experimental and control group in three tests. Means of pretest means
scores of the experimental group is slightly greater than that of the control group
(Mce= 3.05 ,SDcg= 2.554; Mgs= 3.82, SDgs= 2.938). On the other hand, posttest
statistical results indicated that the control group’s GAT scores are much higher than
that of the experimental group. As indicated beforehand in the limitations section,
number of participants in the control group and experimental group can have
prevented reflection of the difference into a statistical meaning. That is, if there had
been more students in both groups, there would have probably been a statistically
meaningful difference as a result of post test.

An important point while examining the post test means is the level of scores
out of 18. The means of 44 students in the experimental study is 8.93 according to
post GAT scores. Hence, the reasons for the low scores need to be discussed. First of
all, we have to compare the means of post test results by that of the pilot test. The
mean scores of 65 students in the pilot test are 12 (SD= 3.03877) as presented in
Table 3.3. Out of 18 questions 12 mean is an acceptable level.

In a regular high school program, triangle and polygon geometry is taught in
10™ and 11" years. 10™ grade geometry is mainly about triangles and 11" grade
geometry program is about other polygons and circular regions. The area unit exists
in some parts in both 10™ and 11" grade geometry programs. In this two year period,
students’ geometry ability improves gradually. In this study, the area unit of a two
year program was brought together and an easy part of it was taught to the students.
Hence, it would be worth conducting a similar study for a longer period. Such a
study may gradually increase students’ geometrical abilities which may result in

higher means in post GAT. Besides the content derived during the study could be
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reduced. Some parts of polygons need not have been taught. If the duration of the
teaching period increased for each of the polygons and if the exercises solved in both
groups increased, mean scores in both groups would have possibly increased.

In addition to all the arguments about the mean scores (M=8.93, SD= 3.336)
of students in the experimental study, Gulliksen (1945, as cited in Crocker & Algina,
1986) states that in order to maximize total score variance, and hence reliability, item
difficulty should be medium, that is 0.50. According to Gulliksen’s criteria, mean
scores should be 50 out of 100. As a result 9 out of 18 is not low for this test.

The retention test was applied 6 weeks after the treatment. Although there is
no significant mean difference between the control group and experimental group,
means of retention GAT scores are also parallel to the literature in some degree.
Norman and Schmidt (1992) stated that, compared to traditional lecture forms, PBL
may direct to better retention of knowledge after some weeks up to years. This result
is also true when the post test of PBL group is weaker than that of the group
instructed with the traditional lecturing method. The situation is the same in this
study. According to post test results, the traditional teaching method group is more
successful than PBL group (Mcg= 9.36, SDcg= 2.804 ; Mgg =8.50, SDgc=3.569);
besides, PBL group is more successful in retention test (Mce= 7.10, SDcg= 3.727
and Mgs=8.00, SDgg= 3.916 ). It is valuable to examine the means indepth. During
six weeks, the control groups’ mean score reduced 2.26 (9.36-7.10 = 2.26). During
the same period, the mean scores of experimental group reduced only 0.50 (8.50-
8.00=0.50). This difference is valuable. PBL group conserved their achievement for
six weeks after the treatment. On the other hand, traditional teaching method group
lost an important degree of their gain.

In the literature, superiority of PBL in retention is widely accepted, and in
this study there is a difference. On the other hand, the difference is not statistically
significant. There may be two reasons for this. In the literature, PBL is mostly
compared with the traditional lecturing based teaching model. Differently in this
study, the aim was to enhance the traditional teaching model by incorporating
different communication models such as lecturing and many exercises. This
technique in traditional teaching method could create a difference with the studies in

the literature. Secondly, 6 weeks after treatment may not be a good time for retention
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test. If the retention test had been implemented maybe 3 months after the treatment,
we would have possibly had a statistically significant difference between the two
groups. In the literature of PBL studies, there is no specific time for the
implementation of a retention test. As Norman and Schmidt (1992) stated, PBL may
direct to better retention of knowledge after some weeks up to years.

PBL environment is usually constructed mainly by cooperative learning.
Indeed, cooperative problem-solving groups are a key feature of PBL (Hmelo-Silver,
2004), and parallel to the literature, 6 groups were formed in the PBL group. At the
beginning of the treatment in the experimental group, students were asked if they had
participated in group work in their previous learning experiences. Eight students
revealed that they had worked in groups in the classroom for short periods such as
one or two hours in activities like handicrafts. The rest of the experimental group
had not experienced group work or could not remember if they had.

As a result of lack of experience in cooperative work style, all groups had
many problems. The most frequent obstacle was meetings. As mentioned in the
treatment section, all groups had a group task plan for their duties. In order to
complete their duties in time, all groups had to meet in some periods planned in the
timetable. However, some group members rarely came to the meeting. Although, all
students were enthusiastic to study in such a project, some of the students were
reluctant to obey group decisions and the timetable. Only one of the groups totally
obeyed their timetable. Therefore, regular students had to complete all the work. In
the experimental group, 13 students reported that cooperative work was enjoyable, 2
of them complained about noise, 2 students revealed that they skipped some
important parts of the task because of group activities, 5 students complained about
some group members who did not complete their tasks and 7 students mentioned that
their group could not meet regularly. Lastly, four students were completely against
group activities.

One of the well known effects of problem based learning is improvement in
self regularity (Perry, Vandekamp, Mercer, & Nordby, 2002). PBL enhances the
self-regulatory skills of students (Galand, Bentein, Bourgeois, & Frenay, 2003). As a
result of the literature about self regularity, students were expected to become

effective cooperative learners. However, there were some complaints of students
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about group work in this study. They mainly complained about irresponsible group
members. As mentioned before, none of the students in the experimental group had
participated in group work for such a long period. This reason may have affected the
achievement in a negative sense. Thus, to overcome such a reason in an experimental
study of PBL, groups can be formed some time before treatment. As a result,
students may get accustomed to working in groups, and may learn to share
responsibilities.

In all, the above argument is about comparison of PBL and traditional
teaching. In this study, the impact of these two instructional methods on students’
achievement is not statistically different. Nevertheless, this result should not hide the
reality that PBL has a positive effect on students’ achievement. As it is stated in the
second sub problem, there is a significant mean difference between pre-test and post
test scores of the PBL group. This result is not surprising because students had six
weeks treatment. What is more important is that there is no significant mean
difference between post test and retention test scores of the PBL group. This point
indicates PBL’s powerfulness. PBL helps students to retain achievement (Duch,
Groh, & Allen, 2001; Gordon, Rogers, Comfort, Gavula, & McGee, 2001; Norman
& Schmidt, 1992).

To sum up, there is no statistically mean difference between students
instructed with PBL and those instructed with traditional teaching methods with
respect to geometry achievement. On the other hand, PBL has a positive effect on
students’ achievement in geometry. In addition to this PBL may contribute to

students’ retention of achievement in geometry.

5.2. Implications
In this section implications of the study are stated for teachers, curriculum

developers, and teacher educators by taking into account the findings of the study

and the researchers’ experience and observation during the hybrid PBL instruction.
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Teachers :

Teachers tend to complain that students forget rules, theory and knowledge
very fast. They may think that knowledge given to students is the center of students’
lives. Students, on the other hand, usually forget knowledge after examinations. This
study suggests that PBL may contribute to students’ retention of achievement and
hence, teachers should focus on PBL which may result in long lasting learning. Thus,
Teachers should learn PBL by themselves or by attending in-service training
programs. It should be noted that Turkish Ministry of National Education (MoNE)
developed the secondary education mathematics curriculum which requires teachers
to use PBL in their courses (MoNE, 2005). Thus, this book and similar studies can

provide opportunities for teachers to be competent on using PBL.

Curriculum developers:

The findings of the present study that retention was supported by PBL has
significant results on the follow up tests (Dochy, Segers , Bossche, & Gijbels, 2003;
Norman & Schmidt, 1992). PBL can contribute students to retain knowledge. Thus,
curriculum developers should emphasize on how to use PBL in mathematics courses
effectively. For example, they can give sample activities on PBL so that teachers and
book authors can use PBL in mathematics courses/books.

Teacher educators:

In order to contribute to students’ retention of knowledge which is related to
real life, PBL may be a beneficial learning/teaching method. Teacher educators may
conduct PBL in their courses instead of teaching this concept in their courses. As a
result, pre-service teachers are likely to learn important issues in PBL and gain

experience in its implementation.
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5.3. Recommendations for further studies

The subjects in this study were ninth grade students in an Anatolian high
school in a rural area. Unfortunately, the sample population was small. As a result,
the generalizations of the findings of the study were limited. Moreover, gender
differences were not considered. In the light of these facts, researchers are
recommended to consider the five suggestions listed below:

1. This study can be replicated with a larger sample size

2. This study can be replicated by different teachers to decide teacher’s role
in the effect of the treatments

3. The effect of PBL and traditional teaching method on students’
performance skills can be determined.

4. The current study can be expanded to a semester long project

5. Gender differences can be studied.

58



LIST OF REFERENCES

Bandura, A. (1997). Self-Efficacy: The Exercise of Control, New York, WH
Freeman.

Barrows, H.S., & Tamblyn, R. (1976). An evaluation of problem-based learning in
small groups utilizing a stimulated patient, Journal of Medical Education, 51-
52.

Barrows, H. S., (1986). A taxonomy of problem-based learning methods, Medical
Education, 20, 481-6.

Barrows, H. S., & Tamblyn, R. (1980). Problem-Based Learning: An Approach to
Medical, New York, Springer Publishing Company.

Barrows, H. S. (1996) Problem-based learning in medicine and beyond, in: L.
Wilkerson & W. H. Gijselaers (Eds), Bringing problem-based learning to
higher education: theory and practice. New directions for teaching and
learning, San Francisco, CA, Jossey-Bass Inc. Publishers, 68, 3-13.

Bridges, E., Hallinger, P. (1995). Implementing Problem-based Learning in
leadership development, Eric Clearing House on Educational Management
University Of Oregon Eugene, Oregon.

Borich, G. (2004). Effective Teaching Methods, Columbus, Ohio: Pearson Education.

Boud, D. (1985). Problem-based Learning in Education for the Proffession, Sydney,
Higher Education Research and Development Society of Australia.

Boud, D., & Feletti, G. (1991). The Challenge of Problem Based Learning, New
York, St. Martin’s Press.

Brookfield, S. D. (2006). The skillful teacher, San Francisco, CA Jossey-Bass Press,
97-104.

59



Brown, A. L. (1995). The advancement of learning, Education Researcher 23(8): 4—
12.

Camp, G. (1996). Problem-based Learning: A paradigm shift or a passing fad,
Medical Education Online, http://www.med-edonline. org/f0000003.htm.

Carpenter, T., Ansell, E. Franke, M, Fennema, E., & Weisbeck, L. (1993). Models of
problem solving: A study of kindergarten children's problem solving processes,
Journal for Research in Mathematics Education, 24 (5). 428-441.

Christensen, O. R. (2008). Closing the gap between formalism and application-PBL
and mathematical skills in engineering, Teaching Mathematics and Its
Applications, 27 (3).

Clarke, D., Breed, M., & Fraser S. (2004). The Consequences of a Problem-Based
Mathematics Curriculum, The Mathematics Educator, 14 (2), 7-16.

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences, Hillsdale,
NJ: Lawrence Earlbaum Associates.

Crocker, L., & Algina, J. (1986). Introduction to Classical and Modern Test Theory,
New York: Holt, Rinehart and Winston Inc.

De Corte, E., Verschaffel, L., Lasure, S., Van Vaerenbergh, G., Bogaerts,H., &
Ratinckx, E. (1998). Design and evaluation of a learning environment for
mathematical modeling and problem solving in upper elementary school
children. In J. J. G. van Merriénboer, G. Moerkerke & B. Gros (Eds.),
Instructional Design for problem-based learning. Proceedings of the Third
Workshop of the EARLI SIG Instructional Design (pp. 47-59). The
Netherlands: University of Maastricht.

Dobbs, V. (2008). Comparing Student Achievement in the problem-based learning
Classroom and Traditional Teaching Methods Classroom, Thesis (PhD),
Walden University.

Dochy, F.; Sgers, M., Bossche, P.V, Gijbels, D. (2003). Effects of problem -based
learning: A meta-analysis, Learning and Instruction, 13, 533-568.

60


http://www.med-edonline/
http://math.coe.uga.edu/TME/Issues/v14n2/v14n2.pdf#page=9
http://math.coe.uga.edu/TME/Issues/v14n2/v14n2.pdf#page=9

Duch, B. J., Groh, S. E., and Allen, D. E. (2001). The Power of Problem-based
Learning, Stylus, Steerling, VA.

Ellis, A., Carswell, L. and Bernat, A. (1998) Resources,Tools, and Techniques for
Problem Based Learning in Computing, In Working Group reports of the 3"
annual SIGCSE/SIGCUE ITiCSE conference on Integrating technology into
computer science education ACM Press, 41-56.

Erickson, D. K. (1999). A problem-based approach to mathematics instruction,
Mathematics Teacher, 92 (6). 516-521.

Ferrari, M., & Mahalingham, R. (1998). Personal cognitive development and its
implications for teaching and learning, Eduation Psychology. 33, 35-44.

Fraenkel, J. R., & Wallen, N. E., (1996). How to Design and Evaluate Research in
Education, New York: Mc Graw-Hill, Inc.

Galand, B., Bentein, B., Bourgeois, K., & Frenay, E. M. (2003). The effect of PBL
curriculum on students’ motivation and self-regulation, Journal of Emotional
and Behavioral Disorders, 1998 0101, 6 (3).

Glasgow, N. (1997). A New curriculum for new times, A guide to student-centered
problem-based learning, Thousand Oaks, CA, Corwin Press.

Gordon, P. R., Rogers, A. M., Comfort, M., Gavula, N., & McGee, B. P. (2001). A
taste of problem-based learning increases achievement of urban minority
middle-school students, Educational Horizons, 79, 171-175.

Griffith, D. S., Jr. (2005). First Robotics as a Model For Experimental problem-
based learning ; A comparison of Students Attitudes and Interested in Science,
Mathematics, Thesis (PhD), Clemson University.

Gilinhan, B.C., & BASER, N. (2008). Probleme dayali 0grenme yonteminin
Ogrencilerin Matematige Yonelik tutumlarina ve basarilarina etkisi, Abant
[zzet Baysal Universitesi Egitim Fakiiltesi Dergisi, 8, 119-135.

Herreid, C. (2003). The death of problem-based learning?, Journal of College

ScienceTeaching, 32, 364-366.
61



Hiebert, J., Carpenter, T.P., Fennema, E., Fuson, K., Human, P., Murray, H., Oliver,
A. & Wearne, D. (1996). Problem solving as a basis for reform in curriculum
and instruction: the case of mathematics, Educational Research, 25(4), 12-21.

Hmelo, C. E. and Ferrari, M.(1997). The problem-based learning tutorial: Cultivating
higher-order thinking skills, Journal Education Gifted, 20: 401-422.

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students
learn?, Educational Psychology Review, 16, 235-266.

Lubienski, S. T. (1999). Problem-centered mathematics teaching, Mathematics
Teaching in the Middle School, 5 (4). 250-255.

Khoo, H. E. (2003). Implementation of problem-based learning in Asian medical
schools and students’perceptions of their experience. Medical Education, 37(5),
401-409

Maxwell, N., Mergendoller, J., & Bellisimo, Y. (2005). Problem-based learning and
high school macroeconomics: A comparative study of instructional methods,
Journal of Economic Education, 36, 315-331.

McCarthy, D. S. (2001). A Teaching Experiment Using Problem Based Learning at
the Elementary Level to Develop Decimal Concept, Thesis (PhD), The State
University of New York.

MoNE (2005). Ortadgretim Matematik Dersi Ogretim Programi ve Kilavuzu: 6-8.
Swmiflar [Secondary Education Mathematics Curriculum and Manual]. Ankara:
Devlet Kitaplar1 Miidiirliigi

Morgan, R., Whorton, J., & Gunsalus, C. (2000). A comparison of short term and
longterm retention: Lecture combined with discussion versus cooperative
learning, Journal of Instructional Psychology, 27, 53 — 60.

Norman, G. R., & Schmidt, H. G. (1992). The psychological basis of problem- based
learning: A review of the evidence, Academic Medicine, 67, 557-565.

O’Kelly, Jackie (2005), Designing a hybrid problem-based learning (PBL) course: a
case study of first year computer science in nui, Handbook of Enquiry &
Problem Based Learning, 45-53, Maynooth.

62



Ozel, M., Timur, E., Ozyalin, S., Damisman, M.A. (2005) Mathematics and
geophysics integration in modular based education model, Dokuz Eyliil
Universitesi Fen ve Miihendislik Dergisi, 7 (2), 101-112.

Perry, N.E., Vandekamp, K.O., Mercer, L.K., & Nordby, C.J. (2002). Investigating
teacher-student interactions that foster self-regulated learning, Educational
Psychologist, 37(1), 5-15.

Piaget, J. (1970). The science of education and the psychology of the child. New
York: Orion.

Roh, Kyeong Ha, (2003). Problem-Based Learning in Mathematics, ERIC
Clearinghouse for Science Mathematics and Environmental Education.

Savery, J. R., & Duffy, T. M. (1995). Problem-based learning: An instructional
model and its constructivist framework, Educational Technology, 35(5), 31-38.

Savin-Baden, M. (2000). Problem-based learning in higher education: untold
stories, Buckingham, Society for Research into Higher Education & the Open
University Press.

Savin-Baden, M.& Major, C. H. (2004). Foundations of problem-based learning,
Society for Research into Higher Education & Open University Press.

Selcen, 1. G., (2008). Effects of problem based learning on students’ environmental
attitude through local vs. non local environmental problems, Thesis (Master of
Science), Middle East Technical University.

Smith, K. A., Sheppard ,S. D., Johnson, D. W., Johnson R. T., (2005). Pedagogies
of engagement: Classroom-based practices, Journal of Engineering Education,
87-101.

Stepien, W.J., Gallagher, S.A., & Workman, D. (1993). Problem-based learning for
traditional and interdisciplinary classrooms, Journal for the Education of the
Gifted, (4), pp. 338-345.

Sungur, S. (2004). An Implementation Of Problem-based Learning in High School
Biology Courses, Thesis (PhD), Middle East Technical University.
63



Tan, O. S. (2000) Reflecting on innovating the academic architecture for the 21st
century, Educational Developments, 1(2), 8-11.

Tan, O. S. (2003) Problem-based learning innovation: using problems to power
learning in the 21st century, Singapore, Thomson Learning.

Tan O. S. (2004) Students’ experiences in problem-based learning: three blind mice
episode or educational innovation?, Innovations in Education and Teaching
International, 41(2), 1-5.

Vygotsky, L. S. (1978). Mind in society: the development of higher psychological
processes. Cambridge, Massachusetts: Harvard University Press.

Walton, H. J., & Mathews, M. B. (1989). Essentials of Problem-based Learning.
Medical Education, 23, 542-558.

Wood, T. (1995) ‘From Alternative Epistemologies to Practice in Education:
Rethinking What It Means to Teach and Learn’ In constructivism in Education,
Hillsdale, N.J.:Lawrence Erlbaum Associates.

Wu, Yakun (2006, November) Applying a hybrid problem-based learning method to
the teaching of computer programming, The China Papers, 63-66.

Yaman, S., Yal¢in, N. (2005). Fen egitiminde probleme dayali 6grenme yaklasimlnin
problem ¢ozme ve 0z- yeterlik inan¢ diizeylerinin gelisimine etkisi,
Hacettepe University Journal of Education, 29, 229-236.

Yurd, M., & Oglun, O. S. (2008). Probleme dayali 6grenme ve bil-iste-6gren
stratejisinin kavram yanilgilarinin giderilmesine etkisi, Hacettepe University
Journal of Education, 35, 386-396.

Zimmerman, B. J. (2000). Attaining self-regulation. In M. Kaerts, P. R. Pintrich, &
M. Zeidner (Eds.), Handbook of self-regulation, San Diego, CA: Academic
Press, 13-39.

64



APPENDIX A

INSTRUCTIONAL OBJECTIVES

Cognitive Domain

- Uses Pythagoras rule to calculate sides of right triangle
- Constructs special right triangles with respect to angles
- Uses characteristics of isosceles triangle

- Uses characteristics of equilateral triangle

- Calculates area of triangle by means of formula

- Uses area formulas of hexagon

- Calculates perimeters of polygons

- Uses area formulas of parallelogram

- Uses area formulas of square

- Uses area formulas of square

- Calculates area of trapezoid by means of formula

- Calculates area of polygons by means of triangular regions

- Calculates area of circle by means of formulas

Psychomotor Domain (Experimental Group)

- Uses and ruler and setsquare in order to draw polygons.

- Uses pair of compasses and protractor in order to draw circular regions.
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Affective Domain (Experimental group)

-Preparation with group members before class

- obey timetable for duties

- discuss the content with group members.
Attention to activities in group

- listen to other group members

- ask questions to other group members

- select a resource to get information

- participates in group activities

- respond to group members’ questions

- reveal his/her findings to group members
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APPENDIX B
GEOMETRI BASARI TESTI

1. Bolim: Kisisel Bilgiler

1. Adimz Soyadiniz:  ..iiiiiiiiiiiiiiiiiiiiiiiiateinen

2. Smifimz: ............

3. Cinsiyetiniz: ............

4. Ya$IMZ: ..cooevvvnnnennnns

5. Gecen Doneme Ait Matematik Notunuz: ............

6. Annenizin Egitim Durumu:

a)ilkokul b)Ortaokul c)Lise d)Universite e)Y.Lisans d) Doktora
7. Babamzin Egitim Durumu:

a)ilkokul b)Ortaokul c)Lise d)Universite e)Y.Lisans d) Doktora
8. Anneniz Calisiyor mu? A)Evet b)Hayir

9. Babamz Calisiyor mu? A)Evet b)Hayir

10. Evinizde bulunan ders Kitaplar disindaki kitaplarin sayisi:
a)0-20 b)21-50 c¢)51-100 d)101-200 €)200°den fazla
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2. Boliim : Basarilar

1.ABC iicgen [BA] L [AC], [BC|=4. |DC]|,

12 8

|AC|=8, |AB|= 12 olduguna gore Alan (ADB) ka¢

birim karedir? ® °
A)18 B)24 C)32 D)36 E)42
2. ABC iicgen, [AB] 1 [BC], |AB|=6, [DC|= 4 8
olduguna gore ADC ii¢geninin alam kag
birim karedir?
B l o 4 c

A)6 B)8 C)12 D)18 E)24

3. ABC iicgen |AB|=|BC|= 12,
|AC|=16 olduguna gore Alan (ABC) 1

kag birim karedir?

A)1675 B) 20V5 C)24V5 D)32V5 E)36\5

4. ABC iicgen [AH] -1 [BC], |]AD=

3, |IBC|=6 olduguna gore tarah

bolgenin alam kag¢ birim karedir?

A)9 B) 8 C)6
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5. ABC ii¢geninde [AB] kenar1 D ve E noktalar
ile 3, [AC] kenar1 F,G,H,K noktalari ile 5 esit

parcaya boliinmiistiir. Buna gore  Alan

(DFHE)/Alan (ABC) orani kactir?

A)4/15  B)1/3 C) 2/5 D)7/15  E)8/15

6. ABC iicgen, [BD] L [AC], [BC] L [AE], |AC|=
8, |IBC|=12, |AE|= 6 olduguna gore |BD| kenari .
kac birimdir?

A)3 B) 4 C)5 D)6 E)9

7) Bir kenari 4 cm olan diizgiin bir altigenin alam kac¢ birim karedir?

A)24 B)24V3 C)36 D)36V3 E)30\3

8. ABCD disbiikey bir dortgen ve |AC|= 8,
|IBD|=10 ve s(BEC)=30 olduguna gore -

Alan(ABCD)=? ' :

A)I0 B)20 C)24 D)40  E)80
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9. Sekildeki ABCD paralelkenarinda [DE]
1 [AB], [BC] L [DF], |AB|= 12, |DE|=4 ve
IDF|= 6 olduguna gore ¢cevre(ABCD) kag

br’dir?

A)20 B)30 C) 24 D) 40

o C

E)50

10. Asagdaki sekilde verilen ABCD paralelkenarinda F,E,K,L. bulunduklari

kenarlarda orta noktalar, [LE] ve [KF] dogrusal olduguna gore tarah alanlar

toplaminin paralelkenarin alanina oram kactir?

VENE
| =

7

° j °  AU12 B)LS

B

11. ABCD dikdértgen,
|AE|= |DE|=|KB|=2, |DF|=4, |FC|=7
ve |AL|=3ise  alan(EFKL) kac br 2

karedir?

A)20 B)22 C)23 D)25 E) 28
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12. AFHG, GHNK, KNED, EFBC es e

paralelkenarlardir ¢cevre(ABCD)=42 cm 3 / / N
olduguna gore [NH|=? o // / H
A)l B)2 C)3 D) 4 E)5 - F

13. ABCD dikdortgen X,Y,Z ile

gosterilen karelerin alanlar: sirayla 1, 4, ;

25 ile orantihdir. [AB|=12 ise y kare *

bolgesinin alam1 nedir?

A)9 B)S C)7,5 D) 6 E) 4

14. ABCD yamugunda, [EF] orta

tabandir. [EH]-L [AB], [EH|=3, |[EF|=5 br

olduguna gore Alan(ABCD) kag br Iy

I

karedir?

A)I5  B)20 C)24 D)30  E)36
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15. ABCD yamugunda, [AB]-[CB], [DA]-+ D
[BA], |AB|=8, [BC|=4, |AD|=7 ise alan (ABCD)=?

A)28 B)35 C4 D)8 E) 50

16. O dairelerin merkezi, [OA|=|AB| olduguna gore
biiyiik dairenin alammmn Kkiiciik dairenin alanina oram
kactir?

A)4 B)2 C)3/2 D)5/3 E)1

17. AB c¢aph O merkezli yarim ¢emberde

m(AOD)=20, m(BOC)=40, [AB|=2V3 br

olduguna gore tarah bolgenin alam kag br

karedir?

A)n/2 B)n C) 3n/2 D) 4w /3 E) 2n
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:&D
18. O merkezli ceyrek daire diliminde [OA] 1 —]
12 |——
[DC], |OC|=|CA|, |OB|=12br olduguna gore —
-
taral bolgenin alam kag birim karedir? © “ .

A) 18V3+12 n B) 18V3+15z8 C) 15\3+12n

D) 15\V3+18xr  E)18V3+24 =
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APPENDIX C

TABLE OF SPECIFICATION FOR
GEOMETRY ACHIEVEMENT TEST

Subject Comprehension Application
Triangle 2,4,6 1,3,5
Hexagon 7

Quadrilateral 8
Parallelogram 9,10,12

Rectangle 11

Square 13
Trapezoid 15 14

Circle 16, 17 18
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APPENDIX D

A ILCESI GEOMETRI PARKI PROJESI

Amag: A ilgesi turizmine katki yapmak amaci ile igerisinde bulunan biitiin
nesnelerin (agag, ¢igek, ¢ocuk parki, kafeterya, lunapark, havuz, yapay nehir vb.)
geometrik sekillerden olustugu bir geometri parki ¢izimi hazirlamak ve bu sekillerin
kapladiklar alanlar1 hesaplayabilmek

Gorev:

1. Mimar, Peyzaj Mimar, Miihendis, Turizmci vb. gibi kisilerle gerekli
goriismeleri yaparak diisiiniilen parkin belli bir olgege gore kus bakist
¢izimini yapmak

2. Hazirlanan ¢izimin sinif i¢erisinde sunumunu yapmak

3. Park i¢indeki farkli geometrik nesnelerin alanlarin1 hesaplamak icgin
kullanilacak formiil ve teknikleri belirlemek

4. Geometrik nesnelerin formiillerini sinif i¢inde diger gruplarla tartismak

5. Park i¢indeki nesnelerin alanlarini hesaplamak

Parkta kullanilacak tanmimli geometrik sekiller: Ucgen: Eskenar, Ikizkenar,
Cesitkenar, Dikdortgen,

Kare,

Paralelkenar,

Yamuk: Diiz (Ozelliksiz) , Ikizkenar, Dik

Diizgiin Altigen,

Di1s Biikey Cokgen

Daire: Daire, Daire dilimi, Daire kesiti
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APPENDIX E

KONTROL GRUBU ORNEK DERS PLANI

Ders Adi : Matematik (Geometri)

Sinifi : 9-A/ kontrol grubu

Konu . Ucgenin alani

Hedef : Uggensel bolgelerin alaninin hesaplanabilmesi
Gerekli On Bilgi : Pisagor kurali, eskenar ve ikizkenar tiggenin temel

Ozellikleri, Agilarma gore 6zel dik iiggenler.
Ogretim Metodu : Geleneksel 6gretim metotlari, diiz anlatim, tartisma
Ders Arac ve Geregleri : 10. ve 11. sinif geometri kitabi

Siire : 4 Ders saati

Dersin Islenisi:

Konuya 6grencilere iiggenin alan formiilii sorularak baslandi. Ogrenciler

Alan= (taban x yiikseklik)/2 yanitin1 verdiler. Ardindan konu ile ilgili iki soru

soruldu.
Soru 1. Soru 2.
A
A
4 7
8

- - C
L H B C

10
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Ik &rnekte biitiin dgrenciler yamiti bulurken ikinci drnekte birkag Ogrenci
cevabi bulabildi. Her iki 6rnek i¢in bir 6grenci dersi tahtada ¢6zdii. Derse genel bir
giris yapildiktan sonra; liggenin alan formiiliiniin neden (taban x yiikseklik) /2 oldugu
tartisildi. Ogrencilerin formiilii daha iyi anlayabilmesi igin kare, dikdortgen ve
paralelkenar sekilleri tahtaya ¢izildi ve yorum yapilmasi istendi. Tartigma 15dk kadar

surdu.

Daha sonra asagidaki sekil tahtaya ¢izildi ve alan formiilii verildi.

By - 3Na_ -
2 2 2

Ayrica degisik liggen sekillerinde alanin nasil bulunabilecegi ile ilgili

asagidaki sekiller tahtaya ¢izildi ve alan formiilleri tekrar edildi.
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B a C ﬁ(ﬁ‘&c)=ﬁ=b'hc:~a.c=b.hb

Ardindan alistirma yapilmaya baslandi.

Soru 3.

Sekilde verilen ADC iiggeninin alanin1 bulunuz.

Sorunun ¢6ziimii 6grenciler tarafindan yapildi. Alan formiilii= (taban x

Yiikseklik)/2 =(4 x 2)/2=4br2

Soru 4. (Bu soruda 6grencinin yiikseklikleri ayni ama tabanlar1 farkli olan

ticgenlerin alanlar1 arasindaki iligkiyi anlamas1 amaglandi) 1
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Sekilde ADC iiggeninin alanin 20br2 olduguna gore DAB ve ABC ii¢genlerinin
alanlarin1 bulunuz.

Bu soruda 6grenciler bir siire durakladi ve yiiksekligin verilmesi gerektigini
sOyleyenler oldu. 1-2 dakika sonunda kendilerinin bir yiikseklik ¢izerek sorunun
¢ozlimiinli bulabileceklerini gordiiler. Yiiksekligi bulmaya calisirken yiiksekligin
tamsay1 ¢ikmadigini sorunun yanlis olabilecegini sdyleyen dgrenciler oldu. Sorunun
¢Oziimii 3-4 dakika siirdii. Daha sonra Ogrencilere yiikseklik bulunmadan diger

alanlarin  bulunup bulunamayacagi soruldu tartismada Ogrenciler fazla yorum

yapamayinca 6gretmen ipuglart verdi. 10 dakika icerisinde asagidaki sonuca ulasildi.

A

.
MEED) _ x
AADE) Y

Soru 5. (Daha sonra ikizkenar ticgenin alani ile ilgili bir soru soruldu)
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Boyutlar1 sekil iizerinde verilen ABC {iggeninin alanin1 bulunuz.

Ogrenciler yiikseklik goremedikleri i¢in soruya cevap veremediler. Ogretmen
Ikizkenar {icgenin &zelliklerini kullanmalarini tavsiye etti. Sorunun ¢oziimii

Ogrenciler tarafindan yapildi.

A

C

Coziimde; B kosesinden [AC] tabanina bir dik indirildi. Pisagor kurali

uygulanarak [BH] yiiksekliginin uzunlugu bulundu ve alan formiilii uygulandi.

Eskenar liggenin alani ile ilgili alan formiilii 6grencilere anlatildu.




Ancak 6grencilerden formiilii ezberlememeleri sadece daha once 6grendikleri

eskenar tiggen Ozelliklerini kullanarak alani bulabilecekleri hatirlatildi.

Soru 6. Bir kenari 6br olan eskenar tiggenin alanini bulunuz.

Bu sorusunun cevabi alinirken 6grencilerden kisa formiilii kullanmamalari
bunun yerine temsili bir sekil ¢izerek eskenar licgenin 6zellikleri ve iiggenin alan

formila kullanilarak sonuca varmalari istendi.

Soru 7.

10

30®

Sekildeki ABC ii¢ggende |AB|= 10br. , |BCJ]= 8br. ve B acisiin 6l¢iisii 30°

olduguna gére ABC ii¢geninin alanini bulunuz.

A
10
5
30° n

Soru 30°-60°-90° iiggeni olusturularak yiikseklik bulundu ve alan formiilii

uygulandi.
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Soru 8. ikizkenar bir dik {icgenin alanini nasil bulabilecegimizi aciklayimiz?

Bu soruda ogrencilerin konu iizerinde yorumlar1 6grenilmeye calisildi.

Ogrencilerin biiyiik bir kismi1 soruyu asagidaki sekli ¢izerek formiillestirdi.

A

Alan = (axa)/2 =a2/2

Olgme ve degerlendirme: Appendix H deki sorular ddev olarak verildi.
Coziimlerin kontrol edilerek konunun anlasilip anlasilmadiginin belirlenecegi ve

sorularin sinifta 6grenciler tarafindan ¢oziilecegi bildirildi.

82



APPENDIX F

DENEY GRUBU ORNEK DERS PLANI

Ders Adi : Matematik (Geometri)

Sinifi : 9-B/ Deney grubu

Konu : Uggenin alan

Hedef : Uggensel bolgelerin alaninin hesaplanabilmesi
Gerekli On Bilgi : Pisagor kurali, eskenar ve ikizkenar tiggenin temel

Ozellikleri, Agilarma gore 6zel dik iiggenler.
Ogretim Metodu : Problem tabanli 6grenim metodu, tartisma
Ders Arac ve Geregleri : 10. ve 11. sinif geometri kitabi
Siire : 3 Ders saati

Sunum Yapan Grup  : Su Bazli Az Nazh

Dersin Islenisi (Derste anlatilacak konulari 6gretmen ve grup elemanlar: birlikte

hazirlamiglardir) :

Anlatan: Servet (Rumuz)

Hakan konuya iiggenin alan formiiliinii vererek basladi. Ogrenciler geometri

parkinda konuyu bireysel ve grup olarak ¢alistiklar1 i¢in formiilii biliyorlardi.
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Ancak konuya baslanirken 6grencilerden bir tanesi tiggenin alan formiiliiniin
neden (taban x yiikseklik)/2 oldugunu sordu. Ve smif i¢inde bir tartisma basladi.
Tartisma 5 dakika kadar siirdii ve anlatan gruptan Arda asagidaki sekille

arkadaslarini ikna etti.

b

Aciklamasinda ‘dikddrtgenin alani eni ile boyunun carpimidir, bunu ikiye

bolersek liggenin alanmi elde ederiz’ dedi. Ogrenciler ikna oldu.

Daha sonra Hakan konu ile ilgili 6rnekler vermeye basladi.

Soru 1.
A
|
-
E O C
5

Hakan sorunun ¢6ziimii i¢in siiftan goniillii bir 6grenci segti ve alan formiilii

uygulanarak soru ¢oziildii.
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Soru 2.

Sekildeki tiggende |AC|= 10 br, |BC|= 12 ve [BM|=6 birim olarak verilmistir.

Buna gore [AL] kenarinin uzunlugunu bulunuz.

Bu soruda 6grenciler [AL] kenarmin uzunlugunu bulmak i¢in Pisagor kurali
uygulanmasi gerektigini belittiler. Yapamayinca sesli diisiinmeye basladilar. Sorunun

cevabini Hakan verdi.

Soru 3.

|AC|= 7br, |BH|= 3br. ise ABC iiggeninin alanini bulunuz. Tiim gruplar

soruyu ¢6zdii ve goniillii bir 6grenci soruyu tahtada ¢6zdii.
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Soru 4.

Sekilde d1//d2 olduguna gore ABC iiggeninin alani ile ADB {i¢geninin alani

arasindaki baglantiy belirtiniz.

Ogrenciler hemen alanlarin birbirlerine esit oldugunu belirttiler. Ancak
esitligin nedeni soruldugunda cevap vermekte zorlandilar ve tartisma birkac dakika
stirdii. Daha sonra Hakan’in yardimiyla sonuca ulastilar; yiikseklikleri ve dolayisiyla

alanlar1 aynidir.

Anlatan: Ayhan (Rumuz)

Ikizkenar iiggenin alaninm nasil bulunabilecegi ile ilgili 6rnek vererek derse

basladi.

Soru 5.
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10

Boyutlar sekil iizerinde verilen ABC iiggeninin alanini bulunuz.

Ogrencilerden herhangi iki kenar1 carpip ikiye bolerek sonug¢ sdyleyenler
oldu. Ornegin; 10 x 12= 120, 120/2=60. Ayhan &grencilere ‘bize bir yiikseklik
gerekli sizce ikizkenar liggende yiikseklik nereden ¢izilmeli? © sorusunu sordu.

Soruyu iki grup ¢ozdii. Ve bir 6grenci soruyu tahtada yanitladi.

Coziimde; B kosesinden [AC] tabanina bir dik indirildi. Pisagor kurali
uygulanarak [BH] yiiksekliginin uzunlugu bulundu ve alan formiilii uygulandi.

Ve Taban= 12 br, Yiikseklik= 8br oldu.

Soru 6.
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Sekildeki iiggende |IBD|=3 x |CD| olduguna goére ACD ii¢geninin alaninin

ABD {iggeninin alanina oranini bulunuz.

Diger gruplara diistinmek i¢in biraz siire verildi. Gruplardan bazilar1 soruyu
¢ozmek i¢in daha fazla veriye ihtiyaclar1 oldugunu sdyledi. Ancak iki grup sorunun

¢Oziimiinii sozel olarak anlattilar; iki iggenin alanlar1 oran1 tabanlari orani ile aynidir.

Anlatan: Doga

Doga sunumuna eskenar {iggenlerin alani konusu ile basladi. Ve dogrudan

konuyu anlatt.
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Soru 7. Bir kenar uzunlugu 4br olan eskenar iiggenin alanini bulunuz.

Ogrenciler formiil yardimi ile sonucu buldular. Ancak ders Ogretmeni
sonucun licgenin genel alan formiilii ile yapilmasini istedi. Ancak yine yukaridaki

sekil yardimu ile biitlin gruplar soruyu kolayca yanitladi.

Soru 8.

30®

Sekildeki ABC {i¢geninin alanini bulunuz.

Sorunun ¢6ziimiinde gruplar zorlandi. Ciinkii ¢6ziim i¢in gruplarin B

acisindan yaralanarak bir yiikseklik olusturmalar1 ve yiiksekligi bulmalar

gerekiyordu.
A
£
Ca
30° B
B H C

Yani ‘30°-60°-90° {iggeni olusturarak yiikseklik, |AH|=3br bulunmali ve alan
formiilii uygulanmali idi. Doga ipuglar vererek gruplari ¢éziime yonlendirdi.
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Odev sorularinin ¢dziimiinii Arda yapacak.

Olcme ve degerlendirme: Appendix H deki sorular édev olarak verildi.
Coziimlerin kontrol edilerek konunun anlasilip anlasilmadiginin belirlenecegi ve

sorularin sinifta 6grenciler tarafindan ¢oziilecegi bildirildi.
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APPENDIX G

GRUP IS PLANI

Grup Adi: Su Bazli Az Nazh

Grup Elemanlari: Arda, Servet, Doga, Ayhan

Gorev Dagilimi:

Arda : internetten park plani arastirma
Servet: plandaki geometrik sekillerin alanlarint hesaplama
Doga : plandaki geometrik sekillerin alanlarini hesaplama ve arag-gere¢ temini

Ayhan: park planini ¢izme

Parkta Diisiiniilen Binalar ve Etkinlikler:

Termal hamam, kafe, futbol sahasi, havuz, kaydirak donme dolap salincak,

cimenlik alan, kosu pisti, biife, gondol, asansor

Calisma Takvimi:

19 Eyliil: Parktaki sekillere karar verme (Toplanti)

20 Eyliil: Park planlarinin hazirlanmasi ve geometrik sekillerinin alanlarinin
tartisilmasi (Toplant)

21 Eyliil: Parkin Kaba Taslak Cizimi (Toplanti)

22-23 Eyliil: Alan ¢alismalar1 (Bireysel ¢alisma)

24 Eyliil: Caligmalarin gézden gecirilmesi (Toplanti)

25 Eyliil: Teslim

Not: Kullanilan isimler rumuzdur.
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APPENDIX H

UCGEN EV ODEVI

D E
B / \}\
C
ABC iiggeninde D ve E noktalar1 bulunduklar1 kenarlarin orta noktalaridir. Buna

gore A(ABC)/A(ADE)="

Coziim:

A(ABC)=4s birim, A(ADE)=s birim. 4s/s=4
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|AB|= 8br, |BC|=6br, |AC|= 10br olduguna gore |BH|=?

Céziim: (8 X 6)/2= (|BH| x 10)/2. |BH|=24/5

ABC iiggeninin [AB] ve [AC] kenarlar sekildeki gibi ii¢ es pargaya ayrilmistir.
A(DEFH)/A(ABC) nedir?
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Coziim:

2s

2g
ET:

(3s)/(9s)=1/3

ABC ii¢gen, |AD|= 5br, BC|=6br olduguna gore tarali bolgenin alani kag birim
karedir?

Coziim: [BH]= a olsun [HC]=6-a olur. A(ADB)=(a x 5)/2 ve A(ADC)= ((6-a) x 5)/2
toplam tarali alan (6 x 5)/2=15br2
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30

ABC ii¢geninde [BC|=12br ve |AD|=6br olduguna gore ABC iiggeninin alani kag
birim karedir?

Coziim:
A
3 6
m 30%\
E H D C

A kosesinden bir yiikseklik indirerek, 30°, 60°, 90° {iggeni yardima ile yiiksekligi 3br
buluruz. Alan= (3 x 12)/2=18

6. ikizkenar iiggenler kullanarak kare elde edilebilir mi? Ikizkenar iiggenlerin alan

formilleri kullanilarak karenin alan formili elde edilebilir mi?
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Coziim:

a

Kareyi olusturan her bir ikizkenar tiggenin alani a?/2’dir. Toplam alan ise a®dir.

B 5 C

ABC iiggeninin alani kag¢ birim karedir?

Coziim:

Z

B kosesinden [AC] tabanina bir dik indirildi. Pisagor kurali uygulanarak [BH]
yiiksekligi 4br bulunur. Alan= (6 x 4)/2=12br?
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I
A
.
3
-
B C

Yukaridaki seklin alanini tiggenlere bolerek bulunuz.

Coziim:
D
A
.
3
-
B i

5
Sekilde iki tiggen elde edildi. Alanlar toplami: ((7 x 5)/2)+((3 x 5)/2)=25br2.
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