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ABSTRACT

THE EFFECT OF PEER INSTRUCTION ON HIGH SCHOOL STUDENTS'

ACHIEVEMENT AND ATTITUDES TOWARD PHYSICS

Eryilmaz, HULYA
Ph. D, Department of Secondary Science and Mathematics Education
Supervisor: Prof. Dr. Omer GEBAN

Co-Supervisor: Assist. Prof. Dr. Ali ERYILMAZ

January 2004, 134 pages

This study aimed to explore the effectiveness one of the interactive
engagement methods, which is peer instruction enriched by concept test on students'
achievement and attitudes toward physics. In this study two types of teaching were
used. These are; (1) Peer Instruction enriched by concept test, and (2) Traditional
Instruction. For this study, Physics Attitude Test (PAT), Physics Achievement Test
(PACT), Observation Checklist (OC), Teaching/Learning Materials were developed.
Physics Attitude Test, Physics Achievement Test and Observation Checklist were
used as measuring tools. The PACT and PAT were used to assess students'

achievement and their attitudes toward Newton's Laws of Motion respectively. The



OC was used for treatment verification. The PACT was developed by the help of the
findings from the literature. The OC was developed by the researcher. The PAT was
adapted from Taglidere's thesis.

This study was conducted with 3 teachers, 6 classes and total of 192 10th
grade students in the public high schools at Yenimahalle district of Ankara in the fall
semester of 2002-2003 academic years. For each teacher, 2 classes were used in the
study. The teachers were trained for how to implement Peer Instruction in the
classroom. Students from 3 classes participated in Traditional Instruction group and
referred as control group, whereas the other 3 classes instructed by Peer Instruction
referred as experimental group. The PAT and PACT were applied twice as pre-test
and after a three-week treatment period as a post-test to both groups to assess and
compare the effectiveness of two different types of teaching utilized in physics
course.

The data obtained from the administration of post-tests were analyzed by
statistical techniques of Multivariate Analyses of Covariance (MANCOVA). The
statistical results indicated that Peer Instruction was more effective than Traditional
Instruction. Whereas the statistical analysis failed to show a significant differences

between the experimental and control groups attitudes toward physics.

Keywords: Physics Education, Interactive Engagement, Peer Instruction, Concept

Test, Misconceptions
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AKRAN OGRETIMININ LISE OGRENCILERININ FiZiK BASARISINA VE

FIZIK DERSINE OLAN TUTUMLARINA ETKIiSi

ERYILMAZ, Hiilya
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi: Prof. Dr. Omer GEBAN

Ortak Tez Yoneticisi: Yrd. Doc. Dr. Ali ERYILMAZ

Ocak 2004, 134 sayfa

Bu ¢alismanin amact; etkilesimli ¢alistirma metotlarindan bir tanesi olan
kavram testleriyle zenginlestirilmis akran 6gretimi metodunun lise 6grencilerinin
fizikteki basarisina ve fizige karsi tutumuna etkisini arastirmaktir. Calismada iki
farkli 6gretim metodu kullanilmistir. Bunlar; (1) Kavram testleriyle zenginlestirilmis
Akran Ogretimi ve (2) Geleneksel Ogretim Metodu. Bu ¢alisma icin, Fizik Tutum
Testi, Fizik Basar1 Testi, Gozlem Kontrol Listesi ve Ogretim/Ogrenim Materyalleri
gelistirildi. Olgme araglar olarak, Fizik Tutum Testi, Fizik Basar1 Testi ve Gozlem
Kontrol Listesi kullanildi. Fizik Bagar1 Testi ve Fizik Tutum Testi 6grencilerin

basarilarini ve onlarin Newton'un Hareket Kanunlaria karsi tutumlarinm tespit etmek
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icin kullanilmistir. Gozlem Kontrol Listesi uygulamay1 dogrulamak igin
kullanilmistir. Fizik Bagar1 Testi kaynaklarindaki bulgularin yardimiyla
gelistirilmistir. Gozlem Kontrol Listesi aragtirmaci tarafindan gelistirilmistir. Fizik
Tutum Testi ise Taglidere’nin tezinden adapte edilmistir.

Calisma, 2002-2003 6gretim yili sonbahar déneminde Ankara’nin
Yenimahalle il¢esindeki ti¢ devlet lisesindeki 192 onuncu sinif 6grencisiyle, 3
ogretmen ve 6 siifla yapildi. Her 6gretmenin iki stnifi kullamldi. Ogretmenler
sinifta akran ogretimini nasil uygulayacaklari konusunda egitildi. Geleneksel
Ogretim Metodu ile 6gretim yapilan 3 sinif kontrol grubu; Akran Ogretimi ile
ogretim yapilan diger 3 sinif da deney grubu olarak belirlendi. Fizik Tutum Testi ve
Fizik Basar1 Testi her iki gruba, iki farkli 8gretiminin etkisini karsilagtirmak i¢in 6n
test ve ti¢ haftalik bir 6gretim sonunda da son test olarak uygulandi.

Son test skorlart MANCOVA istatistiksel teknigi kullanilarak analiz edildi.
Istatistiksel sonuclar, akran 6gretiminin geleneksel dgretim metoduna gore
ogrencilerin fizik basarisi acisindan daha fazla etkili oldugunu fakat 6grencilerin
fizik dersine yonelik tutumlar1 agisindan kontrol ve deney gruplari arasinda anlamli

bir fark bulunamadigini gosterdi.

Anahtar Kelimeler: Fizik Egitimi, Etkilesimli Calistirma Metodu, Akran Ogretimi,

Kavram Testi, Kavram Yanilgilar.
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CHAPTER 1

INTRODUCTION

Science is more than just knowledge. Science is a human enterprise involving
mental operations, computational skills and strategies, courage, curiosity devised by
individuals to discover the nature of universe. Science is important to all of us. The
hope that we can truly progress to a higher understanding of ourselves, and our
relationships with nature is raised by science. Science and technology changed and
increased the life expectancy and material well being of people. These rapid changes
in science have affected the teaching of science. Thus, naturally, each branch of
science education such as physics education is also affected by these innovations.

Physics is the most basic of all sciences. It is not possible to explain the
meaning and the content of physics with one simple sentence. It is at the root of
every field of sciences and underlines all phenomena. It is not a set of facts and rules
to be memorized. Instead, memorization is a fruitless way to try to learn physics
(Bueche, 1988). Up until the date 1950s and 1960s, science in elementary and middle
school consisted mostly of reading and memorization. In high school, as in college,

the curriculum in physics was generally considered to consist of course syllabus, a



text, a collection of standard problems, and a set of prescribed laboratory
experiments.

Over the past decade, physicists, psychologists and science educators have
been conducting research that was yielded detailed information about how students
learn physics. Some investigators have used physics as a context for examining
cognitive processes and approaches to problem solving. For others, the primary
emphasis has been on conceptual understanding in a particular area of physics such
as mechanics, electricity, heat or optics. Regardless of the motivation behind the
research, the results indicate that similar difficulties occur among students of
different ages and ability, often in spite of formal study in physics. The persistence of
these difficulties suggests that they are not easily overcome, and need to be
addressed explicitly during instruction (McDermott, 1984).

Physics is a difficult course to construct meaningful learning. That is why; the
achievement of students in physics is very low. There are some factors affecting
students' achievement in physics. Some of them are related with students; like
students' preconceptions, mathematics achievement, cognitive development level,
attitudes towards physics, prior experience with the related fields, socio-economic
level, age, and gender. Some of them are related to characteristics of physics
teachers, the nature of physics content (Watson, 1967), and facilities, teaching
methods, and social environment in physics classrooms and at home.

Among all of these effects, students’ preconceptions play important role.
Researchers have been doing research studies to diagnose students’ misconceptions
about physical concepts and rules. Clement (1982) and Eryilmaz (2002) studied in

many different subjects in physics, especially in mechanics. And they met at the



same point of decision that, student’s preconception about force and motion has a
great influence on performance in introductory mechanics.
Another factor effecting students’ achievement in physics is the teaching
method used in physics classrooms. Physics education research of the past two
decades strongly suggest that traditional methods of introductory physics instruction
like passive student lectures, recipe labs and algorithmic problem exams, fail to
convey much conceptual understanding of physics to the average student, and non-
traditional methods are often more effective. According to Heuvelen (1991) to make
an effective system of instruction, the output of an education must be attuned to the
characteristics of student minds at all times. To provide better impedance match
Heuvelen suggest that instruction must meet goals such as follows
¢ To understand basic physical quantities and concepts, students must learn to
represent these quantities and concepts using qualitative representations and to
use these representations to reason qualitatively about physical processes.

¢ To help students develop quantitative understanding and problem-solving
expertise, their problem solutions should involve multiple representations of the
process or event described in the problem. Students must receive explicit
instruction and practice with individual skills needed to represent and solve these
problems.

¢ Students are more likely to see the world in terms of physical concepts if they
have an opportunity to form a knowledge hierarchy, and if they learn cues for
accessing that knowledge from general ideas at the top to specific detailed

applications at the bottom.



¢ Expository lectures have been very unsuccessful in helping students acquire
conceptual and procedural knowledge. Instead, students should become active
participants during lectures (and in other parts of the course) in constructing
concepts, in confronting preconceptions that are misconceptions, in reasoning
qualitatively about physical processes, and in learning to use concepts to solve
problems.

¢ To become a permanent part of their knowledge, students need to use concepts
and skills repeatedly in a variety of contexts over an extended time interval.

It is evident from the literature that researchers have been developed and
studied the effectiveness of many methods in physics education. Hake (1998b)
strongly suggest that classroom use of interactive engagement methods can increase
mechanic course effectiveness in both conceptual understanding and problem solving
well beyond that achieved with traditional methods. Most effective, contemporary,
and popular methods are categorized and called as interactive engagement methods
(Duch, 1996; Hake, 1998; Heller, Keith, & Anderson, 1992; Heller, 1992; Hestenes,
1987).

Interactive engagement (IE) methods are methods that promote conceptual
understanding through IE of students in hands on (usually) and heads on (always)
activities that yield immediate feedback through interaction with peers and/or
instructors. (Hake, 1998a)

Some of the IE methods are Collaborative Peer Instruction (CPI);
Microcomputer-Based Labs (MBL); Concept Test; Modeling; Active Learning
Problem Sets (ALPS); Overview Case Studies (OCS); Physics Education Research

Text or no Text; Socratic Dialogue Inducing Lab (SDI); Hand-Held Graphic



Calculators; Ranking Task Questions; Interactive Video; Physics by Inquiry;
Classtalk; Minute Papers; Context-Rich Problems; Out-of-Lab Problems; Experiment
Problems; MBL Lecture Demonstration; Interactive Simulations, Role Playing, and
Anchoring Analogies.

Several features of the (IE) methods are as follows.

i. Interdependence, Mutual Compatibility, and Electronic Availability: IE
methods are usually interdependent. They are mutually compatible and can be
melded together to enhance one another's strengths and modified to suit local
conditions and preferences. Electronic availability has the added virtue of
allowing continual and needed improvement of IE methods and materials,

ii. Emphasis on Problem Solving: Most of the IE courses emphasize problem
solving in addition to conceptual understanding. In most IE courses some of
the problem solving requires critical thinking and mathematical skill as well as
the understanding of concepts.

In this study we are going to use Peer Instruction with Concept Tests. We
couldn't use most of the IE methods because we don't have enough equipment.

The general purpose of this study is to compare the effects of Peer Instruction
(PI) enriched with Concept Test with Traditional Instruction (TT) on 10th grade
students' achievements in physics.

1.1. The Main Problem and Sub-Problems
The main problem of this study is:

What is the effect of PI enriched with Concept Test on 10th grade students'

achievement and attitude concerning Newton's laws in Yenimahalle district?



1.1.1. The Sub-Problems

The following sub-problems (SP) were investigated based on the main problem:
SP1: What is the effect of teaching methods (PI vs TI) on students' post attitude and
post achievement scores in Newton’s laws when the effects of students' gender, prior
attitude and achievement are controlled?
SP2: What is the difference between PI students' and TI students' on the physics
attitude test when the effects of students' gender, prior attitude and achievement are
controlled.
SP3: What is the difference between PI students' and TI students' on the physics
achievement test when the effects of students' gender, prior attitude and achievement

are controlled?

1.2. Hypotheses
The problems stated above were tested with the following hypotheses which
are stated in null form.

Null Hypothesis 1

Hopopact, popaTy:Mer - W1 =0

There will be no significant main effect of PI on the population mean of the
collective dependent variables of; physics attitude posttest scores and physics
achievement posttest scores when the effects of students' gender, prior attitude and

achievement are controlled.



Null Hypothesis 2

Hopopat: Mpr - =0

No population means differences exist between PI students and TI students
on the physics attitude test when the effects of students' gender, prior attitude and
achievement are controlled.

Null Hypothesis 3

Hoporacty: Upr- W= 0
No population means differences exist between PI students TI students on the
physics achievement test when the effects of students' gender, prior attitude and

achievement are controlled.

1.3. Definition of Important Terms

Interactive Engagement Methods: According to Hake (1998a) these methods

are "designed at least in part to promote conceptual understanding through
interactive engagement of students in heads-on (always) and hands-on (usually)
activities which yield immediate feedback through discussion with peers and/or
instructors".

Traditional Instruction (TI): Instructor makes little or no use of interactive

engagement methods, relying on passive lectures, lab recipes, and algorithmic
problem exams (Hake, 1998a).

Peer Instruction (PD): It is an instructional method aimed at exploiting student

interaction during lectures and at focusing students' attention on underlying concepts.
Concept Test: It consists of conceptual problem(s) with related questions of

increasing difficulty. It is given near the end of the class, probes student



understanding of concepts emphasized during the previous week and during the
preceding lecture. Each student enters his/her individual and collaborative- group
response onto an optical scanning sheet. If possible, the Concept test is discussed
when student interest is at a peak, just after the scanning sheets have been collected

(Hake 1998a).

1.4. Significance of the Study

The main purpose of this study is to investigate the effects of peer instruction
on high school students' achievement and attitudes toward physics. This study
compares the relative effectiveness of the TI with PI enriched with concept tests on
students' achievement and attitudes toward physics in the topic of Newton's Laws of
motion.

As known before, physics is important discipline to follow the technology. It
is not easy to explain the subjects of physics with one simple sentence. It is not a set
of facts and rules to be memorized. Instead, memorization is not a good way to learn
physics. Physics is a difficult course to construct meaningful learning. Therefore,
students' achievement in physics is very low. It is affected by a lot of factors. One of
them is teaching method. It is evident from the literature that researchers have been
developed and studied the effectiveness of many methods in physics.

Researches conducted abroad provide us with the knowledge of the effects of
interactive engagement methods on students' achievement in physics. For example,
Hake (1998b) stated that the classroom use of IE can increase mechanics-course
effectiveness well beyond that obtained in traditional practice. However, no study

investigating the effects of the PI on students’ achievement and attitudes towards



physics has been found in Turkey so far. The results of this study may provide
insights into the effect of the PI on students’ achievement in mechanics and attitudes
towards physics in Turkey. Moreover, results of this study may give some important
cues to high school teachers in Turkish educational system about PI, then how to use
PI in physics. It is also hoped that this study may be a guide to future studies about
how to use PI in other science (mathematics, chemistry, and biology). It is also
expected that physics courses may be more popular science than does it now in

Turkey.
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CHAPTER 2

LITERATURE REVIEW

Studies that have been done before are reviewed in this chapter. The main
subjects are student centered and active instruction, cooperative learning, interactive
engagement, peer instruction, misconception about force and motion, and tools

measure misconceptions about mechanics.

2.1 Student Centered and Active Instruction

In recent decades, the related literature has described a wide variety of
student-centered instructional methods and offered countless demonstrations that
properly implemented student centered instruction leads to increased motivation to
learn, greater retention of knowledge, deeper understanding and more positive
attitudes towards the subject being taught (Bonwell & Eison, 1991 as cited in Van
Dijk, Van Den Berg, & Van Keulen, 2001).

It has been established that, when it comes to teaching science, the more
traditional methods of text book and lecture instruction are not the most effective

(Dykstra, Boyle & Monarch, 1992).
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Conventional instruction, which is frequently seen in science classrooms, can
be described as transmission of knowledge from teacher to students. Recently, there
1s a shift from the conventional instruction to student- centered instruction, which
provides students to become actively engaged in the learning process.

An instructional design is valuable in science if the design promotes the
construction or reconstruction of knowledge by the student. Science instruction
should strive to involve students as active participants in constructing their own
theoretical frameworks. Active instruction is resource based and moves students to
the center of the things. On the other hand, conventional instruction focused the
attention of students on the lecture. The teacher's primary function is lecturing,
designing assignments and testing and grading. Students are directly given an
instruction. Therefore, they lose the opportunity to be active.

Biggs (1996) stated that psychological research has shown that learning of
subject matter requires that students are actively involved with the material, instead
of just listening and consuming the information provided by the teacher. Bonwell and
Eison (1991) defined that active learning as "anything that involves students in doing

things and thinking about the things they are doing"(p.2)

2.2 Cooperative Learning

The term "cooperative learning" is the subset of active learning in which
learning takes place in a group of students while the group members are studying on
a common task together. Artz and Newman (1990) defined cooperative learning as
"small groups of learners working together as a team to solve a problem, complete a

task, or accomplish a common goal".
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The effects of cooperative learning activities have been positive for increased
academic achievement. In considering the effects of cooperative learning on
academic achievement, researchers have repeatedly examined cooperative versus
individualistic learning experiences. Results indicated that cooperative learning
experiences promote higher achievement and greater retention than do individualistic
learning experiences for all students (Stevens & Slavin, 1995). Moreover, Duch
(1996) indicated that active group learning and connections to real-world
applications help students learn physics and apply that knowledge appropriately.
Cooperative learning involve peer learning in which there is interdependence of
group members in working toward a common goal. Not all the group learning is
cooperative learning.

In literature, there are studies concerning about cooperative learning. A
primary motivation for putting students into groups is the opportunity for students to
help each other learn. Students can learn from other students by giving and receiving
help; by recognizing contradictions between their own and other students'
perspective, seeking new knowledge to resolve those contradictions, and contracting
new understandings from them; and by internalizing problem-solving processes and
strategies that other students use or that are created jointly with others (Bearison,
Magzamen, & Filarda 1986; Bossert, 1988-1989; Brown & Palincar, 1989).

An extensive search is a recent one, which investigated eight cooperative
learning methods in 164 studies. The study yielded 194 independent effect sizes
representing academic achievement. And results showed that benefits and
cooperative learning activities hold for students at all age level, for all subject areas

and for a wide range of task such as those involving retention and memory skills.
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And eight cooperative learning methods had a significant positive effect on students'

achievement (Johnson, Johnson, & Stanne, 2000).

2.3 Interactive Engagement

In order to try to gauge the effectiveness of various current introductory
mechanics course educational methods, Hake (1998a) initiated a survey of pre/post
test data using the Halloun-Hestenes Mechanics Diagnostic Test or Force Concept
Inventory is reported for 62 introducing physics courses enrolling a total number of
students N=6542. A consistent analysis over diverse student populations is obtained.
Fourteen traditional courses (N= 2084) which made little or no use of interactive
engagement methods achieved an average <g>T-ave = 0.23+ 0.04 (std.dev). On the
other hand, forty- eight courses (N=4458) which made substantial use of IE methods
achieved on average gain <g>IE-ave = 0.48= 0.14 (std.dev) almost two standard
deviations of <g>IE-ave above that of traditional courses. Result for 30 courses (N=
3259) on the problem solving Mechanic Baseline Test imply that IE strategies
enhance problem-solving ability. The conceptual and problem-solving test results
showed that the classroom use of IE methods can increase mechanics course
effectiveness well beyond that obtained in traditional practice. For the 6542 students’
survey, the first widely used IE method is collaborative peer instruction enrolling a
total number of students 4458 in the 48 interactive classes. The second most popular
IE method is Microcomputer Based Labs (MBL) used by 35 courses with 22704
students. Third one is concept test used by 20 courses with2479 students. 19 courses
and 885 students used modeling method. Active Learning Problem Sets (ALPS) on

Overview Case Studies (OCS) is used by 17 courses and 1101 students. Socratic
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Dialogue Inducing (SDI) Labs are used by 9 courses and 1705 students. These
ranking are by popularity within the survey and not by the effectiveness of the
methods relative to the another.

Van Dijk, Van Den Berg, and Van Keulen (2001) studied about interactive
lectures (peer instruction) in engineering education. Results showed that students
who were activated in lectures were very positive about activating instruction. They
liked activation, they found it very useful and thought would contribute to their
learning. These positive evaluation results might imply a positive effect of activation
on student learning. If the students enjoy activation lectures, they may be more
inclined to be involved in the subject matter, not only during lectures but also at
home. This result consisted with the research findings of Liebman (1996) and Mazur
(1997) published examples of uses of interactive teaching methods and reported their
success, including examples from the teaching of engineering subjects.

Thornton and Sokoloff (1998) designed Force and Motion Conceptual
Evaluation (FMCE) to probe student's conceptual understanding of Newtonian
Mechanics. FMCE was administered the more than 1000 students in the noncalculus
and calculus-based general physics lecture courses and in the introductory physics
laboratory at the University of Oregon and Tufts University. Results demonstrated
that students are little affected by the traditional approach. That's why they have
developed two active learning micro-computer-based laboratory (MBL) curricula
and Interactive Lecture Demonstration (ILD) to encourage active learning in large

lecture classes.
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2.4 Peer Instruction (PI)

Mazur (1997) explained PI is an instructional method in which students study
as groups of two or three rather than alone. Instead of presenting the level of detailed
covered in the text book or lecture notes, it consists of a number of brief
presentations on key points. Each followed by related conceptual questions, called
Concept Test, which probes students' understanding of the ideas just presented. The
students are first given time to think about the situation their own. Students formulate
their individual answers, and report their answers to the teacher. Then they are asked
to discuss their answers with their team. During this step, a student reflects on her/his
ideas, discuss and compare them with their team. When the team has reached an
agreed answer they report it to the teacher via flash card. At the end teacher explains
the answer and moves on to the next topic. Those processes encourage students think
actively and modify views and resulted in a high level of participation.

There is a wealth of evidence that peer learning and teaching is extremely
effective for a wide range of goals, content, and students of different levels and
personalities (Johnson & Johnson, 1991; Johnson, Maruyama, Johnson, Nelson, &
Skon, 1981). A similar study by Annis (1983) also indicated that teaching resulted in
better learning than being taught. These results fit well with contemporary theories of
learning and memory. Preparing to teach and teaching involve active thought about
the material, analysis and selection of main ideas, and processing the concepts into
one's own thoughts and words. Boller (1999) defined Peer instruction as it consists of
short presentations on key points followed by a Concept Test, which students

formulate answer for and discuss with each other.
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Mazur (1997) stated numerous advantages of PI. (1) Discussions to convince
your neighbors break the unavoidable monotony of passive lecturing; (2) The
students do not merely assimilate the material presented to them; (3)Students think
for themselves and put their thought into words.

Crouch and Mazur (2001) reported data from ten years of teaching with PI in
the calculus and algebra-based introductory physics courses for non-majors. Their
results indicated that students' mastery of both conceptual reasoning and quantitative
problem solving increased by implementing PI. They also found that 155 students
taught with PI in spring 2000 showed better performance than 178 students taught
traditionally, averaging 7.4 out of 10 compared to 5.5 out of 10.

Mazur (1997) have used Force Concept Inventory (FCI) and Mechanics
Baseline Test (MBT) to asses his students' learning. The results showed the dramatic
gain in student performance obtained on the FCI when he first used PI in 1991. This
gain was reproduced in subsequent years. In the posttest, the scores strongly shift
toward full marks and that only 4 % of the students remain below the cut off point
for the understanding of Newtonian Mechanics. In conventional instruction, the gain

was only half as large.

2.5 Misconceptions about Force and Motion

Misconceptions defined as the ideas that students have about natural
phenomena that are inconsistent with scientific conceptions and generation of them is
a natural and probably unavoidable part of the learning process (Westbrook &
Marek, 1991). Recently, Mak, Yip and Chung (1999) reported that misconceptions

originate from (1) informal ideas formed from everyday experiences of students, (2)
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incomplete or erroneous views developed by students during classroom instruction,
and (3) inadequate subject matter knowledge of teacher.

Researchers have been doing research studies to diagnose students'
misconceptions about physical concepts and rules. Clement (1982), and Halloun and
Hestenes (1985b) pointed out that student over a wide range of age and educational
background have misconceptions about many concepts in mechanics. Moreover,
Hestenes, Wells, and Swackhamer (1992) designed a 29 item test (FCI) to probe
students' belief about Newtonian mechanics. They found that students' initial
quantitative common-sense beliefs had a large effect on their performance in physics
but conventional instruction produced comparatively small change in those beliefs.
And the basic knowledge gain under conventional instruction was independent of the
professor or the teacher. These outcomes were consistent with earlier findings of
many researchers in physics education.

Hestenes et all. (1992) categorized the misconception about force and motion
according to FCI as follows:

i. Impetus View: Impetus is conceived to be an inanimate motive power or intrinsic
force that keeps moving. Of course, students never use the word impetus; they might
use any of a number of terms, but force is perhaps the most common. This
contradicts with Newton's law (Viennot, 1979; Caramazza, McCloskey,& Green,
1981; McCloskey & Kohl, 1983; McCloskey, 1983; Gunstone, 1987).

ii. Active Force: Active force corresponds most closely to Newton's Second Law.
Some students believe active agents are casual agents which have the power to cause

motion to create impetus and transfer it to other objects forces (Halloun & Hestenes,
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1985b; Hestenes, Wells, & Swackhamer, 1992; Sequeira & Leite, 1991; Sadanand &
Kess, 1990).

iii. Action/Reaction Pairs: Students often interpret the term interaction by a conflict
metaphor. They see an interaction as a struggle between opposing forces. It follows
from the metaphor that victory belongs to the stronger. Here the stronger can mean
bigger or greater mass, or more active agent (Brown, 1989; Maloney, 1984; Sequeira
& Leite, 1991; Sadanand & Kess, 1990).

iv. Concatenation of Influences: Students often apply the dominance principle to the
composition of two forces acting on the same object, with one force winning out
over the other. Indeed they often confuse action reaction pairs with the super position
of appositively directed forces on a single object.

v. Other Influence on Motion: Besides active forces, there are other influences like
centrifugal force, gravity, resistance and obstacles on motion. Some physics teachers
think that centrifugal force is a distinct kind of force. Obstacles like chairs and walls
do not exert forces, “they just get in the way". Mass is regarded as a kind of

resistance, because it "resists" the efforts of an active agent.

2.6 Tools Measure Students' Misconceptions about Force and Motion

Researchers designed some instruments to assess the basic knowledge state of
students taking a first course in physics. First of all, Mechanics Diagnostics test
(MDT) was designed by Halloun and Hestenes (1985a). It was used several different
purposes. It was used: as a placement exam; for evaluating effectiveness of

instruction; and as a diagnostic test.
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The test questions were initially selected to assess the student's qualitative
conceptions of motion and its causes and to identify common misconceptions.
Various versions of the test were administered over a period of three years to more
than 1000 students in college level, introductory physics courses. Early versions
required written answers. Answers reflecting the most common misconceptions were
selected as alternatives in the final version. It consists of 36 multiple- choice items.

Statistically it is quite a good measure because of its reliability and predictive
validity. Validity of the test was established in four different ways. The reliability of
the test was established by a statistical analysis of test results. The values obtained
for the Kuder-Richardson (KR) reliability coefficient were 0.86 for pretest use, and
0.89 for posttest use. These high values are indicative of highly reliable test. Then
the Force Concept Inventory (FCI) was designed to assess student understanding of
the most basic concepts in Newtonian mechanics by Hestenes et all. (1992). The FCI
has a predecessor of MDT. About 60% of the FCI is the same as the MDT, and the
results from both tests are perfectly consistent and mutually supportive. Analysis of
MDT results led to the improvements in the FCI. Like MDT, the FCI was used for
several different purposes, but the most important one is to evaluate the effectiveness
of instruction. The first version of the FCI consists of 29 multiple-choice tests items.
It was revised by Halloun, Hake, and Mosca (1995). The second version of the FCI
consists of 30 items. The items 15 and 19 in the original version have been removed
while the item 5, 18 and 26 have been added in 1995 version. First version of FCI
has been given to more than1500 high-school students and more than 500 university

students.
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Halloun and Hestenes regard the FCI as an improved version of the MDT
rather than a completely new test. That's why; they didn't do the same formal
procedure for test validity and reliability of the FCI. They took considerable care to
establish the validity and reliability of the MDT.

The next one is Mechanic Baseline test (MBT). The MBT was designed by
Hestenes and Wells (1992). It consists of 26 multiple-choice items. Items on the
inventory were designed to be meaningful to students without formal training in
mechanics and to elicit their preconceptions about the subject. In contrast, the
Baseline emphasizes concepts that cannot be grasped without formal knowledge
about mechanics. Its main intent is to measure quantitative aspect of student
understanding. The FCI and MBT are complementary probes for understanding of
the most basic Newton concepts. Together they give a fairly complete profile of this
understanding.

Final one is the Force and Motion Conceptual Evaluation (FMCE). It was
designed by Thornton, and Sokoloff (1998) to probe conceptual understanding of
Newtonian mechanics. It consists of 43 research-based multiple-choice items.
Researchers had the opportunity to do controlled testing at the University of Oregon,
in the noncalculus and calculus-based general physics lecture courses and in the
introductory physics laboratory and at Tufts University in both the noncalculus and

calculus-based courses with laboratories.
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2.7 Summary of Findings of the Reviewed Studies

One can summarize the results of these studies as follows:

1. Student's come to the physics classes with common sense beliefs. They are not
blank-minded. But those beliefs affect students' achievement (Halloun &
Hestenes, 1985a).

2. Traditional instruction causes a small change in common-sense beliefs (Halloun &
Hestenes, 1985a).

3. IE methods increase mechanic course effectiveness better than traditional methods
(Hake, 1998b).

4. The effect of cooperative learning activities involve peer learning have been
positive for measured academic achievement (Steven & Slavin, 1995).

5. Students, who are actively involving subject matter, learn more than students
taught traditionally (Biggs, 1996).

6. Peer instruction is extremely effective for a wide range of goals, content and
students of different levels and personalities (Johnson & Johnson, 1991;
Maruyama, Johnson, Nelson, & Skan, 1981).

7. Students' achievements taught with peer instruction show better improvement than
those taught with traditional instruction (Crouch & Mazur, 2001).

These findings propose that there is a need for research to achieve some
goals. These are: 1) to develop and validate measurement tools to identify students'
achievement and attitudes toward physics, 2) to develop teaching/ learning materials,
3) to develop treatment by using the suggestions of previous studies, 4) to test the

effects of Peer Instruction on students' achievement and attitudes towards physics
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while controlling threats to internal validity. This study basically aims to achieve

these goals.



23

CHAPTER 3

METHODOLOGY

In the previous chapters, problems and hypotheses of the study were
presented, related literature was reviewed accordingly and the essence of the study
was justified. In this chapter, population and sampling, description of variables,
development of measuring tools, teaching/learning materials, procedure, example
application of Peer Instruction, methods used to analyze data, and assumptions and

limitations are explained briefly.

3.1. Population and Sample

All 10th grade students in public high schools in Ankara were identified as
the target population of this study. However it is appropriate to define an accessible
population since it is not easy to handle this target population. The accessible
population was determined as all 10th grade students in public high schools at
Yenimahalle district. This is the population for which the results of this study will be
generalized. There are 12 high schools in Yenimahalle district. Three schools were

selected from these schools. Thus, the ratio of selected schools to total schools was
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0.25 (3/12). The population being sampled in this study was 1675. Of this
population, 56.7% were males and 43.3% were females.

Sample of the study was three schools and two classes from each school
drawn from the population as a sample of convenience. There were 192 10th grade
students in this study. This constitutes 11.5% of the students in the population.

Table 3.1 presents number of selected schools and number of students from
each of the school according to the PI and T1. Number of students across the schools
was approximately the same and number of students in the TT and PI was

approximately the same.

Table 3.1 Numbers of Selected Schools and Number of Students from Each School

in the PI and TIL.
School 1 School 2 School 3 ALL
TI 43 29 28 100
PI 25 29 38 92
ALL 68 58 66 192

Table 3.2 presents numbers and percentages of male and female students
participated in this study. Of the sample 56.7% were male and 43.23% were female
students. As seen in Table 3.2 numbers of male students are greater than female

students.
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Table 3.2 Numbers and Percentages of Male and Female Students.

Males Females Total
TI 64 (33.30%) 36(18.75%) 100
PI 45(23.40%) 47(24.47%) 92
ALL 109(56.70) 83(43.23%) 192

3.2. Variables

There are six variables in this study, which were categorized as dependent
variable (DV) and independent variable (IV). There are two dependent variables and
four independent variables. Independent variables are divided in two groups as
covariates and group membership. Table 3.3 indicates all the variables.

Table 3.3 Identification of Variables

NAME TYPE NATURE DATA
POPAT DV Continuous Interval
POPACT DV Continuous Interval
PREPAT v Continuous Interval
PREPACT 10Y Continuous Interval
Gender v Categorical Nominal
Method of v Categorical Nominal
Teaching

POPAT: Students' post-test scores on physics attitude test.
POPACT: Students' post-test scores on physics achievement test.
PREPAT: Students’ pre-test scores on Physics attitude test.

PREPACT: Students’ pre-test scores on Physics achievement test.
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There are two DVs in the study. These are students' post-test scores on
Physics Attitude Test (POPAT) and students' post-test scores on Physics
Achievement Test (POPACT). These are both continuous and interval variables.

There are four IVs that are categorized in two groups: covariate and group
membership. Covariate variables are students’ pre-test scores on Physics Attitude
Test (PREPAT), students’ pre-test scores on Physics Achievement Test (PREPACT)
and students' gender. Group membership variable is method of teaching. It has two
levels: PI and TI. Gender and method of teaching are in nominal scale of

measurement and the others are in interval scale of measurement.

3.3. Measuring Tools
There were two measuring tools in the study: Physics Attitude Test (PAT),

Physics Achievement Test (PACT), and Observation Checklist (OC).

3.3.1. Physics Attitude Test (PAT)

The PAT was adapted from a master thesis (Taslidere, 2002). It assesses 10th
grade students' attitudes toward Newton's laws of motion. It is content-related
attitude test. The content of Newton’s laws of motion covers: Newton's first law,
Newton's second law, and Newton's third law. The questions designed to be rated on
a 5-point Likert type response format (absolutely disagree, disagree, neutral, agree,
absolutely agree) and there are 24 items (See Appendix A). Five dimensions have
been adapted from the PAT. These dimensions are enjoyment, importance,
achievement motivation, interest related behaviors and self-efficacy. Except

achievement motivation there are five items for each dimension and four items for



27

achievement motivation. Enjoyment is student's personal interests toward the content
and items measuring enjoyment are; 1, 2, 17, 18 and 19. Importance deals with the
importance of the content, and it is measured with the items 3, 4, 5, 13, 14.
Achievement motivation is a combination of psychological forces, which initiate,
direct, and sustain behavior toward successful attainment of some goal, which
provides a sense of significance. Items measuring achievement motivation are; 6, 7,
8, and 12. Interest related behaviors respond to the question to what degree that the
students like to do out of the class activities related to the content. It is measured with
the items 15, 16, 21, 22 and 24. Self -efficacy is the belief in one's capabilities to
organize and execute the sources of action required to manage prospective situations.
Items measuring self-efficacy are; 9, 10, 11, 20, and 2

To establish the face and content validity, Erdal Taslidere collected evidence.
The PAT was checked by one instructor, three research assistants and two physics
teachers according to the content and format of the instrument.

For reliability analysis, the data were collected by Tashdere. PAT was
administered to 160 ninth grade students from the private high school as a pilot
study. The internal reliability coefficient of the PAT was calculated as 0.94 by using
cronbach alpha coefficient. But in this study, reliability coefficient was calculated as

0.93.

3.3.2. Physics Achievement Test (PACT)
The PACT was developed to assess students' understanding of Newton's
Laws. The first published test about mechanics was Mechanics Diagnostic Test

(MDT) (Halloun & Hestenes, 1985a). Although Halloun and Hestenes suggested the
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test to be used for i) diagnostic, ii) placement, and iii) instruction evaluation
purposes, Hestenes, Wells and Swackhamer (1992) radically revised the MDT and
formed the Force Concept Inventory (FCI). The Mechanic Baseline Test (MBT) was
also developed by Hestenes and Wells (1992) at the same time. Although the FCI
mostly covers Newton's first and third laws, the MBT covers mostly Newton's
second law. The multiple choice (MC) distracters in the MBT are not commonsense
alternatives as they are in the FCI, though they include typical student errors that are
more often due to different understanding than to carelessness. There are no
problems that can be solved by a single "plug in" of numbers into a formula in the
tests. Thus, the FCI and MBT are complementary probes for understanding of the
most basic Newtonian concepts. The authors suggested that the two tests together
give a fairly complete profile of this understanding.

The FCI in 1992 contains 29 MC questions. Halloun et all. (1995) discarded
two questions from the old version and included 3 more questions in the new version.
Thus, the new version of the FCI contains 30 MC questions.

Hestenes and Wells (1992) suggested using the FCI and MBT together to
assess the effect of an instruction. Therefore, we decided to use the MBT and the
new version of the FCI together in the study. According to the objectives and the
misconceptions related to Newton's Laws, the questions from the MBT and the new
version of the FCI were chosen. Table 3.4 shows the selected 28 MC questions, their
answers, and their corresponding questions in the FCI-92, FCI-95, and MBT. 23
questions from the FCI-95 and 5 questions from the MBT were taken in the PACT

(See Appendix B).
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Table 3.4 Questions Taken from FCI and MBT and their Answers.

Question FCI-92 /29 FCI-95 / 30 MBT /26 Right answers
1 1 1 C
2 3 2 A
3 2 4 E
4 4 7 B
5 6 8 B
6 7 9 E
7 8 10 A
8 9 11 D
9 16 12 B
10 5 13 D
11 13 15 A
12 14 16 A
13 18 17 B
14 - 18 B
15 24 21 E
16 25 22 B
17 26 23 B
18 27 24 A
19 28 25 C
20 - 26 E
21 11 28 E
22 12 29 B
23 22 30 Cor A
24 3 E
25 13 B
26 14 B
27 17 D
28 19 C

The selected 28 questions were translated from English to Turkish by the
researcher. Derya (2003) and Ogretme (2003) translated the FCI-95 to Turkish. The
researcher used these translations and compared them and chose the appropriate one
at her convenience. Translation were checked and corrected by an instructor from the
department of secondary science and mathematics education according to clarity,
originality to the English version, and understandability. The instructor also verified
the existence of the correct alternative for each item. A Turkish teacher, who has

been teaching Turkish for 25 years, also checked the PACT according to Turkish
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grammar and understandability. Some minor revisions were made. While calculating

the PACT scores, 1 point was given for each correct answer.

The internal reliability coefficient of the PACT was calculated as 0.60 by

using cronbach alpha coefficient. It is not high because most of the questions were

taken from FCI. And FCI is a diagnostic test.

In this study, the PACT was not used to assess students' misconceptions

about force and motion. However, it had 23 items from the FCI-95. The

misconceptions could be assessed by these 23 items and their corresponding

alternatives are presented in Table 3.5.

Table 3.5 Misconceptions Probed by 23 Items in the PACT and their Corresponding

Item Numbers and Alternatives

Misconceptions

Question and alternatives

Impetus supplied by "hit"
Loss/recovery of original impetus
Impetus dissipation

Gradual/delayed impetus build-up
Circular impetus

Only active agents exert forces
Motion implies active force

No motion implies no force

Velocity proportional to applied force
Active force wears out

Greater mass implies greater force
Most active agent produces greatest force
Largest force determines motion
Force compromise determines motion

Last force to act determines motion

8B,C; 23B,D,E

4D; 5C,E;15A; 17A,D,E
10A,B,C; 7C; 9C.E; 18C.E
5D; 7B,D; 15D

4A.D

21B; 11D; 12D; 13E; 23A
14C,D,E

22E

16A; 20A

16C.E

3A,D; 21D; 11B; 12B
11C; 21D; 12C

13A,D

4C; 9A; 15C

5A; 6B; 15B; 17C
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Table 3.5 (continued)

Obstacles exert no force 3C; 8AB; 22A; 11E; 12E
Motion when force overcomes resistance 19B.D

Heavier objects fall faster 1A; 2B.D

Gravity acts after impetus wears down 10B; 9E

3.3.3 Observation Checklist

During the treatment both the control and experimental groups were
observed. That is why; observation checklist was developed by the researcher to
assess whether teachers follow the PI or TI guidelines and to verify treatment
verification. In the development process, the documents about PI (Mazur, 1997) and
lessons plan (See Appendix C) were used. It was prepared on 4 point Likert-type. All
properties of PI were included in this checklist.

This instrument enabled the observer to give an overall judgement on various
aspects of the courses. Students were also observed for their involvement in the class
via the same checklist. The observer in the present study was the researcher herself.
She attended the regular lessons of the both experimental and control group classes
during the study and filled the observation checklist for both groups. Observation

checklist is given in Appendix D.

3.4 Teaching/ Learning Materials
Various materials were used in this study; objective list, concept tests, and

lesson plans for teachers, preclass reading assignment tests, and acetates.
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3.4.1 Objective List

In order to implement the Newton's laws of motion, an objective list was
prepared according to Bloom's Taxonomy. Total number of objectives was 24 (see
Appendix E). Three objectives were related to force, mass, and acceleration
concepts. The other twenty-one objectives were about Newton's laws of motion. 29%
and 25% of objectives were at knowledge and comprehension levels, respectively.
17% of objectives were at application and synthesis levels. About 8% of objectives
were at analysis level. At last 1% of objectives were at evaluation level. Students

who succeed these objectives understand Newton's laws of motion thoroughly.

3.4.2 Concept Tests
Concept test is short conceptual questions on the subject being discussed. The
concept tests used in this study were prepared to assess students' understanding about
Newton's laws of motion.
Each Concept Test has the following general format:
1. Question posed 1 minute
2. Students given time to think 1 minute
3. Students record individual answers
4. Students convince their neighbors 1-2 minutes
5. Students record revised answers
If most students choose the correct answer to the Concept Test, teacher
spends only a few minutes explaining the correct answer before going on to the

next topic. If the percentage of correct answer is to low after discussion, lecture is
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given in more detail on the same subject and is reassessed with another Concept
Test.

In this study, some of conceptual questions were taken from concept
questions that are developed by Mazur (1997) and translated into Turkish. The others
were developed by the researcher by the help of the related literature.

Concept tests cover the Newton's laws of motion taught in the 10th grade
curriculum that is same in all schools due to the settings of Ministry Education. For
each Newton's law, one concept test was prepared. First concept test about Newton's
1st law of motion includes four items. Second one about Newton's 2nd law of motion
consists of six items. And the last one about Newton's 3rd law of motion is composed
of two items. Concept tests were given in the copies of the acetates (see Appendix G)

and in the lesson plans (see Appendix C).

3.4.3 Lesson Plans

Lesson plans were prepared for teachers to teach Newton's laws of motion by
the PI enriched with concept tests and demonstrations. While preparing lesson plans,
specific objectives of the Newton’s Laws were written (see Appendix E). Then
misconceptions related to the subject were determined. Next, teaching methods to
dispel students’ misconceptions were decided. Table 3.6 shows objectives,
misconceptions and teaching method. Finally, lesson plans were written to integrate
these three by using Table 3.6. Also two students' views, three experienced physics
teachers' views, and a physics teacher educator's view were taken about lesson plans

and the required revisions were carried out.
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For each Newton's law, one lesson plan was prepared. Then, physics teachers

checked the lesson plans. Lesson plans consisted of a number of brief explanations

on key points, concept test and demonstrations. Lesson plans were given in

Appendix C.

Table 3.6 Objective Number, Misconceptions Related to the Subject, and Teaching

Methods Used.
Subject Objective Misconception Method
Force 1
Mass 2
Acceleration 3
Newton's first law 4,5, 14, Ideal vs Real System Peer Instruction
(Law of inertia) (15), 18 Impetus View with Concept test
Motion Implies Force and Demonstration
Newton's second 6, 8,9, 10, Force is proportional to Peer Instruction
Law 11, 12, velocity rather with Concept test
(15), 16, than acceleration and Demonstration
19, 24
Newton's third 7,13, (15), Action-Reaction Pairs Peer Instruction
Law 17, 20, 21, with Concept test
22,23 Demonstration

3.4.4 Preclass Reading Assignment Tests

The purpose of the preclass reading assignment is to get students to do part of

the work ahead of the lecture. To make sure students carry out their reading

assignments, three pre-class reading assignment tests about Newton's laws of motion

were prepared by the researcher. Each test consists of 3 multiple-choice questions.

In this study students were asked to read subject from their textbooks.

Reading assignment test were given to the students before class. And they were
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supposed to do it at home. When they came to the class before teacher began
lecturing, tests were collected. Preclass reading assignment tests about Newton's

Laws of Motion were given in Appendix F.

3.4.5 Acetates

For the implementation of Newton's laws of motion 14 pages of acetates were
prepared. All of them contain figures included within the lesson plans and Concept
tests. The reason of preparing acetates is that, they are effective while making
analogies and effective for time saving. The copies of acetates given to the teachers

were given in Appendix G.

3.5 Procedure

At the beginning, a detailed literature search was carried by the researcher.
First, the key terms were determined (See Appendix H). By the help of these
keywords, Dissertation Abstracts International (DAI) and Educational Researches
Information center (ERIC) were systematically searched. Social Science Citation
Index (SSCI) was searched in METU library by computers. The MS and PhD theses
made in Turkey were searched from YOK. All these tasks took about 4 months.
Photocopies of obtainable document were taken from the METU library, library of
Bilkent University and TUBITAK by May 2002. Moreover, some of the documents
that couldn't be reached were ordered from abroad. All of the papers were read, and
results of the studies were compared with each other.

Two measuring tools were used in this study (PAT and PACT). One was used

to assess students' achievement about Newton's laws of motion and the other was
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used to assess students' attitudes toward Newton's laws of motion. The PAT was
adapted from Taglhidere's Thesis. The PACT was developed by the help of the
findings from the literature. Preparation of the tools took 6 months.

Detailed lesson plans were developed to teach Newton's laws of motion to the
students by using the PI method. Students' views, experienced physics teachers'
views, and physics teacher educators' views were taken about lesson plans and the
required revisions were carried out.

All-10th grade students in the public high schools at Yenimahalle district
were the population of the study. Three public high schools were drawn from the
population as a sample of convenience. One teacher from each school and two
classes for each teacher have participated to this study. Necessary permission (See
Appendix I) has been granted for administration of the tests and application of
treatment to two classes of the selected three public high schools.

After choosing the sample, to train the teachers about how to apply PI,
teacher guide (See Appendix J) was prepared by the researcher. Teachers were asked
to follow the guide step by step. Also detailed lesson plans about each law were
given to teachers. Teachers and the researcher looked over the lesson plans together.
The researcher explained the PI to the teacher in detail. The process took about 3
hours. Moreover, before each class, teachers and the researcher came together to talk
about if there are any problems or not. Each teacher had one experimental and one
control group. The classes for each teacher were randomly assigned as a control
group or as an experimental group as a whole. Measuring tools were administered as
a pre-test. Then treatment (PI) was applied during the last three weeks of December

2002-2003 semester. Tests were administered again as a post-test to all groups by the
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teachers and the researcher. No problems were encountered during the administration

of the test and application of the treatment.

3.6 Example Application of Peer Instruction

Before class, reading assignment about Newton's first law from students'
textbook is given. To make sure students carry out their reading assignment, reading
assignment test is given to the students at least a day before class. When they come
to the class, after collecting the test, the teacher begins lecturing.

Each one-hour of lecturing consists of key points. First key point about
Newton's first law according to lesson plan (See Appendix C) is explained 7-10
minutes. During 7-10 minutes lecturing, the teacher makes demonstration and gives
examples from daily life. After lecturing, answer sheets for concept test (See
Appendix K) are given. First conceptual question (See Appendix C) is shown on
overhead projector by the teacher. The teacher reads the question to the students,
making sure there are no misunderstandings about it. Next, students are allowed 1-2
minutes to select an answer. The teacher wants each student to answer individually.
Students are not allowed to talk to one another; the teacher makes sure it is dead-
silent in the classroom. After about a minute, the teacher asks the students first to
record their answer on the answer sheet, which is given before. To see roughly
correct answer ratio, students report their answer to the teacher via flash cards (See
Appendix L). If this ratio is greater than 90%, the teacher explains correct answer
only a few minutes and goes on to the next key point. If this ratio is less than 90%, 2-
3 minutes are given to students to discuss their answer with their group. During

discussion, teacher participates with a few groups of students in the animated
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discussion that follow. Doing so allows the teacher to assess the mistakes being made
and to how students who have the right answer explain their reasoning.

At the end of the discussion, students are asked to record their revised answer
on the answer sheet. To check the distribution of answers, students are asked to show
their answers via flash card. If the percentage of correct answer is less than 90%, the
teacher lectures in more detail on the same subject, and reassess with second
conceptual question about Newton's first law. The same procedure is followed by the
teacher. If the percentage of correct answer is greater than 90%, the teacher moves
on the next key point about Newton's first law.

At the end of the lecturing, answer sheets are collected. And students are
asked to read Newton's second law from their textbook as an assignment. Also

preclass reading assignment test about Newton's second law is given.

3.7 Research Type and Design

A quasi-experimental design (Non-equivalent control group design) was used
in this study. Because it was not possible to randomly assign subjects to both
experimental and control groups. The students in the control group were instructed
by the TI while experimental group by the PI methods. After three weeks of

treatment period, the PAT and PACT were administered as a post-test to all groups.

3.8 Analysis of Data
All data were entered to the computer. The variables were formed and given

in raw data form in Appendix M. The statistical analyses were done by using SPSS.
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The data obtained in the study were analyzed in two parts. In the first part,

descriptive statistics and in the second part, inferential statistics were used.

3.8.1 Descriptive Statistics
The mean, standard deviation, skewness and kurtosis of the variables were

calculated for each control group and experimental group.

3.8.2 Inferential Statistics

In order to test the hypotheses, statistical technique named MANCOVA was
used since it can both equate groups on one or more independent variables and
control the experiment wise Type 1 error. According to literature review there are
many confounding variables, which may affect the results of this study. These are
students' pre-test scores on Physics' Attitude Test, students' pre-test scores on Physics
Achievement Test and students' gender. Table 3.7 shows all variables and the

variable set entry order that were used in the statistical analyses.

Table 3.7 MANCOVA Variable Set Composition and statistical Model Entry order

Variable set Entry order Variable name
1 1 student X : —PREPAT
(Covariates) X,=PREPACT
Xs=Gender
2
2I1d

(Group membership) X4=PI vs TI




40

Table 3.7 (continued)

1x2 3" Xs=X1*X4

Xe=X%*Xy

(Covariates*group X7=X3%¥Xy
interactions)

There are three hypotheses in the study. First hypothesis was analyzed by

MANCOVA and second and third ones were analyzed by ANCOVA.

For inferential statistical analyses, o, effect size, and power were set to .05,

0.10 (medium), and .80, respectively. Number of independent variables for each

dependent variable was four. Therefore as a total of independent variables for this

study used to calculate to required number of students was eight. A total sample size

of 200 students was calculated by using Cohen's power table for a medium effect

size, .05 a-level, .80 power and 8 independent variables.

3.9 Assumptions and Limitations

1.

The application of treatment and the administration of the PAT and PACT were
under standard conditions.

All subjects of this study responded sincerely to the items on the PAT, and
PACT.

Students from experimental group and control group did not interact and shared

questions of the PACT and PAT before or during the administration of the tests.
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CHAPTER 4

RESULTS

The results are divided into five sections. The first section presents the
descriptive statistics associated with the data collected from the administration of the
physics achievement and physics attitude pre-and post-tests. The second section of
this chapter presents the inferential statistical data yielded from testing the three null
hypotheses outlined in Chapter 1. The third section explains the results of classroom
observations. The fourth section presents the results of the preclass assignments.

Finally, the last section summarizes the findings of the study.

4.1 Descriptive Statistics

Descriptive statistics related to scores which were measured by the PACT and
PAT, were categorized according to the teaching methods and presented in Table 4.1.
Students' achievement scores could range from O to 28 in which higher scores mean
greater achievement and students' attitude scores could range from 24 to 120 in

which higher scores mean greater attitude toward physics.
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As shown in Table 4.1, the TI groups and PI groups showed mean increase
ranging from 0.01 to 1.94 in their level of achievement from the pretest to the
posttest. Overall, the variability in scores (as measured by standard deviation)
remained relatively stable from the pretest to the posttest.

As it is seen in Table 4.1, the PI students had lower achievement scores on
pretest than the TI students. Mean achievement score of the PI students (24.2 out of
100) on the posttest was greater than that of the TI students (21.3 out of 100). The
average percentages of selected alternatives in the posttest for the control and
experimental groups are given in Appendix N. Average percentage of correct
response of the experimental group were usually greater than that of the control
group for each item.

Table 4.1 also indicated the pre-and post-test attitude scores of all students
who participated in the study according to the TI and PI. Although the TI groups
showed mean increase of about 2.34 points in their physics attitude scores from the
pretest to the posttest, the PI groups’ scores showed mean decrease of about 0.57

points from pretest to posttest scores.

Table 4.1 Descriptive Statistics for the PACT and PAT Scores According to

Teaching Methods
N Mean SD Skewness  Kurtosis Min Max
POPACT
TI 100 5.97 2.65 0.56 0.09 1 13
PI 92 6.78 2.55 0.84 0.03 3 13

All 192 6.36 2.63 0.64 0.09 1 13
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Table 4.1 (continued)

POPAT
TI 100 80.99 15.23 -0.46 -0.67 41 105
PI 92 81.39 14.74 -0.23 -0.75 49 107
All 192 81.18 14.96 -0.36 -0.71 41 107
PREPACT
TI 100 5.96 2.47 0.48 0.75 1 14
PI 92 4.84 2.15 0.61 0.24 1 11
All 192 542 2.39 0.58 0.56 1 14
PREPAT
TI 100 78.65 14.37 -0.24 0.50 46 107
P1 92 81.96 12.69 -0.27 -0.06 50 108
All 192 80.23 13.65 -0.29 -0.30 46 108

Table 4.1 shows that although the PI students had lower mean attitude scores
on the pretest; mean attitude scores of both the TI and PI groups on the posttest were
approximately the same. Some other basic descriptive statistic like standard deviation
(SD), skewness, kurtosis, minimum and maximum points were also presented in
Table 4.1. For the TI students, the values for skewness on the pretest and posttest
achievement scores were 0.56 and 0.48, respectively which could be accepted as
approximately normal. In a similar manner, for the PI students' skewness values were
0.84 and 0.61 which could also be accepted as normal. Skewness values for both the
PI and TI groups on the PAT before and after treatment were -0.27, -0.24 and -0.23, -

0.46, respectively. These values were also accepted as approximately normal.
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When the kurtosis values taken into account, values for the TI and PI

students' achievement scores were 0.24, 0.75 and 0.03, 0.09 on the posttest and

pretest, respectively. Kurtosis values for the TT and PI students' attitude scores were

0.75, 0.24 on the pretest and 0.67 and 0.75 on the posttest. Again these values could

be accepted as approximately normal.

Figure 4.1 shows the histogram with normal curves related to the POPACT

and POPAT for the TI groups and PI groups. These are also an evidence for

approximately normal distribution of these four variables.
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Figure 4.1 Histograms of the PI and TI groups for the POPAT and POPACT
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4.2 Inferential Statistics

This section has four sub sections. The first sub section deals with the
missing data. Then the second sub section dealing with the determination of the
covariates comes. Verifications of MANCOVA assumptions are given in the next
sub section. Finally, statistical model of MANCOVA and the analyses of the

hypotheses are given in the fourth section.

4.2.1 Missing Data Analysis

Missing data analysis was done before starting the inferential statistics. Initial
data were gathered for 201 high school students. At the end of three week treatment
period, 192 high school students were posttested for the physics achievement and
physics attitude. The loss of nine students (4.2%) was because of being absent on the
day of the posttest. These nine students were excluded from the statistical analysis of
the study. Five (2.6%) and six (3.1%) of the 192 students posttested didn't complete
the PACT and PAT pretests, respectively. Missing data in these scores constituted a
range smaller than 5% of the whole data so they easily replaced with the mean

pretest scores of the entire subjects.

Table 4.2 Missing Data versus Variables

Resultant Missing Values Valid Missing
Variable Replaced Cases Percent
PREPACT 5 187 2.6

PREPAT 6 186 3.1
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4.2.2 Determination of the Covariates

Three independent variables (students' prior attitudes toward Newton's laws
of motion, prior achievement in Newton's laws of motion, and gender) were pre-
determined as potential extraneous factors of the study. Therefore, these variables
were included in Set 1 as covariates to statistically equalize the differences between
the TT and PI groups. All pre-determined independent variables in Set 1 have been
correlated with the two dependent variables (students' physics attitude posttest scores
and physics achievement posttest scores). The results of these correlations and their
significance are given in Table 4.3. As seen in the table, all independent variables in

Set 1 have significant correlation with one of the dependent variables.

Table 4.3 Significance Test of Correlation between Dependent Variables and

Covariates
Correlation Coefficients
Variables POPACT POPAT
PREPACT 325 -.039
PREPAT 103 560"
Gender -.430% -1717

*Correlation is significant at the .05 level.
Also as seen in Table 4.4, correlations among independent variables are less
than .8. Therefore gender, PREPACT and PREPAT can serve as covariates for the

inferential statistics.

Table 4.4 Significance Test of Correlations among the Covariates

Variables PREPACT PREPAT

Gender 222" .04
PREPACT -.01
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4.2.3 Assumptions of MANCOVA

Multiple analysis of covariance (MANCOVA) has five assumptions:
Normality, homogeneity of regression, equality of variances, multicollinearity, and
independency of observations. All the variables were tested for all the assumptions.

For multivariate normality assumption, skewness and kurtosis values given in
descriptive statistics section were used. The skewness and kurtosis values for the
POPAT and POPACT were in acceptable range for normal distribution.

Table 4.5 indicates the Box's Test of Equality of Covariance Matrices. As
seen from the table, multivariate normality is not significant. So assumption of

multivariate normality was validated.

Table 4.5 Box's Test of Equality of Covariance Matrices

Box's M 1.693

F 0.558
df1 3

df2 8361382
Sig. 0.643

Homogeneity of regression assumption means that the slope of the regression
of a dependent variable on covariates (Set 1) must be constant over different values
of group membership (Set 2). Table 4.6 indicates the results of Multivariate
Regression Correlation (MRC) analysis of homogeneity of regression for the
POPAT. As seen from the table interaction term (Set 3) didn't result in significant

change in the variance (F(3, 184) = 1.259, p=.290). Thus the interaction set (Set 3)
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could be dropped. In other words, there is no significant interaction effect. As a result

of this study, homogeneity of regression assumption was also validated.

Table 4.6 Results of MRC Analysis of Homogeneity of Regression for the POPAT

Change Statistics

Model R’ Change F Change df1l df2 Sig. F Change
1 342 32.556 3 188 .000
2 .002 .682 1 187 410
3 .013 1.256 3 184 290

The slope of the regression of a dependent variable (POPACT) on covariates
(Set 1) must be constant over different values of group membership (Set 2). Table
4.7 indicates the results of MRC analysis of homogeneity of regression. As seen from
the table, interaction term (Set 3) didn't result in significant change (F(3, 184) =
1.498, p=.217). So the interaction term (Set 3) was dropped. In other words, there is
no significant interaction effect. As a result of this study homogeneity of regression

assumption for dependent variable of the POPACT was validated.

Table 4.7 Results of MRC Analysis of Homogeneity of Regression for the POPACT

Change Statistics

Model R’ Change F Change df1l df2 Sig. F Change
1 A17 8.301 3 188 .000
2 .051 11.454 1 187 .001

3 .020 1.498 3 184 217
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Levene's Test of Equality was used to determine the equality of variance
assumption. As Table 4.8 indicates, the error variances of the dependent variables

across groups were equal.

Table 4.8 Levene's Test of Equality of Error Variances

F dfl daf2 Sig.
POPAT 001 1 190 980
POPACT 365 1 190 547

For the testing of multicollinearity assumption correlation among covariates
were examined. As Table 4.4 indicated, there was correlation among covariates. But
correlations among these covariates are smaller than .80. So the assumption of
multicollinearity was also supplied.

As a last assumption independency of observation was examined. Although
the smallest unit during the administration of test was a class not an individual; it was

observed that all participants did their test individually.

4.2.4 Null Hypothesis 1
The first null hypothesis was "There will be no significant main effect of the
PI on the population mean of the collective dependent variables of; tenth grade
students' physics attitude and physics achievement when the effects of students'
gender, prior attitude and achievement are controlled.” MANCOVA was conducted
to determine the effect of teaching methods on the POPAT and POPACT when the
effects of students' gender, prior attitude and achievement were controlled (See

Table 4.9).
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Table 4.9 MANCOVA Results for Null Hypothesis 1

Effect Wilks' F Hypothesis Error df. Sig.
Lambda df.
Teaching 941 5.828 2 186 .004
methods

Significant differences were found between the PI and TI students on the
collective dependent measures as indicated in Table 4.9 (F(2,186) = 5.828, p =.004).

In other words, the first null hypothesis was rejected (A =.941, p =.004).

4.2.5 Null hypothesis 2
The second null hypothesis was 'No population mean differences exist
between the PI students' and TI students' scores on the physics attitude posttest when
the effects of students' gender, prior attitude and achievement are controlled.’
Analysis of covariance (ANCOV A) was conducted to determine the effect of the PI
and TI on the POPAT. Table 4.10 indicates the result of the statistical analysis of
ANCOVA.
As seen from the table, the second null hypothesis was failed to be rejected (F
(1,187) =.682, p = .410). That is, significant differences were not found between the

PI and TT students' posttest scores on the PAT.

Table 4.10 ANCOVA results for Null Hypothesis 2

Source DV Type 11 df Error df F Sig
Sum of
Squares

Teaching POPAT 102.211 1 187 .682 410

Methods
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4.2.6 Null hypothesis 3

The third null hypothesis was 'No population mean differences exist between
the PI students and TI students' scores on the physics achievement posttest when the
effects of students' gender, prior attitude and achievement are controlled. ANCOVA
was conducted to determine the effect of the PI vs. TI on the POPACT (see Table

4.11).

Table 4.11 ANCOVA Results for Null Hypothesis 3

Source DV Type 11 df Error df F Sig
Sum of
Squares
Teaching POPACT 67.180 1 187 11.454 .001
Methods

Table 4.11 indicates that the third hypothesis was rejected (F (1, 187) =
11.454, p=.001). Significant differences were found between the PI and TI students'
posttest scores on the PACT in favor of the PI students. Students instructed by the PI
had higher physics achievement scores than the students taught by the TI. Moreover,
as seen in Table 4.1 the PI groups showed a mean increase of 1.94 points from
pretest to posttest of the PACT. Opposite to the PI groups, the mean of the TI groups
has increased of only 0.01 points. From this we can conclude that the TI didn't affect
students' achievement in physics.

Table 4.12 shows adjusted means of the PI and TI groups for both dependent
variables of the POPAT and POPACT. All above inferential analyses were
performed on these adjusted means. The PI students' POPAT means were adjusted
from 81.39 to 80.38 according to the covariates (PREPAT, PREPACT, and gender).

However, the TI students' POPAT means increased from 80.99 to 81.91 because of
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the covariates. For the dependent variable of the POPACT, the mean of the PI groups
increased from 6.78 to 7.003 according to the covariates. Opposite to the PI groups,

the mean of the TI groups decreased 0.20 points.

Table 4.12 Estimated Means for Variables Related to Null Hypothesis

DV Methods of Mean Adjusted Mean
Teaching
POPAT PI 81.39 80.38
TI 80.99 81.91
POPACT PI 6.78 7.003
TI 5.97 5.767

4.3 Classroom Observation

Throughout the study, the researcher observed lessons in order to compare
the experimental group with the control group in terms of the treatments
implemented. A total of 10 classroom observations have been done for the purpose
of the treatment verification. Eight of the observations were conducted by the
researcher while two observations conducted by the researcher and another observer
together to calculate inter-rater coefficient for the observation checklist. The inter-
rater coefficient was 0.98 for the TT groups and 0.85 for the PI groups, which
indicates a high reliability of the observation checklist.

During each observation, the researcher sat on a desk at the rear of the
classroom and filled the observation checklist. Moreover, the means and the standard
deviations of each item for both the PI and TI groups were presented in Table 4.13. It

indicates that for the PI groups, means of items from 1 to 9 were drastically greater
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than the means of the TI groups. These results indicated that lesson in the PI groups
were implemented according to the peer instruction and those in the TI groups were
implemented according to the traditional method.

In order to see that there were two different instructions in the PI and TI
classes, the means for each item in the observation checklist were compared for the
PI and TI groups. Assumptions for parametric statistics were not checked. Therefore,
Mann Whitney U test and independent t-test were conducted for the 10 observations.
Results of these tests indicated that the items 1, 9, 10, and 11 for the PI and TI groups
were not significantly different but the others were. The PI and TI groups were
approximately equal on the number of conceptual questions solved by the teacher,
demonstration done, topics taught, and the number of quantitative questions solved
by the teacher. However, there were statistically significant differences on the other
items between the PI and TI groups in favor of the PI groups except for the 12th
item. All these results were expected results. Therefore, treatment verification is

supported.
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Table 4.13 Basic Descriptive Statistics Related to Items of the Observation Checklist

Item Number PI Groups TI Groups
Mean S.D. Mean S.D.
1 1.3 1.4 0 0
2 3.0 0.4 0 0
3 3.0 0.0 0 0
4 3.0 0.4 0 0
5 3.0 0.8 0 0
6 2.7 1.3 0 0
7 3.0 1.5 0 0
8 3.0 1.9 0 0
9 1.8 3.0 0 0
10 1.8 3.2 2.5 0.58
11 1.5 39 2.75 0.5
12 0.0 4.5 2 0
13 3.8 3.7 0 0
14 1.3 4.9 0 0
15 2.5 4.8 0 0
16 25.9 5.8 - -

4.4 Results of Preclass Reading Assignment Tests

To make students have an idea about the subject before the class, reading
assignments were given. In order to check if students carry out their reading
assignments, tests were given. Results of the tests about Newton's laws of motion

were given in Table 4.14, Table 4.15, and Table 4.16.

Table 4.14 Results of the Preclass Reading Assignment Test about Newton's First Law

Question 1  Question 2 Question 3

True 55 56 53

False 13 12 15

As shown in Table 4.14, 55 students gave correct answers to the first

question, but 13 students gave wrong answers. Thus, a total of 68 students attempted
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to answer to the first question. Overall, approximately 80% of the students answered
the questions correctly. In other words, most students came to the class with

knowledge about Newton's first law.

Table 4.15 Results of the Preclass Reading Assignment Test about Newton's Second Law

Question 1  Question 2 Question 3

True 57 41 30

False 20 36 47

As seen from the Table 4.15, 74%, 53%, and 39% of the students answered
the first, second, and third questions correctly, respectively. These results indicate
that some of the students didn't do their reading assignment completely and some of

them came to the class with little knowledge about Newton's second law.

Table 4.16 Results of the Preclass Reading Assignment Test about Newton's Third

Law
Question 1  Question2  Question 3
True 82 47 62
False 2 37 22

Table 4.16 indicates that 97% of the students answered the first question
about Newton's third law correctly. This means that almost all students carried out
their reading assignment related to the first question subject. 56% and 74% of the

students answered the second and third questions correctly, respectively. In other
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words, students came to the class with some knowledge about the subject of second

and third questions.

4.5 Summary of the Results

The average scores on the PACT were appeared to be low, compared to the
nature of the test. Mainly it consists of conceptual questions related to
misconceptions about force and motion. The average success on the PACT was 23
percent correct answers (6.36 out of 28) after all the treatments. In other words, 77%
of the PACT were not answered correctly by the students even after the treatments.
The average achievement posttest scores were 24.2 (out of 100) for the PII students
and 21.3 (out of 100) for the TI students.

The statistical analyses showed that there were significant correlations
between some variables of independent variables and dependent variables. Moreover,
independent variables of the PREPACT, PREPAT and gender have significant
correlations with at least one of the dependent variables of the POPACT and
POPAT.

The statistical analysis of ANCOVA indicates that students instructed by the
PI gained more physics achievement than students instructed by the T1. Although
experimental group students gained more achievement, control group students gained

little achievement scores.
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In the light of the findings obtained by the statistical analyses, the results

could be summarized as follows:

1.

There was a positive significant correlation between the PREPACT and
POPACT about Newton's Laws of motion. Similarly positive significant
correlation was found between the PREPAT and POPAT toward Newton's laws
of motion.

Statistical results showed that there was no significant correlation between the
PREPACT and POPAT. Similarly it has been found no significant correlation
between the PREPAT and POPACT.

There exists significant gender difference in the POPACT and POPAT. In other
words, female students had lower achievement and attitudes toward Newton's
laws than male students did.

The mean of the PACT scores from pretest to posttest for the PI groups changed
drastically, but that of control groups changed very little. The results were
statistically significant for the PI groups. Thus, the PI increased students'
achievement more than the TI did. In other words, the PI was effective for
improving students' achievement

The mean of the PAT scores instructed by the TI from pretest to posttest had
changed positively but that of the PI changed negatively. The results were not

statistically significant.
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CHAPTER 5

CONCLUSIONS, DISCUSSION AND IMPLICATIONS

The purpose of the study was to investigate the effect of the peer instruction
on students' achievement and attitudes towards Newton's laws of motion. To finalize
this goal, this chapter is given in six sections. First section presents the conclusions
obtained from the results. Discussion of the results is given in the second section.
The third and fourth sections present internal and external validities of the study,
respectively. The fifth one points out implications of the study. And the last one

presents recommendations for further studies.

5.1 Conclusions

The accessible population of the study was all 10th grade students in public
high schools in Yenimahalle district in Ankara. There is a total of 1675 students
attending 12 high schools in the accessible population. 192 students attending three
schools were selected from this population. Thus, 25% of the schools and 12% of the

students were chosen. Although 10% of the students is enough for the representation
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purposes, the study has a generalization problem to the accessible population.

Because three schools and two classes from each schools were chosen as a sample of

convenience. Although the results can not be directly generalized to the accessible

population, the following results can be generalized to populations that have similar
characteristics with the sample used. Therefore, the characteristics of the sample
were explained in detail in Section 3.1. Here are the conclusions.

1. Students' scores on the PACT were very low even after the treatments. This is a
reflection of very important problems in the society and educational system.

2. Students' gender, prior attitude towards the topic and prior achievement about
Newton's Laws explain significant amount of variance in the students' physics
achievement and attitudes toward physics. In other words, they have successfully
used to equalize initial group differences.

3. The PI enriched with concept tests increased students' achievement in physics
more than the TI did. However, its effect size laid small to medium (n2 =0.006).

4. The effect of the PI compared to the TI on the students' attitudes toward Newton's

laws was not significant.

5.2 Discussion of the Results

In comparing the results of this research with those of the previous ones, this
research supports the findings of previous studies mainly in the area of science
achievement. The results of this study showed that students instructed by the PI
gained more physics achievement than that of instructed by the TI. However there
was not any significant difference between the PI and TI groups' attitude toward

Newton's laws.
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Findings of this study are in agreement with those of Steven and Slavin
(1995), Johnson, Johnson, and Stanne (2000), Hake (1998a), Van Dijk, Van Den
Berg, and Van Keulen (2001), and Crouch and Mazur (2001). Steven and Slavin
(1995) conducted a research about the effect of cooperative learning on achievement.
They have repeatedly examined cooperative versus individualistic learning
experiences. Results showed that cooperative learning experiences promote higher
achievement and greater retention than do individualistic learning experiences for all
students.

Johnson et all. (2000) investigated eight cooperative learning methods in 164
studies. Results showed that eight cooperative learning methods had a significant
positive effect on students' achievement for students at all age level and for all
subject areas.

Hake (1998a) initiated a survey of pre/post test data using the Halloun-
Hestenes Mechanics Diagnostic Test or Force Concept Inventory for 62 introducing
physics courses enrolling a total number of 6542 students. The test results showed
that the classroom use of IE methods can increase mechanics course effectiveness
well beyond that achieved with traditional methods.

Van Dijk et all. (2001) investigated the effect of PI in engineering education.
They studied with first year students who were randomly assigned to one of three
conditions of the experimental study. The design of the experiment can be
characterized as a pretest posttest control group design with two experimental
conditions. Students in the control group attended a traditional lecture. Both
experimental groups had to attend a lecture in which they were activated. In these

experimental groups the lecturer used Interactive Voting System and PI to activate
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students. The results showed that students who were activated in lectures were very
positive about activating instruction and also they found activation very useful for
their learning.

The results of Crouch and Mazur (2001) are also consistent with our results.
They reported data from ten years of teaching with PI in the calculus and algebra-
based introductory physics courses. The results indicated that 155 students taught
with the PI showed better performance than 178 students taught traditionally.

Chambers and Andre (1997) reported that the level of interest did not
correlate significantly with the posttest scores. This result supported our finding.

In our study, effect size was preset to 0.10 in a medium scale by the
researcher. The statistical result of the SPSS calculated it as 0.06 for the POPACT.
This value is between small and medium. Although the effect of the PI on the
students' achievement was statistically significant, it wasn't practically significant.
Moreover, preset power of the study was 0.80 and according to the results of the

ANCOVA, power was 0.87 for the POPACT that was higher than the preset value.

5.3 Internal Validity of the Study

Internal validity of the study is the degree to which extraneous variables may
influence the results of research. There are various possible threats to internal
validity that most of the studies suffer. These threats and the methods used to cope
with them are discussed in this section.

The design of this study provides some control for the internal validity threats

of subject characteristics, data collector characteristics, data collector bias, history,
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location, and mortality. However, the effects of implementation must be considered
in this study.

In this study the intact groups were randomly assigned to the treatment
conditions. Hence many subject characteristics (Gender, PREPACT, PREPAT)
might affect students' physics achievement posttest scores and physics attitude
posttest scores. They could be regarded as potential extraneous variables to the study.
As shown in Table 3.3, variables were included in the covariate set to statistically
match subjects on these factors. The statistical analyses indicated that gender,
PREPACT and PREPAT were appropriate covariates. And also, other factors were
assumed to be effective on internal validity such as students' cognitive development
and mathematical skills. The mathematical background and previous science
knowledge were assumed to be equal for all students.

Data collector characteristics and data collector bias should not be thread for
the study since the data collectors (teachers) were trained to ensure standard
procedures under which the data were collected. Also administering the tests to all
groups at the same time controlled history and location threats. There was no
remarkable difference in the locations that might affect students' performance.

Mortality is one of the most important threads to internal validity to control.
During the missing data analysis, the variables that have missing values were
analyzed for significance and it was not found as significant. So, the missing data
were changed with the means of series.

The other possible threat to internal validity might be implementation. Each

teacher had one control group and one experimental group. Moreover, the researcher
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trained the teachers to standardize the conditions and also observed all groups in an
attempt to see that the treatments were implemented as intended.

Finally, confidentiality was also not a problem in this study since names of
the students and names of the schools were not used anywhere. Their names were
just taken for the sake of statistical analysis and only the researcher had an access on

them.

5.4 External Validity

Population Generalizability: The population generalizability refers to the

degree to which a sample of a study represents the population of interest (Fraenkel &
Wallen, 1996). In this study the accessible population was the all 10th grade students
in public high schools at Yenimahalle district. The subjects of the study were 192
10th grade students of three teachers from three public high schools. Subjects of the
study were not randomly selected from accessible population. Generalization
according to the results of this study is limited due to use of nonrandom sampling.
But generalizations to similar populations of public high school students might be
possible.

Ecological Generalizability: The degree to which the results of a study can be

extended to other settings or conditions is called ecological generalizability (Fraenkel
& Wallen, 1996). For this study, all treatments and testing procedure took place in
ordinary classrooms during regular class time. There were possibly no remarkable
differences among the environmental conditions. Therefore it was believed that other

public high schools have similar settings and conditions. Therefore, the results may
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be generalized to public high schools that have similar setting and conditions with

the study.

5.5 Implications

According to the findings of this study and previous studies done in abroad,

following suggestions are offered.

1. Students should be mentally active in the physics classes. They should
advocate their ideas and try to refute their friend's ideas.

2. Physics teachers should create learning environments that allow students
to discuss their ideas with their friends and reach a common conclusion
about the phenomena.

3. Physics educators should train prospective physics teachers about how to
create learning environments that make students mentally active and how
effectively to manage these environments.

4. Physics textbook authors should not present physics as a collection of
facts to be memorized rather they should put a lot of activities in physics

books that make students mentally active while they learn physics.

5.6 Recommendations for Further Research
This study has suggested variety of useful topics for further studies. These are
briefly as follows:
1. Future research could investigate the effects of PI on improving students'
achievement and attitude in different physics topics, different science

subject and in different grade levels.
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. Future research could investigate the effectiveness of PI for eliminating
the students' misconceptions about Newton's laws of motion.

. This study was about public high schools students in Ankara. Future
study could examine the effect of the PI on students' physics achievement
and attitudes toward physics in private high schools.

Sample size of further research could be increased to obtain more
accurate results.

. Future study could examine the effect of the PI on students' physics
achievement and attitudes toward physics for a longer time that is
integrated in the flow of normal physics course.

. Not only gender, PREPACT, PREPAT but also many other variables may
affect students' physics achievement and attitudes towards physics. Future
research could investigate the effect of teaching methods on students'
physics achievement and attitudes towards physics by controlling

different variables.
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APPENDIX A

PHYSICS ATTITUDE TEST

Newton'un Hareket Kanunlar1 Konusuna Kars1 Tutum Olgegi

Sevgili Ogrenciler,

Bu anket sizin Newton'un Hareket Kanunlar1 konusuna karsi tutumlarinizi
olcmek icin gelistirilmistir. Cevaplariniz 6ntimiizdeki yillarda fizik derslerinin sizin
goriigleriniz ve  beklentileriniz ~ dogrultusunda  sekillenmesine  katkida
bulunabileceginden ©nem tasimaktadir. Liitfen biitiin sorularn yanitlaymiz. Bu
arastirmada toplanilan tiim bilgiler kesinlikle gizli tutulacaktir.

Her bir ciimleyi dikkatle okuduktan sonra, ciimleye ne derecede katildiginizi
veya katilmadiginizi belirtmek i¢in yanindaki seceneklerden birini ( X ) seklinde

isaretleyiniz.



73

Adi Soyadi: Cinsiyet:

DIKKAT!

Newton'un hareket kanunlari konusu:
v" Newton'un 1. Hareket Kanunu £
v Newton'un 2. Hareket Kanunu 5 g
v' Sabit bir kuvvetin etkisinde hiz degisimleri _'—% . "_'§
v Ivmenin, kuvvetin biiyiikliigiine baglihgi ; g g 2 i:
v Newton'un 3.Hareket Kanunu '_é 2 g _g ié

bélimlerini kapsamaktadir. ;3‘ 5 é E é

“Newton'un hareket kanunlari" konusunu severim.

1 konusuna kargi olumlu hislerim vardir.

# konusunda 6grendiklerimin, hayatimi kolaylastiracagini diisiiniyorum.

/1 konusunun, gelecekte Gneminin gittikge artacagina inaniyorum.

1 konusunun, ilerideki galismalarimda bana yararli olacagini diigiiniiyorum.

1 konusunda basarili olmak igin elimden geleni yaparim.

# konusunda elimden gelenin en iyisini yapmaya galigirim.

# konusunda basarisiz oldugumda daha gok ¢abalarim.

1
2
3
4.
5.
6
7
8
9

/1 konusunu 6grenebilecegimden eminim.

10.

# konusunda basarili olabilecegimden eminim.

11.

# min kullanildigi zor problemleri yapabilecegimden eminim.

12.

n nin gegerli oldugu problemler ne kadar zor olursa olsun, elimden geleni
yaparim.

13.

# konusunun, ilerideki meslek hayatimda 6nemli bir yeri olacagini
diigiiniiyorum.

14.

n konusunda &grendiklerimin, giindelik hayatta isime yarayacagini
diigiiniiyorum.

15.

n konusu veya teknolojideki uygulamalar: ile ilgili kitaplar okumaktan
hoglanirim.

16.

Fizik topluluguna liye olmak isterim.

17.

Benim igin "Newton'un hareket kanunlari” konusu eglencelidir.

18.

Okulda "Newton'un hareket kanunlari” konusunu ¢alismaktan hoglanirim.

19.

Diger konulara gére “"Newton'un hareket kanunlar” konusu daha ilgi
cekicidir.

20.

Daha zor “Newton'un hareket kanunlart” ile ilgili problemler ile basa
gikabilecegimden eminim.

21.

Okuldan sonra arkadaglarla “Newton'un hareket kanunlari” konusu

hakkinda konugmak zevklidir.

22.

wn

Bana hediye olarak ""Newton'un hareket kanunlari" ile ilgili bir kitap veya
konu ile ilgili aletler verilmesinden hoglanirim.

23.

Yeterince vaktim olursa en zor "Newton'un hareket kanunlar” ile ilgili
problemleri bile ¢6zebilecegimden eminim.

24,

Arkadaslarla "Newton'un hareket kanunlari” konusu veya teknolojideki
uygulamalari ile ilgili meseleleri konusmaktan hoslanirim.
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APPENDIX B

PHYSICS ACHIEVEMENT TEST

NEWTON'UN HAREKET KANUNLARI BASARI TESTI

Bu test 28 coktan secmeli sorudan olugsmaktadir ve
Ogrencilerin kuvvet ve hareket konularindaki basarilarini 6lgmek icin
hazirlanmigtir. Bu test yurtdiginda hazirlanmig olup birgok lise ve
Universite égrencilerinin basarilarini dlgmede kullaniimigtir. Litfen
verdiginiz cevaplarin sizin yalnizca kisisel goruslerinizi yansitmasina

dikkat ediniz ve asagidaki kurallara uyunuz.

¢ Bu testin Gzerine kesinlikle hi¢ bir sey yazmayiniz veya
isaretlemeyiniz.

¢ BUtun cevaplarinizi cevap kagidi Uzerine isaretleyiniz ve isminizi
Uzerine yazmay! unutmayiniz.

¢ Her soruda yalnizca bir sik isaretleyiniz.

¢ Yanliglar dogru cevaplari gétirmeyecektir. Litfen, bitliin sorulara
cevap veriniz.

¢ Testi 35 dakikada bitirmeyi planlayiniz.

Tesekkrler.
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3)
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Aym biiytikliikte, birinin agirligl digerinin iki kati olan iki metal top, bir evin cat1 katindan ayni
anda ve aym yiikseklikten asagiya dogru serbest diismeye birakiliyor. Toplarin yere diisme
stiresi i¢in ne soylenebilir?

(A) Agr top, hafif olan topun yar siiresi i¢inde yere ulasir.

(B) Hafif top, agir topun yar siiresi i¢cinde yere ulagir.

(C) Yaklasik aynm1 zamanda yere ulasirlar.

(D) Agr top oldukca 6nce yere ulasir, ama kesin yar1 siiresi icinde degil.

(E) Hafi top olduk¢a dnce yere ulasir, ama kesin yan siiresi i¢inde degil.

Bir onceki problemdeki iki metal top yatay masa iizerinde ayn hizla hareket ederken masadan
diisiiyor. Bu durumda:

(A) Her iki top da masadan yaklasik aym yatay uzaklikta yere carpar.

(B) Hafif top, agir topa oranla, masadan iki kat daha uzakta yere carpar.

(C) Agar top, hafif topa oranla, masadan iki kat daha uzakta yere carpar.

(D) Agar top, hafif topa oranla kesinlikle masaya daha yakin yere carpar.

(E) Hafif top, agir topa oranla kesinlikle masaya daha yakin yere carpar.

Biiyiik bir kamyon ile ufak bir araba merkezi ¢arpisma yapiyor. Carpisma sirasinda,

(A) Kamyon arabaya, arabanin kamyona uyguladig: kuvvetten daha fazla kuvvet uygular.
(B) Araba kamyona, kamyonun arabaya uyguladigi kuvvetten daha fazla kuvvet uygular.
(C) Birbirlerine herhangi bir kuvvet uygulamazlar, araba pargalanir.

(D) Araba kamyona kuvvet uygulamaz, kamyon arabaya kuvvet uygular.

(E) Araba kamyona, kamyon arabaya ayn1 biiyiikliikte kuvvet uygular.

Celik bir top ipe baglanir ve yandaki sekilde

goriildiigii gibi yere paralel diizlemde R (A)
dairesel bir yoriingede dondiiriiliir. Sekilde Fa .
gosterilen P noktasinda ip topun yanindan ’ .
aniden kopmaktadir. |

Eger bu olaylar dogrudan dogruya 2 ., 7
yukaridan sekildeki gibi gozlenirse, ip \ ]
koptuktan sonra topun izleyecegi en yakin “\ (C
yol nasil olur? 3, D,o’;{ -——- -2
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SONRAKI DORT SORUYU (5°TEN 8’E KADAR) CEVAPLANDIRIRKEN ASAGIDAKI
ACIKLAMAYI VE SEKLI KULLANINIZ.

Asagidaki sekilde siirtiinmesiz yatay bir diizlemde sabit V,, hiziyla diiz bir ¢izgi lizerinde “a”

noktasindan “b” noktasina dogru kaymakta olan bir Hokey diski goriilmektedir. Hava tarafindan
uygulanan kuvvetler 6nemsizdir. Diske kusbakist bakilmaktadir. Disk “b” noktasina ulastigi anda
koyu ok yoniinde hizli bir vurusa maruz kalir. Eger disk “b” noktasinda hareketsiz olsaydi, vurus
diski vurus yoniinde Vi hiziyla yatay harekete baslatirdi.

5)

6)

7)

8)

Vurustan sonra disk, asagidaki yollardan hangisini en yakin izleyecektir?

> -
k@
R

(A) (8) (©) D) (E)

e I B TR S
¢ 4 4 4 4

Vurulduktan hemen sonra diskin hizi:

(A) Vurmadan 6nceki “V,” hizina esittir.

(B) Vurmadan dolay1 kazandig1 hiz “V\” ya esittir ve ilk hiz “V,” dan bagimsizdir.

(C) “V,” ve “Vi” hizlarinin aritmetik toplamina esittir.

(D) Ya*“V,” yada “Vy” hizindan daha kiigiiktiir.

(BE) Ya “V,” yada “Vy” hizindan daha biiyiiktiir, ama bu iki hizin aritmetik toplamindan daha
kiiciiktiir.

Altinct soruda segmis oldugunuz siirtiinmesiz yolda, diskin vurulduktan sonraki hizi:
(A) Sabittir.

(B) Siirekli artar.

(C) Siirekli azalir.

(D) Bir siire icin artar ve sonra azalir.

(E) Bir siire icin sabit kalir ve sonra azalir.

Altinct soruda se¢mis oldugunuz siirtiinmesiz yolda, diske vurulduktan sonra etkiyen baslica

kuvvet(ler):

(A) Asagi dogru yer cekimi kuvvetidir.

(B) Asagi dogru yer cekimi kuvveti ve hareket yoniinde yatay bir kuvvettir.

(C) Asagi dogru yer ¢ekimi kuvveti, yiizey tarafindan yukariya dogru etkiyen bir kuvvet ve
hareket yoniinde yatay bir kuvvettir.

(D) Asagi dogru yer cekimi kuvveti ve ylizey tarafindan yukariya dogru bir kuvvettir.

(E) Hig biridir. (Cisme hig bir kuvvet etkimez).
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9) Asagidaki sekilde gosterildigi gibi bir giille top tarafindan bir ugurumun tepesinden firlatiliyor.
Giille asagidaki yollardan hangisini en yakin izler?

10) Bir ¢ocuk, celik bir topu, dikey olarak yukar firlatiyor. Topun ¢ocugun elinden ayrildiktan ve
yere diismeden onceki hareketini g6z oniinde bulundurup, havanin uyguladigi kuvvetleri ihmal
ettigimizde; topun iizerine etkiyen kuvvet(ler):

(A) Asagiya dogru bir yer cekim kuvveti ile beraber, yukariya dogru siirekli azalan bir
kuvvettir.

(B) Topun ¢ocugun elinden ¢iktigi andan ve tepe noktasina ulasincaya kadar yukariya dogru
stirekli azalan bir kuvvet; diisiisii sirasinda cisim yere yaklastikca siirekli artan yer ¢cekimi
kuvvetidir.

(C) Tepe noktasina kadar asag1 dogru neredeyse sabit yer ¢cekimi kuvveti ile beraber yukariya
dogru siirekli azalan bir kuvvet ve diisiisii sirasinda sadece asagi dogru sabit yer cekimi
kuvvetidir.

(D) Sadece dikey, asag1 dogru, neredeyse sabit yer ¢ekimi kuvvetidir.

(E) Yukaridakilerin hicbiridir. Yeryiizii iizerinde hareketsiz kalma dogal egilimden dolay1 top
yere diiser.

SONRAKI iKi SORUYU (11 ve 12) CEVAPLANDIRIRKEN ASAGIDAKi ACIKLAMAYI
VE SEKLI KULLANINIZ.

Biiyiik bir kamyon yolda bozulur ve asagidaki sekilde goriildiigii gibi bir araba kamyonu
arkadan iterek tamirciye ulastirmaya ¢alisiyor.

ACME
Transfer co.
P S T T

11) Araba (hala kamyonu itiyor) sabit hiza ulasmak i¢in hizlaniyorken:

(A) Arabanin kamyona uyguladig1 kuvvet ile kamyonun arabaya uyguladigi kuvvet esittir.

(B) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya uyguladigi kuvvetten daha
kiiciiktiir.

(C) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya uyguladigi kuvvetten daha
biiyiiktiir.

(D) Arabanin motoru calisngindan dolayi, araba kamyonu iter, ama kamyonun motoru
calisgmadigindan dolay1 kamyon arabaya kars1 bir kuvvet uygulayamaz. Kamyon, arabanin
yolunda oldugundan dolay1 sadece itilir.

(E) Ne araba ne de kamyon birbirlerine kuvvet uygular. Kamyon, arabanin yolunda
oldugundan dolayi sadece fitilir.




12) Araba siiriiciisiiniin kamyonu itmek istedigi sabit hiza ulasildiktan sonra:

13)

(A) Arabanin kamyona uyguladig1 kuvvet ile kamyonun arabaya uyguladigi kuvvet esittir.
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(B) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya uyguladigi kuvvetten daha

kiigiiktiir.

(C) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya uyguladigi kuvvetten daha

biiytiktiir.

(D) Arabanin motoru c¢alistigindan dolayi araba, kamyonu iter, ama kamyonun motoru
¢ g y y Yy
calisgmadigindan dolay1 kamyon arabaya kars1 bir kuvvet uygulayamaz. Kamyon, arabanin

yolunda oldugundan dolay1 sadece itilir.

(E) Ne araba ne de kamyon birbirlerine kuvvet uygular. Kamyon, arabanin yolunda

oldugundan dolayi sadece itilir.

Yandaki sekilde goriildiigii gibi bir asansor, celik

halatlarla sabit bir hizla yukariya dogru cekiliyor. Tiim

stirtinme  etkileri Onemsizdir. Bu durumda asansore
etkiyen kuvvetler soyledir:

(A) Halat tarafindan yukart dogru etkiyen kuvvet,
asagiya dogru olan yer cekimi kuvvetinden daha
buiytiktiir.

(B) Halat tarafindan yukar1 dogru etkiyen kuvvet, asagi
dogru etkiyen yer ¢cekimi kuvvetine esittir.

(C) Halat tarafindan yukar1 dogru etkiyen kuvvet, asagi
dogru etkiyen yer cekimi kuvvetinden daha
kugiiktiir.

(D) Halat tarafindan yukar1 dogru etkiyen kuvvet, asagi
dogru etkiyen yer cekimi kuvvetiyle, asagi dogru
etkiyen hava kuvvetlerin toplamindan daha biiyiiktiir.

(E) Yukaridakilerin hicbiri. (Asansor c¢elik halatlar
tarafindan iizerine yukari dogru etkiyen bir kuvvetten
degil, halatin kisalmasindan dolay1 yukar ¢ikar).

TRNE

Asansér sabit hizla
yukariya gidiyor

14) Asagidaki sekil A’dan daha yiiksek bir noktadan ip iizerinde sallanmaya baslayan bir ¢cocugu

gostermektedir.
Asagidaki bagimsiz kuvvetleri goz oniinde bulundurunuz:

Asagi dogru bir yer ¢ekimi kuvveti.

A’dan O’ya dogru ip tarafindan uygulanan bir kuvvet.
Cocugun hareketi yoniinde bir kuvvet.

O’dan A’ya dogru bir kuvvet.

el s

Cocuk A noktasinda iken yukaridaki kuvvetlerden hangisi

veya hangileri cocuga etki eder?

Ao
=
A

(A) Sadece 1 B)1ve?2 C1ve3 D)1,2ve3

O

(E)1,3ve4
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SONRAKI DORT SORUYU (15'TEN 18'E KADAR) CEVAPLANDIRIRKEN ASAGIDAKI
ACIKLAMAYI VE SEKLI KULLANINIZ.

Uzayda “a” noktasindan “b” noktasina dogru hareket eden bir roket, asagidaki sekilde
goriilmektedir. Bu hareketi sirasinda rokete etkileyen herhangi bir dig kuvvet yoktur. “b”
noktasindan itibaren, roketin motorlar1 calistirlliyor ve “ab” cizgisine dik, sabit bir itme (roket
tizerindeki kuvvet) olusuyor. Roket uzaydaki “c” noktasina varana kadar sabit itme stirdiirtiliiyor.

15) Asagidaki yollardan hangisi roketin “b” ve “c” noktalar arasindaki izleyecegi yolu en iyi

gostermektedir?
®C &C ecC ecC ®cC
R . . A
"-I [ ;_f ” ;
.,f : ” i ¢
5 ' y L /
(A) (B) (C) (D) (E)
! : /, 4 ¢
1 [ # ' r
1 i, . 4
fr E .4.’ ’_.-’/ r’J
---n@b ---»®b ---»=@D --=@h------" ---= @b~

16) Roketin “b” noktasindan “c” noktasina hareketi boyunca hizi:
(A) Sabittir.
(B) Siirekli artar.
(C) Siirekli azalir.
(D) Bir stire hizlanir ve sonra sabit kalir.
(E) Bir siire sabit kalir ve sonra azalir.

17) “c” noktasinda roketin motoru durduruluyor ve itme aninda sifira diigiiyor. “c” noktasindan
sonra roketin izleyecegi yolu asagidaki yollardan hangisi gostermektedir?

4 F N
/! : *
r | ,r""’ ’
(B) (C) (D) f
/ ! s (E)
7 I !r' ¥
‘ ; / i s
ce—-(A)---» #C oC oC -

18) “c” noktasindan sonra roketin hizi:
(A) Sabittir.
(B) Siirekli artar.
(C) Siirekli azalir.
(D) Bir siire artar ve sonra sabit kalir.
(E) Bir siire sabit kalir ve sonra azalir..



19)

20)

21)
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Bir kadin, biiyiik bir kutu iizerine sabit yatay bir kuvvet uygular. Sonucta, kutu yatay bir zemin

boyunca sabit “V,” hizi1 ile hareket eder.

Kadin tarafindan uygulanan sabit yatay kuvvet:

(A) Kutunun agirligiyla aymi biiyiikliiktedir.

(B) Kutunun agirligindan daha biiyiiktiir.

(C) Kutunun hareketine kars1 olan toplam kuvvetle ayn1 bitytikliiktedir.

(D) Kutunun hareketine kars1 koyan toplam kuvvetten daha biiytiktiir.

(BE) Ya kutunun agirligindan ya da kutunun hareketine karst koyan toplam kuvvetten daha
biiyiiktiir.

Eger bir 6nceki sorudaki kadin ayni yatay zeminde, kutunun tizerine itmek i¢in uyguladigi sabit

yatay kuvveti, iki katina ¢ikartirsa, kutu sonra:

(A) Onceki sorudaki “V,” hizinin iki kat1 olan sabit bir hizla hareket eder.

(B) Onceki sorudaki “V,” hizindan daha biiyiik sabit bir hizla hareket eder fakat kesin iki katt
biiytikte degil.

(C) Belli bir siire, onceki sorudaki “V,” hizindan daha biiyiik ve sabit bir hizla sonra gittikce
artan bir hizla hareket eder.

(D) Belli bir siire gittik¢e artan bir hizla, sonra sabit bir hizla hareket eder.

(E) Siirekli olarak artan bir hizla hareket eder.

Sagdaki sekilde, “a” 6grencisi 95 kg ve “b” dgrencisi 77 s “p”
kg dir. Onlar 6zdes ofis sandalyeleri iizerinde yiiz yiize
oturuyor.

“a” ogrencisi, c¢iplak ayaklarim1 “b” 6grencisinin dizlerine
goriildigii gibi koyar. Sonra “a” Ogrencisi, birden
ayaklarini ileriye iterek, her iki sandalyenin de hareketine
sebep oluyor.

Itme sirasinda ve 6grenciler hala birbirlerine degerken:

(A) Ogrencilerden hicbiri digerine kuvvet uygulamaz.

(B) “a” ogrencisi “b” 6grencisine kuvvet uygular, fakat “b”, “a” iizerine hi¢ kuvvet uygulamaz.
(C) Her iki 6grenci de birbirine kuvvet uygular, fakat “b” daha fazla kuvvet uygular.

(D) Her iki 6grenci de birbirine kuvvet uygular, fakat “a” daha fazla kuvvet uygular.

(E) Her iki 6grenci de birbirine esit biiyiikliikte kuvvet uygular.

22) Bos bir ofis sandalyesi, bir zeminde hareketsiz durmaktadir. Asagidaki kuvvetleri goz oniine
alimz:

1. Asagi dogru yer cekimi kuvveti.
2. Zemin tarafindan uygulanan yukar1 dogru bir kuvvet.
3. Hava tarafindan uygulanan asagi dogru net kuvvet.

Hangi kuvvet veya kuvvetler ofis sandalyesi iizerine etki eder?

(A) Sadece 1 B)1ve?2 C)2ve3 D)1,2ve3

(E) Higbiri (Sandalye hareketsiz oldugundan iizerine hi¢bir kuvvet etki etmemektedir.

23) Cok kuvvetli esen riizgara ragmen, bir tenis oyuncusu raketiyle tenis topuna vuruyor ve top,
agin tizerinden gegerek rakibin sahasina diisiiyor. Asagidaki kuvvetleri gbz oniine aliniz:
1. Asagi dogru yer cekimi kuvveti.
2. "Vurmanin" etkisiyle olusan kuvvet.
3. Hava tarafindan uygulanan kuvvet.
Yukaridaki kuvvetlerden hangisi veya hangileri tenis topu raketle temasim kaybettikten
sonra ve yere degmeden Once tenis topu tizerine etki etmektedir?
(A) Sadece 1 B)1lve?2 C)1ve3 D)2ve3 E)1,2ve3
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24. Bir nesnenin zaman-hiz grafigi sagda gosterilmistir. 1 H

Asagidaki grafiklerden hangisi bu nesne igin net kuvvet - F
zaman iliskisini en iyi gostermektedir?

(C) F (D) F (B
{ /_:-:.r L/:-:.f ]4: —

SONRAKI iKi SORUYU (25 ve 26) CEVAPLARKEN ASAGIDAKIi SEMAYI GOZ ONUNE
ALINIZ.

Her birinin kiitlesi 1kg olan A ve B bloklari, bir asansoriin .
tavaninda 1 ve 2 halatlari ile asilmistir. &
25. Asansor 2m/s’lik sabit hizla yukarn dogru hareket ederken A .

bloguna 1. halat tarafindan uygulanan kuvvet nedir? 2

(A)2N (B) ION (C) 12N ’J

(D) 20 N (E)22 N B
26. Asansor hareketsizken B bloguna 1. halat tarafindan

uygulanan kuvvet nedir? 5 ]

(A)2N (B) ION (C) 12N -

(D) 20 N (E)22 N Ji

27. Bir arabanin maksimum ivmesi 3m/s” dir. Kendisinin iki kat1 kiitlesindeki bir arabay1 ¢ekerken
maksimum ivmesi ne olurdu?

(A)2,5m/s>  (B)2,0m/s> (C)L,5m/s’> (D) 1,0m/s> (E)0,5 m/s’

28. Sagdaki sema, cizgili ok yoniinde yatay, siirtiinmesiz bir 'y
yiizey iistiinde karsiya dogru hareket eden bir hokey diskini :
gostermektedir. Semada gosterilen sabit F kuvveti diskin © D) (E)

tizerine etki etmektedir. Diskin, cizgili ok yoniinde net bir
kuvvette maruz kalmast i¢cin A, B, C, D, E siklarindaki
yonlerden hangisi yoniinde bir kuvvet etki etmelidir?

(B) F

(A)
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APPENDIX C

LESSON PLANS

Newton’un I. Kanunu - Giinliik Ders Plam

Ders: Fizik

Konu: Newton’un I. hareket kanunu
Smif: 10

Siire: 80 dakika

Metot: Akran 6gretimi

Hedef Davramslar: Dersin sonunda 6grenciler,

1. eylemsizligin tanimini ifade edebilecektir.

2. kiitlenin tanimim ifade edebilecektir.

3. Newton’un L. hareket kanunu ifade edebilecektir.

4. cismin iizerine etki eden net kuvvet sifir oldugu zaman cismin izleyecegi yolu

cizebilecektir.

5. bir cismin kiitlesini agirligindan ayirt edebilecektir.
Dersin Islenisi:
Dersten 6nce

Ogrenciler ellerinde bulunan kitaplarindan Newton’un I. hareket kanunu
konusunu okumalar1 6dev olarak verilecek. Ayrica Newton’un I. hareket kanunu okuma
testi 6grenciye okuma ddevinin verildigi giin verilecek ve dersten bir giin 6nce
toplanacak. Dersten once bu test degerlendirilecek.
Ders sirasinda

Newton’un I. Hareket kanunu konusunun ana noktas1 7-10 dakikada anlatilacak.
Newton'un 1. kanunu; a) Biitiin nesneler iizerlerinde durumlarini degistirecek bir kuvvet
yoksa, duruyorlarsa durmalarina, b) sabit hizla hareket ediyorlarsa bir diiz ¢izgiden sabit
hizla hareket etmeye devam ederler. Sonra kiiciik bir gosteri yapilacak. Yere bir bilye
konacak. Bilyeyi ilk hizsiz birakirsak bilye durur. Bilyeyi itersek , bilyeye ilk hiz vermis
oluruz. Bu durumda bilye yerde sabit hizla hareketine devam edecek. Burada iki
durumda da siirtiinmesiz bir ortam oldugu ve cisme etki eden kuvvet olmadig: yani net

kuvvetin sifir oldugu vurgulanacak.
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Baska bir deyisle, duran cisimlerin durmaya, hareket eden cisimlerin hareket

etmeye egilimleri vardir. Cisimlerin hareket degisiklerine kars1 gosterdikleri direnmeye
Eylemsizlik denir. Bundan hemen sonra bardakla iki gosteri yapilacak. Birinci gosteride
bir su bardaginin agzina sert bir kagit konacak. Bu kagidin iizerine de bardagin agzina
denk gelecek sekilde bir demir para konacak. Bu kagit hizla ¢ekilecek. Demir paranin
bardagin icine duistiigiinii gorecekler. Buradan durmakta olan demir paranin yine
durmaya kars1 bir egilimi oldugunu gorecekler.Ikinci gosteride su bardagimin arkasina
bir demir para konulacak. Bardak ileri dogru hareket ederken bir engele ¢arpacak.
Bardak durmasina ragmen iizerindeki demir para ileri dogru hareket edecek. Buradan
hareket eden demir paranin yine hareket etmeye kars1 bir egilimi oldugunu gorecekler.
Burada giinliik hayattan 6rnek verilecek. Otobiis 6ne dogru hareket halinde iken,
sofor ani fren yaparsa, yolcular 6ne dogru, duran bir otobiis ani olarak hareket ederse,
yolcularin geriye dogru harekete zorlandigini hepimiz giinliik yasantimizda
karsilasmisizdir. Eylemsizlik , bir cismin hareket durumunu korumasi anlamina geldigi
soylenilecek. DIKKAT: Sabit hizl1 hareketlerde net kuvvetin sifir olabilmesi icin
stirtiinme kuvvetinin de sifir olmasi gerekir. Ne yazik ki giinliik yasantimizda
stirtiinmesiz ortamlar yoktur. Bundan dolay1 ilk hizi olan cisimler sonsuza kadar
hareketlerine devam edemezler, bir yerlerde dururlar.Bu kisim vurgulanacak.
Bunlardan hemen sonra kavram sorusu cevap kagidi dagitilacak. Newton’un L.
hareket kanununun 1. kavram sorusu tepegozde gosterilecek. Soruyu okuyup herkesin
anladigindan emin olunacak. Bu soruyu cevaplamalari icin 6grencilere 1-2 dakika stire
verilecek. Bu siire esnasinda ogrencilerin birbirleriyle konusmalarina kesinlikle izin
verilmeyecek. Sessiz bir ortam saglanacak. Sonra cevaplarin kavram sorusu cevap
kagidina isaretlenmeleri istenecek. Ayn1 zamanda kabaca dogru cevap oranini gormek
i¢in dogru diye isaretledikleri sikki bundan 6nce kendilerine dagitilmis olan harfi yukari
kaldirarak gostermeleri istenecek. Bu oran %90°1 geciyorsa soru iizerinde tartisma
yapilmadan dogru cevap aciklanacak ve bir sonraki kavram sorusuna gecilecek. Bu oran
%90 dan az ise 6grencilerin gruplariyla soruyu aralarinda tartismalar icin 2-3 dakika
stire verilecek. Bu arada 6grencilerin soruyu tartismalarini dinlemek amaciyla aralarinda
dolagilacak. Tartisma sonunda cevaplarin tekrar kavram sorusu cevap kagidina
isaretlemeleri istenecek. Dogru cevap veren dgrenci sayisi oranini gérmek igin tekrar

dogru cevap sikkinin harfini yukar1 kaldirmalari istenecek. Dogru cevap soylenecek.
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Dogru cevap verme orant %90 dan az ise ayni konu daha detayli anlatilacak ve

Newton’un . hareket kanunu 2. kavram sorusu sorulacak. Ayni prosediir izlenecek.

Ikinci ana noktaya yani cisimlerin eylemsizlikleri nasil 6lciiliir konusuna
gecilecek. Bu konuda 7-10 dakika sunlar anlatilacak. Cisimlerin eylemsizliklerinden
dolay1 yaptig1 hareketler bir kuvvet sonucu degildir. Veya eylemsizlik bir kuvvet
degildir. Ciinkii eylemsizlik kanununda net kuvvet ve ivme daima sifirdir.

Cisimlerin eylemsizlikleri kiitleleri ile olgiiliir. Cisimlerin kiitleleri ne kadar
biiyiikse eylemsizlikleri de o kadar biiyiiktiir. Cisimdeki madde miktarina kiitle denir.
Esit kollu terazi veya baskiille olgiilebilir. Birimi kilogramdir (kg) ile gosterilir. Kiitle
kavrami hem kitaplarimizda hem de giinliik yasamimizda bazen agirlik kavramiyla
kanstirilmaktadir. Agirlik, yercekiminden dolay1 cisimlere etki eden kuvvettir, yani
yercekimi kuvvetidir. Birimi Newton'dur ve (N) ile gosterilir. Bu kuvvet cisimleri
stirekli yeryiiziiniin merkezine dogru ¢eker (asagiya dogru). Kiitle ile agirlik dogru
orantilidir. Kiitle iki kat arti1 zaman agirlikta iki kat artar. Uzayda cisim agirliksiz
olabilir fakat kiitlesiz olamaz. Agirlik yercekimi ivmesine gore degisebilir fakat kiitle
her yerde aynmidir, degismez. Bu konu daha sonra daha detayli goriilecektir. Kisaca,

G=mg G = Agirlik (N)

m = Kiitle (kg)
g = Yercekimi ivmesi (~10m/s?)

Ogrenciler kiitlelerini ve agirliklarini birimleriyle birlikte defterlerine yazsinlar.
Bunlar ayn1 ve farkli degerler mi? Tartigsinlar.

Bu anlatimlardan hemen sonra Newton’un L. hareket kanununun 3. kavram
sorusu tepegozde gosterilecek. Soruyu okuyup herkesin anladigindan emin olunacak.
Bu soruyu cevaplamalar i¢in 6grencilere 1-2 dakika siire verilecek. Bu siire esnasinda
ogrencilerin birbirleriyle konusmalarina kesinlikle izin verilmeyecek. Sessiz bir ortam
saglanacak. Sonra cevaplarin kavram sorusu cevap kagidina isaretlenmeleri istenecek.
Ayn1 zamanda kabaca dogru cevap oranin1 gérmek i¢in dogru diye isaretledikleri sikki
bundan 6nce kendilerine dagitilmis olan harfi yukan kaldirarak gostermeleri istenecek.
Bu oran %90’1 geciyorsa soru iizerinde tartisma yapilmadan dogru cevap agiklanacak ve
bir sonraki kavram sorusuna gecilecek. Bu oran %90 dan az ise 6grencilerin gruplariyla
soruyu aralarinda tartismalart icin 2-3 dakika siire verilecek. Bu arada 6grencilerin
soruyu tartismalarimi dinlemek amaciyla aralarinda dolasilacak. Tartisma sonunda

cevaplarin tekrar kavram sorusu cevap kagidina isaretlemeleri istenecek. Dogru cevap
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veren 6grenci sayisi oranini gormek icin tekrar dogru cevap sikkinin harfini yukari

kaldirmalari istenecek. Dogru cevap sdylenecek. Dogru cevap verme oran1 %90 dan az
ise ayni konu daha detayli anlatilacak ve Newton’un I. hareket kanunu 4. kavram sorusu
sorulacak. Kavram sorusundan sonra yapilanlar aynen tekrarlanacak. Zaman kalirsa
problem ¢ozme tekniklerine uygun olarak arastirmaci tarafindan verilen problemler
coziilecek.
Dersin sonunda

Kavram sorularinin cevap kagitlar1 toplanacak. Ogrencilere kitaplarmdan
Newton’un II. hareket kanunu konusunu okumalar1 6dev olarak verilecek. Ayrica

Newton’un II. hareket kanunu okuma testi dagitilacak.
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NEWTON'UN I. HAREKET KANUNU

KAVRAM SORULARI

\Yo

Siirtiinmesiz bir ortamda Vo hiziyla birakilan top nerede
durur?
a) A noktasinda
b) B noktasinda
c) Durmaz. Yatay diizlem boyunca hareketine devam
eder.

o—on

Bir araba sabit hizli hareket ederken viraj doniiyor. Araba
viraj1 donerken, arabaya etki eden net kuvvet var midir?
a) Hayir yoktur. Ciinkii hiz1 sabittir.
b) Evet vardir.
c¢) Virajin keskinligine ve arabanin hizina baghdir.
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3. Bir cismin kiitlesini baskiil ve esit kollu terazi ile
diinyada Ol¢ersek ayni degeri mi Olgerler?

a) evet
b) hayir
c) Kesin bir sey sdylenemez.

4. Bir cismin kiitlesini baskiil ve esit kollu terazi ile ayda
Olcersek ayni1 degeri mi dlcerler?

a) evet
b) hayir
c) Kesin bir sey sdylenemez.
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Newton’un II. Kanunu - Giinliik Ders Plam

Ders: Fizik

Konu: Newton’un II. hareket kanunu
Simf: 10
Siire: 80 + 80 dakika

Metot: Akran 6gretimi

Hedef Davramslar: Dersin sonunda 6grenciler,

6.
7.
8.
9.

10.
11.

12.
13.

14.

15.

kuvvetin tamimini ifade edebilecektir.

ivmenin tanimini ifade edebilecektir.

Newton’un II. hareket kanununu ifade edebilecektir.

kuvvet ile net kuvvet arasindaki farklar1 aciklayabilecektir.

net kuvvet ile hareketin yonii arasindaki iliskiyi anlatabilecektir.

cismin tizerine etki eden net kuvvet ile cismin hiz1 arasindaki iliskiyi
anlatabilecektir.

cevremizdeki cisimlere etki eden kuvvetleri taniyabilecektir.

dinamik problemlerini ¢6zebilmek icin Newton’un II. hareket kanununu
kullanabilecektir.

cismin tizerine etki eden net kuvvet sifir olmadigi zaman cismin izleyecegi yolu
cizebilecektir.

tizerine sabit net kuvvet etki eden bir cismin hizin1 yorumlayabilecektir.

Dersin Islenisi:

Newton’un II. hareket kanunu konusunun ilk ana noktas1 7-10 dakika aras1

anlatilacak. Bu siirede bir cisme etki eden bileske kuvvet ivme ile dogru orantili kiitle

ile ters orantilidir. Bu ifade F= m.a bagintisi ile gosterilir. Buna Newton'un II. hareket

kanunu denir. Burada kuvvet ile ivme vektorel bir bitytikliiktiir ve ayn1 yonliidiir. m'nin

ise toplam kiitle oldugu sdylenecek. Bu anlatimlardan sonra sinifta 6grencilere bir

gosteri yaptirilacak. Siiftaki 6gretmen masasi once bir 6grenciye sonra iki 6grenciye

daha sonrada ii¢ 6grenciye ittirilecek. Burada 6grencilerin kuvvet artikga masanin

ivmesinin de artigim1 gormeleri saglanacak. Sonra grafik 1. de goriilen net uygulanan

kuvvete karsilik ivme grafigi tahtaya cizilecek.
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Grafik 1. Bir cisme etki eden net kuvvete karsilik ivme grafigi

Bu grafikte dogrunun egimi sabittir. Egim= tgoi=F/a bu da cismin kiitlesine
esittir. m=F/a. Kuvvet ve ivme vektorel bir biiyiikliik oldugu i¢in bu bagintiy1 soyle
yazilmalidir. F=m.a Kuvvet biriminin kgm/s” oldugunu buna da Newton denildigini N
ile gosterildigi, kiitle biriminin kg, ivme biriminin de m/s’ oldugu, soylenecek. Burada
ayrica cismin uygulanan kuvvet yoniinde ivmelendigi, uygulanan kuvvetin hareket
yoniinde oldugu zaman cismin hizinin artigi, ters yonde oldugu zaman cismin hizinin
azaldig1 vurgulanacak. Net kuvvet ile cismin ivmesinin her zaman ayn1 yonlii oldugu bir
kez daha vurgulanacak.

Sonra kavram sorusu cevap kagidi dagitilacak ve Newton’un II. hareket kanunu
1. kavram sorusu tepegozde gosterilecek. Soru okunup herkesin anladigindan emin
olunacak. Bu soruyu cevaplamalart i¢in 6grencilere 1-2 dakika siire verilecek. Bu siire
esnasinda ogrencilerin birbirleriyle konusmalarina kesinlikle izin verilmeyecek. Sessiz
bir ortam saglanacak. Sonra cevaplarini kavram sorusu cevap kagidina isaretlemeleri
istenecek. Ayni zamanda kabaca dogru cevap oranini gérmek i¢in dogru diye
isaretledikleri sikki bundan 6nce kendilerine dagitilmis olan harfi yukar1 kaldirarak
gostermeleri istenecek. Bu oran %90°1 gegiyorsa soru tizerinde tartisma yapmadan
dogru cevap aciklanacak ve 2. kavram sorusuna gecilecek. Bu oran %90'dan az ise
ogrencilerin gruplariyla soruyu aralarinda tartismalar i¢in 2-3 dakika siire verilecek. Bu
arada dgrencilerin soruyu tartigsmalarini dinlemek amaciyla aralarinda dolasilacak.
Tartisma sonunda cevaplar tekrar kavram sorusu cevap kagidina isaretlettirilecek.
Dogru cevap veren 6grenci sayisi oranini gormek icin tekrar dogru cevap sikkinin
harfini yukan kaldirmalarini isteyecek. Dogru cevap agiklanacak. Oran %90' dan az ise
ayn1 konu daha detayli anlatilacak ve 3. kavram sorusu sorulacak. Kavram sorusu
sorulduktan sonra yapilanlar aynen tekrarlanacak. Oran %90'dan fazla ise Newton'un II.

hareket kanunu ile ilgili diger ana noktaya gegilecek.
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Kuvvet ve net kuvvet kavramlar1 7-10 dakikada anlatilacak. Kuvvet basit bir

tanimla itme ve cekmedir. Mesela yergekimi kuvveti cisimleri asagiya dogru ceker ve
cismin agirligina esittir. G harfi ile gosterilir.

Net kuvvet ise cisimleri hareket ettiren, hareket halindeki cisimleri durduran,
cisimlerde sekil degisikligi meydana getiren bir etki oldugu soylenecek. Eger bir
nesneye etki eden kuvvet bir tane ise bunun ayni zamanda net kuvvet oldugu, birden
fazla kuvvet varsa net kuvvetin bu kuvvetlerin vektorel toplamina esit oldugu
sOylenecek.

Ornegin bir kisi bir nesneyi 20N luk bir kuvvet ile ¢ekerse ve diger bir kisi ayni
nesneyi 15N luk bir kuvvet ile zit yonde cekerse, bu nesne iizerindeki net kuvvet SN
oldugu soylenecek. Tahtaya su tablo cizilecek. Tabloyla ilgili olarak kuvvetler aym

yonlii ise toplanir, zit yonlii ise ¢ikarilir, bununda net kuvvet oldugu soylenecek.

Uygulanan kuvvetler Net kuvvet

5N |:|—> 5N

5N

[ I—
4—|:|—> 5N |:| ON

5N <—|:|—> 10N I:l-» 5N

Newton’un II. hareket kanunu 4. kavram sorusu tepegdzde gosterilecek. Soru
okunup herkesin anladigindan emin olunacak. Bu soruyu cevaplamalar i¢in 6grencilere
1-2 dakika siire verilecek. Bu siire esnasinda dgrencilerin birbirleriyle konugsmalarina
kesinlikle izin verilmeyecek. Sessiz bir ortam saglanacak. Sonra cevaplarini kavram
sorusu cevap kagidina isaretlemelerini istenecek. Ayn1 zamanda kabaca dogru cevap
oraninmi gormek icin dogru diye isaretledikleri sikki bundan 6nce kendilerine dagitilmig
olan harfi yukan kaldirarak gostermeleri istenecek. Bu oran %901 geciyorsa soru
iizerinde tartisma yapmadan dogru cevap aciklanacak ve baska bir kavram sorusuna
gecilecek. Bu oran %90 dan az ise dgrencilerin gruplariyla soruyu aralarinda
tartismalar i¢in 2-3 dakika siire verilecek. Bu arada 6grencilerin soruyu tartismalarini
dinlemek amaciyla aralarinda dolagilacak. Tartisma sonunda cevaplar tekrar kavram

sorusu cevap kagidina isaretlettirilecek. Dogru cevap veren 6grenci sayisi oranini
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gormek icin tekrar dogru cevap sikkinin harfini yukan kaldirmalarini isteyecek. Dogru

cevap agiklanacak. Oran %90 dan az ise aym konu daha detayl1 anlatilacak ve baska bir
kavram sorusu sorulacak. Kavram sorusu sorulduktan sonra yapilanlar aynen
tekrarlanacak. Oran %'90 dan fazla ise Newton'un II. hareket kanunu ile ilgili diger ana
noktaya gecilecek.

Sabit bir kuvvetin etkisinde hiz degisimi konusu 7-10 dakika aras1 anlatilacak.
Bunun i¢in su gosteri yapilacak. Bir cisim serbest birakilacak. Cismin asagiya dogru
hizlandig1 soylenecek. Burada cisme sabit bir kuvvet etki etmektedir. Bu da yercekimi
kuvvetidir, ve cismin agirligina esittir. Burada hiz vektorii ile kuvvet vektorii ayni yonlu
oldugu i¢in cismin diizgiin hizlanan dogrusal hareket yaptigi soylenecek. Bu hiz-zaman

grafigi tahtada gosterilecek.

Izlenen Yol

Bu grafikte goriildiigti gibi bu dogrunun egimi sabit oldugundan hareket sabit
ivmeli bir harekettir. Buradan da su sonuca varilacak; bir cisme etki eden bileske kuvvet
sabit ise cismin hiz1 diizenli olarak artar yani cisim sabit bir ivme kazanir.

Daha sonra sirasiyla ilk hizla hareket eden bir cisme farkli yonlerde kuvvetler
etki ettirerek cismin izleyecegi yol ve hiz-zaman grafikleri ¢izilecek.

Asagidaki sekil tahtaya ¢izilecek. Bu cisme etki eden net kuvvetin sifir oldugu
ve bu yiizden cismin V hiziyla hareketine devam ettigi yani hizin sabit oldugu

sOylenecek ve hiz-zaman grafigi cizilecek.

AF

‘ v Izlenen Yol

>

A 4

v F

Asagidaki sekil tahtaya cizilecek. Bu cisme etki eden net kuvvetin yukartya
dogru F kuvveti oldugu soéylenecek ve cismin izleyecegi yol cizilecek. Bu cisminde ilk
hiz1 olan diizgiin hizlanan dogrusal hareket yaptig1 soylenerek, hiz-zaman grafigi

cizilecek.
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Izlenen Yol

2F

)/ \Y

—_— t
F

Asagidaki sekil tahtaya ¢izilecek. Bu cisme etki eden hiz vektorii kuvvet vektorii
ile ayn1 yonliidiir. Bu yiizden cisim ayn1 yonde hareketine devam eder. Bu cisminde ilk
hiz1 olan diizgiin hizlanan dogrusal hareket yaptig1 soylenerek, hiz-zaman grafigi

cizilecek.

V .
. > Iz]enﬂol

»

F t

Asagidaki sekil tahtaya cizilecek.Bu cisme etki eden hiz vektori ile kuvvet
vektorii zit yonlii oldugu icin cisim bir siire diizgiin yavaslayan dogrusal hareket
yapacak, anlik hiz1 sifir olduktan sonra ters yonde diizgiin hizlanan dogrusal hareket
yaptig1 soylenerek, hiz-zaman grafigi ¢izilecek. v

Izlenen Yol
— >

<F_._V> !
AN

Sonra kavram sorusu cevap kagidi dagitilacak ve Newton’un II. hareket kanunu

A

5. kavram sorusu tepegozde gosterilecek. Soru okunup herkesin anladigindan emin
olunacak. Bu soruyu cevaplamalart i¢in 6grencilere 1-2 dakika siire verilecek. Bu siire
esnasinda Ogrencilerin birbirleriyle konugmalarina kesinlikle izin verilmeyecek. Sessiz
bir ortam saglanacak. Sonra cevaplarini kavram sorusu cevap kagidina isaretlemeleri
istenecek. Ayn1 zamanda kabaca dogru cevap oranimi gormek icin dogru diye
isaretledikleri sikki bundan 6nce kendilerine dagitilmis olan harfi yukart kaldirarak
gostermeleri istenecek. Bu oran %90°1 geciyorsa soru tizerinde tartisma yapmadan

dogru cevap aciklanacak ve 6. kavram sorusuna gecilecek. Bu oran %90'dan az ise
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ogrencilerin gruplariyla soruyu aralarinda tartismalar i¢in 2-3 dakika siire verilecek. Bu

arada dgrencilerin soruyu tartigsmalarini dinlemek amaciyla aralarinda dolasilacak.
Tartisma sonunda cevaplarini tekrar kavram sorusu cevap kagidina isaretlettirilecek..
Dogru cevap veren 6grenci sayisi oranini gormek icin tekrar dogru cevap sikkinin
harfini yukar1 kaldirmalar istenecek. Dogru cevap agiklanacak. Oran %90'dan az ise
ayn1 konu daha detayli anlatilacak ve baska bir kavram sorusu sorulacak. Kavram
sorusu sorulduktan sonra yapilanlar aynen tekrarlanacak.
Dersin sonunda:

Problem ¢ozme tekniklerine uygun olarak arastirmaci tarafindan verilen
problemler ¢oziilecek. Kitaplarindan Newton'un III. hareket Kanunu ile ilgili boliimii
okumalar 6dev verilecek ve okuma testi dagitilacak. Dersten ¢ikmadan kavram sorusu

cevap kagitlar1 toplanacak.



NEWTON'UN II. HAREKET KANUNU
KAVRAM SORULARI

1. Siirtiinmesiz bir yiizeyde duran bloga sabit bir
kuvvet kisa bir zaman arahginda uygulaniyor.
Kuvvet bloga son hiz kazandiriyor. Aym kuvvet
ayni zaman arahiginda kiitlesi ilk kiitlenin iki kati
olan baska bir duran bloga uygulanmyor. Agir olan
blogun son hiz1 hafif olan blogun hizinin

A) 1/4 diir.

B) 4 katidir.

C) yanisudir.

D) iki katidir.

E) aymdir.

2. Bir cisme ii¢ sabit kuvvet etki ediyor. Bu cismin
hareketi hakkinda ne soylenebilir?

A) Cisim tek bir ivmeye sahiptir.
B) Cisim iki farkh ivme vektoriine sahiptir.
C) Cisim ii¢ farkh ivmeye sahiptir.

D) Cismin ivmesi sabit degildir.

94



95
3. Siirtiinmesiz bir yiizeyde duran bloga sabit bir

kuvvet kisa bir zaman araliginda uygulaniyor.
Kuvvet bloga son iz kazandiriyor. Bu kuvvet
yarisiyla aym son hiza erismek icin, asagidaki hangi
zaman arahginda uygulanmahdir?

A) Ik durumda uygulanan zamanin 4 Katu.

B) ilk durumda uygulanan zamanin 2 Katu.

C) ilk durumda uygulanan zaman kadar.

D) ilk durumda uygulanan zamanin yarisi kadar.

E) ilk durumda uygulanan zamanin ceyregi kadar.
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Bu cisimler iizerinde net kuvvet kactir ve ne tarafa

dogrudur?

A) L cisimde 2F saga dogru, Il. cisimde F saga dogru,

III. cisimde 2F saga dogrudur.

B) L. cisimde 4F saga dogru, Il. cisimde F saga dogru,

I1I. cisimde sifirdir.

C) I cisimde 4F sola dogru, II. cisimde 3F saga dogru,

III. cisimde 2F saga dogrudur.

D) L cisimde 4F saga dogru, II. cisimde 3F saga dogru,

I1I. cisimde 2F saga dogrudur.
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5. Suirtiinmesiz bir yiizeyde duran bloga sabit bir

kuvvet kisa bir zaman arahginda uygulaniyor.
Kuvvet bloga son hiz kazandiriyor. Bu sefer aym
sabit kuvvet baslangicta duran blok yerine
uygulanan kuvvet yoniinde hareket eden bloga ayni
zaman arahginda uygulamyor. Blogun hizindaki
artis

A) ilk hizimin iki katina esittir.

B) ilk hizinin karesine esittir.

C) ilk hizinin dort katina esittir.

D) ilk hizsiz harekete basladigi zamanki hiziyla

aymdir.

E) Verilen bilgilerden bulunamaz.

2F

Sekildeki cisim \ hiziyla hareket etmektedir. Cismin

hiz zaman grafigi asagidakilerden hangisidir?

A) AV B) “V/ C) AV
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Newton’un III. Kanunu - Giinliik Ders Plam

Ders: Fizik

Konu: Newton’un III. Hareket kanunu

Smf: 10

Siire: 80 dakika

Metot: Akran 6gretimi

Hedef Davramslar: Dersin sonunda 6grenciler,

1. Newton’un III. hareket kanununu ifade edebilecektir.
2. Sistemdeki gerilim ve normal kuvveti taniyabilecektir.
3. Cisme etki eden normal kuvveti hesaplayabilecektir.
4. Gergek hayattaki olaylar1 Newton’un III. hareket kanununa uygulayabileceklerdir.
Dersin Islenisi:

Newton’un III. Hareket kanunu konusunun ana noktasin 7-10 dakikada
anlatilacak. Sinifta bulunan masa, sandalye ve sira gibi cisimlerin sinifin tabanina bir
kuvvet uyguladigi, ve bu kuvvetin biiyiikliigiiniin cisimlerin agirliklar toplamina esit
oldugu sdylenecek. Ayn1 zamanda bu kuvvetin yoniiniin agsagiya dogru oldugu ve bu
kuvvete etki kuvveti denildigi sdylenecek. Bileske kuvvetin sifir olmasi i¢in sinif
tabaninin da etki kuvvetine esit fakat zit yonlii bir kuvvet uyguladigi ve buna da tepki
kuvveti denildigi, normal ve gerilim kuvvetinin de bir tepki kuvveti oldugu séylenecek.

Tahtaya su sekiller ¢izilerek,

normalin yiizeyin cisme uyguladig: tepki kuvveti oldugu ve bu kuvvetin her

zaman cismin temas ettigi yiizeye dik oldugu ve de N harfi ile gosterildigi anlatilacak.
Diger bir drneginde ipte olusan gerilim kuvveti oldugu sdylenecek. Ipin her noktasinda
gerilim kuvvetinin ayn1 oldugu sdylenecek. Ornegin bir nesneyi iple tavana astigimiz
zaman cismin agirliginin ipte gerilim kuvveti olusturdugu ve bu kuvvetinde T ile

gosterildigi soylenecek.
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Ozellikle Newton’un III. hareket kanununun da etki tepki kuvvetlerinin birbirine

esit ve zit yonlii olmasina ragmen hi¢ bir zaman birbirlerini dengelemedikleri ¢iinkii bu
kuvvetlerin farkli nesneler iizerine etki ettikleri vurgulanacak.

Bu anlatimlardan sonra balonla gosteri yapilacak. Bir balon iyice sisirilip
birakilacak. Bu gosteride balonun igine sikismis olan havanin disaridaki havaya bir etki
kuvveti uyguladigi, disaridaki havaninda balona bir tepki kuvveti uyguladigi ve bundan
dolay1 da balonun ileri dogru hareket ettigi sdylenecek. Ayrica burada etki ve tepki
kuvvetlerinin ayn1 nesne tizerinde olmadigi, olsaydi balonun hareket etmeyecegi
vurgulanacak.

Bu gosteriden hemen sonra kavram sorusu cevap kagidi dagitilacak ve
Newton’un III. Hareket kanunun 1. kavram sorusu tepegdzde gosterilecek. Soruyu
okuyup herkesin anladigindan emin olunacak. Bu soruyu cevaplamalar i¢in 6grencilere
1-2 dakika siire verilecek. Bu siire esnasinda dgrencilerin birbirleriyle konugsmalarina
kesinlikle izin verilmeyecek. Sessiz bir ortam saglanacak. Sonra cevaplarin1 kavram
sorusu cevap kagidina isaretlemeleri istenecek. Aym zamanda kabaca dogru cevap
oranini gormek icin dogru diye isaretledikleri sikki bundan 6nce kendilerine dagitilmig
olan harfi yukan kaldirarak gostermeleri istenecek. Bu oran %901 geciyorsa soru
izerinde tartisma yapilmadan, dogru cevap aciklanarak 2.kavram sorusuna gecilecek.Bu
oran %90 dan az ise 6grencilerin gruplartyla soruyu aralarinda tartismalan igin 2-3
dakika siire verilecek. Bu arada 6grencilerin soruyu tartigsmalarin1 dinlemek amaciyla
aralarinda dolasilacak. Tartisma sonunda cevaplar tekrar kavram sorusu cevap kagidina
isaretlettirilecek.. Sonra dogru cevap agiklanacak. Dogru cevap veren 6grenci sayist
oranini gormek icin tekrar dogru cevap sikkinin harfini yukari kaldirmalari istenecek.
Oran %90 dan az ise ayn1 konu daha detayl anlatilacak ve 3. kavram sorusu sorulacak.
Aymn1 prosediir izlenecek. Dersin sonunda zaman kalirsa problem ¢6zme tekniklerine
uygun olarak sorular ¢oziilecek. Dersten ¢ikmadan kavram sorusu cevap kagitlart

toplanacak.
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NEWTON'UN III. HAREKET KANUNU

KAVRAM SORULARI

1. Masa iizerinde hareketsiz duran bloga etki eden

kuvvet(ler) i¢in asagidakilerden hangisi dogrudur?

A) Bloga yalmzca diisey asagiya dogru agirlig1 etki eder.

B)Bloga yalnizca diisey yukar1 dogru masanin uyguladigi
kuvvet etki eder.

C)Blogun iizerine birden fazla kuvvet etki eder. Yalniz
asagiya dogru kuvvetlerin toplami, yukar: dogru
kuvvetlerin toplamindan biiyiiktiir.

D) Blogun iizerine birden fazla kuvvet etki eder.Yalniz
asagiya dogru kuvvetlerin toplami, yukar1 dogru
kuvvetlerin toplamindan kiiciiktiir.

E)Blogun iizerine iki kuvvet etki eder. Yani asagiya dogru
agirhigi ve yukar1 dogru masanin uyguladigi kuvvettir.

Bu iki kuvvet birbirine esittir.
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2. A blogunun B bloguna uyguladigi kuvvet ile B
blogunun A bloguna uyguladigi kuvveti karsilastirirsak,

asagidakilerden hangisi dogrudur?

a) A blogu daha fazla kuvvet uygular.
b) Kuvvetler esittir.
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OBSERVATION CHECKLIST
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Akran Ogretimi Gozlem Listesi

Y apilmadi

Kotii Yapildi

Orta Yapildi

Iyi Yapildi

Kavram igerikli problemler 6rnek olarak 6gretmen tarafindan
¢cozildi mii?

Coktan se¢meli kavram sorularn 6grencilere soruldu mu?

Ogrenciler kavram sorusu cevaplarini tartismadan 6nce
isaretledi mi?

Siklar kaldirilarak gosterildi mi?

Ogrenciler kavram sorusu cevaplarini tartismadan 6nce
isaretledi mi?

Ogrenciler kavram sorulari cevaplar1 hakkinda tartigma
yapti mi?

Tartigmadan sonra kavram sorusu cevaplari tekrar cevap
kagidina isaretlendi mi?

o0

Tartigmadan sonra siklar tekrar kaldirilarak gosterildi mi?

Demo yapildi m1?

10

Newton'un I./IL./III. hareket kanunu anlatild:

11

Rakamsal sorular1 6gretmen ¢ozdii mii?

12

Rakamsal sorular1 6grenciler ¢ozdi mii?

13

Kac tane kavram sorusu cevaplandi?

14

Kagc tanesi akran 6gretimi yapilmadan cevaplandi1?

15

Kag tanesi akran 6gretimi yapilarak cevaplandi?

16

Akran 6gretimi kag¢ dakika siirdii?
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OBJECTIVE LIST
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In order to implement Newton's Laws of Motion, an objective list was prepared.

At the end of the lesson, students will be able to

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

state the definition of force. (K)

state the definition of mass. (K)

state the definition of acceleration. (K)

state the definition of inertia. (K)

state Newton's first law of motion.(K)

state Newton's second law of motion.(K)

state Newton's third law of motion.(K)

explain the differences between force and net force. (C)

make their ideas about force concepts clear. (S)

tell the relation between net force acting on an object under one or more
forces which are in different directions.(S)

tell the relation between net force acting on an object and on its speed. (S)
recognize the forces acting on objects in daily life. (An)

identify the meaning of tension and normal force. (An)

developed new ideas about force concepts. (S)

change their conceptions about force concepts if they are not valid. (E)
use Newton's second laws of motion to solve dynamics problems. (Ap)
16.distinquish net force that cause acceleration from action-reaction force

pairs. (C)



18.

19.

20.

21.

22.

23.

24.

draw the path of an object if net force acting on it is zero.(Ap)

apply Newton's third law to real life phenomena. (Ap)

calculate the normal force of an object at rest. (Ap)

describe the relation between action and reaction forces of two objects
moving with constant acceleration. (C)

describe the relation between action and reaction forces of two objects
moving with constant speed. (C)

describe the relation between action and reaction forces of two objects at
rest. (C)

interpret the speed of an object on which there is a constant net force.(C)
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APPENDIX F

PRECLASS READING ASSIGNMENT TESTS

Ad1 Soyadr: Snift:

NEWTON'UN I. HAREKET KANUNU OKUMA TESTI

1. Eylemsizlik kanunu;
a) Newton'un I. hareket kanunudur.
b) Newton'un II. hareket kanunudur.

¢) Newton'un III. hareket kanunudur.

2. Asagidaki ctimlelerden hangisi dogrudur.
a) Newton'un . hareket kanununa gore bileske kuvvet ve ivme daima sifirdir.
b) Newton'un I. hareket kanununa gore bileske kuvvet ve ivme bazen sifirdir.

¢) ave b siklart dogrudur.

3. Sirtiinmesiz yatay bir diizlemde ilk hizla hareket eden bir cismin hiz1 degisir mi?
a) Degisir.
b) Degismez.
c) Verilen bilgi yeterli degildir.
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Ad1 Soyadr: Sinifi:

NEWTON'UN II. HAREKET KANUNU OKUMA TESTI

. Asagidakilerden hangisi Newton'un II. hareket kanunudur.
a) Eylemsizlik kanunu
b) F=m.a

¢) Her etki kuvvetine kars1 zit yonlii ve esit biytikliikte bir tepki kuvveti vardir.

. Newton'un II. hareket kanunu

a) bir cisme etki eden bileske kuvvet sifir ise, cismin hareket durumunu inceler.

b) bir cisme etki eden bileske kuvvet sifirdan farkli ise, cismin hareket durumunu
inceler.

¢) bir cisme etki eden bileske kuvvet hem sifir ise hem de sifirdan farkli ise cismin

hareket durumunu inceler.

. Newton'un II. hareket kanununa gore bileske kuvvet sabit ise,
a) cisim diizgiin hizlanan dogrusal hareket yapar.

b) cisim diizgiin dogrusal hareket yapar.

c) ave b siklar1 dogru degildir.
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Ad1 ve Soyadi: Sinifi:

NEWTON'UN III. HAREKET KANUNU OKUMA TESTI

1. Asagidakilerden hangisi Newton'un III. Hareket kanunudur?
a) Eylemsizlik kanunu
b) F=m.a

c) Her etki kuvvetine kars1 zit yonlii ve esit biytikliikte bir tepki kuvveti vardir.

2. Asagidaki ciimlelerden hangisi dogrudur?
a) Etki kuvveti tepki kuvvetine biiyiikliik bakimindan daima esittir.
b) Etki kuvveti tepki kuvveti ile ayn1 dogrultulu ve zit yonliidiir.

¢) ave b siklart dogrudur.

3. Sekildeki yatay diizlem tizerinde duran kutuya etki eden kuvvetleri gosteriniz.

yatay
LSS LSS S SIS SIS S S diizlem
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APPENDIX G

COPIES OF ACETATES

NEWTON’UN I. HAREKET KANUNU

a) Nesneler iizerlerinde durumlarim1 degistirecek bir

kuvvet yoksa, duruyorlarsa durmalarina,

b) sabit hizla hareket ediyorlarsa bir diiz ¢izgide sabit hizla

hareket etmeye devam ederler.

Duran cisimlerin durmaya, hareket eden cisimlerin
hareket etmeye egilimleri vardir. Cisimlerin hareket

degisiklerine kars1 gosterdikleri direnmeye Eylemsizlik

denir. Eylemsizlik bir kuvvet degildir. Ciinkii eylemsizlik

kanununda net kuvvet ve ivme daima sifirdir.



109

Cisimdeki madde miktarina kiitle denir. Esit kollu

terazi veya baskiille ol¢iilebilir. Birimi kilogramdir (kg) ile

gostertilir.

Agirlik, yercekiminden dolayi cisimlere etki eden
kuvvettir, yani yer¢cekimi kuvvetidir. Birimi Newton'dur
ve (N) ile gosterilir. Bu kuvvet cisimleri siirekli

yeryliziiniin merkezine dogru ¢eker (asagiya dogru).

Uzayda cisim agirliksiz olabilir fakat kiitlesiz olamaz.
Agirlik yercekimi ivmesine gore degisebilir fakat kiitle her

yerde aynidir, degismez. Kisaca,

G=mg G =Agirlik (N)
m = Kiitle (kg)
g = Yercekimi ivmesi (~10m/s®)
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NEWTON'UN I. HAREKET KANUNU

KAVRAM SORULARI

\Yo

Siirtiinmesiz bir ortamda Vo hiziyla birakilan top nerede
durur?
a) A noktasinda
b) B noktasinda
c) Durmaz. Yatay diizlem boyunca hareketine devam
eder.

oo

Bir araba sabit hizl1 hareket ederken viraj doniiyor. Araba
viraj1 donerken, arabaya etki eden net kuvvet var midir?
a) Hayir yoktur. Ciinkii hiz1 sabittir.
b) Evet vardir.
c) Virajin keskinligine ve arabanin hizina baglhidir.
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3. Bir cismin kiitlesini baskiil ve esit kollu terazi ile
diinyada 6lcersek aynmi degeri mi 6lgerler?

c) Evet
d) Hayir
c) Kesin bir sey sdylenemez.

4. Bir cismin kiitlesini baskiil ve esit kollu terazi ile ayda
Olcersek ayni1 degeri mi dlcerler?

c) Evet
d) Hayir
c) Kesin bir sey sdylenemez.
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NEWTON’UN II. HAREKET KANUNU
Bir cisme etki eden bileske kuvvet ivme ile dogru
orantili kiitle ile ters orantilidir.
F=m.a
Burada kuvvet ile ivme vektorel bir biiylikliiktiir ve
ayn1 yonliidiir.

F A

Grafik 1. Bir cisme etki eden net kuvvete - ivme grafigi
Bu grafikte dogrunun egimi sabittir. Egim= tgo=F/a
bu da cismin kiitlesine esittir. m=F/a. Kuvvet birimi
kgm/s” dir. Buna da Newton denir. N ile gosterilir. Kiitle
birimi kg, dir. fvme birimi m/s* dir.
Kuvvet basit bir tanimla itme ve ¢ekmedir.
Net kuvvet 1se cisimleri hareket ettiren, hareket
halindeki cisimleri durduran, cisimlerde sekil degisikligi

meydana getiren bir etkidir.
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Uygulanan kuvvetler Net kuvvet

5N |:|—> 5N

SN
JIN

iels

SN 5N |:| ON

10N
TUTY

Sabit Bir Kuvvetin Etkisinde Hiz Degisimi.

Serbest birakilan bir cisim asagiya dogru hizlanir.

Izlenen Yol

Asagidaki sekilde cisme etki eden net kuvvet sifirdir.
AF

. Y Izlenen Yol

> >

v F




114
Asagidaki sekilde cisme etki eden net kuvvet

yukariya dogru F kuvvetidir.

R Izlenen Yol

/VV

——_—

Asagidaki sekilde cisme etki eden hiz vektorii kuvvet

vektorii ile aym yonliidiir.

\"
\%
F - izlenen Yol
.— > > t

Asagidaki sekilde cisme etki eden hiz vektori ile

kuvvet vektorii zit yonliidiir.

Izlenen Yol Y,

F -
v
t

<
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NEWTON'UN II. HAREKET KANUNU
KAVRAM SORULARI

1. Siirtilnmesiz bir yiizeyde duran bloga sabit bir
kuvvet kisa bir zaman arahginda uygulamyor.
Kuvvet bloga son hiz kazandiriyor. Aym kuvvet ayni
zaman arahginda Kkiitlesi ilk kiitlenin iki kati olan
baska bir duran bloga uygulamyor. Agir olan blogun
son hiz1 hafif olan blogun hizinin

A) 1/4 diir.

B) 4 katidir.

C) yanisudir.

D) iki katidir.

E) aymdir.

2. Bir cisme ii¢ sabit kuvvet etki ediyor. Bu cismin
hareketi hakkinda ne soylenebilir?

A) Cisim tek bir ivmeye sahiptir.
B) Cisim iki farkh ivme vektoriine sahiptir.
C) Cisim ii¢ farkh ivmeye sahiptir.

D) Cismin ivmesi sabit degildir.
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3. Suirtiinmesiz bir yiizeyde duran bloga sabit bir

kuvvet kisa bir zaman arahginda uygulaniyor.
Kuvvet bloga son hiz kazandiriyor. Bu kuvvet
yarisiyla aym son hiza erismek icin, asagidaki hangi
zaman arahginda uygulanmahdir?

A) Ik durumda uygulanan zamanin 4 katu.

B) ilk durumda uygulanan zamanin 2 Katu.

C) ilk durumda uygulanan zaman kadar.

D) ilk durumda uygulanan zamann yarisi kadar.

E) ilk durumda uygulanan zamanin ceyregi kadar.
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F 3F F 2F F F
— -« —> <+ —>
FFTETTLETTTTLTIETTS I FFFFFIFrFrrrrrrrrsy]

HLTTLTTTLTTLETSS

I II III
Bu cisimler iizerinde net kuvvet kactir ve ne tarafa
dogrudur?
A) L cisimde 2F saga dogru, II. cisimde F saga dogru,
III. cisimde 2F saga dogrudur.
B) L. cisimde 4F saga dogru, Il. cisimde F saga dogru,
I1I. cisimde sifirdir.
C) L. cisimde 4F sola dogru, II. cisimde 3F saga dogru,
I1I. cisimde 2F saga dogrudur.
D) I cisimde 4F saga dogru, II. cisimde 3F saga dogru,

I1I. cisimde 2F saga dogrudur.
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5. Suirtiinmesiz bir yiizeyde duran bloga sabit bir

kuvvet kisa bir zaman arahginda uygulaniyor.

Kuvvet bloga son hiz kazandiriyor. Bu sefer aym

sabit kuvvet baslangicta duran blok yerine

uygulanan kuvvet yoniinde hareket eden bloga ayni

zaman arahginda uygulamyor. Blogun hizindaki

artis

A) ilk hzimn iki katina esittir.

B) ilk hizimin karesine esittir.

C) ilk hizinin dort katina esittir.

D) Ilk hizsiz harekete basladign zamanki hiziyla
aymdir.

E) Verilen bilgilerden bulunamaz.

2F

Sekildeki cisim \' hiziyla hareket etmektedir. Cismin

hiz zaman grafigi asagidakilerden hangisidir?

A) AV B) “V/ C) AV
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Newton’un III. Hareket Kanunu

Her ne zaman bir nesne ikinci nesneye kuvvet
uygularsa, ikinci nesne de birinci nesneye ayni biiyiikliikte

ve ters yonde bir kuvvet uygular.

v
N

P

Normal kuvvet yiizeyin cisme uyguladig tepki

kuvvetidir.Bu kuvvet her zaman cismin temas ettigi
ylizeye diktir ve de N harfi ile gosterilir.
Ipte olusan gerilim kuvveti de tepki kuvvetidir. Ipin

her noktasinda gerilim kuvveti her zaman aymidir.

Dikkat: Newton’un III. hareket kanunun da etki tepki
kuvvetler birbirine esit ve zit yonlii olmasina ragmen hig
bir zaman birbirlerini dengelemezler ciinkii bu kuvvetler

farkli nesneler iizerine etki ederler.
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NEWTON'UN III. HAREKET KANUNU

KAVRAM SORULARI

1. Masa iizerinde hareketsiz duran bloga etki eden

kuvvet(ler) i¢in asagidakilerden hangisi dogrudur?

A) Bloga yalnizca diisey asagiya dogru agirligi etki eder.

B) Bloga yalnizca diisey yukar1 dogru masanin uyguladigi
kuvvet etki eder.

C) Blogun iizerine birden fazla kuvvet etki eder. Yalniz
asagiya dogru kuvvetlerin toplami, yukar1 dogru
kuvvetlerin toplamindan biiytiktiir.

D) Blogun iizerine birden fazla kuvvet etki eder.Yalniz
asagiya dogru kuvvetlerin toplami, yukar: dogru
kuvvetlerin toplamindan kiictiktiir.

E) Blogun iizerine iki kuvvet etki eder. Yani asagiya
dogru agirlig1 ve yukart dogru masanin uyguladigi

kuvvettir. Bu iki kuvvet birbirine esittir.
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2. A blogunun B bloguna uyguladig1 kuvvet ile B
blogunun A bloguna uyguladigi kuvveti karsilastirirsak,

asagidakilerden hangisi dogrudur?

A) A blogu daha fazla kuvvet uygular.
B) Kuvvetler esittir.
C) B blogu daha fazla kuvvet uygular.



122

APPENDIX H

KEY WORDS

Misconceptions
Preconceptions
Physics educations
Interactive engagement
Peer instruction

Peer tutoring
Cooperative learning

Conceptual understanding

A S A O e

Active learning
10. Common-sense beliefs
11. Student centered instruction

12. Different combinations of the key words above.
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APPENDIX I

PETITION FOR PERMISSION

ORTAOGRETIM FEN VE MATEMATIK ALANLARI EGITiMi BOLUM
BASKANLIGINA,

“The effects of interactive engagement methods on high school students’
misconceptions in physics” (Enteraktif katilim metotlarinin lise 6grencilerinin fizikteki
kavram yanilgilarina etkisi) konulu bir doktora tezi yapmaktayim. Tezimde akran
ogretimi (Peer Instruction) metodunu kullanacagim. Bu metotta 40 dakikalik ders siiresi
boliimlere ayriliyor. i1k 7-10 dakika 6gretmen konunun dnemli noktalarimi fazla detaya
girmeden kisaca anlatiyor. Sonraki 5 dakikalik stirede de kavram sorusu soruluyor ve
iizerinde tartisma yapiyor. ilk 1 dakikasinda 6grenciler kendi baslarina soruyu
cevapliyor. Sonraki 3 dakikada soruyu 3-4 kisilik gruplar halinde tartisiyorlar. Dogru
cevabi verenler diger arkadaslarin1 dogru cevabin nedenini anlatarak ikna etmeye
calisiyorlar. Bes dakikalik siirenin son bir dakikasinda 6grenciler soruyu tekrar kendi
baslarina cevapliyor. Burada soruya ilk basta yanlis cevap veren 6grencilerin tartismaya
gore cevaplarii degistirmeleri bekleniyor. En sonunda 6gretmen dogru cevabi
acikliyor. Boylece konunun bir ana noktas1 15 dakikalik bir siirede anlatilmis oluyor.
Yani bir ders saatinde bir konunun 3 ana noktasi islenebiliyor. Bu metot yurt disinda
yaygin bir sekilde fizik derslerinde kullanilmis ve 6grencilerin basari ve tutumlari
tizerinde geleneksel ders anlatimina gore daha etkili oldugu goriilmiistiir.

Metodu verimli uygulayabilmek i¢in toplam 8 saat siirecek giinliik ders planlari
gelistirilmistir. Bu calismada 2 6lciim araci kullanilacaktir. Bunlar; basarilarini 6lgmek
icin 28 ¢coktan secmeli sorudan olugsan Kuvvet Kavram Testi ve fizige kars1 tutumlari
olgmek icin 24 Likert tipi maddeden olusan Fizige Kars: Tutum Olgegidir. Hazirlanan
test ve tutum oOlcegi On test ve son test olmak iizere iki hafta ara ile iki kez
uygulanacaktir. Bu iki hafta siiresince gelistirilen metot ve materyaller ile ders
anlatilacaktir.

Bu ¢alisma kapsaminda Yenimahalle Milli Egitim Ilce Miidiirliigiine bagh 7
okulda uygulama yapilmasi planlanmaktadir. Bu okullar; Mobil Lisesi, Mustafa Kemal
Lisesi, Alparslan Lisesi, Prof. Dr. Sevket Rasit Hatipoglu Lisesi, Kaya Beyazitoglu
Lisesi, Yahya Kemal Lisesi, Halide Edip Adivar Lisesi’dir. Uygulama fizik derslerinde
Newton’un Hareket Kanunlar konusunda yapilacaktir. Bu okullarin bazilar ile kisisel
goriismeler yapilmis ve bu konularin Kasim ayinin iiciincii veya dordiincii haftasinda
islenmeye baslanacagi 6grenilmistir. Bu ¢alismanin liselerin normal miifredattaki
konularinin isleyis diizenini degistirmeden yapilmasi planlanmaktadir. Adi gecen
okullardan gerekli iznin alinmasi icin gereginin yapilmasini saygilarimla arz ederim.

21/10/2002

Hiilya ERYILMAZ
ODTU Egitim Fakiiltesi
Doktora Ogrencisi
Ankara
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APPENDIX J

TEACHER GUIDE ABOUT APPLICATION OF PEER INSTRUCTION

"AKRAN OGRETIMI" OGRETIM TEKNIGINi UYGULAMA OGRETMEN
REHBERI

Bu calismanin amaci enteraktif katilim metotlarindan biri olan akran 6gretimi
metodunun lise ogrencilerinin fizikteki kavram yanilgilarina etkisini arastirmaktir. Bu
metodun yurt disinda yaygin bir sekilde fizik derslerinde kullanildigir ve 6grencilerin
basar1 ve tutumlan iizerinde geleneksel ders anlatimi metoduna gore daha etkili oldugu
goriilmiistiir. Bu metotta 40 dakikalik ders siiresi boliimlere ayriliyor. Ik 7-10 dakika
Ogretmen konunun onemli noktalarin1 kisaca anlatiyor. Sonraki 5 dakikalik stirede
kavram sorusu soruluyor ve tartisiliyor. ilk 1 dakikasinda ogrenciler kendi baslarina
soruyu cevapliyor. Sonraki 3 dakikada da gruplaryla tartisiyorlar. Dogru cevabi
verenler diger arkadaslarini dogru cevabin nedenini anlatarak ikna etmeye calisiyorlar. 5
dakikalik stirenin son bir dakikasinda 6grenciler soruyu tekrar kendi baslarina
cevapliyor. Burada soruya ilk basta yanls cevap verenlerin tartismaya gore cevaplarini
degistirmeleri bekleniyor. En sonunda Ogretmen dogru cevabi acikliyor. Boylece
konunun bir ana noktas1 15 dakikalik bir siirede anlatilmis oluyor. Yani bir ders saatinde
bir konunun 3 ana noktast islenebiliyor.

Metodu verimli uygulayabilmek i¢in asagidaki yol izlenecektir.

1. Ogrencilere kitaplarindan islenecek konu ile ilgili 5nceden okuma 6devi verilecek.

2. Okuma o6devinin yapilip yapilmadigini kontrol etmek ve dongii almak amaciyla
arastirmact tarafindan hazirlanan 3 soruluk okuma testi verilecek. Bu testte
ogrencinin konuyu anlayip anlamadig1 kontrol edilmeyecek. Bu yiizden ¢ok basit
bir test olacak.

3. Okuma testi 6grenciye okuma ¢devinin verildigi giin verilecek ve dersten bir giin
once toplanacak. Ogretmenler bu testi derse gelmeden 6nce degerlendirecek. Bu
konuda 6gretmene yardimci olunacak. Okuma testi 6gretmene hangi konulara
daha ¢ok 6nem vermesi gerektigi konusunda dongii verecek.

4. Derse baslamadan once siniftaki 6grenci sayisina gore 3 veya 4'er kisilik gruplar

olusturulacaktir. Her grupta en az bir ¢aliskan 6grenci olmasina dikkat edilecektir.
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Ve yan yana oturan 6grencilerin yerlerinden kalkmadan arkaya donerek grup

olusturmalari istenecek.

Konu 7-10 dakika 6nemli yerler vurgulanarak fazla detaya girmeden anlatilacak.
Sonra Ogrencilerin kavram sorusunun cevabi isaretlemeleri i¢in arastirmaci
tarafindan hazirlanan cevap kagidi her dersin basinda dagitilacak.

Kavram sorusu siklar (yani A, B, C, D, E harfleri) bir defaya mahsus dagitilacak.
Bu siklarin siirekli kullanilacagi ve her derse getirilmesi gerektigi soylenecek.
Ogrenciler kavram sorusunun cevabini isaretledikten sonra, hangi sikki
isaretlediklerini bu harfleri kaldirarak 6gretmene gosterecek.

Daha once arastirmaci tarafindan verilen konuyla ilgili 1. kavram sorusu
tepegozde gosterilecek. Sorunun okunup herkesin anladigindan emin olunduktan
sonra Ogrencilere cevaplamalari icin 1 dakika siire taninacak. Bu siire esnasinda
ogrencilerin birbirleriyle konusmalarina kesinlikle izin verilmeyecek.

Sonra cevaplarin kavram sorusu cevap kagidina isaretlenmeleri istenecek.

Kabaca dogru cevap oranim1 gormek i¢in dogru diye isaretledikleri sikkin harfini
yukariya kaldirmalar istenecek.

Bu oran %90'dan az ise Ogrencilerin gruplariyla soruyu aralarinda tartismalart
icin 2-3 dakika siire verilecek. Dogru cevabi veren 6grenciler diger arkadaslarim
dogru cevabin nedenini anlatarak ikna etmeye calisacaklar. Bu arada 6grencilerin
soruyu tartismalarini dinlemek amaciyla aralarinda dolasilacak. Tartisma sonunda
cevaplar tekrar kavram sorusu cevap kagidina isaretlettirilecek. Ciinkii burada
soruya ilk basta yanlis cevap veren Ogrencilerin tartismadan sonra cevaplarim
degistirmeleri bekleniyor.

Dogru cevap aciklanacak.

Dogru cevap veren 6grenci sayis1 oranin1 gormek i¢in tekrar dogru cevap sikkinin
harfinin yukar1 kaldirilmasi istenecek.

Oran %90'dan az ise ayni konu daha detayli anlatilacak ve konuyla ilgili 2.
kavram sorusu sorulacak. Daha once kavram sorusundan sonra yapilanlar aynen
tekrarlanacak. Dogru cevap veren Ogrenci sayist %90 dan fazla ise konuyu
pekistirmek amaciyla bir kavram sorusu daha verilecek.

Sonra problem ¢ozme tekniklerine uygun olarak arastirmaci tarafindan verilen
problemler ¢oziilecek.

Dersin sonunda kavram sorusu cevap kagitlar1 toplanacak.
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APPENDIX L

FLASH CARDS




APPENDIX M

RAW DATA
Std. Gender Gr. Mem. POPAT POPACT | PREATT | PREACT
1 1 1 93 7 4 91
2 2 1 99 5 5 85
3 1 1 90 8 5 66
4 1 1 96 10 6 88
5 1 1 96 13 8 101
6 1 1 64 4 4 71
7 1 2 76 6 4 94
8 1 1 57 11 8 74
9 1 2 100 5 5 81
10 1 1 90 11 11 79
11 1 1 101 12 8 100
12 1 2 72 5 7 85
13 1 1 102 9 8 99
14 1 2 87 13 9 95
15 2 2 94 5 4 84
16 1 1 90 6 10 68
17 2 1 41 4 7 79
18 1 1 92 10 6 83
19 2 1 76 5 7 87
20 2 1 64 8 2 61
21 2 1 62 6 2 54
22 2 1 91 5 2 92
23 2 2 104 7 5 95
24 1 1 84 4 8 74
25 2 2 57 6 5 84
26 1 1 84 5 10 60
27 1 1 86 4 6 87
28 2 1 68 4 6 80
29 2 1 90 7 9 76
30 2 2 58 4 4 70
31 2 2 93 4 4 107
32 1 1 85 4 7 75
33 2 2 71 8 3 71
34 1 2 86 4 4 63
35 2 1 85 9 7 83
36 2 2 106 11 7 108
37 1 2 89 11 3 90
38 1 1 63 4 8 70
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39 1 2 78 6 1 60
40 1 2 67 6 5 68
41 1 2 82 7 5 81
42 1 1 63 3 9 72
43 2 1 96 3 6 74
44 2 2 82 4 5 81
45 1 2 74 6 5 76
46 2 2 101 5 4 96
47 1 2 73 4 4 81
48 1 1 102 6 5 88
49 1 1 92 9 9 91
50 1 1 57 8 5 67
51 2 1 71 8 5 79
52 1 1 80 7 6 79
53 2 1 69 4 2 74
54 2 2 92 5 3 79
55 2 2 107 7 3 93
56 1 1 96 6 6 87
57 2 2 83 8 4 79
58 2 2 69 5 2 67
59 2 2 104 5 6 100
60 2 2 86 6 4 90
61 2 2 97 3 5 102
62 1 1 97 4 6 87
63 1 1 87 3 5 69
64 1 2 67 6 3 &9
65 1 2 98 5 4 76
66 1 1 65 9 11 70
67 1 2 80 7 9 76
68 1 2 93 6 2 81
69 2 1 102 3 4 94
70 2 2 79 9 4 88
71 2 2 86 6 5 86
72 1 1 84 8 5 76
73 1 1 99 5 8 85
74 1 1 67 4 6 73
75 1 1 68 5 2 77
76 2 2 91 7 7 83
77 2 1 59 6 8 54
78 2 1 53 7 11 52
79 1 1 70 13 13 79
80 2 2 100 5 3 92
81 2 1 53 5 5 46
82 2 1 90 4 5 88
83 2 2 92 10 6 98
84 1 1 74 5 4 90
85 2 1 68 4 1 75
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86 2 2 75 7 5 107
87 2 2 81 12 9 87
88 1 1 99 7 3 97
89 1 2 107 6 4 73
90 1 1 87 6 8 83
91 1 2 76 5 7 78
92 1 2 92 4 5 88
93 1 2 74 5 5 83
94 1 1 98 5 4 89
95 1 1 55 7 8 95
96 2 2 90 5 4 86
97 1 1 85 3 4 78
98 2 1 82 7 9 77
99 1 1 78 5 4 58
100 1 1 98 4 4 98
101 1 1 101 9 6 &9
102 1 2 57 12 8 84
103 2 2 68 7 4 93
104 1 1 99 9 5 91
105 1 2 95 5 4 82
106 1 1 89 6 7 51
107 1 2 51 10 3 58
108 2 2 49 7 6 55
109 1 1 62 4 4 66
110 2 1 80 6 1 93
111 2 1 70 7 8 59
112 2 1 88 4 1 87
113 1 1 97 8 7 99
114 1 2 93 5 3 86
115 1 2 84 7 7 89
116 1 1 80 8 6 81
117 1 1 93 1 8 81
118 2 2 89 3 3 83
119 2 2 84 3 5 77
120 2 2 60 6 5 57
121 1 1 78 1 7 102
122 1 2 80 3 6 93
123 1 2 79 6 5 81
124 2 2 58 9 6 77
125 2 2 62 9 7 77
126 1 2 96 13 10 96
127 1 1 92 4 4 98
128 1 1 84 5 6 47
129 2 2 79 13 7 79
130 1 2 76 9 11 74
131 2 2 78 6 2 65
132 2 2 70 7 3 80
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133 2 1 57 5 6 72
134 1 1 70 6 3 67
135 2 2 97 8 1 94
136 1 2 69 9 10 75
137 1 1 80 3 6 82
138 1 1 62 8 7 53
139 1 2 65 5 1 52
140 1 1 71 6 3 76
141 1 2 98 6 5 65
142 1 1 78 5 4 89
143 2 1 61 8 7 62
144 2 2 80 9 6 91
145 2 2 93 10 5 81
146 2 1 91 1 4 72
147 2 2 85 12 8 95
148 1 1 93 7 6 84
149 1 1 84 12 8 77
150 1 1 103 4 3 97
151 1 2 99 5 5 81
152 1 2 95 6 8 79
153 2 2 54 5 4 63
154 2 1 72 6 4 78
155 2 2 88 11 2 79
156 2 1 33 6 7 51
157 1 2 58 5 5 68
158 2 2 60 11 3 82
159 2 1 66 3 7 68
160 1 1 105 5 7 107
161 1 2 89 7 5 87
162 1 1 99 5 6 97
163 2 2 90 3 2 83
164 2 1 45 1 5 81
165 2 1 76 5 4 74
166 1 2 105 6 2 96
167 2 1 91 3 7 63
168 2 1 80 3 5 60
169 2 1 72 5 5 72
170 2 2 81 5 3 75
171 1 2 107 7 8 104
172 1 1 68 10 5 53
173 1 2 57 12 5 85
174 2 2 73 8 3 64
175 2 2 82 7 3 84
176 2 2 58 6 5 76
177 2 1 101 3 3 90
178 1 2 74 4 3 67
179 1 1 89 6 8 103
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180 1 1 102 7 4 67
181 1 1 86 5 5 103
182 2 1 89 7 5 104
183 1 2 79 6 7 80
184 1 1 77 10 14 68
185 1 2 62 6 4 64
186 1 2 97 3 5 96
187 1 2 92 7 3 106
188 1 2 65 6 1 50
189 1 1 93 2 8 82
190 2 2 76 11 9 89
191 1 2 83 7 5 94
192 2 1 67 10 5 86

132
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APPENDIX N

PERCENTAGES OF THE POPACT ALTERNATIVES

Control Groups Experimental Groups
Item | A% | B% | C% | D% | E% | Empty% A% | B% | C% | D% | E% | Empty%
1 29.8 | 6.1 | 184 1447 | 09 0.0 383 ] 53 |36.2|19.1| 0.0 1.1
2 9.6 | 184|132 |52.6 | 53 0.9 1171394 | 64 [ 415 1.1 0.0
3 1623|105 6.1 | 2.6 | 184 0.0 266 | 96 | 1.1 | 3.2 | 59.6 0.0
4 237|456 | 53 | 132|105 1.8 426 | 383 | 43 | 11.7 | 32 0.0
5 12371254 1.8 |19.3]29.8 0.0 13.8136.2 | 0.0 | 234 | 26.6 0.0
6 44 3251202 | 158 | 254 1.8 43 330|351 2.1 | 255 0.0
7 [289]193] 79 [360] 79 0.0 50.0| 53 | 53 [319] 74 0.0
8 1141219 | 456 | 8.8 | 10.5 1.8 32 | 213|564 | 106 | 53 32
9 09 |39.5]404 | 132 6.1 0.0 00 | 29.8 596 74 | 32 0.0
10 | 123|614 | 158 | 88 | 09 0.9 28.7 | 42.6 1255 | 1.1 | 1.1 1.1
11 | 114]149|544 193 | 00 0.0 234 | 11.7 | 606 | 32 | 1.1 0.0
12 | 36.0] 96 |28.1]140| 114 0.9 60.6 | 3.2 |27.7| 64 | 2.1 0.0
13 | 482 ] 2.6 | 35 | 325|123 0.9 479 119.1| 1.1 | 234 | 64 2.1
14 | 2.6 1202 | 7.0 | 48.2|20.2 1.8 2.1 | 64 | 18.1 ]394 | 34.0 0.0
15 [ 193 21.1 | 193] 9.6 | 28.9 1.8 19.1 | 16.0 | 22.3 | 11.7 | 29.8 1.1
16 | 28.1 | 17.5|10.5 | 30.7 | 11.4 1.8 39.4 | 18.1 | 10.6 | 255 | 5.3 1.1
17 | 21.1|14.0| 254|254 | 123 1.8 13.8 | 149 | 16.0 | 45.7 | 9.6 0.0
18 | 474 | 53 |16.7 | 149 | 14.0 1.8 479 96 [33.0| 32 | 64 0.0
19 1.8 1237 ] 9.6 | 41.2 228 0.9 18.1 {319 | 85 |33.0] 85 0.0
20 | 36.8 175|193 ]193 | 44 2.6 4041106 | 27.7 | 19.1 | 2.1 0.0
21 8.8 [ 193 | 123|404 | 17.5 1.8 32 | 1.1 | 74 | 46.8 | 404 1.1
22 | 123 46,5 | 6.1 | 22.8 | 8.8 3.5 202 | 35.1 | 2.1 | 340 | 85 0.0
23 | 09 | 149|123 | 149 | 544 2.6 21 | 53 | 64 | 00 | 840 2.1
24 | 158193263 (263|114 0.9 10.6 | 29.8 | 6.4 | 479 | 53 0.0
25 | 254 (228 |16.7|28.1 ] 6.1 0.9 511 |213 | 74 | 85 | 9.6 2.1
26 |38.6|28.1| 88 | 158 ] 6.1 2.6 489 | 160 | 9.6 | 202 | 3.2 2.1
27 | 53 [ 193 |49.1 149 | 88 2.6 1.1 | 96 | 745|138 | 1.1 0.0
28 | 1581193 237|175 ]21.1 2.6 9.6 1500 9.6 | 13.8]17.0 0.0

The underlined numbers are the average percentages of correct response.
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