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ABSTRACT

THE EFFECTS OF BRIDGING ANALOGIES ON HIGH SCHOOL STUDENTS’

MISCONCEPTIONS IN MECHANICS

Yilmaz, Serkan
M.S., Department of Secondary Science and Mathematics Education
Supervisor: Dr. Ali Eryilmaz

Co-supervisor: Prof. Dr. Omer Geban

June 2001, 152 pages

The main purpose of this study was to investigate the effects of bridging
analogies on high school students’ misconceptions in mechanics. A Mechanics
Misconception Test (MMT) was developed by the researcher to measure students’
misconceptions.

The pilot study was conducted with 2 physics teachers, 4 classes, total of 67
9th grade high school students. According to the results of the pilot study all
teaching/learning materials, treatment and instrument were revised or improved. In
the light of the feedback of the pilot study some questions of MMT were also

revised, and some were totally discarded.
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This study was conducted with 3 physics teachers, 7 classes, total of 119 high
school students in the academic year of 2000-2001. The teachers were trained for
how to implement bridging analogies in the classroom. Students from four classes
participated in traditional instruction and referred as control group, whereas the
other three classes instructed by using Bridging Analogies (BA) referred as
experimental group. MMT was applied twice as a pre-test and after a three-week
treatment period as a post-test to both groups. Unit plans, concept maps, a make
sense scale, demonstrations and assignments were also utilized in this treatment
period.

The findings of the pre-test showed that the students actually have
misconceptions in mechanics. The data were analyzed by using ANCOVA. The
statistical results indicated that for the experimental group, the BA method was an
effective means of reducing the number of students’ misconceptions in mechanics.
The reduction of misconceptions that students hold is obvious, but it is still
impossible to talk about totally remediation of misconceptions even by BA. Hence,
it is strongly advised that teachers should take into account of students’

misconceptions in teaching any science topic.

Keywords: Misconceptions, Preconceptions, Anchoring Analogy, Bridging

Analogies, Gender, Conceptual Learning.

iv



0z

BIRLESTIRICI BENZETME VE ORNEKLEME YONTEMININ LiSE
OGRENCILERININ MEKANIK KONULARINDAKI KAVRAM YANILGILARI

UZERINDEKI ETKISI

Yilmaz, Serkan
Yiiksek Lisans, Ortadgretim Fen ve Matematik Alanlari Egitimi Boliimii
Tez Yoneticisi: Dr. Ali Eryillmaz

Ortak Tez Yoneticisi: Prof. Dr. Omer Geban

Haziran 2001, 152 sayfa

Bu ¢aligmanin amaci; Birlestirici Benzetme ve Omekleme Yontemi’nin
BBOY) lise ogrencilerinin Mekanik konusunda sahip olduklann kavram
yamlgilarina olan etkisini aragtirmaktir. Ogrencilerin sahip olduklar1 kavram
yanilgilarin1 6lgebilmek icin aragtirmaci tarafindan Mekanik Kavram Yanilgilan
Testi (MKYT) gelistirildi.

Iki fizik dgretmeni, 4 smif ve toplam 67 dokuzuncu sinif lise dgrencisi ile
pilot ¢aligma yapildi. Pilot ¢aligmanin sonuglarina gore biitiin 6gretim-63renim

materyalleri, araglari ve verilen egitim kontrol edilip gelistirildi. Ayrica bu



caligmanin 1s13inda MKYT’ndeki bazi sorular kismen degistirildi ve bazilar1 da
tamamen atildi.

Bu g¢alisma ise 3 fizik 6gretmeni, 7 simf ve toplam 119 lise 6grencisinin
katilmyla 2000-2001 akademik déneminde gerceklestirildi. Ogretmenler
birlegtirici benzetme ve ornekleme yonteminin nasil uygulanacagi konusunda
egitildi. Geleneksel 6gretim metoduyla ders anlatilan dért simuf kontrol grubu
BBOY’yle anlatilan diger ii¢ siuf ise deneysel grup diye nitelendirildi. MKYT &én
test ve ii¢ haftalik bir egitim periyodundan sonra son test olmak lizere iki gruba da
iki kez uygulandi. Bu egitim siiresinde iinite planlari, kavram gemalari, ‘neler
anlamlidir’ 6lgegi, demolar ve 6devlerden de yararlamlda.

Ogrencilerin mekanigin baz konularinda kavram yanilgilarina sahip olduklar
on test sonucunda ortaya ¢ikti. Veriler ANCOVA ile analiz edildi. Istatistiksel
sonuglar BBOY’nin deneysel gruptaki 6grencilerin mekanik konusunda sahip
olduklarn kavram yanilgilar1 sayisindaki azalmada etkili oldugunu gosterdi.
BBOY le ders anlatilan 6grencilerin sahip olduklan kavram yamlgilarindaki azalma
¢ok bariz olmasina karsin kavram yanilgilarinin tamamen giderilmesi gibi bir
durumdan BBOY’le bile bahsedilmesi miimkiin degildir. Dolayistyla gretmenlerin
herhangi bir fen konusunun anlatiminda &grencilerin o konuda sahip olabilecekleri

kavram yamlgilarim géz 6niinde bulundurmasi énemle tavsiye edilir.

Anahtar Kelimeler: Kavram Yamlgilari, On Kavramlar, Temel Benzetme,
Birlestirici Benzetme ve Omekleme Yéntemi, Cinsiyet,

Kavramsal Ogrenme.
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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,
persistence and anxiety, devised by individuals to discover the nature of universe.
Science is important to all of us. It raises the hope that we can truly progress to a
higher understanding of ourselves and our relationships with nature. Science and its
derivative, technology, changed and increased the life expectancy and material well
being of people (Baybee & Sund, 1981). These ongoing 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 (Bueche, 1988). It is not possible to
explain the meaning and the content of physics with one simple sentence. Physics is
the study of the laws of nature and their application to non-living things. In another
way of saying, it is the body of knowledge gained from the study of a natural
phenomenon. According to Bueche (1988), physics is what physicists do. 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). Physics is a difficult course to construct
meaningful learning.

Physics Education has been one of the fundamental areas in Science

Education in which many studies were done. The major concern of these studies has



been the problems of introductory physics. Mechanics constitutes the basis of
introductory physics and further physics knowledge. Since being the first course in
physics, mechanics may be troublesome to most of the students. That is why many
studies have been performed to identify the factors affecting students’ achievement
in mechanics. One of the factors we deal with is students’ preconceptions (previous
conceptions what the learner thinks about the scientific phenomena before the
subject is instructed).

Many studies have been conducted about students’ preconceptions in
mechanics. These studies (Brown, 1989; Clement, 1982; Halloun & Hestenes,
1985a) made explicit a significant relationship between students’ preconceptions
and students’ achievement in mechanics. When considering research studies related
to students’ preconceptions in mechanics, it is possible to classify them into three
main groups as descriptive studies, explanatory studies and intervention studies.

Descriptive studies, most common type (Brown, 1989; Champagne, 1980;
Clement, 1982; Lawson & McDermott, 1987), have the intention to identify and
describe students’ preconceptions. Thus, by this way descriptive studies not only do
clarify many unknowns but also as a consequence has a great contribution to the
development of knowledge in this area.

Explanatory studies (Clement, 1982; Halloun & Hestenes, 1985a) have the
intention to explain conceptual study and change, whereas intervention studies
(Brown, 1992; Clement, 1993), which attempt to foster conceptual change, try to
test the explanations declared by the explanatory studies. Such studies

(intervention) enable researchers to assess the effectiveness of various teaching



methods, classroom arrangements, and other endeavors affecting the characteristics
of groups or individuals. It is necessary to mention here that studies that attempt to
foster conceptual change are not common in the literature.

To investigate whether something will affect something else, researchers need
to conduct intervention studies. This intervention study is basically concerns about a

teaching method-technique, named as bridging analogies.

1.1 The Main Problem and Sub-problems

1.1.1 Problem

The basic principle underlying all of the conceptual change teaching
approaches is one that stresses the significance of acknowledging the leamer’s
existing ideas and understandings in any teaching/learning process. Students should
be given the opportunity to express and discuss their ideas. The status, existence
and effects of their misconceptions should be lowered, for instance, by means of
bridging or analogical situations. Considering all tips so far, the intention of this
study is to lower or if possible, completely remediate these misconceptions by the
help of bridging analogies. Restated question form of our intention could be as
follows:

Do bridging (anchoring) analogies (BA) have an effect on high school

students’ misconceptions in mechanics?
1.1.2 The Sub-problems

1. What are the effects of BA on students’ misconceptions in mechanics?



2. What is the effect of gender on students’ misconceptions in mechanics?

3. What is the interaction effect of gender and BA on students’ misconceptions in

mechanics?

1.2 Hypotheses

The problems are tested with the following hypotheses. They are stated in null
form, and tested for a significance level of o = .05.

1. There is no significant difference between the population means of
students instructed by BA and the students instructed by traditional
method (TM) when age, students’ physics course grades in the previous
semester (SPC-Grade) and prior knowledge of mechanics (pre MMT) are
controlled. Hy: ppa-prm=0.

2. There is no significant difference between the population means of male
and female students’ misconception scores when age, SPC-Grade and pre
MMT scores are controlled. Ho: Pfemale-Pmate = 0.

3. There is no significant interaction effect of gender and the method on
population means of students’ misconception scores when age, SPC-

Grade and pre MMT scores are controlled. Hy: no interaction effects exist.
1.3 Significance of the Study

Mechanics comprises the basic of further physics knowledge and
misconceptions are threats to the learning-teaching process of this important issue.

It is known that architects mostly care about the base of a construction. Since any



weakness in the base may results in weaker construction or maybe even collapse.
Likewise, as being the base and first course of introductory physics, appropriate
attention should be paid to this subject. That is why many studies (Champagne,
Anderson & Klopfer, 1980; Clement, 1982; Minstrell, 1982; Halloun & Hestenes,
1985a) were done to investigate and describe the characteristics of preconceptions,
but what a pity is that very little has been done to overcome these misconceptions,
especially in Turkey.

It has frequently been argued that analogies maybe valuable tools in teaching
and learning difficult scientific concepts (Gee, 1978). As Brown (1989) and
Clement (1993) studies made explicit, “bridging analogies” method could be
effective in overcoming students’ misconceptions in mechanics. It is expected to
improve not only students understanding of the concept of mechanics, but also other
related concepts of physics. The notion of searching for bridging analogies;
therefore, anchoring intuitions and anchors, opens up a large research area.
Empirical studies are needed to find good, new and effective anchors (Clement,
1993) in mechanics or in other concepts of physics or even in any other branches of

science (mathematics, chemistry, biology) in further research studies.
1.4 Definition of Important Terms

Students’ misconceptions in mechanics, students’ physics course grades in the
previous semester (SPC-Grade), gender, students’ prior knowledge of mechanics
(pre MMT) and the method of instruction (bridging analogies and traditional

method) are the variables of this study. Students’ misconceptions in mechanics



(post MMT scores) is dependent variable while the method of instruction, pre

MMT, SPC-Grade, age and gender are independent variables.

ii.

iii.

iv.

Following terms are necessary in understanding my study.
Preconception: This term is used to mean a conception in a certain area that is
present in a student prior to formal instruction. It is important to note that not
all preconceptions are misconceptions (Clement, 1993).
Misconception: A preconception that can conflict with currently accepted
physical theory (Clement, 1993). This does not mean that a misconception is
totally invaluable. They might be respected as creative constructions and in a
sense they are successful adaptations to some situations in everyday life.
Anchoring conception: As Clement, Brown and Zietsman (1989) mentioned,
some of the preconceptions that are largely in agreement with currently
accepted physical theory are tagged as anchoring conceptions. A good
anchoring conception should be well searched and should make sense to
students.
Conceptual change: Overcoming the dominance of a misconception in
inappropriate situation by selecting the most appropriate way (whether modify
the domain of, displace, modify and improve, replace or suppress a conception)
(Clement, 1993).
Students’ misconceptions in mechanics: All ideas pertain to mechanics that are
contradictory to or inconsistent with the Newtonian idea. For instance, students
who hold the ‘motion implies force’ misconception believe that it requires a

constant force to keep an object moving at a constant speed whereas physicists
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believe that an object moving at a constant speed has a zero net force acting on
it. The misconceptions assessed in the study will be given in detail in Chapter
3. This variable was operationally measured by the Mechanics Misconception
Test that the researcher developed.

Prior knowledge of mechanics (pre MMT): Students’ misconceptions in
mechanics and their achievement in mechanics prior the instruction were highly
correlated. First form of Mechanics Misconception Test as a pre-test was used
to measure this variable. Pre MMT was used as a covariate in the statistical
analysis.

Age: The ages of students in years participated in the study were taken at the
time of pre-testing. This variable was used as a covariate in the analysis.
Students’ physics course grades in the previous semester (SPC-Grade): At the
time of pre-testing SPC-Grade were taken and then it was used as a covariate in
the statistical analysis.

Method of instruction (Bridging Analogies and Traditional Method):
Anchoring analogies and bridging analogies in this study are being used in the
same meaning. The logic underlying in this technique is briefly: Examples
formed a connected sequence, starting from an anchoring conception (a
situation in which most students believe), through intermediate situations
(facilitator analogies), to the desired target situation (Brown, 1992). Bridging

Analogies will be explained in detail in Chapter 2.



CHAPTER 2

REVIEW OF RELATED LITERATURE

2.1 Factors Influencing Students’ Achievement in Mechanics

Science concepts are not simple entities to be leamed and the learning of
science concepts does not occur in a single step (Pines & West, 1986). Instead, to
acquire a scientific knowledge (concepts in agreement with current physical
theories) is not that much easy. Even sometimes very simple scientific problems
could be misunderstood. As many educators confessed this might be due to the
existence of many factors that are affecting this learning process. From those, most
often explored are:

1. mathematical skills (Champagne, Klopfer, & Anderson, 1980)

2. general level of cognitive development (Griffith, 1985)

3. student’s gender (Cataloglu, 1996; Ervilmaz, 1992; Eryilmaz, 1996;
Halloun & Hestenes, 1985a)

4. problem solving skills (Reif, 1981)

5. amount of high school science and mathematics studied

6. study of physics in high school

7. preconceptions and misconceptions (Clement, 1982; Minstrell, 1982; Van

Hise, 1988; Eryilmaz, 1992)



Consider, for instance, the mathematical skills. Champagne, Klopfer and
Anderson (1980) findings and many other investigations have shown that
mathematical skills are a factor affecting students’ success in learning mechanics.
Many teachers have assumed that proficiency in mathematics could be necessary
condition for success in learning physics. But, a high score on a mathematical test is
no way a guarantee of success in mechanics.

Students do not start the mechanics course with any lack of ideas about the
motion of objects. In fact, as Champagne et al. (1980) mentioned each student
generally has a rich accumulation of interrelated ideas that constitutes a personal
svstem of common-sense beliefs about motion. These common-sense intuitive
ideas, based on years of experience with moving objects, serve the students
satisfactorily in describing the world. But, this belief system is different than the
formal system of Newtonian mechanics that the physics courses aim to teach. In
brief, students’ preconceptions about motion and its causes have a significant effect

on their performance in mechanics (Halloun & Hestenes, 1985a).
2.2 Concept of ‘Preconception’

Students come to class having had experiences with the genuine physical
world and having organized these experiences into their own mental models (which
is one of the baselines of the educational philosophy known as constructivism).
Mental models must be built. It is known that people could learn better by living
than by just watching something being done. The student is not a tabula rasa (blank

slate or blank minded). In other words, the situation is not as follows:
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- Teacher knows everything and students know nothing.

- Students come to a class with nothing exists in their minds as if their brains are
super-neat white sheets just like currently formatted diskette.

- Teacher teaches and students are just thought (think of a computer just only inputs
data, however no question, no output or even no reply).

- Why should we be surprised that students think that any moving object will
eventually come to a stop? In their direct personal experience that is always
the case. It is even the case in the demonstrations we show in class to
demonstrate the opposite! When I slide a dry-ice levitated puck across the
lecture table, I catch it and stop it at the end of the table. If I did not, it would
slide off the table, bounce, roll a short distance and stop. Every student
knows that (Redish, 1994; p. 799).

As simply mentioned in the paragraph given above, experiences of students
with the physical world such as a car accident, a levitating balloon, braking train,
fallen apple, running man, book resting on a table or a man lifting a box cause them
to build their own conceptions or their own understandings of scientific concepts.
These previous conceptions, what the students think about scientific phenomena
before the instruction of the subject, are often called preconceptions in the literature
of physics education. Novak (1977) calls them also “preconceptions”; Driver and
Easley (1978) refer them as “alternative conceptions” whereas Helm (1980) calls
them “misconceptions”; Sutton (1980) tagged them as ‘“children’s scientific
intuitions”; Gilbert, Watts and Osbomne (1982) prefer the term “children’s science”;
Halloun and Hestenes (1985b) use the term “common sense concepts”; finally Pines
and West’s (1986) choice is “spontaneous knowledge”.

It is noteworthy here to point out that not all preconceptions are

misconceptions. Preconceptions that are in some aspects contradictory to or
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inconsistent with the scientific knowledge are called misconceptions whereas the
preconceptions that are in agreement with the currently accepted physical theory are
called anchoring conceptions. It will be wrong to call all preconceptions that are
consistent with scientific knowledge as anchoring conceptions. Clement (1993) and
his team predicted that hitting a wall with one’s fist would be an excellent
anchoring example for the idea that a static object can exert a force. Surprisingly,
only 41% of the pre-physics students agreed that the wall would exert a force on
one’s hand. Thus, any concrete example that makes sense to the teacher may not
necessarily work. A proper and good anchoring conception should be carefully

searched and should make sense to the students.
2.2.1 Misconceptions in Mechanics

Related literatures (Clement, 1982; Halloun & Hestenes, 1985a) indicate that
student over a wide range of age and educational backgrounds have misconceptions
about many concepts in mechanics. Not only ordinary students but also honor
students and even physics teachers (Eryilmaz, 1992) in fact highly misunderstand
some concepts of mechanics. It is not easy to overcome these misconceptions. They
should not be regarded as unimportant, instead they are deep-seated, common and
constitute persistent barrierls to achieving conceptual understanding (Minstrell,
1982). Now, let us briefly explain the misconceptions that one could frequently
come across:

i. Ideal versus real systems: It is troublesome for students to imagine frictionless

world. That could be why some students believed that the speed of objects
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decrease even though the net force exerted on them is zero (Halloun &
Hestenes, 1985b). It should not be so astonishing to realize that some of the
students having this kind of misconception. Since, what is happening in the
actual world lets one to think in that manner.

Motion implies force: Students’ beliefs inhere is very similar to the Aristotelian

view that a force is required to maintain an object in motion. Studies, like
Champagne et al (1980) and Clement (1982) indicate that students are
harboring an idea that continuing motion, even at a constant velocity, enable an
assumption of the presence of force in frictionless medium in the direction of
motion.

Impetus view: Jean Buridan called the motive power, which sustains the
object’s motion till it has been dissipated due to the resistance of the medium
where the object is thrown, as “impetus”. Students do not call it as impetus
naturally But frequently they use the word “force” here, instead. They seem to
think that a force (carried by the object itself) is required to keep an object
moving and the velocity of the object is proportional to this so-called force

(Gunstone, 1987).

Proportionality of force to velocity rather than acceleration: Students

sometimes think that there is a linear relation between force and velocity rather
than force and acceleration. As a consequence of this situation these students
expect a constant velocity from a constant force.

Passive forces: Minstrell (1982) asked the students to use arrows to represent

the forces acting on a book resting on a table. Half of the students believed that
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only gravity was exerting a vertical force on the book. Some students also think
that only moving objects exerts a force on stationary objects. They are in a
sense implicitly telling that nonliving things may have the ability to stop
anything or may direct motion but are not able to exert a force.

vi. Gravity: Heavier objects fall faster is what these students generally say. Some
of these also assume a significant difference in gravitational attraction even in
the situations that there is a small change in altitude. Thus, as Minstrell (1982)

mentioned students are unsure about the nature of the gravity.
2.3 Conceptual Change Model

When compared to descriptive studies done in identifying and describing
preconceptions held by students, number of the studies done to overcome
misconceptions are very few. Some instructional models were developed to
overcome those misconceptions. The conceptual change model has been one of the
mostly mentioned models. Asoko, Scott and Driver (1991) have identified two main
groupings of strategies. The first grouping of strategies which are based upon
cognitive conflict (promoting situations where the students’ existing ideas about a
phenomena are firstly made explicit then directly challenged in order to materialize
a state of cognitive conflict) and the resolution of conflicting perspectives. The
second grouping is of strategies, which build on students’ preexisting ideas and
extend them via metaphor or analogy, to a new domain.

Only recently researchers have focussed on aspects related to knowledge,

one’s own knowledge and thought processes, one’s own use of them, and their
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purposeful control in conceptual growth and change. Conceptual growth requires
various types of learning. Posner, Strike, Hewson and Gertzog (1982) uses the term
assimilation for learning in which students’ use their existing concepts to cope with
new phenomena, whereas, during accommodation, students must reorganize or
replace their baseline concepts. Posner et al. (1982) also pointed that several
conditions must be fulfilled before accommodation could occur. In short:

1- There must be dissatisfaction with existing conceptions.

2- A new conception must be intelligible —-Understanding of the component terms,
syntax of the expression and the symbols used are in a sense what ‘intelligii)le’
actually mean. As Beeth’s (1998) study made explicit, students’ understaﬂdings
and explanations of the word ‘intelligible’ by using their own words are simply:
look from other person’s perspective, understand what is being said, do not
believe, make sense, picture in mind, have an idea about, say it in your own
words, draw picture of it and be able to describe it.

3- A new conception must initially deem plausible —Any new concept must at least
liable to solve the problems generated by its previous versions.

4- A new concept should be fruitful —~Should enable or pioneer new areas of
inquiry.

As proposed by Hewson and Thorley (1989), the central aspect of the model
was lowering the status of alternative conceptions and raising that of the target
scientific conceptions.

Conceptual change means the commitment to a new belief about a principle

or a phenomenon, and the abandoning of an old one. Promotion of a new belief is
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relatively easy, but it is difficult to get students to abandon their former beliefs
(Gunstone & White, 1989). There were indeed, different sub-models under
conceptual change. “Experience based” interventions include carefully designed
activities that encourages students to differentiate compounded notions, i.e. heat and
temperature (Driver, 1989). “Peer group discussion” as a support for conceptual
change has been explored and the effectiveness of giving students opportunities
through discussion to make their ideas available for reflection has been recognized
(Driver, 1989). Some studies focused more on building on knowledge elements that
the learner already had. Analogies can be a powerful tools in enhancing conceptual
change (Mason, 1994). Clement, Brown and Zietsman (1989) have explored the
approach of using bridging analogies. They assume that conceptual change can be
encouraged by enabling students to build up qualitative-intuitive understandings of
phenomenon before mastering quantitative principles. Forming analogical reasoning
between a misunderstood target case and an anchoring example, which is built upon
the intuitive knowledge by the student, develops such understandings.

Dykstra and Dewey (1992) rely on Piaget’s constructs of assimilation,
accommodation and disequilibration. He says that accommodation is always caused
by disequilibration, and disequilibration usually occurs as a result of an event that
does not fit the students’ existing beliefs, that is, when the students’ expectations
are not met. He suggest that the majority of conceptual changes are members of
three categories, described as:

-differentiation: new concepts emerge from existing more general concepts.
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-class extension: existing concepts considered different are found to be cases
of one broader notion.

-reconceptualization: a significant change in the nature of and relationship

between concepts.
2.4 Analogy

Sometimes as in the case partly mentioned in the paragraph below (teacher
and the student think that they are speaking in the same language, whereas in fact
they are speaking different (similar sounding) languages) communicative failure
may occur. It may be because students sometimes assign different meanings to
expressions containing force. So, a common language, a tool, should be used to
fulfill this gap. Using analogies could be helpful at this point.

...like the teacher and Jane, experience sheer insurmountable difficulties in
their attempts to understand one another, even to the extent of giving up
such attempts altogether. But, whereas they come to think of each other as
living in different worlds, they may in fact, like the teacher and Jane, be only
words apart (Klaassen & Lijnse, 1996; p. 125).

Analogy is a transfer of relational structure from a known domain (the source)
to another basically similar but less known domain (the target). In other words,
analogies are comparisons between dissimilar knowledge domains. Reducing
complex concepts to a simpler and more familiar analogical tool is more or less
what analogies do actually mean. They are used for instructional purposes.

Analogies involves the presentation of an abstract new concept with a familiar,

concrete one to help students to visualize the new concept.
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There are three major theories on analogical reasoning in the literature:
componential, structural and pragmatic theories. The componential theory identifies
the different component skills underlying reasoning by analogy in the classical
paradigm on solving analogies (Mason, 1994). It involves four element
comparisons. Inferring the relation between the two first terms (a and b); generating
the solution to the analogy between (c and d): a:b::c:d (bird:feathers::goat:?) as used
in IQ tests. The structural and pragmatic theories have been elaborated to give
account of analogical reasoning not in solving the classical analogies, but in solving
problem analogies (Mason, 1994). According to structural theory, for instance, in
making the analogy between the solar system and the atom, only the relational
similarities shared by the source and the target are linked by higher-order relations,
such as “cause”, instead of low-order relations, such as “bigger than” or “hot”. The
pragmatic theory considers the role of analogy in a goal-directed system (Holyoak,
1985). That is, different goals can lead to different mappings (detection of
similarities between two systems and infer of the relevant information on the target)
for the same analogy.

It may be possible to produce meaningful learning via analogy. Many
researchers emphasized the power of analogies in connecting information (Clement,
Brown & Zietsman, 1989; Duit, 1991; Brown, 1992; Clement, 1993; Wong, 1993;
Mason, 1994; Suzuki, 1994). Mason (1994) stated that analogies were found useful
for

i. organization of new knowledge

ii. the access to, and retrieval of, information previously stored in memory
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iii.the overcoming of misconceptions
iv. the creation of new schemata
Few studies have directly addressed the analogical nature of knowledge
acquisition, and little known about the function, structure and development of
students’ prior knowledge that can serve as a bases for analogy formation (Suzuki,
1994). Brown and Clement (1989) and Clement, Brown and Zietsman (1989)
investigated what affected the success of analogies when students had already
constructed knowledge of the target concept. They used bridging analogies for
establishing analogical connections between situations in which students initially

believe that they are not analogous.
2.4.1 Bridging Analogies

Analogies in a more general sense have been researched by Clement (1993) in
a study on high school students’ preconceptions in mechanics and Wong (1993) on
trainee teachers and the use of their own analogies in explaining the physical
phenomena.

There are several ways to use analogies to facilitate and deepen students’
understanding (Suzuki, 1994). Especially in complex concepts, a single analogy that .
utterly explains a scientific concept is not always accessible. However, combination
of various relevant fragments or switching from one to another may enables better
comprehension of scientific concepts. Moreover, Brown and Clement (1989)
suggest that the successive presentation of familiar cases may ends in meaningful

learning. They assumes that qualitative-intuitive understandings of phenomena
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before mastering quantitative principles, are developed by forming analogical
relations between a misunderstood case (target) and an anchoring example. The
analogies were not presented to students in a ready-made fashion. In fact, the
researchers introduced a series of anchoring analogies to simulate further reasoning

about the problem without telling the students that the situations were similar.

Micrascople Modal

Anghor Bridsing Cases

Figure 2.1. Steps of Bridging Analogies

As described by Brown and Clement (1989), bridging strategy has four steps:
1. Students’ misconceptions, pertained to the topic under consideration, are made
explicit with the help of a target question. To illustrate this lets take an example.

For instance, think of a book resting on a table (Figure 2.1). Some students
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regard the table (especially non-living things) as passive and unable to exert an
upward force. So, a target question like “What are the forces acting on a book
resting on a table?” that draws out this misconception should be used here.

2. Instructor proposes such a case that he or she views it, both as analogous and
appealing to students’ intuitions. These common sense concepts, being
compatible with accepted physical theory, are termed as an “anchor”.

3. Students are asked to make a comparison between the anchor and the target cases
in an attempt to establish an analogy relation.

4. Instructor goes further to find an intermediate analogy between the target and the
anchor, if the student does not accept the analogy. It could be either a single or a
series of bridging analogies. The important thing here is that these intermediate
analogies should liable to provide a perfect link between the anchor and the
target. For instance, book resting on a spring might be an example of such a
bridging analogy related to the case given above (see Figure 2.1). In addition to
these steps, there is an another important pinpoint of this technique. That is; the
use of explanatory models and demonstrations are important stimulant to the
effectiveness of bridging analogies.

Recent works (Brown, 1987; Brown & Clement, 1989; Clement, Brown &
Zietsman, 1989; Brown, 1992; Clement, 1993) have involved further researches on
anchoring conceptions. Brown (1992) and Clement (1993) also constructed several
lessons about experimental use of the strategy. The lessons led many students to
change their minds about or degree of belief in the physicist’s view. Clement (1993)

carried out this study by using high schoo! students who were taking first year
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physics course. There were 150 students in experimental group and 55 students in
control group. Experimental-group teachers participated in a one-week workshop.
Experimental lessons including three concepts (static normal forces, friction, and
Newton’s third law) were tested for one year and revised on the basis of classroom
observations. A 15-question test designed to detect common alternative conceptions
is used as both pre- and post-test. Identical pre and post-tests were given about 6
months apart. Data were analyzed by comparing the gain scores, and tested for
significance at the level of .0001. The experimental group students had significantly
larger gains in two of three areas, showing gain differences of about 1.75 standard
deviations over control group students in static normal forces (t=7.75, p< .001, two-
tailed). Although their gains in friction section were not significantly higher, it was
encouraging that considerable gains could be measured in two areas with lower
physics classes. In short this study also showed similar results with previously
mentioned studies.

Clement (1987) have developed and tested an analogical teaching strategy,
within the field of mechanics, which aims to ‘increase the range of application of
the useful intuitions and decrease the range of application of the detrimental
intuitions’. The strategy assumes that conceptual change can be encouraged by
enabling students to construct qualitative understandings of the phenomena before
mastering quantitative principles. Such understandings may develop by forming
analogical relations. The use of bridging analogies has been found to be useful in

developing these relationships.
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Brown (1987), using 130 high school students, pointed out the effectiveness
of using anchoring analogies and examples on students’ misconceptions in physics.
The study made explicit that not all preconceptions that are in agreement with
currently accepted physical theories but also even some of the possible anchoring
conceptions that make sense to teacher might not necessarily work. Good anchoring
analogies (anchors) should primarily make sense to students. Identification of good
and usable anchors is mostly researched in this study.

Clement, Brown and Zietsman (1989), using 137 students from three Western
high schools who had not yet taken any physics, used a 14 item multiple choice
diagnostics test to identify anchoring conceptions. The criterion, that they set forth
for determining anchoring conceptions was that if the percentage of the students
who had given correct response to a problem with substantial confidence (two or
three out of three) is 70 %, then the concept in the problem is defined as an
anchoring conception. The major result of the study was that those preconceptions
held by the students are not all detrimental to learning, but some of them can be
helpful anchoring conceptions.

Brown and Clement (1989) indicated parallel results in a study, four
interviews with three students involving four different misconceptions, in which
bridging strategy is involved. However, they also pointed out some results that are
not expected. The study revealed that some anchoring analogies produced
conceptual change, whereas some anchoring analogies were not useful anchoring

analogies for producing conceptual change.



Brown (1992), using 21 high school volunteer chemistry students, studied the
examples and analogies used to remediate misconceptions in physics. The subjects
had not taken any physics course. Each of them was approximately 45 minutes
interviewed by the researcher, and was presented either text excerpts or bridging
explanations that were randomly assigned to different groups. Subjects were asked
both pre and post-questions during the study. For the analysis of the data, Mann-
Whitney U test was used for the pairwise comparisons. Analysis yielded significant
results at the .01 and .05 level of significance, in favor of bridging analogies.

They tested it against control groups to see whether progress could be made
about static forces, frictional force and Newton’s third law for moving objects,
where persistent misconceptions exist. Experimental groups’ greater pre-post gains
than control groups in a way show the effectiveness of this method.

All of the studies mentioned above in this section are clearly pointed out the
positive contribution of using anchoring analogies and examples on students’

misconceptions in physics.
2.5 Summary of Findings of the Reviewed Studies

1. Students frequently have preconceptions about physics concepts that they
develop prior to instruction.

2. The preconceptions are resistant to change by traditional methods.

3. The most important factors that affect students’ achievement in physics are
students’ preconceptions, mathematics ability, gender and cognitive

development (Champagne, Klopfer, & Anderson, 1980).
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4. Students who were instructed by bridging analogies achieved much larger gains
than the students instructed by conventional lecturing.

5. When students hold misconceptions, not all examples are equally effective.
Examples that make sense to students may be helpful.

6. Surveys conducted in classes by teachers indicated that most students
comprehended the behavior of the anchoring example introduced at the
beginning of the lessons correctly. However, many of them were not initially
confident that it was analogous to target. That is, anchoring analogy was
insufficient of its own to alter most students’ responses to the target question.
Explanatory models, demonstrations and subsequent bridging analogies were
fruitful and important in producing the gain achieved.

7. ‘In what situations is model construction via multiple analogies viable
alternative’ is not clear enough and needs further research.

8. Some of the studies reviewed destitute of internal validity. The most common
threats are subjects’ characteristics, testing and Hawthorne effect.

These summary results propose that there is a need for research to accomplish
some goals. These are: 1) to develop and validate measurement tool to identify
students’ misconceptions in mechanics, 2) analyze the characteristics of these
misconceptions (e.g.: Are they resistant to change? Are they gender dependent? Are
they age and cognitive level dependent?), and 3) to test the effects of bridging
analogies on students’ misconceptions in mechanics while controlling threats to

internal validity. This study basically aims to achieve these goals.
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CHAPTER 3

METHODS

3.1 Population and Sample

The target population of the study consists of all high school students in
Turkey. Since it is not feasible to select a representative sample from this
population, it will be appropriate to define an accessible population. The accessible
population is all high school students of both private and public high schools in the
district Ankara. This is the population for which the results of this study will be
generalized. Sex distribution of the population is 40% female and 60% male
whereas ethnic breakdown is mostly Asian-Hispanic and very few other minorities.

The study sample chosen from the accessible population is a sample of
convenience. Three physics teachers, their 7 classes, and 119 high school students
were involved in this quasi-experimental study. As shown in Table 3.1, the sample
of the study was composed of 30 private college students of 10th grade and 89
private science college students of 9th grade. Although students of these two
schools were at different grade levels, they had same curriculum and same physics
content at the time of treatment period. Number of students in each class varied
between 17 and 20 individuals (see Table 3.1). Four classes were randomly
assigned to the control group and instructed by Traditional Method. The other three

classes were assigned to the experimental group and instructed by Bridging
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Analogies. The ages of students range from 14 to 18. Characteristics of the students
who took the pre-test and post-test are presented in Table 3.2. Most of the students
had previously taken physics courses. Figure 3.1 partly and superficially indicates
students’ attitudes towards physics courses. There is no remarkable difference
among the students in each group. This study was conducted during the fall

semester of the 2000-2001 academic year.

Table 3.1 Number of Students in Each Class

Experimental Group Control Group

Class Class size Class Class size
9A 19 9A* 18
9B 16 oB* 18
9C* 18 10A 18
10B 12

Note: This table represents classes of two different schools. Classes marked with

asterisk are from the same school.

Table 3.2 Characteristics of the Sample: Age and Gender

Gender
Age Female Male
14 0 1
15 7 3
16 49 38
17 13 7
18 1 0

All 70 49
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I absolutely like physics courses

21% m I like physics courses
Neutral

I don't like physics courses

B I absolutely don't like physics courses

Figure 3.1. Students’ Attitudes towards Physics Courses
3.2 Variables

The dependent variable (DV) of this study is post MMT scores. Gender, pre
MMT scores, SPC-Grade, the method of instruction and age are independent

variables (IV). Table 3.3 summarizes the characteristics of these variables.

Table 3.3 Identification of Variables

TYPE NAME NATURE DATA

DV post MMT score continuous interval
v pre MMT score continuous interval
v age continuous interval
v gender discrete nominal
v SPC-Grade continuous interval

v method of instruction discrete nominal
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3.3 Instruments

There was one instrument in this study: a mechanics misconception test.

A Mechanics Misconception Test: The misconceptions will be used in the

study were identified at the beginning and listed for content validation (see Table

3.4). All 25 misconceptions analyzed in the study were given below:

1.

2.

10.

11.

12.

Solid objects do not exert forces.

When two bodies interact, the "stronger" body pushes with a greater force than
the weaker body.

When two bodies push on each other, the harder one pushes with a greater
force than the softer one.

When two stationary bodies interact, they do not exert forces to each other.
Friction does not act in a particular direction.

Only the body in motion exerts a frictional force.

The tension in a rope is the sum of the magnitudes of the forces acting on the
two ends of the rope.

Strong ropes or springs pull with more force than weak or stretchable ropes (or
springs).

Walls or posts that are rigid do not exert a force on a rope tied to them.

Two ropes can pull with unequal forces on each side of a static, frictionless
object (rope).

Gravity is caused (or partly caused) by air pressure.

Gravity is caused (or partly caused) by the rotation of the Earth.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.
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Only large objects cause gravity. Small objects do not exert a gravitational
force (on either large or small objects).

Gravity is significantly different on different parts of the Earth.

A larger mass is much easier or harder to stop than to start under low or zero
friction conditions.

A constant force causes a constant velocity.

A larger mass pulls more on a small mass more than a small mass pulls on a
large mass.

Non-differentiation of mass and weight.

The tendency of an object 1o resist acceleration (inertia) is non-existent in space
(since weight does not exist in deep space).

A larger mass is not harder to accelerate than a smaller mass in space and
frictionless medium.

Astronauts are nearly weightless in orbit because the force of gravity is nearly
zero at that altitude.

When two bodies collide, the body with the larger mass exerts the greater force.
Contact forces are not equal when one body accelerates another or when they
have constant speed.

Objects can "have" force inside due to inertia (vs. forces present during
interactions) or forces can be transformed from one object to another.
Momentum and Inertia are forces.

Many diagnostic questions have been developed and validated as a result of

studies done to describe students’ misconceptions in mechanics (Minstrell, 1982;
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Halloun & Hestenes, 1985; Eryilmaz, 1992; Camp & Clement, 1994). I developed a
test consisted of 29 questions. Three of these questions were demographic
questions, while the rest 26 were multiple-choice items. A specialist in physics
education and two high school physics teachers checked this test. The test was
administered to 67 high school students in a nearby high school in the pilot study. I
selected 19 questions based on the feedback from the pilot study. Most of the
questions were directly taken or taken after slight changes from the previous
diagnostic tests mentioned above.

It was really hard for me to find such an appropriate questions that
specifically measures the misconceptions we examined in our study. Hence, we
developed some new questions serving for that aim. A specialist in physics
education checked the test again. After the comments of another specialist from
physics department, and with the guidance of the specialist in physics eduacation
the researcher gave the MMT its final form. The comments and criticisms of both
specialists were also very important for the face validity of the test. The new form
had 28 questions; 3 demographic and 25 multiple-choice questions. The three
demographic questions were removed, and the orders of the alternatives of some
multiple questions even up to figures were changed in order to minimize guessing
effects by the students in the post-test. Table 3.4 was prepared for content validity.
Cronbach’s alpha (a) reliability coefficient of the post-test was found .82. This
value indicates relatively high reliability for a diagnostic test.

Table 3.4 on the next page presents the misconceptions, all alternatives and

the MMT questions related to that misconception.
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pre MMT post MMT
Misconception Question Question
1 6a, 8¢, 9e, 16a, 22d 23a, €; 4d, 5a, 6a, 25a
2 12b,d 24b, ¢
3 16b, ¢ 25b, ¢
4 6e, 16f 23f, 25f
5 4,5 20, 21
6 20e, f 22a,b
7 24, 25 Fa&Fb=200 9, 10 Fa=100 Fb=100
8 7a lla
9 24 Fa=0 9 Fa=0
10 25 & 26 Fa<>Fb 9 & 10 Fa<>Fb
11 10a,b,c, e 16a,b,c, e
12 13a,b,¢,d 17b,¢c,d, e
13 17¢ 18¢
14 11a,b,c, ¢ 19a,b,c, ¢
15 28a,b la,b
16 18a,d; 19a,b, ¢ 2a,d;3a,b, e
17 17a, ¢ 18a, ¢
18 26¢, € 12¢c, e
19 22a 13a
20 23c, d; 14c,d
21 27a,b 15a,b
22 21a,b 4a,b
23 8b,¢,d; 9b,¢c,d 5b,c, e; 6b,c, €
24 14a,b; 15a,b, ¢ 7a,b; 8a,b, e
25 14d, e; 15¢, f 7c,d; 8¢, d
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Six concepts of mechanics were covered in this study. Misconceptions

identified with MMT and which concepts they belong to were given in Table 3.5.

Table 3.5 Mechanics Concepts and Related Misconceptions

Concepts Misconceptions
Normal Forces from Static Objects 1,2,3,4
Frictional Forces 5,6
Tension 7,8,9,10
Gravity 11,12,13, 14,17
Inertia 15, 16, 18, 19, 20, 21
Newton’s Third Law 22,23,24, 25

3.4 Teaching/L earning Materials

Various materials were used in this study: A make sense scale, quiz and
assignments, concept maps, unit plans, and demonstrations.

A make sense scale: Knowing something being told and knowing because you
really believe it is totally different. In other way of saying, students may know the
answer of a question and even may be confident about the answer, but it does not
necessarily mean that they really believe it. For instance, when a person hit a flying
insect on the air, a clever one may know and talk about the equality of
action/reaction forces. But, necessarily a few of them understand that why it should
be like that. So, to measure students’ answers whether it does make sense to them a

make sense scale is used in our study.



33

The scale is a likert type scale. The explanation of how to use the scale and an
example of it is given on the back of the page distributed to students in
experimental group to make the scale explicit and understandable. The scale
sometimes used several times in one lesson. Students first being asked a question.
According to answer, which is sometimes yes/no, bigger/equal/smaller, etc., -
students are expected to scale their answer according to how much sense their
answer makes sense to them (see Appendix E).

Assignments and quizzes; After each lesson students were given assignments
about the previous unit and pre-quizzes for the next unit. The aim in this method is
to have them to think about to concept before coming to class. The questions in
these assignments were similar to the ones discussed in the class, and most of them
are non-quantitative questions (see Appendix D).

Concept Maps: Our method is constructed on conceptual learning. That is
why conceptual linkage of analogies was important. Concept maps were used for
this aim inhere. In fact, concept maps are the basis of our method, and observed to
have great contribution to students’ conceptual learning (see Appendix C).

Unit Plans: Normal forces from static objects, frictional forces, tension,
gravity, inertia and Newton’s third law are the concepts analyzed in this study. To
remediate misconceptions about these concepts by using bridging analogies some
teaching/learning materials were required. Instead of developing new materials the
researcher used the book ‘Preconceptions in Mechanics: Lessons -dealing with
students’ conceptual difficulties’ by Camp and Clement (1994). The materials in the

book translated and adapted to Turkish. And with the help of these translated
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materials, unit plans were prepared to facilitate the teaching process of these
concepts. Objectives of the unit, preconceptions posing difficulties, time schedule,
presentation order, materials to be used, learning difficulties, demonstrations to be
made and even the questions to be asked were all included in these plans (see
Appendix A). They are very useful for teaching process since presentation of the
concept is more structured in that case. Moreover, they prevent both time consume
and also forgetting to teach any planned subject. And they also enable us to easily
control the application of every step of bridging analogies.

Demonstrations: Many demos and experiments were utilized in this study. All

of them were taken from Camp and Clement (1994).
3.5 Procedure

The study started with a serious and a detailed examination of the literature.
First, the keywords were determined (keywords: bridging analogies,
misconceptions, mechanics, analogy, preconceptions, conceptual change; author:
John Clement, David Brown). Next, the researcher searched Dissertation Abstracts
International (DAI), Social Science Citation Index, Educational Resources
Information Center (ERIC) and Internet. After a detailed literary review articles
were obtained. Periodicals in METU library, library of Bilkent University and
TUBITAK Ulakbim enabled us to find out most of the articles we needed.
However, we were bound to bring some of the articles and the thesis of Brown
(1987) from abroad. To finance this burden the researcher consulted to AFP and

decided to have a project about this study. But, this review of literature procedure
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never called off. In case of new recent articles on this topic the researcher
continuously checked and followed the literature.

Next, the researcher developed the measuring tool as mentioned in detail in
section 3.3. Necessary documents from Camp and Clement (1994) were translated
into Turkish. Two METU undergraduate students from the department of foreign
language education helped us at this point. The measuring tool, teaching/learning
materials, concept maps, quiz and assignments, demonstrations, examples and all
other materialé, our treatment and bridging analogies were tested in the pilot study
held in the first months of the year 2000. 67 high school students of a nearby high
school were used in the pilot study. All feedback and criticisms about pilot study
were analyzed by the researcher and a specialist in physics education. Necessary
changes and update in all teaching/learning materials and treatment were done
before the final study. To determine sample size the researcher evaluated all
possible opportunities and searched accessible nearby schools.

A quasi-experimental design is used in this final study because it was not
possible to randomly assign subjects to both experimental and control groups.
Teachers who participated in this study were trained before the beginning of fall
semester, 2000-2001. They promised to standardize the administration procedures
and application of treatments, and also allowed researcher to observe their classes.

The teachers administered the mechanics misconception test to both groups as
a pre-test during the fourth week of the fall 2000-2001 semester. One class hour
was given to students to complete the test. The time was adequate for the test, but

only one class out of six classes asked for an extra 10 minutes. In order to have
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students relaxed and comforted the researcher and the teachers read directions and
made necessary explanations to them. The treatment period started one week after
the pre-test. The students in the control group were instructed by traditional method
while experimental groups lectured via using Bridging Analogies. In treatment
period all materials discussed in section 3.4 and every steps of Bridging Analogies
discussed in section 2.4.1 were applied. The treatment procedure of teaching with
BA was explained widely in unit plans (see Appendix A). After three weeks of
treatment period, the MMT was administered as a post-test to both control and
experimental groups.

Finally, all data were entered to the computer. The variables were formed.
The statistical analyses were done by using SPSS and the process of writing the

thesis started.
3.6 Analyses of Data

All hypotheses were tested by ANCOVA in detecting significant main effects.
In Table 3.6 statistical model of the study was given. For each group, control and
experimental, the descriptive statistics used were histograms, mean, median, mode,
skewness, kurtosis and the standard deviation.. There were six pre MMT scores,
eight SPC-Grade and six age data missing in the study. Therefore, missing data
analysis technique was used. If the missing data was below 5% of the variable it
was directly replaced by mean otherwise tested for significance (Cohen & Cohen,

1983). SPC-Grade, age and pre MMT scores were used as covariates.
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Table 3.6 Variable-Set Composition and Statistical Model Entry Order

Variable Set Entry Order Variable Name
A Ist X1=SPC-Grade
(covariates) X2=pre MMT
X3=Age
B 2nd X4=Gender
(group membership) X5=Method of Instruction
X6=Interaction (X4*X5)
A*B 3rd X7=X1*X4
(covariates*group X8=X2*X4
interactions) X9=X3*X4
X10=X1*X5
X11=X2*X5
X12=X3*X5

All statistical computations were done by using the statistical package

program for social sciences (SPSS). The significance level was set to the .05,

because it is mostly used value in educational studies. In other words, the

probability of rejecting the true null hypothesis (probability of making Type 1-

error) was set to .05 as a priori to our hypothesis testing. Difference between the

means of two groups divided by the standard deviation of the comparison group,

was used to calculate effect size. Effect size of this study was set to large (0.8) since

Clement (1993) found a significant difference with a sample of 205 students.
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Number of variables in this study was six and 119 high school students were used in
the study. Hence, power was calculated as 0.98. Therefore, the probability of failing

to reject a false null hypothesis (probability of making Type 2-error) was found .02

(ie., 1- .98).
3.7 Assumptions

The assumptions and the limitations of this study considered by the researcher
are given below.
1. The subjects of the study answered the items of the tests sincerely.
2. The teachers followed our instructions, and were not biased during the
treatment.
3. The administration of the MMT was under standard conditions.
4. Students from EG and CG did not interact and shared questions of MMT before

or during the administration of the tests.



39

CHAPTER 4

RESULTS

This chapter is divided into four sections. Descriptive statistics associated
with the data collected from the administration of the mechanics misconception pre-
test and post-test are presented in the first section. The second section of this
chapter presents the inferential statistical data produced from testing three null
hypotheses. The third section presents the comparison of students’ misconceptions
based on the data collected by using the MMT. The last section summarizes the

findings of the study.
4.1 Descriptive Statistics

Descriptive statistics about students’ pre-test and post-test scores categorized
as students’ gender and age are presented in Table 4.1. Mechanics misconception
test scores could range from zero to 25, with higher scores meaning fewer
misconceptions about mechanics concepts. As Table 4.1 indicated, all of the ‘groups
had a mean increase ranging from 0.39 to seven points (on the 25-point scale) from
pre-test to post-test, with the exception of 14-year-old male (n=1) and 18-year-old
female (n=1). By considering the difference between the means of students’ pre and

post MMT scores, 15-year old male students had the most gain mean differences.
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Table 4.1 Mechanics Misconception Test Score Means and Standard Deviations

According to Students’ Gender and Age

Pre-test Post-test

Age Gender n Mean SD Mean SD
14 M 1 18.00 NA 17.00 NA

15 M 3 10.00 1.00 17.00 1.73

F 7 11.29 2.36 17.86 2.55

16 M 40 11.38 3.54 15.10 3.76

F 48 8.63 3.31 11.85 5.33

17 M 6 13.17 4.54 14.00 3.03

F 13 7.92 2.53 8.31 3.35

18 3 1 7.00 NA 7.00 NA

Note: NA= not applicable; F= female; M= male

Table 4.2 presents basic descriptive statistics about both control group and
experimental group. Experimental group showed a mean increase of 7.7 points from
pre-test to post-test of MMT scores while control group had a slight decrease of
0.32 points. Mode was nine in pre-test and 17 in the post-test for experimental
group whereas it was same (mode=10) for control group after both pre and post-
tests. In experimental group the value for skewness changed sign (0.62 to —0.47),

but it could be accepted as normal.
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Table 4.2 Basic Descriptive Statistics Related to the Data of the Study

Experimental Group Control Group
Pre-test Post-test Pre-test Post-test

N 53 53 66 66
Mean 9.43 17.13 10.35 10.03
Median 9 17 10 10
Mode 9 17 6 7
Standard Deviation 3.25 2.55 3.96 4.02
Skewness 0.62 -0.47 0.11 0.05
Kurtosis 0.8 -0.36 -0.92 -0.99
Range 15 10 15 14
Minimum 3 11 3 3
Maximum 18 21 18 17

Distributions of students’ MMT scores were given in Figure 4.1 and Figure
4.2. When compared, the gain in mean for experimental group is obvious. As seen
from Figure 4.2, the distribution and mean difference between students’ scores in

both tests stayed almost same for control group.

Experimental Group Experimental Group
20 20

Pre-test Post-test

Figure 4.1. Histograms of Experimental Group in Both Tests
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Control Group Control Group

4.0 6.0 80 100 120 140 160 180

Pre-test Post-test

Figure 4.2. Histograms of Control Group in Both Tests

4.2 Inferential Statistics
This section firstly deals with the missing data. Then presents independent
variables and the determination of the covariates section. Next, section related to the
assumptions of ANCOVA is given. Later, the researcher mentions about the

statistical model of ANCOVA and the analyses of the hypotheses.
4.2.1 Missing Data Analysis

Initial data were gathered for 122 high school students. 119 high school
students were given post-test after a three-week treatment period. But, nine students
who had been pre-tested were absent on the day of the post-test. These nine
students, not completing the post-test, were excluded from the statistical analysis of
the study.

Six (5.4%) of 119 students post-tested did not complete the mechanics

misconception pre-test. All missing data of variables were given in Table 4.3. They
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were tested for significance by using SPSS statistical package program because
missing data in each variable constituted such a range in between (5%-18%) of the
whole variables. None of the missing data was found statistically significant
according to the p values obtained. So, missing values were replaced with the mean

of the series.

Table 4.3 Missing Data versus Variables

Resultant Missing Values Valid Creating
Variable Replaced Cases Function

Age 6 119 SMEAN (Age)
Attitude 6 119 SMEAN (Attitude)
Pre MMT 6 119 SMEAN (Pre MMT)
SPC-Grade 8 119 SMEAN (SPC-Grade)

4.2.2 Determination of the Covariates

Four independent variables (SPC-Grade, age, pre MMT and attitudes towards
physics) were pre-determined as potential confounding factors of the study. To
statistically equalize the differences among CG’s and EG’s, these variables were
included in Set A as covarites. All pre-determined independent variables in Set A
have been correlated with post MMT scores (dependent variable). Table 4.4
presents the results of these correlations and their level of significance. All
independent variables in Set A have significant correlation with the dependent
variable except students’ attitudes towards physics as seen from the table. Hence,

this variable was excluded from Set A. The remaining statistically significant
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independent variables (age, SPC-Grade, pre MMT) were left in Set A as covariates

for the following inferential analyses.

Table 4.4 Significance Test of Correlation between Dependent Variable and

Covariates
Variables Misconception Scores
Pre MMT 0.327%*
SPC-Grade 0.332%x
Attitude 0.098
Age -0.385%*

**Correlation is significant at the 0.01 level (2-tailed).

4.2.3 Assumptions of ANCOVA

Analysis of covariance (ANCOVA) has three assumptions: homogeneity of
regression, normality and equality of variances. The slope of the regression of a
dependent variable on covariates (Set A) must be constant over different values of
group membership (Set B) is actually what the assumption of homogeneity of
regression means. Table 4.5 indicates the results. As seen from the table, Set A and
Set B resulted in statistically significant F change whereas Set A*B did not result in
significant (F(6, 106)=0.297, p> .05). In other words, the assumption is viable.
Thus, the interaction set (Set A*B) could be dropped from further inferential

statistical analyses.
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Table 4.5 Analysis of the Regression Assumption in the ANCOVA Model

IV Set Added R? change F change  dfl df2 Sig. F Change
Set A 0.237 11.887 3 115 0.000
Set B 0.510 75.141 3 112 0.000
Set A*B 0.016 1.230 6 106 0.297

For normality assumption we resorted to skewness and kurtsosis values given
in descriptive statistics section. The measured value for skewness (-0.47) and
kurtosis (-0.36) were in acceptable range for approximately normal distribution.
Therefore, there is no problem with the assumption of normality.

Levene’s Test of Equality was used for determination of the equality of
variance assumption. Results were given in Table 4.6. As the table made explicit,
the error variances of the dependent variable across groups were equal (F(1,
117)=0.061, p= .805). This means that we fail to reject the null hypothesis of

‘equality of error variances’. In other words, the variances across groups are equal.

Table 4.6 Levene's Test of Equality of Error Variances

Dependent Variable: post MMT scores

F dfl df2 Sig.

.061 1 117 .805
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4.2.4 ANCOVA Model

Model of the study was tested for the assumption of ‘Homogeneity of
regression’ as mentioned in the previous related section. Dependent variable of the
study is post MMT scores. Pre MMT scores, SPC-Grade and age are the covariates
of the study. Table 4.7 presents the results of analysis of variance (ANCOVA).
Method of instruction explains 57.2% variance of the model. The model used

(corrected model) explains 74.7% of the variances of the dependent variable.

Table 4.7 ANCOVA: Tests of Between-Subjects Effects

Dependent Variable: post MMT scores

Source Type Il Sum  df Mean F Sig. Eta
of Squares Square Squared
Corrected model 2174.798 6 362.466 55.930 .000 747
Intercept 24.598 1 24.598 3.795 .054 031
Age 2410 1 2.410 372 543 .004
Pre MMT 177.207 1 177207 27.344 .000 .190
SPC-Grade 3.255 1 3.255 502 480 .004
Gender 108.698 1 108.864 16.772  .000 .165

Method of instruction 1172.411 1 1172.411 180.907 .000 572

Interaction 65.219 1 65.219 10.064  .002 078
Error 725.841 112 6.481
Total 24900.000 119

Corrected total 2900.639 118
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4.2.5 Null Hypothesis 1

In the first hypothesis, the statement was ‘There is no significant difference
between the population means of students instructed by BA and the students
instructed by TM when age, SPC-Grade and pre MMT scores are controlled’.

As seen from Table 4.7, the first null hypothesis was rejected (F(1,
112)=180.907, p= .000). That is; BA was generally effective in improving
conceptual understanding or remediating students’ misconceptions in mechanics
concepts. In other words, the gain scores of students in mechanics misconception

test instructed by BA was generally higher than those students instructed by TM.
4.2.6 Null Hypothesis 2

In the second hypothesis, the statement was ‘There is no significant difference
between the population means of male and female students’ misconception scores
when age, SPC-Grade and pre MMT scores are controlled’.

As seen from Table 4.7, the second null hypothesis was rejected (F(1,
112)=16.772, p= .000). That is; male students had higher scores than female
students did in mechanics misconception test. In other words, male students

generally had significantly fewer misconceptions than female students did.
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4.2.7 Null Hypothesis 3

In the third hypothesis, the statement was ‘There is no significant interaction
effect of gender and the method on population means of students’ misconception
scores when age, SPC-Grade and pre MMT scores are controlled’.

As seen from Table 4.7, the second null hypothesis was rejected (F(1,
112)=10.064, p= .002). That is; there is an interaction effect of gender and the
method on students’ MMT scores. In other words, the effect of the treatment on
students’ post MMT scores depends on students’ gender. The Figure 4.3 indicates
CG female, EG female, CG male and EG male students’ mean scores. The
difference between CG female and EG female students’ means are higher than CG

male and EG male students’ means.

Estimated mariginal mcans

Method of instruction

Figure 4.3. Profile Plots of Gender versus Methods of Instruction
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4.3 Comparison of Students’ Misconceptions

Mechanics misconception test was developed in such a way that it identifies
the misconceptions about concepts of mechanics (Normal forces from static objects,
frictional forces, tension, gravity, inertia and Newton’s third law) as mentioned
before in section 3.6. Types of misconceptions studied in this study and their
descriptions were given in Chapter 3. Most of the misconceptions noted were
observed from the students during the treatment period. To make it more clear all
25 misconceptions were figured in two parts. Figure 4.4 and 4.5 comprises first part
while Figure 4.6 and 4.7 constitutes the second. Figure 4.4 and Figure 4.5 present
the percentages of students who have misconceptions about normal forces from
static objects, frictional forces and tension. Look back and see ‘instruments’ section
of Chapter 3 to understand and cope with coming figures. As seen from Figure 4.4,
all misconceptions about the concepts mentioned above decreased in some degree.
For instance, lets take misconception two (M2), which is ‘When two bodies
interact, the ‘stronger’ body pushes with a greater force than the weaker body’, the
percentage of students harboring this misconception decreased from 53% to 4%. In
all areas of the figure (all 10 misconceptions) there existed a decrease in
misconceptions for experimental group. However, as figured out in Figure 4.5, there
were no decrease in percentage of control group for the misconceptions M2, M3,
M6, M7, M8 and M9. In experimental group, some misconceptions (M3, M9, and

M10) were totally removed (0% after post-test).
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Figure 4.4. Experimental Group Students’ Misconceptions Related to Normal

Forces, Frictional forces, and Tension

50-/
40-/
Percentage% 30-/
20
10
0-]
M1
M2 s
M4
MS e
M7
. . M8 o
Misconceptions M10
1 M2 M3 ™ 5 Mg M7 w8 Mo M10
[oPost 20 56 20 8 2 11 8 50 1 20
[mPre 29 a7 11 18 2 8 6 42 1 21

Figure 4.5. Control Group Students’ Misconceptions Related to Normal Forces,

Frictional Forces, and Tension
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The percentages of students’ misconceptions according to misconceptions
about the concepts of gravity, inertia and Newton’s third law were given in Figure
4.6 and Figure 4.7 for experimental group and control group, respectively. When
compared some misconceptions (M12, M14, M15, M16, M19, M22, M25) were
increased in percentage across control group on the post-test. However, there were
no increases in percentage of experimental group students’ misconceptions except
the misconception 25 (M25). In fact, regard to all 25 misconceptions the only
problematic misconception for EG was this misconception. The students held this
misconception increased from 53% to 57% even after treatment. The reason could
be the characteristic of this misconception, lack of emphasis and destitute of related
explanatory concrete examples. Even though this undesired increase in percentage
of EG, students having M25 was smaller than the increase of control group.
Misconception 13 (M13) was also totally remedied (0%) from EG after post-test.
To summarize, it is obvious from Figures 4.4, 4.5, 4.6 and 4.7 that the decrease of
misconceptions in experimental group lectured by BA are better than the control
group instructed by TM. These results in a way are the verification of the

effectiveness of Bridging Analogies respect to Traditional Method.
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4.4 Summary of Results

Considering the nature of mechanics misconception test given in the
Appendix B, the average scores on the test appear to be low. In fact, we were not
surprised by the high school students’ pre-test scores indicated in Table 4.2.

The statistical analyses showed that there were significant correlations
between students’ misconceptions and the independent variables: pre MMT, SPC-
Grade and age. However there were not significant correlation between students’
MMT scores and their attitudes towards physics. Moreover, the results of the
ANCOVA model showed that gender and methods of instruction had a significant
effect on students” MMT scores.

In the light of the findings, obtained by the statistical analyses, results could
be summarized as follows:

1. Most of the students had misconceptions about the concepts of mechanics.

2. There was a positive significant correlation between students’ pre MMT

scores and their misconceptions.

3. There was a negative significant correlation between students’ post MMT

scores and age. In other words, older students had more misconceptions
than younger did.

4. Contrary to expectations, students’ attitudes toward physics did not have a

significant effect on students’ post MMT scores.

5. Students instructed by traditional method had approximately same means

from pre and post MMT whereas the mean differences between the pre and
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post MMT scores of students’ instructed by bridging analogies were
drastically changed.

. Students’ instructed by BA had fewer misconceptions than the students’
instructed by TM.

. Students’ misconceptions about mechanics concepts seem to be sensitive
to gender differences. Male students had less misconceptions respect to
female students.

. The effects of Bridging Analogies on the students’ misconceptions in
mechanics depended on their gender.

. Students had more misconceptions about the concepts of gravity, inertia

and Newton’s third law than the other concepts assessed in this study.
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CHAPTER 5

CONCLUSIONS, DISCUSSIONS AND IMPLICATIONS

This chapter is divided into six sections. Conclusions are given in the first
section. The second section presents the discussion of the results. The third section
of this chapter presents implications and the importance of the study. Internal
validity and possible threats to the study is given in the fourth section. Next,
external validity is presented. Finally, the last section presents recommendations for

further research studies.
5.1 Conclusions

As previously mentioned the sample of the study chosen from the accessible
population was a sample of convenience. Hence, the generalizability of this
research was somewhat limited, but the conclusions offered here can be applied to a
broader population of similar high school students. Here are the conclusions:

1. A gender difference was observed in the misconceptions. Male students had
fewer misconceptions than female students did in mechanics.

2. For students instructed by bridging analogies, the method used was an effective
means of reducing the number of misconceptions students held in mechanics.

3. Students instructed by bridging analogies were observed to have more sense in
their answers. In other way of saying, students instructed by BA were more

confident in their answers they selected in MMT.
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4. After a short discussion most of the students correctly comprehended the
anchoring analogies introduced at the beginning of the lessons. But many of
them were not confident that it was analogous to the target, and the anchoring
analogy was insufficient on its own to alter most students’ responses to the
target question. Explanatory models, demonstrations and consecutive bridging
analogies were important stimulant to the effectiveness of the method used in

the study.
5.2 Discussion of Results

In comparing the results of this research with those of the previous studies,
this research supports most of the findings of previous studies that most students
have misconceptions in mechanics. Moreover, the percentages of students’
misconceptions are relatively comparable with the results of previous studies
(Brown, 1989; Clement 1993). From the articles reviewed the most appropriate and
similar design to our one is the study of Clement (1993). Clement performed a
study by using high school students who were taking first year physics course.
There were 150 students in experimental group and 55 students in control group.
Experimental-group teachers participated in a one-week workshop. Experimental
lessons including three concepts (static normal forces, friction, and Newton’s third
law) were tested for one year and revised on the basis of classroom observations. A
15-question test designed to detect common alternative conceptions was used as

both pre-test and post-test. Identical pre-test and post-tests were given about 6
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months apart. Data were analyzed by comparing the gain scores, and found
significant at the level of .0001.

Clement did not mention about ES in his work. The researcher calculated it as
1.33. In comparison with that the effect size of our study was calculated as 1.74.
This means that our study has also practical significance. Power of the study was
found .98. The measuring tool used in our study consisted of 25 questions were
given two times as pre and post after three weeks treatment period. Experimental
lessons of our study including six concepts (static normal forces, friction, tension,
gravity, inertia and Newton’s third law) were tested in the pilot study. Data were
analyzed by using ANCOVA not by t-test as Clement did in his work.

It is expected that students’ attitudes towards physics were highly correlated
with their post MMT scores. However the statistical analyses done for this study
made explicit the opposite. The problem could be the procedure used to determine
this variable. The researcher measured this variable with one demographic question.
So, the results concluded from this variable were not highly reliable.

Students instructed by BA had fewer misconceptions than students instructed
by TM. The researcher could not find such a related study conducted in Turkey to
support this outcome. However, the results were similar to the related literature in
abroad (Clement, 1993). Male students had fewer misconceptions than female
students did. This gender effect result was similar to the findings of the related
literature (Clement, 1993; Eryilmaz, 1992). Another result was that the effect of BA
on the students’ misconceptions in mechanics depended on their gender. The

researcher could not find any related study to compare with in the literature.
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Another criticism to the study is that experimental groups spent more time on
the mechanics concepts than control groups. However, other studies (Minstrell,
1982) have shown that instructional time alone has a discouragingly small effect on
students’ misconceptions in mechanics. Our design was similar to the one that
Clement used. And this issue did not make a problem in his work, so the researcher

assumed the same for this study.
5.3 Implications

According to the findings of this study and previous studies done in abroad on
the same topic, following suggestions are offered.

1. Each student has had many personal experiences with physical world. These
preconceptions or in another way of saying a system of beliefs about physical
phenomena that each student possesses before entering a first course in physics
do not take into consideration most of time by the teacher. Every physics teacher
should be aware of students’ intuitions before a formal physics instruction. Being
aware of students’ preconceptions and even remediating them are not sufficient
to prevent subsequent misconceptions. For instance, it is possible that a more
complex conception may take place instead of the previously eliminated one.
Hence, students’ preconceptions should be taken into account.

2. Empirical studies are needed to find good, new and effective anchors (Clement,
1993) in mechanics or in other concepts of physics. These pre-existed anchors
taken from Camp and Clement (1994) were tested in this study. The results

showed the effectiveness of BA even on Turkish students.
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3. Anchors in any other branches of science (mathematics, chemistry, and biology)
should be searched. And BA might also be applied to these areas.

4. Students instructed by BA are willingly participated in the class discussions.
They were observed to have more pleasure. The discussion of the concepts and
the steps of the method used might increase students’ self esteem and social
relations in the BA classes.

5. Most of the time, target analogies and examples are discussed in the majority of
the textbooks. It will be better to mention the anchor, bridging cases and the

target all together to make the concepts more clear and understandable.
5.4 Internal Validity of the Study

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

In this study not the individuals but the groups were randomly assigned,
therefore many subject characteristics (previous mechanics knowledge, age,
attitude, gender and SPC-Grade) might affect students’ MMT scores. They could be
regarded as potential extraneous variables to the study. As shown in Table 3.3, most
of the variables were included in the covariate set to statistically match subjects on
these factors. Prior mechanics knowledge, age and SPC-Grade were directly
measured and were also included in the covariate set. Some other factors were

presumed to be effective on internal validity such as students’ cognitive
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development and mathematical skills. Students’ ages were also included as a mean
of measure of students’ level of cognitive development at this point. The amount of
high school mathematics and science studies that the students had assumed to be
equal among the classes. Unfortunately all classes were from 9th and 10th grade
level. But, nevertheless their effects on each class were assumed to be equal.

Maturation could not be a threat to the study since students’ ages were
included as a covariate in the analysis. A Hawthorne effect and data collector
characteristics should not be a threat to the study. Teachers of all classes were made
aware of this point and trained by the researcher to ensure standard procedures
under which the data were collected. Being expose to a pre-test might affect
students’ performance on the post-test. However, it is assumed that pre-test would
affect both groups equally. The experiment duration (four weeks) hampered the pre-
test effect on the post-test in this study. Furthermore, changing both the order of
questions, order of some choices, figures of questions, and even the notations and
abbreviations used in the questions, testing threat was intended to be eliminated.
Situations for both groups were tried to be made similar, and the tests were
administered to all groups at the same time in order to alleviate location threat. I did
not recognize any distinguishable differences in locations that might affect students’
responses in different schools.

Mortality is perhaps the most difficult of all threats to internal validity to
control. This study was also came across with this issue though it was tried not to
lose any subject. Missing data analysis was done as mentioned in the previous

chapter. The variables that have missing subjects were analyzed for significance by
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using SPSS. It was not significant. So, the absent data were changed with the means
of series.

Finally, confidentiality was not a problem in this study since characteristics
and names of students were not used in any form. Their names were taken for the

sake of statistical analysis, and the researcher only knows them.
5.5 External Validity

Subjects of the study were not randomly selected from the accessible
population. They were the students of three physics teachers from two high schools.
Sample of the study constituted of 119 individuals. Generalization of this study’s
findings is limited due to use of a nonrandom sample convenience. But,
generalizations to similar populations of high school students might be accepted. So
the results and conclusions found in the study can be applied to a broader target
population.

Treatments and all testing procedure took place in ordinary classrooms during
regular class time. There were possibly no remarkable differences among the
environmental conditions created by the researcher. Therefore, the researcher
believes that all issues related to ecological validity were adequately controlled by

the settings used in this study.
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5.6 Recommendations for Further Research

This study has enlightened a variety of useful issues for future studies. These

are briefly as follows:

1.

This study was about high school students in Ankara. Not only cultural
differences but also background of students affect their preconceptions that are
consequences of daily life experiences. Future research could investigate the
effectiveness of bridging analogies on students’ misconceptions by using such
groups that are different in terms of cultural backgrounds and socioeconomic
status.

Future research could examine the effectiveness of bridging analogies
emphasizing on anchors for a longer time that is integrated in the flow of normal
physics course.

Future research could perform a replication of the current study using different
physics topics and different science subjects.

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

For different grade levels, students’ misconceptions can be investigated and
detected using similar design of this study.

Future research could be not only interested in the effects of bridging analogies
on students’ misconceptions but also its effect on students’ achievement in
mechanics.

Future research could seek for new anchoring analogies that makes sense to

students in other concepts of physics.



63

REFERENCES

Asoko, H.M., Driver, R.H., & Scott, P.H., (1991). Research in physics learning:
Theoretical issues and empirical studies. Proceedings of an international
workshop, IPN 131, ISBN 3-89088-062-2.

Baybee, R.W., & Sund, R.B., (1981). Becoming a secondary school science teacher.
(3rd ed.). Bell & Howel Company, Ohio.

Beeth, M.E., (1998). Teaching for conceptual change: Using status as a
metacognitive tool. Science Education, 82(3), 343-356.

Brown, D.E., (1987). Using analogies and examples to help students overcome
misconceptions in physics: A comparison of two teaching strategies.
Dissertation Abstracts International, 49-03, 473A.

Brown, D.E., (1989). Students’ concept of force: The importance of understanding
Newton’s third law. Physics Education, 24, 353-358.

Brown, D.E., (1992). Using examples and analogies to remediate misconceptions in
physics: Factors influencing conceptual change. Journal of Research in
Science Teaching, 29, 17-34.

Brown, D.E., & Clement, J., (1989). Overcoming misconceptions via analogical
reasoning: Abstract transfer versus explanatory model construction.
Instructional Science, 18, 237-261.

Bueche, F.J., (1988). Principles of physics. (5th ed.). Mc.Graw-Hill Inc., Singapore.

Camp, C.W., & Clement, J., (1994). Preconceptions in mechanics: Lessons dealing
with students’ conceptual difficulties. Kendall/Hunt Publishing Company,
Iowa, USA.

Champagne, A.B., Klopfer, LE., & Andersbn, J.H., (1980). Factors affecting the
learning of classical mechanics. American Journal of Physics, 48(12), 1074-

1079.

Clement, J., (1982). Students’ preconceptions in introductory mechanics. American
Journal of Physics, 50(1), 66-71.



64

Clement, J., (1987). Generation of spontaneous analogies by students solving
science problems. In D. Topping, D. Crowell, & V.Kobayashi (Eds.)(1989).
Thinking across cultures. The third international conference. Hillsdale, N.J:
Lawrence Erlbaum Associate, Massachusetts, USA.

Clement, J., (1993). Using bridging analogies and anchoring intuitions to deal with
students’ preconceptions in physics. Journal of Research in Science Teaching,

30, 1241-1257.

Clement, J., Brown, D.E., & Zietsman, A., (1989). Not all preconceptions are
misconceptions: Finding ‘anchoring conceptions’ for grounding instruction on
students’ intuitions. International Journal of Science Education, 11, 554-565.

Cohen, J., & Cohen. P. (1983). Applied multiple regression/correlation analysis for
the behavioral sciences. (2nd ed.). Hillsdale, NJ: Lawrence Erlbaum

Associates.

Cataloglu, E., (1996). Promoting teachers’ awareness of students’ misconceptions
in introductory mechanics. Unpublished Master Thesis, Middle East
Technical University, Ankara, Turkey.

Dykstra, J.R., & Dewey, L., (1992). Studying conceptual change in learning physics.
Science Education, 76(6), 615-652.

Driver, R., (1989). Students’ conceptions and the learning of science. International
Journal of Science Education, 11, 481-490.

Driver, R., & Easley, J., (1978). Pupils and paradigms: A review of literature related
to concept development in adolescent science students. Studies in Science

FEducation, 63, 61-84.

Duit, R., (1991). On the role of analogies and metaphors in learning science.
Science Education, 75(6), 649-672.

Eryilmaz, A., (1992). Students’ preconceptions in introductory mechanics.
Unpublished Master Thesis, Middle East Technical University, Ankara,

Turkey.

Eryilmaz, A., (1996). The effects of conceptual assignments, conceptual change
discussions and a CAI program emphasizing cognitive conflict on students’
achievement and misconceptions in physics. Dissertation Abstracts
International, 57-04A, 1546.

Gee, B., (1978). Models as a pedagogical tool: Can we learn from Maxwell?
Physics Education, 13, 90-98.



65

Gilbert, J.K., Watts, D.M., & Osborne, R.J., (1982). Students’ conceptions of ideas
in mechanics. Physics Education, 17, 62-66.

Griffith, W.T., (1985). Factors affecting performance in introductory physics
courses. American Journal of Physics, 53(9), 839-842.

Gunstone, R.F., (1987). Student understanding in mechanics: A large population
survey. American Journal of Physics, 55(8), 691-695.

Gunstone, R.F., & White, R.T., (1989). Metalearning and conceptual change.
International Journal of Science Education, 11, 577-586.

Halloun, I.A., & Hestenes, D., (1985a). The initial knowledge state of college
physics students. American Journal of Physics, 53(11), 1043-1048.

Halloun, I.A., & Hestenes, D., (1985b). Common sense concepts about motion.
American Journal of Physics, 53(11), 1056-1065.

Helm, H., (1980). Misconceptions in physics amongst South African students.
Physics Education, 15, 92-105.

Hewson, P.W., & Thorley, R., (1989). The conditions of conceptual change in the
classroom. International Journal of Science Education, 11, 541-553.

Holyoak, K.J., (1985). The pragmatics of analogical transfer, in G.H.Bower ed. The
Psychology of Learning and Motivation, vol. 19(pp. 59-87). Academic Press,
New York.

Klaassen, C.W.J.M., & Lijnse, P.L., (1996). Interpreting students’ and teachers’
discourse in science classes: An underestimated problem? Journal of
Research in Science Teaching, 33, 115-134.

Lawson, R.A., & McDermott, L.C., (1987). Student understanding of work-energy
and impulse-momentum theories. American Journal of Physics, 55(9), 811-

817.

Mason, L., (1994). Cognitive and metacognitive aspects in conceptual change by
analogy. Instructional Science, 22, 157-187.

Minstrell, J., (1982). Explaining the “at rest” condition of an object. The Physics
Teacher, 20(1), 10-14.

Novak, J., (1977). 4 theory of education, Cornell University Press, Ithaca.



66

Pines, A.L., & West, L.H.T., (1986). Conceptual understanding and science
learning: An interpretation of research within a sources-of-knowledge
framework. Science Education, 70(5), 583-604.

Posner, G.J., Strike, K.A.,, Hewson, P.W., & Gertzog, W.A., (1982).
Accommodation of a scientific conception: Toward a theory of conceptual
change. Science Education, 66(2), 211-227. '

Reif, F., (1981). Teaching problem solving: A scientific approach. The Physics
Teacher, 19, 310-316.

Redish, E.F., (1994). The implications of cognitive studies for teaching physics.
American Journal of Physics, 62(6), 796-803.

Sutton, C.R., (1980). The learner’s prior knowledge: A critical review of techniques
for probing its organization. European Journal of Science Education, 2, 107-

120.

Suzuki, H., (1994). The centrality of analogy in knowledge acquisition in
instructional contexts. Human Development, 37, 207-219.

Van Hise, Y.A., (1988). Student misconceptions in mechanics: An international
problem. The Physics Teacher, 26, 498-502.

Wong, E.D., (1993). Self-generated analogies as a tool for constructing and
evaluating explanations of scientific phenomena. Journal of Research in

Science Teaching, 30, 367-380.



67

APPENDIX A

UNIT PLANS

UNITE 1

-Birinci Giin-

KONU: YUZEYE DIK KUVVETLER
KAVRAM YANILGILARI:

1. Kati nesneler kuvvet uygulamazlar.

2. Iki nesne birbirleri ile iligki kurduklarinda, “gliglii” olan “zayif” olandan daha
biiyiik bir kuvvetle iter.

3. Iki nesne birbirlerini ittiklerinde, daha biiyiik ve sert olan daha biiyiik bir
kuvvetle iter.

SURE: 30 dakika
AMACLAR:

1. Oprenciler kat1 nesnelerin aslinda elastik olduklan ve {izerlerine bir kuvvet
uygulandiginda, onlarin da kuvvet uygulayacagi kavramum kafalarinda
olusturmalidirlar.

2. Opgrenciler kati nesnelerin molekiilleri arasindaki yay benzeri baglardan dolay:
elastik olduklarina dair mikroskopik modeli kafalarinda olugturmahdirlar.

MATERYALLER:

bir kitap,

genis bir yay,

bir blok yumusak kopiik,

kiigtik bir ayna,

elastik bir tahta plakay: destekleyecek iki adet birer metrelik tahta gubuk,
oylama kagitlan,

Gdev kagitlar.

Nowvnhwbe—
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SUNUS:

Bu ilk dersimizde, konu anlatimina baslamadan 6nce, oylama kagitlarinin
kullanim sekli ve 6nemi hakkinda bir agiklama yapmak istiyorum. Liitfen 6ncelikle
oylama kagitlariyla birlikte dagitilmig olan agiklama kagidim okuyunuz. Oylama
kagitlarinda benim ders siiresince sordugum sorulara vereceginiz “EVET” ve
“HAYIR” yamtlarimin bulundugu bir boliim ve hemen arkasindan bu cevaba olan
duyarhligimz1 6lgen bes segenekli bir bagka béliim bulunmaktadir. Bu oylama
kagitlannin amaci bilginizin dogrulugunu veya yanhshgim O6lgmek degildir,
vereceginiz yanitlarin notlarimza higbir etkisi olmayacaktir. Ancak yine de dogru
oldugunu diigiindiigiiniiz segenekleri isaretlemeniz 6nemlidir. Bu konu ile ilgili
sormak istediginiz bir sey var m1?

Bugiinkii konumuz “yiizeye dik kuvvetler”. Oyleyse ise “kuvvet” kavramim
inceleyerek baglayalim. Ilk olarak size kuvvet ile ilgili su tanimi vermek istiyorum;
“kuvvet, bir nesnenin bir digeri {izerindeki itme yada ¢ekmesidir” (tamim tahtaya
yazilacaktir). Aslinda bu tamm bizim i¢in bir baglangi¢ noktas: olacak ve bu derste
bu tanimu genisletmeye ¢aligacagiz. Simdi hep beraber bir 6rnek ile baglayalim.
Gordiigiiniiz gibi elimde bir kitap var, kitab1 masanin iizerine koyuyorum ve sekli
tahtaya giziyorum. Iste ilk sorunuz, litfen yamtimzi oylama kagitimizin {izerine
isaretleyin; “sizce masa kitaba yukar dogru bir kuvvet uygular m1?”. Liitfen oylama
kagitindaki beg segenekten size en uygun olam isaretlemeye dikkat edin.

Gordiiglintiz gibi simdi elimde biiytik¢e bir yay var, bu hepimizin bildigi
siradan bir yay. Ben de bu yay1 masa lizerinde sikistirmaya calisiyorum ancak
galiba pek giigli degilim 8-10 saniyeden fazla yapammyorum. Kim kendisine
giiveniyor, kim denemek ister? (denemeler igin 3-4 dakika). Neden 20 saniyeden
uzun siireyle yayi sikistirmaya devam edemiyoruz? (cevaplar igin 3-4 dakika). Peki,
bu durumun masa {izerindeki kitap durumu ile benzerligi var mi?, bunlar
birbirlerinden tamamen farkli durumlar m? (tartigma i¢in 3-4 dakika).

Simdi bir blok yumusak k&piiglimiiz var. iki gubuk pargasiyla destekledigim
bu blogun ortasina kitabi yerlestiriyorum. Liitfen ne oldugunu dikkatlice izleyin.
Olusan sekli tahtaya, masa ve kitap seklinin yanina g¢iziyorum. Sizce kopiik kitaba
yukar yonde bir kuvvet uyguluyor mu? Masanin tizerindeki kitap durumu ile képiik
lizerindeki kitap durumu arasinda bir benzerlik var m1? Yoksa bunlar birbirinden
tamamen farkli durumlar m1? Neden? (tartigma igin 3-4 dakika).

Bu kez aym durumu elastik bir tahta plaka iizerinde denemek istiyorum.
Kitab: plaka iizerine yerlestiriyorum. Elastik tahta plakanin sekline dikkat etmenizi
istiyorum. Bu sekli de tahtadaki diger sekillerin yanina giziyorum. Sizce bu yeni
durum ile masa {izerindeki kitap durumu arasinda bir benzerlik var m? Yoksa
bunlar birbirinden tamamen farkli durumlar mi? Neden? Eger elastik tahta plaka
daha kalin olsaydi bir degisiklik olur muydu? Neden? Plaka hangi kalinhkta
elastikligini yitirir? (tartigma igin 3-4 dakika).

Simdi ilk sorumuza geri donelim. Sizce masa, iizerindeki kitaba yukari dogru
bir kuvvet uygular m1? Liitfen cevaplarimizi oylama kagitimzin tizerine isaretleyiniz.

Biraz da masanin yapis: hakkinda konusalim. Masa neden yapilmistir, neden
olugur? (atomlar). Bu atomlar nasil bir arada dururlar? (baglar sayesinde). Bu
baglarn esnekligi diigiik yaylar olduklarim diistinebilir miyiz? (evet). Oyle ise, kat1
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bir madde olan masamizin yapisini inceledigimizde atomlarnnin su sekilde oldugunu
gorebiliriz (atomlar aras: yay seklindeki baglar gisterilecek).

Sizce, atomlar aras1 baglan gosteren bu sekil masanin kitaba yukar1 dogru bir
kuvvet uygulayip uygulamadig: sorusunu nasil agiklar?

Bugiinkii son aktivitemiz i¢in bir lazer 151k kaynagi kullanacagiz. Laser 15181m
masa iizerindeki aynadan yansitarak yansima noktasim tespit ediyoruz. Simdi ben
masanin {izerine ¢ikip aynaya yakin bir noktada duruyorum. Yansima noktasinda
bir degisiklik oldu mu? Neden?

Tekrar ilk sorumuza dénelim. Sizce masa, iizerindeki kitaba yukar1 dogru bir
kuvvet uygular m1? Liitfen cevaplarimizi oylama kagitlarina isaretleyiniz.

Sonug olarak, yay Orneginden baglayan 6rneklerle masa iizerindeki kitap
durumuna ulasmis bulunuyoruz. Bu benzetmeler zinciri sirasinda herhangi bir
sorusu olan var mu?

Son olarak sizin igin hazirladifim 6dev kagitlarnm dagitiyorum. Liitfen
sorulant dikkatle cevaplamaya ¢alisin. Gelecek ders 6devler ile ilgili sorularimz
sorabilirsiniz. Goriigmek iizere.
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UNITE 1

-Ikinci Giin-

KONU: YUZEYE DiK KUVVETLER
KAVRAM YANILGILARI:

1. Kat1 nesneler kuvvet uygulamazlar.

2. Iki nesne birbirleri ile iligki kurduklarinda, “gli¢lii” olan “zay1f”’ olandan daha
biiyiik bir kuvvetle iter.

3. Iki nesne birbirlerini ittiklerinde, daha biiyiik ve sert olan daha biiyiik bir
kuvvetle iter.

SURE: 30 dakika
AMACLAR:

1. Opgrenciler, iki nesne iliskiye gegtiklerinde (birbirlerini ittiklerinde veya
cektiklerinde) birbirlerine uyguladiklari kuvvetlerin biiyiikliikte esit fakat zit
yonlerde oldugunu anlamalidirlar.

2. Opgrenciler, etkilesim kuvvetinin biiylikligiiniin nesnelerdeki deformasyonun
derecesine bagli oldugunu anlamahdirlar.

3. Ogrenciler, iki nesne etkilestiginde, nesneler ok degisik miktarlarda deforme
olsalar bile kuvvetlerin esit fakat zit yonlii oldugunu anlamahidirlar.

MATERYALLER:

1. birbirine baglanmus, farkl sertlikte bir ¢ift lastik,
2. bir yatak yay1, bir otomobil yayi,

3. oylama kagitlari,

4. odev kagitlar.

SUNUS:

Bugiinkii derse oylama kagitlarini dagitarak baglamak istiyorum. Gegen ders
burada olmayanlar i¢in tekrarliyorum; oylama kagitlarinda benim ders siiresince
sordugum sorulara vereceginiz “evet” veya “hayurr” yamtlarimin bulundugu bir
boliim ve hemen arkasindan bu cevaba olan duyarhiligimz 6lgen bes segenekli bir
bagka boliim bulunmaktadir. Bu oylama kagitlarinin amaci bilginizin dogrulugunu
veya yanhshgini dlgmek degildir. Vereceginiz yamtlarin notlariniza higbir etkisi
olmayacaktir. Ancak yine de kendinzce dogru oldugunu diisiindiigiiniiz segcenekleri
isaretlemeniz 6nemlidir. Bu konu ile ilgili sormak istediginiz bir sey var m1?

Gegen dersin sonunda verdigim ev odevleri ile ilgili sorusu olan var mi?
(gelecek sorular igin 3-4 dakika). Bugiin yeni bir 6rnek iizerinde ¢aligacagiz, fakat
baglamadan &nce size madde hakkinda bir tamm vermek istiyorum; “madde,
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sikistinilabilir ve temas ettigi nesneleri itebilir.” Bugiinkii 6rnegimiz, bir yangin
musluguna yavagca dokunan ve sonra sert bir gekilde iten bir araba (sekil tahtaya
¢izilecek). Dikkat ¢ekici nokta, arabamin sert itigine ragmen arabada veya yangin
musludunda bir hareket gozlenmemesidir. Sizce, arabanin musluk iizerine
uyguladigi kuvvet ile muslugun araba iizerine uyguladig: kuvvet arasinda nasil bir
iligki vardir? Bu iligki hakkinda biiytiktiir, kiigiiktiir veya egittir isaretlerinden
hangisini kullanmaliy1z? Liitfen cevabimiz1 oylama kagit1 iizerinde isaretleyiniz.

Simdiki 6rnegimizde tahtaya baglanmis bir yay1 ¢ekmekte olan bir ¢ocuk var.
Sekli tahtaya ¢iziyorum. Cocuk ile yay arasinda kalan ince tahtaya etki eden
kuvvetleri disiintin. Elin ve yayin tahtaya uyguladig: kuvvetleri karsilagtirin. Eger
kuvvet ¢ok biiyiik olsaydi tahtaya ne olurdu? (tartigma igin 3-4 dakika).

Bu defaki 6rnegimizde biiyiik bir yay1 elimizde sikistinyoruz. Olgmeye
calistigimiz, elin yay lizerine ve yayin el iizerine uyguladiga kuvvet. Sizce bu
kuvvetler arasinda nasil bir iligki vardir? Bu iligki hakkinda biiyiiktiir, kiigiiktiir
veya esittir isaretlerinden hangisini kullanmaliy1z? Liitfen cevabimzi oylama
kagitimzin {izerine igaretleyiniz. Kimler esittir, kimler biiyiiktiir ve kimler kiigiiktiir
diye cevap verdi? Biiytiktiir veya kiigiiktiir diyenler; sizce yay ne kadar sertlikte geri
itme kuvveti uygulayacagini nasil biliyor? O halde yay, otomatik olarak iizerine
verilen kuvveti esitleyen bir mekanizma olarak diisiiniilebilir mi? (tartigma i¢in 3-4
dakika). $imdi ayni1 6rnegi birbirine baglanmig biri sert digeri yumusak yay ikilisi
ile vapalim. Bu yaylar birbirine egit fakat zit y6nlii kuvvetleri nasil uygularlar?

Simdi yangin muslugunu itmekte olan araba 6rneginin degisik bir gesidi ile
kars1 karsiyayiz. Bu kez musluk elastik ve arabanin itisi sirasinda esneyebiliyor.
Sekli tahtaya s0yle ¢izebiliriz (sekil tahtaya gizilecek). Daha 6nceki iki 6rnegimizle
bunun arasinda ne gibi benzerlikler veya farkliliklar var? Hangisi daha sert bir
maddeden yapilmistir? Araba musluktan daha sert bir maddeden yapilmigsa daha
fazla kuvvet uygular mi? (tartigma i¢in 3-4 dakika).

Yeni 6megimizde bir 6grenci gézlerini kapatip elleri gergin bir sekilde
bekleyecek, digeri ise sert ve yumusak lastiklerin birbirine gegirilmesiyle olusan
ikiliyi arkadasinin ellerine gegirecek. Sizce bu durumda hangi eliniz daha fazla
kuvvet hisseder? Bu iligki hakkinda biiyiiktiir, kiigiiktiir veya esittir isaretlerinden
hangisini kullanmaliy1z? Liitfen cevabiniz1 oylama kagitinizin iizerine igaretleyiniz.

Simdi yanyana oturanlar birer ikili olustursunlar ve bu 6rnegi tekrarlasinlar.
(denemeler igin 5 dakika). Sizce sert ve yumusak bantlarin esit kuvvet olusturmalar:
nasil miimkiin olabilir? Sizce gerilebilen nesneler birbirlerine baglandiklarinda nasil
caligirlar, bu konuda bir genelleme yapilabilir mi?

Simdiye kadarki Orneklerimizi diiglinerek hepsini genel bir sonuca
baglayabilir miyiz? Kim temas halindeki nesnelerin aralarindaki kuvvetlerle ilgili
sonuglarimizi bir climlede toparlamak ister?

“FaonB=-FgonA”

Son olarak bu dersin baginda gordiigiimiiz yangin muslugunu iten ama hig
hareket ettiremeyen araba Ornegine tekrar dénmek istiyorum. Sizce, arabanin
musluk {izerine uyguladig: kuvvet ile muslugun araba {izerine uyguladig1 kuvvet
arasinda nasil bir iligki vardir? Bu iligki hakkinda biiyiiktiir, kiigtiktlir veya esittir
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isaretlerinden hangisini kullanmahiy1z? Liitfen cevabimz oylama kagitinizin tizerine
isaretleyiniz.

Bugiinkii dersimizi yeni 6dev sorulanii dagitarak bitirmek istiyorum. Gelecek
ders saatinde ddevlerinizle ilgili sorularimizi sorabilirsiniz. Tegekkiir ederim.
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UNITE 2
KONU: SURTUNME
KAVRAM YANILGILARI:

1. Siirtiinmenin belli bir yonii yoktur.
2. Duran bir nesnenin iizerindeki sfirtlinme kuvvetinin biiyiikliigii, nesneye
uygulanan, ylizeye parellel yéndeki kuvvetin biiyiikliigiinden fazladir.

SURE: 30 dakika
AMACLAR:

1. Ogrenciler, direng kuvvetlerinin gesitli sekilleri oldugunu anlamahdirlar.

2. Ogrenciler, dzellikle kat1 ylizeyler arasindaki direng kuvvetlerinin y®nlerini
tammlayabilmelidirler.

3. Opgrenciler, siirtinme s6zkonusu olan temaslarda net kuvvetin y&niinii
tamimlayabilmelidirler.

4. Ogrenciler, direng kuvvetleri ile agirhg1 ayirabilmelidirler.

MATERYALLER:

iki firga tarak,

C seklinde mengene,
6n testler,

oylama kagtlari,
odev kagitlan.

o -

SUNUS:

Derse oylama kagitlarin1 dagitarak baglamak istiyorum. Sanirim artik herkes
oylama kagitlarimin nasil kullanildigimi anladi. Yine de bununla ilgili soru sormak
isteyen varsa sorabilir.

Bugiinkii derse bir quiz ile baglamak istiyorum. Quiz sonucunun notlarimz
lizerinde bir etkisi olmayacaktir. Ama yine de ben sizden soruyu dikkatle okuyup
cevaplandirmanizi rica ediyorum (quiz igin 10 dakika).

Sence quizdeki traktdér sorusunun cevabi nasil olmahiydi? (5-6 6grenciye aym
soru sorulacak). Simdi tahtaya yonleri belirten sekli ¢izip harfleri yerlestiriyorum.
Kim hangi harfin dogru cevap oldugunu diistiniiyor? Sizce bloga etki eden siirtlinme
kuvvetinin yonii nedir? Liitfen oylama kagitlarimz lizerine uygun harfi yazin.

Simdi elimde iki firga tarak var. Bunlardan biri mengene ile sabitlenmis,
digeri ise serbest hareket edebiliyor. Hareket edebilen firgayr diferi tizerinden
cekiyoruz. Sizce alttaki firga iisttekine bir kuvvet uygular mi1? Bu kuvvetin yo6nii
nedir? Ustteki firga hangi kuvvetleri hisseder?
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Yeni 6rnegimizde elimizde piiriizlii temas yiizeylerine sahip iki tane blok
oldugunu diigtinelim. Ustteki bloga bir kuvvet uygulamiyor fakat blok hareket
etmiyor. Ornegi daha iyi anlamamz i¢in sekli tahtaya ¢iziyorum. Sizce bu durumda
her iki ylizeye etki eden siirtiinme kuvvetlerinin yoénii nedir? Blogu tabanda iten
kuvvet mi yoksa tabani blokta iten kuvvet mi daha biiyiiktiir?

Simdi yeni oylama sorumu soruyorum; kutu tizerindeki siirttinme kuvvetinin
yoni nedir? Cevap igin liitfen tahtadaki yonlere karsilik gelen harfleri kullanin.
Biraz 6nceki traktoriin artik yavag yavag ilerledigini diisiinelim. Bu durumda
kuvvetler artik farkli mudir? Sizce yerin blok iizerinde olusturdugu siirtiinme
kuvveti ile blogun stirtlinmesinin yere uyguladif: kuvvet arasinda nasil bir iligki
vardir? Bu iliski hakkinda biiviiktiir, kiigliktiir veya esittir isaretlerinden hangisini
kullanmaliy1z? Liitfen cevabinizi oylama kagitinizin tizerine igaretleyiniz.

Bugiin son olarak size bu konu ile ilgili hazirlanmig ddevleri dagitmak
istiyorum. Odevlerle ilgili sorularimz1 gelecek dersimizde sorabilirsiniz. Tesekkiir

ederim.



75

UNITE 3

-Birinci Giin-

KONU: GERILME
KAVRAM YANILGILARI:

1. Ipteki gerilme, ipin iki ucundan etki eden kuvvetlerin biiyiikliikleri toplamina
esittir.

Giiglii ipler, zayif veya esnek iplerden daha biiyiik bir kuvvet ile ¢ekerler.
Duvarlar, iizerlerine baglanan iplere kuvvet uygulamazlar.

Iki ip, duran slirtiinmesiz bir nesneyi egit olmayan kuvvetler ile ¢ekebilirler.
Ayn kuvvete maruz kalan tek bir yay, u¢ uca baglanmis iki yaydan daha fazla
esner.

R ol

SURE: 30 dakika
AMACLAR:

1. Ogrenciler, ipler ile yaylar arasindaki benzerlikleri gézlemleyebilmelidirler.

2. Opgrenciler, gerilmis ip boyunca gerilme kuvvetinin ayn: oldugunu anlamahdr.

3. Opgrenciler, gerilme kuvveti altindaki ip veya yaym her bir elementi igin
modelleme yapabilmelidir.

MATERYALLER:

2 adet alt1 lif sarimli ip,
3 adet yay 6lgiicii,

3 adet “S” kanca,
oylama kagitlari,

6dev kagitlar.

NP

SUNUS:

Bugiinkii dersimizde gerilme kuvveti kavramim isleyecegiz. Bu kavram,
ozellikle bir nesneyi iple ya da bir par¢a yayla ¢ekmek istedigimiz durumlarda ¢ok
igimize yarar.

Gerilme kuvvetini daha yakindan gérebilmek i¢in, iki arkadagimizin bir ipin
iki ucundan, miimkiin oldufunca kuvvetli ama birbirlerini hareket ettirmeyecek
sekilde asilmalarim istiyoruz.

Bugiiniin ilk oylamasim konusu Siipermen, hikayesi de sdyle; baska bir
galaksiden gelen bazi uzaylilar Siipermeni kagirirlar. Amaglar: onun dayamkliliim
test etmektir. Uzaylilarin bir kismn Siipermeni kollarindan iki ayrn yone bakan iki
ata baglayip ¢ekmeyi Onerirken, bir kism ise bir kolunu bir agaca bir kolunu ise bir
ata baglamay1 Onerirler. Sizce bu durumlarnn hangisinde Siipermene daha fazla
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kuvvet etki eder? Liitfen cevaplarimiza oylama kagitlar1 lizerinde isaretleyin. Sen
cevap olarak hangisini sectin? (tartisma i¢in 3-4 dakika).

Simdiki 6rnekte biri sisman digeri zay1f iki kisi var. Bu kisiler bir yayin iki
ucuna ge¢mis ve yayi iki tarafa dogru ¢ekiyorlar. Sisman olan kisi daha giiglii ama
zayif olan da var giicliyle ugrasiyor. Sizce hangisinin uyguladigi kuvvet daha
biiyiiktiir; sisman olanin m1? yoksa zay1f olanin mi? Bu kez cevap hakkinda parmak
kaldirarak oylama yapalim (simftaki dogru cevap oranimin %90 dan az olmasi
durumunda, simetrik bir yayin nasil olupta iki ucunda farkli kuvvet uygulayabildigi
sorulacak).

Yeni 6rnegimizde aym sisman ve zayif kisiler, bu kez bir ip ile birbirine
baglanmus olan iki ayn yay1 ¢ekiyorlar. Fakat zayif olan yine var giiciiyle asiliyor ve
ikiside hareket etmiyorlar. Eger iki kisi de 100’er N uyguluyorlarsa, sag yay1 ¢eken
ip tizerindeki kuvvet nasil olur? (daha biiyiik, daha kiigiik, esit yada sifir). Liitfen
cevaplanimzi oylama kagitimzin iizerine igaretleyin. Kim hangi cevabi dogru
buluyor? (tartisma i¢in 3-4 dakika). Sizce bu 6rnek ile Siipermen 6rnegi arasinda ne
gibi benzerlikler ve farkliliklar var?

Simdi son Ornegi biraz gelistirip, iki iple birbirine baglanmis ii¢ ayr yay
haline dontigtiirelim. Sizce ortadaki yayin durumu Siipermenin durumuna benziyor
mu? (tartigma igin 2-3 dakika). Simdi bu yaylarnn tizerine etki eden kuvvetlerin de
100°er N oldugunu varsayalim. Sizce ortadaki yayin iki ucuna etki eden kuvvetler
nelerdir? Liitfen bu sayisal degerleri oylama kagitiniza ekleyin. Eger ortadaki yay:
{i¢ ayn par¢adan olusan bir yay grubu olarak diigtiniirsek, herbir pargacifina etki
eden kuvvet nasil olur? (¢ farkli biiyiiklilkteki yay pargacifimi gosteren gekil
cizilecek).

Son olarak size bu konu ile ilgili hazirladigim 6devleri dagitiyorum. Gelecek
ders gériismek lizere.
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UNITE 3

-ikinci Giin-

KONU: GERILME
KAVRAM YANILGILARI:

1. ipteki gerilme, ipin iki ucundan etki eden kuvvetlerin biiyiikliikleri toplamina
esittir.

Giiglii ipler, zay:f veya esnek iplerden daha biiyiik bir kuvvet ile ¢ekerler.
Duvarlar, iizerlerine baglanan iplere kuvvet uygulamazlar.

Iki ip, duran stirtiinmesiz bir nesneyi esit olmayan kuvvetler ile ¢ekebilirler.
Ayn kuvvete maruz kalan tek bir yay, u¢ uca baglanmig iki yaydan daha fazla
esner.

b

SURE: 30 dakika
AMACLAR:

1. Oprenciler, ipteki gerilme kavramum  sozciikler ve  sekillerle
agiklayabilmelidirler.

2. Ogrenciler, yay olgiliclinlin aslinda basit bir simetrik yay oldugunu
anlamalidirlar.

3. Ogrenciler, makaranin yon degistirmeye yarayan, ama ipteki gerilmeden dolay1
olusan kuvvetin biiytikliigiinti degigtirmeyen bir ara¢ oldugunu anlamahdirlar.

MATERYALLER:

2 adet alt1 lif sarimh ip,

3 adet yay ol¢ticii,

3 adet “S” kanca,
makaral1 deney diizenegi,
oylama kagitlari,

odev kagitlar.

A o e

SUNUS:

Bugiin, diin lizerinde ¢aligmaya bagladifimiz gerilme konusuna devam
ediyoruz. Hatirlamamz kolaylagtirmak igin, diin inceledigimiz ornekleri tahtaya
tammlarim da tekrarlayarak ¢iziyorum. Bugiinkii ilk 6érnegimiz iki ip ile birbirine
baglanmig ii¢ yay. Bu yaylarn bir tarafi sekilde de goriildiigii gibi bir agaca
baglanmig, diger tarafi ise bir adam tarafindan gekiliyor. Eger adam yay1 100 N luk
bir kuvvetle g¢ekiyorsa, aga¢ kendisine bagli olan yaya ne kadar kuvvet
uyguluyordur? (daha az, daha ¢ok, esit). Liitfen cevabimzi oylama kagitimzin
lizerine igaretleyin. Kim verdigi cevabi agiklamak ister? (tartigma i¢in 3-4 dakika).
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Bu yeni 6rnek ile, daha Onceki Stipermen Ornegi arasinda bir benzerlik ya da
farkhilik gorebiliyor musunuz? Omegin burada ortada yer alan yay: Siipermen
olarak diigiinmemiz yanlig bir yaklagim olur mu?

Simdi birazda “Siipermen iki at arasinda m kalsa daha iyi yoksa bir at ve bir
agac arasinda m1” sorusuna donelim. Sekli biraz degistirip yeni bir forma getirmek
istiyorum. Sizce bu yeni gekil, ilk sekilden ne kadar farkli? Ilk {initede masamn
atomlar1 arasinda yay seklinde baglar oldugunu diisiindiigiimiizii hatirliyor
musunuz? Bu kez de agacin atomlan arasinda benzer yaylar oldugunu diisiinmek
dogru olur mu?

Yine Siipermen’e donelim, tekrar derdini ¢dzmeye ¢alisalim. Liitfen
cevaplariniz1 oylama kagitimzin iizerine igaretleyin.

Artik gerilmenin tamimina doniip, bu tanimi yeni bakis agimizla biraz daha
genisletebiliriz. Gerilme, baglanmis bir nesnenin bir ucundaki kuvvetin degeridir.
Oyleyse gerilme ipin herhangi bir yerine konan bir yay 6lgiicii ile dlgiilebilir.
Gerilme, binalarda esnemeye ve bazen kirilmaya sebep olur.

Son olarak makara kullamlan bir 6megi gostermek istiyorum. Makara ipin
yoniinii degigtiren fakat ip tizerindeki gerilmeyi degistirmeyen 6zel bir aragtir.
Makara iizerindeki siirtlinme ¢ok diisiik oldugundan sifir kabul edilir. Simdi bu
makara diizenegine bir arkadasimz aym kuvveti ii¢ degisik ac1 ile uygularken, bir
baska arkadasimz da Olgtim degerini yiiksek sesle, bizim igin okuyacak.
Gordigiiniiz gibi bu ii¢ deger de birbirine ¢ok yakin, aradaki ufak farklar da
arkadagimizin ii¢ ag1 sirasinda kuvveti sabit tutamamasindan kaynaklaniyor olabilir.

Bugiinkii dersi konu ile ilgili 6dev sorularin1 dagitarak bitiriyorum. Tesekkiir

ederim.
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UNITE 4

-Birinci Giin-

KONU: CEKIM 1
KAVRAM YANILGILARI:

1. Cekim Kuvvetinin Sebepleri:
a) Cekim, hava basincindan kaynaklanmaktadir.
b) Cekim, Diinya’nin déniisiinden kaynaklanmaktadir.
2. Cekim, Diinya’nin farkli bdlgelerinde farkh kuvvettedir (Omnegin, giiney
yarimkiirede daha zay:ftir).

SURE: 45 dakika
AMACLAR:

1. Ogrenciler, Diinya’min ¢ekim kuvvetinin, Diinya’mn her bolgesinde aym
oldugunu anlamalidirlar.

2. Opgrenciler, gekimin olmamasinin sonuglarim anlamalidirlar.

3. Ogrenciler, ¢ekimin hava basincindan kaynaklanmadigim anlamalidirlar.

4. Opgrenciler, Diinya’nin gekim kuvvetinin Diinya’min dénmesine bagh olmadiginu
anlamalidirlar.

MATERYALLER:
1. oylama kagtlari.
SUNUS:

Bugtinkii dersimizde, ¢ekim kuvvetinin 6zellikleri ve sebepleri iizerinde
duracagiz. Ilk olarak sizlere, Diinya’nin gesitli bolgelerindeki ¢ekim kuvveti ile
ilgili bir soru sormak istiyorum. Sekle dikkatlice bakin, sizce Amerika’daki ¢ekim
kuvveti, Avustralya’daki ¢ekim kuvvetinden;

e Dbiraz daha azdir,

e egittir,

e Dbiraz daha fazladir.
siklarindan hangisi dogrudur. Oylama kagitlarina cevaplarimzi, sebepleriyle birlikte
yazimz. Simdi bu konuyu biraz daha agalim. Amerikadaki ¢ekim kuvveti
Avustralyadakinden daha azdir, diyen arkadaglardan biri cevabini bize agiklayabilir
mi? Eger kuvvetler esit veya Amerika’daki kuvvet daha fazla diyorsaniz, bunu nasil
agiklarsimz (5 dakika). Arkadaglarimizin gériiglerini aldik ve sonugta sunu anladik
ki: “Cekim Diinya’min merkezine dogru olan bir kuvvettir”. Sekilde de gériildiigii
gibi Diinya’nin ¢esitli bolgelerinde aynidir (Toplam 10 dakika).
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Simdi, sizlerle beraber bir deney yapacagiz. Ama dncelikle su sekli beraberce
inceleyelim. Burada bir el kantarina asilmig 10 N’luk bir kiitle var. Kiitlenin {izerine
bir cam kavanoz kapatip igindeki biitlin havay: bosaltiyoruz. Bu durumda, el
kantarinda okunan deger gu araliklarin hangisinde olurdu;

0-9, 9.1-10.1, 10.1-11, 11.1-20

“Birinci araliktadir” diyenler ellerini kaldirsin liitfen. 2. araliktadir diyenler. 3.
araliktadir diyenler. El kantarinda okunan deger 4. araliktadir diyenler. Evet, !cevap
1. arahktadir” diyenlerden birisi bunun sebebini agiklayabilir mi bize? Peki 2.
araliktaysa neden? 3. ve 4. ic¢in de goniillillerden neden béyle diistindiiklerini
alabilir miyim? (10 dakika). Simdi beraberce bu sorunun cevabim gorecegiz.
Sekilde gordiigiiniiz sistemi kuruyorum. Aramizdan iki kigiyi bana yardimci olmasi
icin ve el kantarindaki degeri okumasi i¢in yamima ¢agiriyorum. Simdi su
g6rdiigiiniiz hava pompas: ile kavanozun i¢indeki havay: yavas yavag bosaltryorum.
El kantarinda okunan deger degisti mi? Kavanozun igindeki biitiin havay:
bosaltmama ragmen hangi degeri okudum. Bu deney size ¢ekimin sebebi hakkinda
ne sOyledi? Biz bu deneyden ne 6grendik? Yani sunu sdyleyebiliriz ki ¢ekim hava
basincindan kaynaklanmamaktadir. Peki eer hava basinci ¢ekime sebep olmuyorsa,
¢ekimin sebebi nedir? Bu sorunun cevabini ders sonuna birakalim, hep beraber
¢ekime sebep olan seyi gorecegiz (Toplam 20 dakika).

Simdi hep beraber su sekle bakalim. Ekvatorda bir kisi bir baskiil iizerinde
duruyor. Diinyanin simdiki doniis huizindan daha hizi déndiigiinii diigtinelim. Bu
durumda, baskiil {izerinde okunan deger nasil degisirdi? Sizce bu deger;

e aym mu kalird:?
e artar miydi1?
o azalir miydi?

Cevabimz1 oylama kagitimza yazimz. Cevabmizin size ne kadar anlaml
geldigini de yazmay1 unutmayin. Hi¢ lunapark’a gittiniz mi? Oradaki atlikarincay1
gérmiigsiintizdiir. Atlhikarninca’ya bindiginizi diiglinin ve bir miiddet sonra
atlikarinca daha lizli donmeye baghiyor. Bu durumda iizerinize etkiyen ¢ekim
kuvveti daha m1 az olurdu?

Konuyu agikliga kavusturmak i¢in bir deney daha yapalim. Burada donebilen
bir zemin tlizerinde iki yay arasina yerlestirilmis bir kiitle var. Bunu su gekilde
dondiirdiigiimiizde bu kiitle lizerine etkiyen yer¢ekimi kuvveti nasil degigir?

Biitin bu anlatilanlardan sonra, size ¢ekimin Diinya’nmin ddnmesinden
kaynaklandigini sdyleyen birisine nasil cevap verirdiniz? (Toplam 15 dakika).

Bugiinkii derste 6grendiklerimizi tekrar edecek olursak. S6yle dzetleyebiliriz.

a- Cekim, kiitleden kaynaklanmaktadir.
b- Cekim, hava basincindan kaynaklanmamaktadir.
c- Cekim, Diinyanin donmesinden kaynaklanmamaktadir.

Sizlerden, Cekim I — birinci giin 6devlerini bir dahaki derse kadar yapmamz
istiyorum. Odevinizdeki, roportaj bolimii ile ilgili olan kismi gelecek derste
okumamz isteyecegim.
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UNITE 4

-Ikinci Giin-

KONU: CEKIM
KAVRAM YANILGILARI:

1. Sadece biiyiik objeler (gezegenler veya yildizlar) ¢ekime sebep olurlar. Kiigiik
objeler ¢ekim kuvveti uygulamazlar (biiyiik objeler lizerine veya diger kiigiik
objeler iizerine).

SURE: 40 dakika
AMACLAR:

1. Cekimin sonuglarinin etkilesim oldugunun agiklanmas.
2. Cekimin belirli bir uzaklikta etkiyen kuvvet oldugunun anlagilmasi.

MATERYALLER:
1. Oylama Kagitlar.
SUNUS:

Bugiinkii dersimize baglamadan &nce, son derste vermis oldugum o6devler
tizerinde durmak istiyorum. Odev sorularmn birisi ¢evrenizdeki kisilerle roportaj
yapmamz gerektiriyordu. $imdi bunun {izerinde biraz duralim. Sordugunuz
sorulara nasil cevaplar aldiniz, bu cevaplarda size yanlig gelen seyler nelerdi?
Bunun {izerinde biraz konugmak istiyorum (5 dakika).

Bugiinkii dersimize bir demonstrasyonla baglamak istiyorum. Elimdeki tenis
topunu goriiyorsunuz. Bunu belirli bir yiikseklikten biraktiimda ne olur? Peki
neden diiser? Evet, diinya tenis topuna sekildeki (sekil ¢izilecek) gibi bir kuvvet
uygulad: ve top diistii. Peki ben bu masanin lizerine iki tane tenis topu koyuyorum
ve soruyorum. Bu iki tenis topu arasinda ¢ekim kuvveti var midir? Cevaplarimzi
oylama kagitlarimza yazimz (1-2 dakika). Kag kigi bu soruya evet, kag kisi hayir
dedi. Peki ka¢ kisi cevabimn kendisine anlamli geldigini sOyliiyor. Kag¢ kisi
anlamsiz geldigini s6yliiyor? Higbir fikri olmayan kag kisi var? (Toplam 10 dakika).
Sizce bu iki kiigiik tenis topu birbirine kuvvet uygulayabilir mi?

Peki beraberce su sekle bakalim. (sekil ¢izilecek). Ahmet, 1 mil yiikseklikten
bir tenis topunu diinyaya birakiyor, tenis topu diiserken diinyaya bir kuvvet uygular
mi1? Cevabiniz size ne kadar anlaml geliyor, cevabimzi oylama kagidina yazimz (5
dakika).

Bagka bir durumu ele alalim. Sekilde goriildiigii gibi Ahmet, kiitlesi Ay’m
kiitlesiyle ayn1 olan bir objeyi 1 mil uzakliktan birakiyor. Bu obje diiserken diinyaya
bir kuvvet uygular m1? Cevaplanimzi ve diiglincelerinizi oylam kagitlarina yazimz
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(5 dakika). Kag kisi bu soruya “evet” dedi? Kag kisi “hayir” dedi. Peki kag kisi i¢in
verdigi cevap anlaml geliyor, kag kisi i¢in anlamsiz geliyor, kag kisinin bu konuda
higbir fikri yok? (Toplam 15 dakika). Gel-git olay1 hakkinda bir fikri olan var mi?
Sizce bu olay neden kaynaklanir? Evet, gel-git olay1 Ay’in Diinya’y1 ¢ekmesine bir
Omektir.

Simdi, basta sordugumuz soruya tekrar donelim. Ahmet tenis topunu
biraktifinda tenis topu diinyaya bir kuvvet uygular-mui? Simdi bu soruya “evet”
diyen kag kisi var? “hayir” diyen kag kisi var. Peki bu cevap “bana anlamli geliyor”
diyen kag kisi var? “Bana anlamsiz geliyor” diyen, “higbir fikrim yok” diyen kag
kisi var? (5 dakika).

Bugiinkii derste gordiiklerimizi §zetlemek istersek sunlar syleyebiliriz.
Cekim;

Belli bir uzaklikta etkir,

Daima ¢eker (asla itmez),

Iki yénlii bir etkidir,

Bosluktan veya diger maddelerden geger,

Hem biiyiik objeler, hem de kiigiik objeler i¢in gegerlidir,
Cekimi agiklamak i¢in basit sezgisel bir model bulunamamustir.

Bugiinkii dersimiz bu kadar, size 8dev olarak Cekim I-ikinci giin ddevlerini
veriyorum. Oniimiizdeki derse hazirlarsamz sevinirim.
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UNITE 5
KONU: EYLEMSIZLIK I
KAVRAM YANILGILARI:

1. Cok diisiik veya sifir slirtiinme ortamlarinda biiyiik kiitleyi durdurmak harekete
gecirmekten daha zordur.
2. Sabit kuvvet, sabit hiza sebep olur.

SURE: 30 dakika
AMACLAR:

1. Ogrenciler, bir objeye sabit kuvvet uygulandiginda sabit ivme ile ivmelendigini

anlamalidirlar.
2. Ogrenciler, gekimin eylemsizlige sebep olmadigim anlamalidirlar.

MATERYALLER:

1. oylama kagitlar,
2. eylemsizlik I 6devleri,
3. eylemsizlik terazisi.

SUNUS:

Dersimize su sorular tartigarak baglamak istiyorum:
- Sabit kuvvet nasil bir harekete sebep olur?
- Bir objenin hareketinin degigsmesine direng géstermesinin sebebi nedir?
- Bir kaykay1 hareketlendirmek ve durdurmak zor mudur?

- Biiyiik kiitleyi mi, kiigiik kiitleyi mi durdurmak veya hareketlendirmek daha
zordur? Burada, ders boyunca kullandiimiz terimleri sdylemek istiyorum. “Geri
tutma” egilimi, “hareketine devam etme egilimi” ve “asag1 ¢cekme egilimi” gibi
terimleri ders boyunca kullanacagiz.

Simdi bir demonstrasyonla dersimize devam etmek istiyorum. Sekildeki gibi
bir kaykayin iizerinde bir arkadagimzin durdugunu diisiinelim. Kaykay belirli bir
hizda gitmekte fakat daha sonra durmaktadir. Bunun sebebi sizce sunlardan
hangisidir.

a- Yonii olmayan siirtinme kuvveti: Kaykay bir siire sonra durur, ¢iinkii
stirttinme her yerde vardir, fakat bu herhangi belirgin bir yonde etki etmez.

Bu sik size ne kadar anlaml geldi. Oylama kagitlarina isaretleyiniz. Sebebini
yaziniz.



84

b- Objeler daima durma egilimi gosterirler: Kaykay durur, ¢iinkii onun
hareketini devam ettirecek net bir kuvvet yoktur. Bu size ne kadar anlamh
geliyor, sebebini belirtiniz.

c- “Asag cekme egilimi” (yer¢ekimi kuvveti): Kaykay durur, ¢iinkii yergekimi
kuvveti onu agag1 dogru ¢ekmektedir. Bu size ne kadar anlamli geldi,
sebebini yaziniz.

d- Objenin hareketine ters yonlii siirttinme kuvveti: Kaykay durur ¢iinkii yerden
ve az da olsa havadan dolay1, kaykayin hareketine zit y6nlii siirtiinme kuvveti
vardir. Bu size ne kadar anlamh geldi, sebebini yaziniz.

Sizce hangi sik fiziksel bir mana ifade ediyor, agiklar misimz? Hayattaki
deneyimlerinizden bana “geri tutma egilimi” ve “hareketine devam etme egilimi”
ile ilgili 6rnekler verebilir misiniz? (20 dakika).

Simdi bagka bir demonstrasyona gec¢iyorum. Burada eylemsizlik terazisi
kullamlacaktir. I1k basta teraziyi tizerine kiitle koymadan galistirtyorum, frekansin
saymak igin bir 6grenciye ihtiyacim var, agirlif1 olmadan frekansim sayalim. Simdi
terazinin lizerine kiitle ekliyorum. Bu terazinin frekansimi nasil degistirir? Elimle
teraziyi Y devir geviriyorum. Terazinin iizerine kiitle eklendikten sonraki hareketi
slirtiinmenin artmasinda mi yoksa baska bir sebepten mi kaynaklanmaktadir?
Deneyde gordiik ki eklenen kiitle terazinin yavaglamasina sebep oldu, bu “geri
tutma egilimi” veya ¢ekim kuvvetinin artmasindan kaynaklanmaktadir. Bunun
sebebi stirtiinme kuvveti degildir.

Simdi aym: deneyde ¢ekim kuvveti iizerinde biraz duralim istiyorum.
Sekildeki diizenegi kuruyorum. Sizce “asagi ¢ekim egilimi” yani ¢ekim kuvveti
eylemsizlik terazisinde énemli midir? Teraziye yaya asili bir kiitle ekliyorum. Bu
yay ¢ekim kuvvetinin etkisini ortadan kaldiracaktir. Bu eklenen kiitle terazinin
frekansini nasil degistirir? Sizce terazi daha mi hizli, daha m1 yavas yoksa aym hizla
mu hareket eder. Terazinin frekansim sayiyorum, 20. Burada 0.4 saniyelik bir hata
pay1 olabilir. Simdi de astigimiz kiitleyi gegici olarak kaldirtyorum. Frekansi tekrar
saytyorum 20. Gordiikk ki, her iki durumda da frekans defismezdi. Yani “agafi
¢ekme egilimi” (¢ekim kuvveti) “geri tutma egilimi” ve “hareketine devam etme
egilimi” igin gerekli degildir. Bu da sunu gdsterir, “geri tutma egilimi” uzayda ¢ok
biiyiik ¢ekim kuvvetinin olmadig1 ortamlarda bile bulunur.

Simdiye kadar gordiklerimizi §6yle 6zetleyebiliriz. “Geri tutma egilimi” ve
“hareketine devam etme egilimi”, siirtiinme ve ¢ekimden farkl, kiitlenin dahili bir
ozelligidir. Stirtiinme ve gekim, kiitlenin lizerine etki edebilen harici kuvvetlerdir ve
“geri tutma egilimi” ve “hareketine devam etme egiliminden” farklidir (20 dakika).

Dersimize kaykay deneyiyle devam ediyoruz. Arkadagimizin kaykay iizerinde
oturdugunu ve sizin hareket eden kaykayr 15N’luk kuvvetle durdurmaya
calistigimizi diisiinelim. Kaykay daha agir olsaydi, onu durdurmak daha m zor
olurdu? Sizce daha agir kaykay1 durdurmak neden daha zordur? Okuyacagim siklar
size ne kadar anlaml: geliyor, sebepleriyle birlikte oylama kagitlarina yaziniz.

a- Cok kiitle gok siirtinme demektir: Kaykay1 durdurmak daha zor olurdu
¢linkii daha fazla kiitle daha fazla siirtiinmeye sebep olur ve durdurmak
zorlagir.
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b- Daha biiyiik “asag1 ¢ekme egilimi” (¢ekim kuvveti): Kaykay: durdurmak
daha zor olurdu ¢iinkii daha fazla kiitle “agag1 ¢ekme egilimi” veya asag1
yonlii gekim kuvveti kaykay1 durdurmayi zorlagtirirds.

c- Kiitlenin “hareketine devam etme egilimi”: Kaykay: durdurmak daha zor
olurdu ¢iinkii her kiitle pargacig1 hizinin azaltilmasina kars1 koyar. (Kiitlenin
“hareketine devam etme egilimi”). Yani daha fazla kiitle pargacif,
yavaglamaya daha fazla diren¢ demektir.

Bu giklar lizerinde biraz tartijalim, a sikki dogru diyenler sebebini bize
agiklayabilirler mi? Peki b sikki dogru diyenler neden béyle diisiiniiyor? Sizce c
sikki neden dogrudur.

Sonug olarak sunu s6yleyebiliriz. Her kiitle pargacig1 eylemsizlige sahiptir ve
hizinin yavaslamasina kars1 koyar. Eylemsizligin bu y6niinii biz “hareketine devam
etme egilimi” olarak adlandiriyorduk (20 dakika).

Eylemsizlik teorisine geri donersek, burada goriiyoruz ki hareket her iki
yonde de esittir. Bu bize neyi gosterir? Evet, kiitleye her iki yénde de aym kuvvet
etki etmektedir. Yani kiitlenin “hareketine devam etme egilimi” ve “geri tutma
egilimi” birbirine esittir ve biz bu iki egilimi eylemsizlik olarak adlandirtyoruz.

Dersimizi s6yle 6zetleyebiliriz:

e Cekim ve siirtiinmenin diginda, kiitle bir objenin eylemsizliginin kaynagidir.

e Daha biiyiik kiitle, daha az ivmelenme hizi demektir. Yani kiitle ivmelendiren
kuvvete direng gosterir.

e “Geri tutma egiliminin” “hareketine devam etme egilimi” ile esit oldugunu
gérdikk. Bu iki terim yerine eylemsizlik terimini kullanacagiz. Yani,
eylemsizlik bir objenin hizinin arttinlmasina veya azaltilmasina gosterdigi
dahili bir direngtir.

Dersi tekrar ettikten sonra ddevlerinizi yapmay1 unutmayiniz.
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UNITE 6

-Birinci Giin-

KONU: CEKIM I
KAVRAM YANILGILARI:

1. Biiyiik kiitle, kiigtik kiitleye kiigiik kiitlenin biiyiik kiitleye uyguladigindan daha

biiyiik gekim kuvveti uygular.
2. Bir kiitlenin uyguladig1 ¢ekim kuvveti sadece kendi kiitlesine baghdir, tizerine

¢ekim uyguladig1 objenin kiitlesine degil.
SURE: 45 dakika
AMACLAR:

1. Ogrenciler, gok kiigiik kiitleli parcaciklarin bile ¢ekime maruz kaldigmi
anlamalidirlar.

2. Ogrenciler, ¢ekimin her iki objeye de etkiyen ¢ift yonlii etkilesim oldugunu
anlamalidirlar.

3. Ogrenciler, iki kiitle pargacig1 arasindaki ¢ekim kuvvetinin her obje iizerindeki
kiitle pargacig sayist ile orantili oldugunu anlamalidirlar.

MATERYALLER:

1. oylama kagtlari,

2. birkag adet ¢ivi,

3. parga tahta,

4. lastik bantlar,

4. Cekim II — birinci giin &devleri.

SUNUS:

Bugiinkii dersimize bir soru ile baglamak istiyorum. Liitfen gekle (tahtaya
cizilecek) dikkatlice bakin. Sizlerden tirin sigeye uyguladigi gekim kuvveti ile,
sisenin tira uyguladi1 ¢ekim kuvvetini kargilagtirmamz istiyorum. Sizce bu iki
kuvvetten hangisi daha biiyiiktiir. Segenekleriniz:

a- Fr>Fk
b- FT = FK
c- Fr<Fg

Dogru segenegi bulup, oylama kagitlarina isaretleyiniz. Bu cevap size ne
kadar anlamh geliyor, bunu da belirtiniz. (1-2 dakika) Simdi kag kisi tirin siseye
uyguladi1 ¢ekim kuvveti daha biiyiiktiir diyor? Kag kisi esittir? Kag kisi sisenin tira
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uyguladig ¢ekim kuvveti daha biiyiik olur diyor? Peki bu cevap kag kisiye anlamh
geliyor? Kag kisiye anlamsiz geliyor? Kag kisinin bu konuda higbir fikri yok? (Eger
cogu 6grenci kuvvetlerin esit oldugunu fakat bana emin olmadiklarim séylerse).
Tinn siseye uyguladigi gekim kuvveti ile sisenin tira uyguladig: ¢cekim kuvveti aym
olur diyorsunuz. Peki size kiiiik sise nasil olur da tir1, tirin siseyi ¢ektigi kuvvetle
cekebilir? (10 dakika).

Daha o6nceki derste ¢ok kiiglik kiitleli cisimleri kiitle par¢acigi olarak
adlandiracagimizi belirtmistik. Kiitle pargacigim belirtmek igin ¢esitli birimler
vardir. Bazilar1 gram, atom ve niikleon (ndtron veya proton)’dur. Bizim burada
kiitle parcacigi olarak kullandigmmiz cisimleri bir gramlik kiitleler olarak
algilayabilirsiniz (1-2 dakika).

Simdi su sekle dikkatlice bakalim. (sekil ¢izilecek). Iki kiitle par¢acig
arasindaki c¢ekim kuvvetini kargilastinirsak sizce asagidaki siklardan hangisi
dogrudur:

e Fp>F,
e Fg=Fa
® FB<FA

Oylama kagitlarina size dogru gelen sikki ve bunun size ne kadar anlaml
geldigini isaretleyiniz (5 dakika).

Kiitle pargaciklarinin arasindaki ¢ekim kuvvetini g6ziimiizde canlandirmak
icin ¢esitli modeller gelistirilmistir. Bunlar lastik bant, yay, sakiz iplikleri
kullanilarak yapilabilir. Biz lastik bant modelini kullanacagz.

Gordiigiiniiz gibi elimde iizerine ¢ivi gakilmis tahta pargalar var. Uzerinde bir
tane ¢ivi olan tahta ile {i¢ tane ¢ivi olan tahtalar aliyorum. Her bir ¢iviye birer lastik
bant takiyorum. Buradaki her bir ¢ivi bir kiitle pargacigim ve lastik bant da bu kiitle
pargaciklan arasindaki gekim kuvvetini temsil etmektedir. Uzerinde 2 ve 3 ¢ivi olan
tahta pargalarini altyorum ve bunlar i¢in de alt1 tane lastik bant kullaniyorum.

Simdi en son kullandifim tahtalar aliyorum. $ekilde gordiigiintiz gibi A iki
kiitle pargacigina B ise ii¢ kiitle par¢acigina sahiptir. B’nin A’ya uyguladif: kuvvet
oklarini ¢iziyorum. Simdi de A’nin B’ye uyguladig: kuvvet oklarim1 bu kez farkhi
renkler kullanarak ¢iziyorum. Sizce hangi obje daha biiyiik ¢ekim kuvveti uygular?

- A B’ye daha fazla kuvvet uygular,
-B  A’yadaha fazla kuvvet uygular,
- Her iki kuvvet de esittir.

Cevabimzi ve bunun size ne kadar anlamli geldigini oylama kagidina
isaretleyiniz (1-2 dakika). Kag kisi A B’ye daha fazla kuvvet uygular diyor? Kag
kisi B A’ya daha fazla kuvvet uygular diyor? Kag kisi bu iki kuvvet de birbirine
esittir diyor? Cevabinin kendisine anlamh geldigini s6yleyen kag kisi var? Cevab:
kendisine anlamli gelmeyen kag kisi var? Bu konuda higbir fikrim yok diyen kag
kisi var? Bu 6rnegi bize 6zetleyebilecek bir géniillii var mi? (1-2 dakika). Peki
elimde g kiitle parcacigi ile dort kiitle par¢acidi olsayd: bunlar birlestirmek i¢in
kag tane lastik bank kullanacaktim? (15 dakika).
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Simdi diger seklimize gegelim. diinyanin tizerinde duran adam 800N
agirligindadir. Bu ne demektir? Diinya o kisiye 800N’luk g¢ekim kuvveti uyguluyor
demektir, degil mi? Peki bu kisi diinyaya yukar1 dogru herhangi bir ¢ekim kuvveti
uygular m1? Su giklardan sizce hangisi dogrudur:

1. Kuvvet uygulamaz,

ii. Biraz uygular, fakat bu 800N’dan azdur,
iii. 800N,

iv. 800N’dan fazla uygular.

—

Dogru buldugunuz sikki size ne kadar anlamli geldigi ile beraber oylama
kagidina isaretleyiniz (Kiitle pargacig1 diyagramu Diinya 10, kisi 1 kiitle pargacigi
olarak tekrar verilebilir) (10 dakika).

Biraz oOnceki iki kiitle pargaciklarimi tekrar alalim. B iizerindeki kiitle
parcaciklarindan birini gikartirsam, A ve B arasindaki kuvvet nasil degisirdi? Sizce:

a- A’nin B lizerindeki kuvveti artardi,
b- A’nin B lizerindeki kuvveti azalirdi,
c- A’nin B tizerindeki kuvveti degismezdi.

Siklarindan hangisi dogrudur? Kag kisi bu kuvvet artardi diyor? Kag kisi
azahrd1? Kag kisi aym kalirdi diyor? (A’daki kuvvet azalird: diyenler ¢ok olursa).
Peki ama A hala aym sayida kiitle pargacigina sahip, bunun i¢in ne diyeceksiniz?
Sizlerden Cekim II-1. Giin 6devlerini bir dahaki derse kadar yapmaniz istiyorum.
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UNITE 6

-Ikinci Giin-

KONU: CEKIM II
KAVRAM YANILGILARI:

1. Biiytik kiitle, kiigiik kiitleye kiigiik kiitlenin biiyiik kiitleye uyguladigindan daha
biiyiik ¢ekim kuvveti uygular.

2. Bir kiitlenin uyguladig1 ¢ekim kuvveti sadece kendi kiitlesine baghdir, lizerine
¢ekim uyguladid: objenin kiitlesine degil.

SURE: 20 dakika
AMACLAR:

1. Ogrenciler, ¢ekim konunun kiitlenin merkezleri arasindaki uzakligin karesi ile
ters orantili oldugunu anlamalidirlar. Cok kiigiik kiitleli pargaciklarin bile ¢ekime
maruz kaldigim anlamahdirlar.

2. Ogrenciler, kiitle ve uzakligin degisken oldugu problemleri ¢ozebilmelidirler.

MATERYALLER:

1. Tepegdz,
2. Ortasi kare seklinde kesilmis biiyiik bir kagit,
a- Ekrandaki kare seklindeki alam kapatacak biiyiikliikte kare kagit.

SUNUS:

Bugiinkii dersimize bir Onceki gilinlin 6devleri iizerinde biraz tartigarak
baslamak istiyorum. Ozellikle 2., 5. ve 6. sorular iizerinde duracagim.

Simdi iki kiitle arasindaki ¢ekim kuvvetinin kiitlelerle iligkisini §zetleyelim.
Sekle dikkatlice bakin (gekil gizilecek). Buradaki kuvvet ¢izgileri sayis: ile kiitle
pargacifl arasindaki matematiksel baginti nedir? Evet, sizin de soylediginiz gibi
kuvvet gizgilerinin sayis1 her objedeki kiitle pargacigimin sayisinin garpimiyla
orantilidir. Yani F & m1lm2.

Simdi, ¢ekim kuvvetini etkileyen bagka bir degiskene geciyoruz. Sekle
bakiniz. Bu gekil bir par¢acifi uzaya firlattigimizda ¢ekim etkilerini gosterir. S$imdi
beraberce bir demonstrasyon yapaca§iz. Tepegé6ziin {izerini ortasinda kare seklinde
bir kesik olan kagit pargasiyla kapatiyorum. Ekrandaki aydinlik alam kapatmak igin
su kare seklindeki kagit pargasimi kullantyorum. Simdi ekran ile tepegdz arasindaki
mesafeyi iki katina gikanyorum ve goriiyorum ki ekrandaki aydinlik bdlgeyi
kapatmak igin artik 4 tane kare kagida ihtiyacim var. Peki aradaki mesafeyi yariya
indirirsem sonug ne olurdu. Burada, 15181n siddetinin uzaklikla degismesini, ¢gekim
kuvvetinin uzaklikla iligkisine benzetebiliriz.
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Simdiye kadar ¢ekimi agiklayan ¢esitli modeller oldugunu agikladik. Bunlar
nelerdi, lastik band, yay vs. Bu modellerden higbiri ¢ekimi tam olarak géziimiizde
canlandirabilmemiz i¢in yeterli degildir. Bu modellerin ¢ogunda aradaki mesafeyi
arttirdifimizda kuvvet de artar, halbuki tam tersinin gegerli oldugunu gérdiik.

Cekim kuvveti ile ilgili biitiin bunlar §grendikten sonra diyebiliriz ki, ¢ekim
kuvveti kiitlelerin ¢arpimiyla dogru, kiitlelerin merkezleri arasindaki uzaklifin
karesi ile ters orantilidir.

Su sekle bakarak konuyu pekistirebiliriz (sekil ¢izilecek). Burada
unutmamanz gereken iki sey var:
a- Buii¢ boyuttaki biitiin ¢ekimsel etkilesim igin gecerlidir.
b- Iki kiitle arasindaki uzaklik daima bir kiitlenin merkezinden digerinin
merkezine olacak sekilde olgiiliir.

Cekim II-2. Gilin 6devlerini bir dahaki derse kadar yapmamz istiyorum.
Konular tekrar etmeyi unutmayin liitfen.
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UNITE 7

-Birinci Giin-

KONU: EYLEMSIZLIK 11
KAVRAM YANILGILARI:

1. Kiitle ve agirhik arasinda fark yoktur.

2. Bir objenin ivmelenmeye kars: koymas: (eylemsizlik) uzayda yoktur.

3. Uzayda veya siirtiinmesiz ortamda biiyiik kiitleyi ivmelendirmek zor degildir.

4. Astronotlar yoriingede asag1 yukarn agirliksizdirlar ¢iinkii o yiikseklikte ¢ekim
kuvveti neredeyse sifirdir.

SURE: 45 dakika
AMACLAR:

1. Ogrenciler, kiitlenin dolayistyla eylemsizligin varhigim anlamalidirlar.

2. Ogrenciler, “harekete devam etme egilimi” ile “geri tutma” egiliminin ¢ekim
olmayan ortamlarda esit oldugunu anlamalidirlar.

3. Ogrenciler, yoriingedeki astronotlarin agirliksiz olmadigim sadece agirliklary
yokmus gibi gériindiigiinii anlamalhidirlar.

MATERYALLER:

1. oylama kagzitlari,
2. eylemsizlik II-birinci giin §devleri.

SUNUS:

Bugiinkii dersimize bir soru ile bagliyoruz. Sekle dikkatlice bakimz. Burada
iki astronot uzayin derinliklerinde, Diinyadan ¢ok uzaktadirlar. Bu iki astronot iki
uyduyu uzay mekiklerine gekmektedirler. Birinci uydu 25 kg, ikinci uydu 15 kg’dur.
Her iki astronot da uydulan kendilerine dogru 4-5 saniye boyunca ¢ekip uydularin
onlara dogru gelmesini saglarlar. Burada, uydular uzay mekigine dogru aym ivme
ile hareket etmektedir. Simdi sorumuz su: Kiitlesi daha biiyiik olan uydu tizerindeki
kuvvet, kiigtik kiitleli uydudan daha mi1 fazladir? Su segeneklerden sizce dogru olam
oylama kagidina isaretleyip, size ne kadar anlamh geldigini yazimz.

a- Biiyik kiitle lizerinde daha ¢ok kuvvet olmalidir.

b- Biiyiik kiitle iizerinde daha az kuvvet olmalidir.

c- Her iki kiitle lizerindeki kuvvet de esittir (3 dakika). Kag kisi a sikki
dogrudur dedi? Kag kisi b sikki dogrudur dedi? Kag kisi ¢ sikka dogrudur
dedi? Kag kisi cevabimn ona anlamh geldigini diigiiniiyor? Ka¢ kisi
anlamsiz geldigini diiglintiyor? Bu konuda higbir fikri olmayan kag kisi
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var? (Konuda eylemsizlik gegtigi anda “harekete devam etme egilimi”
ve “geri tutma” egilimi tekrar edilecektir). Peki burada su soru akla
geliyor. “Uzayda eylemsizlik var midir?’ Bu sorunun cevabim ders
sonuna birakalim

Diger bir sekle -gegelim. Burada uzaydaki iki astronot biiyiikk bir uzay
istasyonunun dig duvarinda ytirliyor. Onlara dogru 20 km/s lizinda 70.000 kg’hk
uzay mekigi ile, aym hizda 4 kg’lik bir uydu yaklagsmaktadir. Uzay mekigini
korumak i¢in astronotlar kendilerini ¢arpigma noktasina yerlestirirler. Buna sebep
olarak, bunun ¢ok giivenli oldugunu ¢iinkii uzayda agirligin olmadifin1 savunurlar.
Size hangi astronot daha giivendedir. Su siklardan dogru olam igaretleyiniz:

a- Kendisine uydu ¢arpan astronot daha giivendedir.
b- Uzay mekidi ¢arpan astronot daha giivendedir.
c- Her ikisi de giivendedir (10 dakika).

Bagka bir soruya gegiyorum. Sekle dikkatlice bakimz. iki su tank: bir uzay
mekigine dogru yaklagmaktadir. Birinci su tanki 25 kg, 2. su tanki 5 kg’dir ve i¢i
bostur. Her iki tank da aym hizla hareket etmekte ve mekige aym anda
ulagmaktadir. Tanklar1 durdurmak i¢in gerekli olan kuvvetlerden, 2. tank igin
uygulanan kuvvet;

a- daha biiytik
b- daha kiigiik
c- esit
d- sifir

Siklarindan hangisi dogrudur, cevaplarinizi, size ne kadar anlamh geldigi ile
birlikte oylama kagitlarina yazimz (10 dakika).

Simdi, bu 6rnegi bir 6nceki 6rnekle ve daha sonra ilk verdigimiz astronotlarin
uydulan gektigi érnekle karsilagtiralim. Bu 6érnekler birbirine benziyor mu? Daha
Once de 6grendigimiz gibi “asagi ¢ekme egilimi” yani ¢ekim eylemsizligin sebebi
degildir, degil mi? Peki Gyleyse, soyle bir soru sormak istiyorum. Uzayda bir roketi
durdurmak i¢in bir kuvvet gerekli midir? Evet, aksi halde sabit hizla hareketine
devam edecektir, degil mi? (10 dakika)

Dersimizin sonunda s6yle bir 6zet yapabiliriz. “geri tutma” ve “harekete
devam etme egilimi” ¢ekimden kaynaklanmamaktadir ve diinyada oldugu gibi
uzayda da aymdir.

Eylemsizlik II-birinci giin 6devlerini yapmay1 liitfen unutmayimz.
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UNITE 7

-Ikinci Giin-

KONU: EYLEMSIZLIK II
KAVRAM YANILGILARI:
SURE: 55 dakika
AMACLAR:

1. Ogrenciler, diinyamin nesneleri ¢ekmesi ile uzay mekigindeki astronotlarin
nesneleri gekmesi arasindaki benzerligi kurabilmelidir.

2. Ogrenciler, farkli kiitlelerdeki cisimlerin neden aym ivmelerle distiigiinii
agiklayabilmelidirler.

MATERYALLER:

1. Hafif ve agir objeler,
2. Oylama kagitlan,
a- Eylemsizlik IT — 2. Giin 6devleri.

SUNUS:

Dersimize baglamadan 6énce 1. Giiniin 6devleri hakkinda tartigmak istiyorum.
Hangi sorularda zorlandimiz, sormak istediginiz bir sey var m1? (5 dakika). Simdi
bugiinkii dersimize gegebiliriz. Gordiigiintiz gibi biri agir digeri hafif iki obje
aliyorum. Ikisini de aym yiikseklikten, aym anda birakiyorum. Ne gézlemlediniz?
Tekrar deneyelim. Sizce bu sekildeki segeneklerden hangisi dogru. Evet, ikisi de
yere aym anda diistiiler, degil mi? Deneyi bir de kagit ile yapalim. Bir sayfa ve bu
kiitlelerden birini aliyorum. ikisini de aym anda biraktim. Neden aym anda
diismediler? Evet, clinkii hava slirtiinmesi kagida daha ¢ok etkir. Burada, hava
slirtiinmesi daha yogun objelere daha az etkir, denilebilir.

Sizce bu yaptigimiz deneyde her iki objeye de farkli kuvvetler mi etkidi yoksa
aym kuvvetler mi?

a- her ikisine de aym kuvvet etkir,
b- farkh kuvvetler etkir,

Siklarindan hangisi dogru? Cevaplarinizi, size ne kadar anlaml gelip
gelmedigi ile birlikte oylama kagidina yazimz. Her ikisine de aym kuvvet etkir
cevabi verenler, cevaplarim agiklayabilirler mi? (10 dakika)

Simdi diger bir demonstrasyona gegelim. Gordiigiiniiz gibi farkl kiitlelerde
iki obje var, bunlar1 ayn1 ivme ile ivmelendirecegiz. Bunlari aym: noktadan harekete
baglatip aym noktada durduracafim. Bunu denemek isteyen var mi1? Kuvvetin
durumu hakkinda ne s6yleyebiliriz? Neden objelerden biri igin daha fazla kuvvet



94

gerekir? Evet, buradan ¢ikardifimiz sonug su oldu: “Agir objeler daha fazla kuvvet
gerektirir, ¢linkii daha fazla eylemsizlige sahiptir” (15 dakika).

Simdi dersin baginda yaptifimiz deneye doénelim. Neden farkli kiitledeki
objeler aym anda yere diigiiyordu? Bu sorunun cevabimi biraz énce yaptifimiz
deneye gore diigiinelim. Tahtadaki sekle bakmamz istiyorum. Sunu anladik ki hafif
objeler agir objelerle aynm1 anda diigerler, fakat iizerlerine etkiyen kuvvet farklidir.
Bunu ders sonuna kadar ¢ozebileceginizi umarim, dersin sonunda daha iyi
anlayacaksimz. (5 dakika).

Bir diger seklimize gegelim. Diinyaya 20 mil uzakliktan bir Mercedes ve bir
motorsiklet birakiliyor. Mercedes, motorsikletin kiitlesinin 10 katidir. Hava
stirtiinmesi ihmal edilecektir. Burada, eger Diinyanin ¢ekim giicii olmasaydi, bu iki
obje diismeyecekti, degil mi?

Su siklardan dogru olami, size ne kadar anlamh geldigi ile birlikte oylama
kagidina isaretleyiniz:

a- motosikleti daha gii¢lii cekmem gerekirdi.

b- b-mercedesi daha giiclii gekmem gerekirdi.

c- mercedes ve motosikleti aym gliclikte ¢ekmem gerekirdi (10
dakika).

Daha once gordiiglimiiz astronotlarin uydular1 ¢ekmesi problemini
hatirlayalim. Simdi sizden bu astronotlanin uydulan ¢ekmesi ile Diinyanin Mercedes
ve motosikleti ¢ekmesi arasindaki benzerlifi kurmamzi istiyorum. Yanimzdaki
arkadagimizla beraber diisiinerek Mercedes ve motosikletin diigmesi ile astronotlarin
uydular1 ¢ekmesi arasindaki benzerlifin ne oldugunu bulmamzi istiyorum (5
dakika). Buldugunuz sonucu arkadaslarimzla da paylasimz.

Su sekle yeniden bakalim. Daha biiyiik obje diiserken iizerinde daha biiytik
kuvvet vardi, ama aym ivme ile diistiiler. Daha fazla kuvvet olmasinin sebebi daha
fazla eylemsizlige sahip olmasiydi. Yani burada su sonu¢ ¢ikt1 “Biiyiik kiitleyi
ivmelendirmek i¢in daha biiyiik kuvvet gerekir”.

Dersimiz burada bitti, Eylemsizlik II — Ikinci giin &devlerini yapmay:
unutmayiniz.
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UNITE 8

-Birinci Giin-

KONU: NEWTON’UN UCUNCU KANUNU
KAVRAM YANILGILARI:

1. iki nesne garpigtiklarinda, bityiik kiitleli olan daha biiyiik bir kuvvet uygular.
2. Bir cisim digerini ivmelendirdiginde, temas kuvvetleri aym degildir.
3. Nesneler i¢lerinde dénme etkisinden kaynaklanan bir kuvvet bulundurabilirler.

SURE: 40 dakika
AMACLAR:

1. Ogrenciler, temas halindeki cisimler arasindaki kuvvetlerin esit fakat zit yonli
oldugunu anlamalidirlar.

2. Opgrenciler, agihklan ihmal edilebilir yaylarin iki ucundaki kuvvetlerin
degerinin hareket halinde olduklarinda dahi esit oldugunu anlamadirlar.

MATERYALLER:

hareketli arabalar,
bir biiylik yay,

bir ¢ift benzer yay,
bir ¢ift farkh yay,
6dev kagitlar,
oylama kagitlar1.

QLubhwLN =

SUNUS:

Bugilin konumuz, hareket kanunlarinin incelenmesi. Konu ile ilgili ilk
Ornegimiz ise ivmelenerek ilerleyen bir araba ile ilgili. Arabanin seklini tahtaya
¢iziyorum. Sizce bu durumda, arabanin saginda ve solundaki kuvvetlerin degerleri
hakkinda ne s6ylenebilir? Peki eger araba sabit ivme ile ilerliyor olsaydi, lizerindeki
kuvvetlerin biiytikliikleri ile ilgili ne s6ylenebilirdi? (tartigma i¢in 3-4 dakika).

Daha o6nceki tinitelerimizde, temas halinde olan nesnelerin uyguladiklar
kuvvetler hakkinda ¢aligmistik. Bugiin ise temas halindeki nesnelerin hareketi
durumunda, kuvvetlerin bundan nasil etkilenecegini gérecegiz.

IIk oylamamiz, birbirine yayla baglanmig iki arabann, iki ayn yone dogru
¢ekilmesiyle ilgili (sekil gizilecek). Sizce bu durumda, arabalarin yaya uyguladiklan
kuvvetlerin biiyiikliikleri hakkinda ne s6ylenebilir? Liitfen cevaplanimzi oylama
kagitlarimzin iizerine igaretleyin.

Simdi yay Omegimize geri doniiyoruz. Yay: iki elimizin arasina alarak
sikigtirtyoruz. Yay sikigip, hareketinin sona erdii noktada, iki ugtan elimize
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uyguladig1 kuvvetin biiyiikliikleri hakkinda ne s6ylenebilir? Sizce bu yeni durum,
daha 6nceki yayla baglanmig arabalar &rnegi ile birbirine benziyor mu, yoksa
tamamen farkli m?

Simdi ikisi de hareket halinde olan arabalarin g¢arpigmalarim izleyelim
(¢arpigma hakkindaki konusmalara izin verilecek ve 3-4 dakika beklenecek). Bu kez
elimizde biri durmakta, digeri hareket halinde olan iki tane volkswagen var ve bu
iki araba garpistyor (sekil gizilecek). Sizce bu garpigsmada hangi araba daha biiyiik
bir kuvvet uygulamugtir? Liitfen cevaplarinizi oylama kagitimzin {izerine igaretleyin.

Simdi elimde birbirinin esi iki yay var, ben de aralarina bir par¢a tahta
yerlestirdikten sonra, bir elimi hi¢ kipirdatmadan, diger elimle sikistirmaya
bagliyorum. Sizce hangi taraftaki yay daha fazla sikisir? Hareket eden taraftaki mi,
duran taraftaki mi? Yoksa iki yaydaki sikisma miktar1 da aym: midir? Simdi cevabi
gbérmek i¢in yay1 bir tarafindan bastirarak sikigtiralim. Hangi cevap dogruymusg?
Peki, bu durumda sizce hangi elimize daha fazla kuvvet uygulanmaktadir?

Yeni omegimiz oldukga ilging. Bu kez biri duran, digeri hareket halindeki
volkswagenlerimizin Onlerine birer yay yerlestiriyoruz. Carpigma, arada bu yaylar
varken gergeklesiyor. Sekli tahtaya sdyle gizebiliriz (sekil ¢izilecek). Simdi sira
yine oylamada. Sizce bu durumda hangi yay daha fazla sikigir? Duran arabadaki
mi?, hareket eden arabadaki mi? Yoksa her iki sikisma miktari da egit midir? Liitfen
cevaplarimizi oylama kagitlarina isaretleyin. Peki sizce hangi araba {izerine daha
fazla kuvvet uygulanmaktadir? Liitfen bu sorunun da cevabimi oylama kagitlarina
isaretleyin. Sizce bu yeni durumla yay 6rnegi arasinda bir baglant1 kurulabilir mi?

Bugiin son olarak sizden, dagittiim bos kagitlara, kendi ciimlelerinizle, iki
arabanin uyguladifi kuvvetlerin nasil esit olabilecegini yazmamzi istiyorum.
Ciimlelerinizde “yay” ve “sikigma” kelimelerini kullanmaniz sizin igin faydah
olabilir. Konu ile ilgili hazirlanmig 6dev sorularim veriyorum. Odev sorulan ile
ilgili sorular1 olanlar gelecek derste sorabilirler. Tegekkiir ederim.
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UNITE 8

-Ikinci Giin-

KONU: NEWTON’UN UGCUNCU KANUNU

KAVRAM YANILGILARLI:

1.

Iki nesne garpistiklarinda, biiyiik kiitleli olan daha biiyiik bir kuvvet uygular.

2. Bir cisim digerini ivimelendirdiginde, temas kuvvetleri ayn1 degildir.

3. Nesneler iglerinde donme etkisinden kaynaklanan bir kuvvet bulundurabilirler.
SURE: 30 dakika

AMACLAR:

1. Oprenciler, cisimler arasinda temaslarin (carpigmalarin), sonsuz kez

2.

3.

4.

tekrarlandigini anlamalidirlar.
Ogrenciler, nesnelerin hizlarinin ve nesneler arasi kuvvetlerin nasil degistigi

hakkinda diigiinmelidirler.

Ogrenciler, yay maksimum sikistiginda kuvvetlerin en bityik degerlerme
ulagtig1 ve esit oldugu hissini gelistirmelidirler.

Ogrenciler, A’ min B fizerindeki kuvveti ile, B'nin A iizerindeki kuvvetinin
carpigma sirasinda daima egit oldugunu anlamahdirlar.

MATERYALLER:

i

hareketli arabalar,

carpigma analizleri aktiviteleri,
iki tugla,

cetvel,

odev kagitlar.

SUNUS:

Bugiin ozellikle 6dev sorularinda karsilastigimz zorluklarla ilgilenmek

istiyorum. Odev kagitlanindaki gliglii ve zayif yaylarla ilgili soruyu bir kez de ben
burada ¢dzecegim.

Size hatirlatmak istedigim bir bagka 6rnek ¢arpisma sirasinda kirilip yok olan

nesnelerle ilgili. Bu gibi durumlarda dikkat etmeniz gereken, garpismay: agir
¢ekimdeymis gibi gormeye ¢aligmak ve tam carpisma oldugunda cismin kinlma
anini yakalamaktir. Simdi size ders aktivitelerinizi dagitiyorum. Liitfen her soruda
ne oldugunu agir gekimde gibi gérmeye ¢alisin. Bitmeyen aktiviteleri, 6devlerinizle
birlikte alin ve anlamadiginiz yerleri sorun. Tegekkiir ederim.
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APPENDIX B

MECHANICS MISCONCEPTION TEST

B1. PRE MMT AND ANSWER KEY

Ad:
Soyad:

MEKANIK KONULARI KAVRAM YANILGILARI TESTI:

Bu test mekanik konusundaki kavramlar ile ilgili olarak bulundugunuz
seviyeyi tespit etmek i¢in hazirlanmistir. 7 sayfada toplam 28 soru bulunmaktadir.

Sorular cevaplarken agagidaki noktalar1 g6z 6niine aliniz;

e Admizi ve soyadimzi soru kitapgiginin aynlmis olan kismma yazmay:
unutmayimz. Adiniz ve soyadimz sadece analiz sirasinda karisiklik olmasin diye
alinmaktadir. Bu testten alacaginiz not higbir sekilde ders notunuzu kétii yonde

etkilemeyecektir.

e Sorulan dikkatlice okuduktan sonra size en dogru goriinen segenegi soru

kitap¢iginin {izerine kursun kalem ile isaretleyiniz.

e Biitiin sorulan cevaplayimz.

e Yanhs cevaplar dogruyu gétiirmemektedir.

e Seceneklerinin tam olarak sorunun cevabii yansitmadigimi diislindiigiiniiz
sorular varsa o soruya yeni bir segenek ekleyip cevabinizi yazabilirsiniz.

e Soru kitapgig: tizerindeki bog alanlar1 miisvette olarak kullanabilirsiniz.

o Sinav stiresi 40 dakikadir.
Baganlar!
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. Dogum Y1l1 (Orn: 1985): ...............
. En son aldiginiz fizik dersindeki karne notunuz: ............

. Fizik derslerini severim:

(A) Kesinlikle katiliyorum
(B) Katiliyorum

(C) Kararsizim

(D) Katilmiyorum

(E) Kesinlikle katilmiyorum

Yandaki sekle gore, 4. ve 5. sorulardaki bos yerlere
uygun harfleri yaziniz.

Spor bir araba sekildeki gibi son hizinda hareket
etmektedir. Sofér frene basinca araba kaymadan
yavaslamaya baglamistir. Buna gore:

. Yolun tekerlekler tizerinde neden oldugu siirtiinme kuvvetinin yonii yukaridaki
sekilde hangi harfle belirtilmigtir? .............

. Tekerleklerin yol iizerine etki ettirdigi siirtiinme kuvvetinin yonii yukaridaki
sekilde hangi harfle belirtilmigtir? ..............

. Masanin iizerinde bir kitap durmaktadir. Sizce, agagidaki kuvvet veya
kuvvetlerden hangisi/leri bu kitabin {izerine etki ediyor olabilir?

I Asagi yonli yer ¢ekimi kuvveti
IL. Masanin uyguladig1 yukari y6nlii kaldirma kuvveti
III.  Asag y6nlii net hava basinci kuvveti
IV.  Yukan yonlii net hava basinci kuvveti
(A)Sadece I
B)Ivell
(OL 1, ve II
D)L I, velV

(E) Higbiri. Kitap durgun ve hareketsiz oldugundan iizerine herhangi bir kuvvet
etkimemektedir.
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FA Sert Yay Yumugak Yay FB

Sekilde gosterildigi gibi, soldaki sert yay ile sagdaki yumusak yaymn
¢ekilmesinde iki adet kuvvet dlgerden yararlamlmistir. Bu duruma gore, kuvvet
Olgerlerin gosterdigi degerlerle ilgili hangi se¢enek dogrudur?

(A)F4, Fp’den fazla g6stermektedir.

(B) Fp, Fa’dan fazla gostermektedir.

(C) Her ikisi de esit degerler gostermektedir.
(D)Her ikisi de sifinn gostermektedir.

*  Asagidaki durumu goz oniinde bulundurarak 8. ve 9. sorulara cevap
veriniz.

Biiyiik bir kamyon yolun ortasinda bozulunca yardimina kiigiik bir araba yetisiyor.
Bu araba, kamyonu arkadan iterek en yakin tamirciye ulagtirmaya galigiyor.

8. Araba kamyonu iterken son hizina ulasabilmek igin diizenli olarak hizlaniyor.
Hizlanma esnasinda asagidaki segeneklerden hangisi dogrudur?

(A) Arabanin kamyona uyguladig1 kuvvet ile kamyonun arabaya kars: uyguladig
kuvvet esittir.

(B) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya karsi uvguladigi
kuvvetten daha biiyiiktiir.

(C) Arabanin kamyona uyguladifi kuvvet, kamyonun arabaya kars: uyguladif
kuvvetten daha kiigiiktiir.

(D)Arabanin motoru g¢alistifindan ve kamyonu ittiginden kamyona kuvvet
uygular, oysaki kamyonun motoru ¢alismiyor, dolayisiyla arabaya karsi bir
kuvvet uygulamaz, kamyon arabanin 6niinde oldugundan dolay: sadece ilerler.

(E) Ne araba, ne de kamyon birbirlerine kuvvet uygular. Kamyon arabamun &niinde
oldugundan sadece ilerler.

9. Araba istenilen hiza ulastifinda, siiriicii sabit hizla hareketine devam ederken
asagidaki seceneklerden hangisi dogrudur?

(A) Arabanin kamyona uyguladigi kuvvet ile kamyonun arabaya kars: uyguladig:
kuvvet esittir.

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

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

(D)Arabanin motoru c¢alistifindan ve kamyonu ittiginden kamyona kuvvet
uygular, oysaki kamyonun motoru ¢aligmiyor, dolayisiyla arabaya karsi bir
kuvvet uygulamaz, kamyon arabanin 6niinde oldugundan dolay: sadece ilerler.

(E) Ne araba, ne de kamyon birbirlerine kuvvet uygular. Kamyon arabamn 6niinde
oldugundan sadece ilerler.
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10. Bir sabah kalktiinizda diinyanin biitin atmosferini kaybettigini (biitiin havanin

11.

12.

13.

yok oldugunu) varsayalim. O sabah, herhangi normal bir banyo baskiiliiyle
tartildiginizda asagidakilerden hangisini beklersiniz?

(A) Tartiun sifin géstermesini

(B) Tartida goziiken degerin artmasim

(C) Tartida goziiken degerin azalmasim

(D) Tartida goziiken degerin degismemesini

(E) Olaya tepki olarak dnce degerin artmasimi sonra azalmasim

Eger banyo baskiiliiyle evinizde degil de ¢ok daha yiiksek bir binanin veya bir
dagin iistiinde tartilmis olsaydimiz asagidaki seceneklerden hangisinin dogru
olmasim beklerdiniz?

(A) Tartinin sifin géstermesini

(B) Tartida goziiken degerin artmasim

(C) Tartida goziiken deZerin azalmasini

(D) Tartida goziiken degerin degismemesini

(E) Olaya tepki olarak &nce degerin artmasini sonra azalmasini

Ali 80kg Ahmet ise 40kg’dir. Her ikisi de tekerlekli sandalyeler {izerinde
oturmaktadirlar. Kiitlesi biiyiik olan 6grenci ayaklarimi digerinin dizlerine
koyup, birden itmektedir. Bunun sonucu olarak, ikisinin de hareket ettigi
gdzlenmistir. Ogrencilerin birbirlerine uyguladiklan kuvvetlerle ilgili asagidaki
kargilagtirmalardan hangisi dogrudur?

(A)Higbiri birbirine kuvvet uygulamamigtir.

(B) Sadece Ali Ahmet’e kuvvet uygular.

(C) Ahmet’in uyguladig kuvvet Ali’nin uyguladig1 kuvvetten daha biiyiiktiir.
(D) Ali’nin uyguladigi kuvvet Ahmet’in uyguladig: kuvvetten daha biiyiiktiir.
(E) Birbirlerine uyguladiklari kuvvetler esit biiytikliiktedir.

Diinya, ekseni etrafinda daha hizli donmeye baglayip 24 saat yerine 12 saatte bir
déniigiinii tamamlamaya baglasaydi, diinyanin ¢ekim kuvveti ile ilgili agagidaki
segeneklerden hangisi dogru olurdu?

(A) Viicudumuzun iizerindeki diinyanin gekim kuvveti 2 kat artardi.
(B) Viicudumuzun tizerindeki diinyamin ¢ekim kuvveti 2 kat azalirda.
(C) Viicudumuzun tizerindeki diinyanin ¢ekim kuvveti bir miktar artardi.
(D) Viicudumuzun tizerindeki diinyanin gekim kuvveti bir miktar azalird:.
(E) Viicudumuzun lizerindeki diinyanin ¢ekim kuvveti degismezdi.
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Asagidaki sekle gore 14. ve 15, sorular ¢oziiniiz.

Va
—>
V=0 A arabasi siirtiinmesiz bir
_ A masada hareket etmektedir.
—_— B Aym masa {izerinde,
sekildeki gibi durmakta olan

: (@)
IIIJ"IIIIIIIJ"IIIIIIIIIIIII!III()IIJ kendisinden daha az kiitleli

bir

14.

15.

16.

B arabasina garpmaktadar.

Carpisma esnasinda B arabasimin ivmelenmesine asagidakilerden hangisi neden
olmustur?

(A) A’nin i¢indeki kuvvet

(B) B’nin igindeki kuvvet

(C) A’nun B’nin iizerindeki kuvveti
(D)B’nin momentum kuvveti

(E) A’nin eylemsizlik kuvveti

Arabalar carpisip ayrildiktan sonra B arabasimin hareketine devam etmesini
agsagidakilerden hangisi saglamaktadir?

(A) A’nin igindeki kuvvet

(B) B’nin igindeki kuvvet

(C) A’nin B’ye verdigi kuvvet

(D) A’nun B’nin {izerindeki kuvveti
(E) B’nin momentum kuvveti

(F) B’nin eylemsizlik kuvveti
(G)Bir sebep olmasina gerek yoktur.

Kauguk Yandaki sekil, demir bir kutuyla iizerinde durmakta olan
kauguk bir kutuyu gdstermektedir. Buna gore agagidaki
segeneklerden hangisi dogrudur?

Demir

(A) Demir kutu kauguk olana kuvvet uygulamaz.

(B) Kauguk kutu demir kutuya kuvvet uygulamaz.

(C) Demir kutu kauguk olana daha fazla kuvvet uygular.
(D)Kauguk kutu demir kutuya daha fazla kuvvet uygular.
(E) Her iki kutuda birbirine esit kuvvet uygular.

(F) Her ikisi de birbirine kuvvet uygulamaz.
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17. Agir kaya parcalaniyla tamamen dolu bir kamyon 1 It su gisesinden 1 metre
uzaga park edilmistir. Bu duruma gore, kamyon ile su sisesinin birbirine
uyguladiklar1 kuvvetler ile ilgili asagidaki segeneklerden hangisi dogrudur?

(A) Yalmz kamyon suya ¢ekim kuvveti uygulamaktadir.

(B) Yalmz su kamyona gekim kuvveti uygulamaktadir.

(C) Ne su ne de kamyon birbirlerine ¢ekim kuvveti uygular.
(D) Her ikisi de birbirine egit gekim kuvveti uygular.

(E) Kamyon sudan daha fazla ¢ekim kuvveti uygulamaktadir.

18. Sema bir kay kay’in ilizerinde oturmaktadir. Serdar 20 N’luk sabit bir kuvvetle
Sema’y1 ¢ekerse Sema’nin hareketi igin ne soylenebilir? (Sema kay kaydan
diismeyecek sekilde ortamdaki biitiin siirtiinmeler 6nemsizdir)

(A) Sabit hizla hareket eder.

(B) Sabit ivme ile hizlanir.

(C) Artan bir ivme ile hizlanr.

(D) Once hizlanir sonra sabit hizla hareket eder.

19. Bir 6nceki soruda, eger Sema’mn kiitlesi oldugundan 10kg daha biiyiik olsaydi,
Sema’nin hareketi i¢in agagidaki segeneklerden hangisi dogru olurdu?

(A)Daha kiigiik sabit bir hizla hareket ederdi.

(B) Daha biiyiik sabit bir hizla hareket ederdi.

(C) Daha kiigiik bir ivme ile hareket ederdi.

(D) Ivmesi degismezdi.

(E) Daha biiyiik bir ivme ile hareket ederdi.

(F) Ortam siirtiinmesiz oldugu i¢in hiz1 degismezdi.

20. Cekilmeden dnce Cekilirken
= —

(> R T A
2 et sttt et

Birbirinin aymsi olan iki adet sa¢ firgas1 sekilde gosterildigi gibi durmaktadir.
Ustte durmakta olan firca safa dogru cekilirken, fircalarin birbirlerine
uyguladiklar kuvvetler i¢in ne sdylenebilir?

(A) Kuvvet uygulamazlar.

(B) Ustteki alttakine saga dogru, alttaki de fistekine saga dogru kuvvet uygular.

(C) Ustteki alttakine safa dogru, alttaki de tistekine sola dogru kuvvet uygular

(D) Ustteki alttakine sola dogru, alttaki de iistekine saga dogru kuvvet uygular

(E) Ustteki alttakine saga dogru kuvvet uygularken alttaki distekine kuvvet
uygulamaz.

(F) Ustteki alttakine sola dogru kuvvet uygularken alttaki iistekine kuvvet

uygulamaz.
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Sekildeki arabalar siirtiinmesiz

N \4 masa  lizerinde  sekilleri
— bozulmadan g¢arpigmaktadir.

Carpisma esnasinda,

M,=1000kg Mp=500kg arabalarin birbirlerine
FIFrEFFF 7 FO7 777777777 AF 7,  uyguladiklan kuvvetler ile

ilgili asagidaki seceneklerden
hangisi dogrudur?

(A) A arabasi biiyiik oldugundan B arabasina daha fazla kuvvet uygular.

(B) A arabasi daha kiitleli oldugundan B arabasina daha fazla kuvvet uygular.
(C) B arabas: kiigiik olmasina ragmen A arabasina daha fazla kuvvet uygular.
(D) Cansiz varlik olduklarindan birbirlerine kuvvet uygulamazlar.

(E) Her ikisi de birbirine esit kuvvet uygular.

Atilgan uzay gemisi uzaymn derinliklerinde bozulmustur. Kiitlece 30’da biri
biiyiikliigiinde bir uzay mekigi yardimina yetigip roketleri yardimiyla Atilgan
Gemisini sabit 1 N’luk kuvvetle ileri dogru hareket ettirmeye galigmaktadir.
Buna gore agagidakilerden hangisi dogrudur?

(A)Uzay mekigi Atilgan gemisini rahatga g¢ekebilir ¢linkii uzayda agirhik
kavrami yoktur.

(B)Uzay mekigi Atilgan gemisini sadece yavagca ivmelendirebilir g¢linkii
Atilgan gayet kiitleli bir aragtir.

(C) Uzay mekigi Atilgan gemisini harekete baslatamiyacak kadar kiigiiktiir.

Bir Onceki soruda, Atilgan gemisinin kiitlesi oldugundan ¢ok daha kiigiik
olsayd: asagidaki segeneklerden hangisi dogru olurdu?

(A)Uzay mekigi Atilgan’1 daha rahat ivmelendirebilirdi.

(B) Uzay mekigi Atilgan’1 daha zor ivmelendirebilirdi.

(C) Uzay mekigi Atilgan’1 uzayda oldugu i¢in ayn1 zorlukta ivmelendirirdi.

(D) Uzay mekigi Atilgan’1 aym zorlukta ivmelendirirdi ¢iinkii hafif aracin roket
giicli (¢ekme) degismemistir.

, 100 N’luk kuvvet

Fa Fs ’f""""i'ii uygulayabilen bir kisi bir

%_,: [ J»eah2 ucu duvara bagh olan ipi

sekildeki gibi gekmektedir.

4" Ipin, biri duvara digeri ise

- kisiye yakin olmak iizere

iki ucuna kuvvet 6lgerler yerlestirilmistir. Buna gore F5 ve Fg’nin gosterecegi
degerleri asagidaki bogluklara yazimz.
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Sekilde gosterildigi gibi A

" Fa Fo o, ve B Kisileri bir ipin

N S ™ g ucundan 100°er N'luk

e Y <_|___}_(:}_.>.J§% kuvvetle  gekebilmektedir.

iﬁ h Ipin her iki ucuna kisilere

\ 4 yakin olarak kuvvet 6lgerler

e of yerlestirilmigtir. Kuvvet

Olgerlerin gosterecegi degerleri agagidaki bosluklara yazimz.

FA = ciceciennane N
Fep=.oocoenns N

Spor salonundan ¢ikarken iki fizik¢i arkadas kapidaki tartiyla tartilmaya karar

verirler. Biri 80kg digeri 90kg gelir. Bu &lciilen 80 kg ve 90 kg degerieri
asagidakilerden hangisinin karsiligidir?

(A)XKiitle

(B) Basing

(C) Agirlik

(D) Yergekimi ivmesi
(E) Yercgekimi kuvveti

27.Uzay mekigi Challenger diinyadan uzakta diinyanin etrafinda uzayda bir

28.

yoriingededir. Mekikteki astronot Yuri Gagarin’in agirhii icin ne sylenebilir?

(A) Yergekimi kuvveti o yiikseklikte sifir oldugundan agirliksizdir.

(B) Yergekimi kuvveti o yiikseklikte g¢ok kiigiik oldugundan neredeyse
agirhiksizdir.

(C) Yergekimi kuvveti o yiikseklikte biraz azalmakta ama yine de agirliksizdir.

(D) Yergekimi kuvveti o yiikseklikte biraz azalmakta dolayisiyla agirhg pek
degismez.

(E) Yergekimi kuvveti o yiikseklikte degiymemekte dolayisiyla ayn1 agirliktadir.

TR Sirk gdsterisinde sevimli palyagomuz Samuel dev
ﬁ:‘f kizak yardimiyla irice bir Fili buzlu bir yiizeyde
gekmektedir. Samuel’in bu gosterisiyle alakal

(@) C) asagidaki seceneklerden hangisi dogrudur?

(A)Palyagonun iri filin fizerinde bulundugu kizag: durdurmast onu hareket
ettirmesinden daha kolaydir.

(B) Palyagonun iri filin iizerinde bulundugu kizagi durdurmasi onu hareket
ettirmesinden daha zordur.

(C) Palyago iri filin iizerinde bulundugu kizag1 durdururken ve hareket ettirmeye
baslarken de ayni derecede zorlanur.

ANSWER KEY: 4F, 5B, 6B/D, 7C, 8A, 9A, 10D, 11D, 12E, 13E, 14C, 15G, 16E,

17D, 18B, 19C, 20C, 21E, 22B, 23A, 24Fa=100N/Fb=100N, 25Fa=100N/Fb=100N,
26A, 27C, 28C.
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B2. POST MMT AND ANSWER KEY

Ad:
Soyad:

MEKANIK KONULARI KAVRAM YANILGILARI TESTI:

Bu test mekanik konusundaki kavramlar ile ilgili olarak bulundugunuz
seviyeyi tespit etmek icin hazirlanmigtir. 7 sayfada toplam 25 soru bulunmaktadir.

Sorulan cevaplarken asagidaki noktalar1 géz oniine alimz;

e Adimizi ve soyadimzi soru kitapgifimn ayrilmis olan kismina yazmayi
unutmayniz. Adimz ve soyadiniz sadece analiz sirasinda karigiklik olmasin diye
alinmaktadir. Bu testten alacaginiz not higbir sekilde ders notunuzu kétii yénde

etkilemeyecektir.

e Sorular1 dikkatlice okuduktan sonra size en dogru gériinen segenegi soru
kitap¢iginin {izerine kursun kalem ile isaretleyiniz.

e Biitiin sorularn cevaplayimz.

e Yanls cevaplar dogruyu gétirmemektedir.

o Soru kitap¢ig tizerindeki bog alanlar1 miisvette olarak kullanabilirsiniz.

e Sinav siiresi 40 dakikadir.

Bagarilar!
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Agihs gdsterisinde sihirbaz Mandrake dev kizak
yardimiyla irice bir ayiy1 buzlu bir yiizeyde
cekmektedir. Mandrake’'nin bu gdsterisiyle
alakali  asagidaki segencklerden  hangisi
dogrudur?

(A)Sihirbazin i1 aymin lzerinde buluncufu kizag durdurmasi onu hareket
ettirmesinden daha kolaydir.

(B) Sihirbazin iri aymmn iizerinde bulundugu kizagi durdurmasi onu hareket
ettirmesinden daha zordur.

(C)Sihirbaz iri aymn iizerinde bulundudu kizagi durdururken ve hareket
ettinmeye baglarken de ayni derecede zorlanir.

2. Lale bir kay kay’in {izerinde oturmaktadir. Arkadasi 20 N’luk sabit bir kuvvetle
devaml olarak Lale’yi gekerse Lale’nin hareketi i¢in ne sdylenebilir? (Lale kay
kaydan diigmeyecek sekilde ortamdaki biitiin siirtiinmeler 6nemsizdir)

(A)Sabit hizla hareket eder.

(B) Sabit ivme ile lmzlanir.

(C) Artan bir ivme ile hizlanir.

(D) Once hizlanir sonra sabit hizla hareket eder.

3. Bir dnceki soruda, efer Lale'nin kiitlesi oldugundan 10kg daha bilyiik olsaydi,
Lale’nin hareketi i¢in agagidaki segeneklerden hangisi dogru olurdu?

(A)Daha kiigiik sabit bir hizla hareket ederdi.

(B) Daha biiyiik sabit bir hizla hareket ederdi.

(C) Daha kiigiik bir ivme ile hareket ederdl
(D)Ivmesi degismezdi.

(E) Daha bilyiik bir ivme ile hareket ederdi.

(F) Ortam siirtiinmesiz oldugu i¢in hiz1 degismezdi.

Sekildeki araglar siirtiinmesiz
bir yol iizerinde esit hizla
giderken sekilleri bozulmadan
carpigmaktadir. arpisma
esnasinda, araglann
birbirlerine uyguladiklarn
° kuvvetler ile ilgili agagidaki

seceneklérden hangisi dogrudur?

(A)A araci bilyiik oldugundan B aracina daha fazla kuvvet uygular

(B) A araci daha kiitleli oldugundan B aracina daha fazia kuvvet uygular
(C) B araci kiigiik olmasina ragmen A aracina daha fazla kuvvet uygular
(D) Cansiz varlik olduklarindan birbirlerine kuvvet uygulamazlar

(E) Her ikisi de birbirine egit kuvvet uygular
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* Asagidaki durumu goz Oniinde bulundurarak 5. ve 6. sorulara cevap
veriniz.

Biiyiik bir kamyon yolun ortasinda bozulunca
yardimina kiiciik bir araba yetisiyor. Bu araba,
kamyonu arkadan iterek en yakin tamirciye
ulagtirmaya ¢alisiyor.

5. Araba kamyonu iterken son hizina ulagabilmek i¢in diizenli olarak hizlaniyor.
Hizlanma esnasinda asagidaki segeneklerden hangisi dogrudur?

(A)Ne araba, ne de kamyon birbirlerine kuvvet uygular. Kamyon arabanin
6niinde oldugundan sadece ilerler.

(B) Arabanin kamyona uyguladigi kuvvet, kamyonun arabaya karsi uyguladig
kuvvetten daha biiyiiktiir.

(C) Arabanin kamyona uyguladifi kuvvet, kamyonun arabaya karg1 uyguladigi
kuvvetten daha kiigiiktiir.

(D) Arabanin kamyona uyguladigi kuvvet ile kamyonun arabaya kars1 uyguladig
kuvvet esittir.

(E) Arabanin motoru ¢alishigindan ve kamyonu ittiginden kamyona kuvvet
uygular, oysaki kamyonun motoru galigmiyor, dolayisiyla arabaya kars1 bir
kuvvet uygulamaz, kamyon arabanin Oniinde oldugundan dolay1 sadece
ilerler.

6. Araba istenilen hiza ulagtifinda, siiriicii sabit hizla hareketine devam ederken
asagidaki segeneklerden hangisi dogrudur?

(A)Ne araba, ne de kamyon birbirlerine kuvvet uygular. Kamyon arabanin
Oniinde oldugundan sadece ilerler.

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

(C) Arabanin kamyona uyguladig: kuvvet, kamyonun arabaya karg1 uyguladig
kuvvetten daha kiictiktiir.

(D) Arabanin kamyona uyguladii kuvvet ile kamyonun arabaya karsi
uyguladig: kuvvet egittir.

(E) Arabanin motoru ¢alistigindan ve kamyonu ittiinden kamyona kuvvet
uygular, oysaki kamyonun motoru ¢aligmiyor, dolayisiyla arabaya kars: bir
kuvvet uygulamaz, kamyon arabamin Oniinde oldugundan dolay: sadece
ilerler.

*  Asafdaki sekle gore 7. ve 8. sorulan ¢oziiniiz.
A arabasi siirtiinmesiz bir

Va ) masada hareket etmektedir.

V=0 Ayn1 masa iizerinde, sekildeki

- gibi durmakta olan

_ A kendisinden daha az kiitleli bir
B B arabasina garpmaktadir.

TP STFIF T TSI TIITFT TS TTT
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1sma esnasinda B arabasinin ivmelenmesine agagidakilerden hangisi neden
olmustur?

(A) A’nin igindeki kuvvet

(B) B’nin i¢indeki kuvvet

(C) B’nin momentum kuvveti

(D) A’nun eylemsizlik kuvveti

(E) A’nin B’nin iizerindeki kuvveti

Arabalar ¢arpisip aynildiktan sonra B arabasimin hareketine devam etmesini
agafidakilerden hangisi saglamaktadir?

(A)A’min igindeki kuvvet

(B) B’nin igindeki kuvvet

(C) B’nin momentum kuvveti
(D)B’nin eylemsizlik kuvveti

(E) A'nin B’ye verdigi kuvvet

(F) A’min B’nin {izerindeki kuvveti
(G)Bir sebep olmasina gerek yoktur.

50 N’luk kuvvet uygulayabilen
bir bayan bir ucu duvara baglh
olan ipi  gekildeki  gibi
¢ekmektedir. Ipin, biri duvara
digeri ise bayana yakin olmak

~ iizere iki ucuna kuvvet olgerler
yerlestirilmigtir. Buna gére Fp ve Fp’nin gosterecegi degerleri asagidaki
bosluklara yaziniz.

Sekilde gosterildigi gibi A ve B
hanimlarn bir ipin ucundan
50°ser N’luk kuvvetle
cekebilmektedir. Ipin her iki
ucuna bayanlara yakin olarak
. kuvvet 6lgerler yerlestirilmigtir.
Kuvvet 6lcerlerin gosterecegi degerleri agagidaki bogluklara yaziniz.
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Sert Yay Yumusgak Yay FB

e

Sekilde gosterildigi gibi, soldaki sert yay ile sagdaki yumusak yayin
¢ekilmesinde iki adet kuvvet 6lgerden yararlamilmigtir. Bu duruma gore, kuvvet
Olgerlerin gosterdigi degerlerle ilgili hangi segenek dogrudur?

(A)F,, Fg’den fazla géstermektedir.
(B) Fg, F4’dan fazla gostermektedir.
(C) Her ikisi de esit degerler gostermektedir.
(D)Her ikisi de sifin gostermektedir.

Sinema ¢ikig1 iki arkadag kapidaki tartiyla tartilmaya karar verirler. Bayan olan
50kg gelirken erkek olan 80kg gelmektedir. Bu 6lgiilen 50kg ve 80kg degerleri
asagidakilerden hangisinin karsihigidir?

(A)Kiitle

(B) Basing

(C) Yergekimi kuvveti
(D) Yergekimi ivmesi
(E) Agirlik

Galaxy uzay gemisi uzaym derinliklerinde bozulmugtur. Kiitlece 30’da biri
biiylikltigiinde bir uzay mekigi yardimina yetigip roketleri yardimiyla Galaxy
Gemisini sabit 1 N’luk kuvvetle ileri dogru hareket ettirmeye caligmaktadur.
Buna gére asagidakilerden hangisi dogrudur?

(A)Uzay mekigi Galaxy gemisini rahatga g¢ekebilir ¢linkii uzayda agirlik
kavrami yoktur.

(B)Uzay mekigi Galaxy gemisini sadece yavagga ivmelendirebilir ¢linkii
Galaxy gayet kiitleli bir aragtir.

(C) Uzay mekigi Galaxy gemisini harekete baglatamiyacak kadar kiigiiktiir.

Bir 6nceki soruda, Galaxy gemisinin kiitlesi oldufundan ¢ok daha kiigiik olsaydi
asafidaki seceneklerden hangisi dogru olurdu?

(A)Uzay mekigi Galaxy’yi daha rahat ivmelendirebilirdi.

(B) Uzay mekigi Galaxy’yi daha zor ivmelendirebilirdi.

(C) Uzay mekigi Galaxy’yi uzayda oldugu i¢in aym zorlukta ivmelendirirdi.

(D) Uzay mekigi Galaxy’yi aym zorlukta ivmelendirirdi ¢iinkii hafif aracin roket
giicii (cekme) degismemistir.



16.

17.

18.

111

Ao S—
preis . -,

\ Uzay mekigi Piri Reis (dpreis=800km) diinyadan uzakta
} diinyanin etrafinda uzayda bir yoriingededir. Mekikteki
*astronot Osman Bey’in agirligi igin ne soylenebilir?

(Tdanya=6350km) '

. o
".»"howlnn"

(A) Yergekimi kuvveti o yiikseklikte sifir oldugundan agirliksizdir.

(B) Yergekimi kuvveti o yiikseklikte ¢ok kiiciik oldugundan neredeyse
agirliksizdir.

(C) Yergekimi kuvveti o ylikseklikte biraz azalmakta ama yine de agirliksizdir.

(D) Yergekimi kuvveti o yiikseklikte biraz azalmakta dolayisiyla agirhign pek
degismez.

(E) Yer¢ekimi kuvveti o yiikseklikte biraz azalmakta dolayisiyla agirhg da
azalr.

(F) Yergekimi kuvveti o yiikseklikte degismemekte dolayisiyla aym agirhktadir.

Bir sabah kalktifimzda diinyanin biitlin atmosferini kaybettigini (biitiin havanin
yok oldugunu) varsayalim. O sabah, herhangi normal bir banyo baskiiliiyle
tartildigimizda agagidakilerden hangisini beklersiniz?

(A) Tartinin sifin géstermesini

(B) Tartida goziiken degerin artmasim

(C) Tartida goziiken degerin azalmasim

(D) Tartida goziiken degerin degismemesini

(E) Olaya tepki olarak 6nce degerin artmasini sonra azalmasini

Diinya, ekseni etrafinda daha hizli dsnmeye baglay1p 24 saat yerine 12 saatte bir
déniislinti tamamlamaya baglasaydi, diinyanin ¢ekim kuvveti ile ilgili asagidaki
segeneklerden hangisi dogru olurdu?

(A) Viicudumuzun tizerindeki diinyanin ¢ekim kuvveti degismezdi.

(B) Viicudumuzun {izerindeki diinyanin ¢ekim kuvveti 2 kat artarda.

(C) Viicudumuzun iizerindeki diinyanin ¢ekim kuvveti 2 kat azalird.

(D) Viicudumuzun tizerindeki diinyanin ¢ekim kuvveti bir miktar artard:.
(E) Viicudumuzun iizerindeki diinyanin ¢ekim kuvveti bir miktar azalird.

Agir kaya pargalaniyla tamamen dolu bir
oo kamyon 1 It su sigesinden 1 metre uzaga park
Of@?;giuo‘;ﬁm 2 edilmigtir. Bu duruma gore, kamyon ile su
r::::;:::::z::,;.sisesinin birbirine uyguladlklan kuvvetler ile
ilgili ~ asagidaki  se¢eneklerden  hangisi
dogrudur?

(A) Yalmz kamyon suya ¢ekim kuvveti uygulamaktadir.

(B) Yalmz su kamyona ¢ekim kuvveti uygulamaktadir.

(C) Ne su ne de kamyon birbirlerine gekim kuvveti uygular.
(D) Her ikisi de birbirine esit gekim kuvveti uygular.

(E) Kamyon sudan daha fazla ¢ekim kuvveti uygulamaktadir.
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19. Eger banyo baskilityle once deniz seviyesindeki evinizde sonra da Agn
Dagi’nin (5600m) tepesinde tartilmig olsaydimiz, Agri daginin tepesindeki
tartilma icin agagidaki se¢eneklerden hangisinin dogru olmasimi beklerdiniz?
(Tartinin donmadigin1 varsayalim)

(A) Tartinin sifirn gostermesini

(B) Tartida gozilken degerin artmasim

(C) Tartida goziiken degerin azalmasim

(D) Tartida goziiken degerin degismemesini

(E) Olaya tepki olarak 6nce degerin artmasini sonra azalmasini

* Yandaki sekle gore, 20. ve 21. sorularda bos yerlere uygun
harfleri yaziniz.

7 Biiyiik bir baraj kamyonu gekildeki gibi sabit bir hizla ‘C’
yoniinde hareket etmektedir. Buna gore:

20. Tekerleklerin yol iizerine etki ettirdigi slirtiinme kuvvetinin yénii yukaridaki
sekilde hangi harfle belirtilmistir? ..............

21. Yolun tekerlekler tizerinde neden oldugu siirtiinme kuvvetinin yonii yukaridaki
sekilde hangi harfle belirtilmistir? .............

Cekilirken
————p

Birbirinin aymisi olan iki adet sag fircas1 sekilde gosterildigi gibi durmaktadur.
Ustte durmakta olan firca saga dofru cekilirken, firgalarin Dbirbirlerine

uyguladiklar1 kuvvetler i¢in ne s6ylenebilir?

22,

(A)Ustteki alttakine sola dogru kuvvet uygularken alttaki tistekine kuvvet
uygulamaz.

(B) Ustteki alttakine saga dogru kuvvet uygularken alttaki {istekine kuvvet
uygulamaz.

(C) Ustteki alttakine sola dogru, alttaki de {istekine saga dogru kuvvet uygular.

(D) Ustteki alttakine saga dogru, alttaki de {istekine sola dogru kuvvet uygular.

(E) Ustteki alttakine saga dogru, alttaki de iistekine saga dogru kuvvet uygular

(F) Kuvvet uygulamazlar.
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23, Masanin iizerinde bir kitap durmaktadir. Sizce, asagidaki kuvvet veya

24.

25.

kuvvetlerden hangisi/ler: bu kitabin {izerine etki ediyor olabilir?

I. Asag yonli yer ¢ekimi kuvveti
. Masanin uyguladigi yukan vonli tepki kuvveti
. Asag yonlii net hava basinci kuvveti
IV.  Yukan yonlii net hava basinct kuvveti
(A)Sadece 1
B)Ivell
O)LI,velll
O)L O, velV
®E) L U, velV

(F) Higbiri. Kitap durgun ve hareketsiz oldugundan iizerine herhangi bir kuvvet
etkimemektedir. '

. Asim 80kg Haluk ise 40kg’dir. Her ikisi de tekerlekli
& X sandalyeler iizerinde oturmaktadirlar. Kiitlesi biiytik
Ljiﬂ 3 olan &grenci ayaklanm digerinin dizlerine koyup,
¢l birden itmektedir. Bunun sonucu olarak, ikisinin de
= Siics  hareket ettigi gozlenmistir. Ogrencilerin birbirlerine
= uyguladiklan kuvvetlerle.”  ilgili asafidaki
karsilasgtirmalardan hangisi dogrudur?

(A)Birbirlerine uyguladiklan kuvvetler esit biiyiikliiktedir.
(B) Sadece Asim Haluk’a kuvvet uygular. .
(C) Asim’1n uyguladin kuvvet Haluk’un uyguladig kuvvetten daha biiyiiktir.

(D)Haluk’un uyguladifi kuvvet Asim’in uyguladifn kuvvetten daha biiyiiktir.
(E) Hicbiri birbirine kuvvet uygulamamistir.

Kauguk Yandaki sekil, demir bir kutuyla lizerinde durmakta olan

kauguk bir kutuyu godstermektedir. Buna gore asagidaki
segeneklerden hangisi dogrudur?

Demir

(A)Demir kutu kauguk olana kuvvet uygulamaz.

(B) Kauguk kutu demir kutuya kuvvet uygulamaz.

(C) Demir kutu kauguk olana daha fazla kuvvet uygular.
(D)Kauguk kutu demir kutuya daha fazla kuvvet uygular.
(E) Her iki kutuda birbirine esit kuvvet uygular.

(F) Her ikisi de birbirine kuvvet uygulamaz.

ANSWER KEY: 1C, 2B, 3C J4E, 5D, 6D, 7E, 8G, 9Fa=50N/Fb=50N,
10Fa=50N/Fb=50N, 11C, 12A, 13B, 14A, 15C, 16D, 17A, 18D, 19D, 20C, 21C,
22D, 23B/D, 24A, 25E.
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APPENDIX C

CONCEPT MAPS

KAVRAM SEMASI —~ YUZEYE DiK OLAN KUVVETLER - 1. GUON

Mikroskobik Model
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KAVRAM SEMASI - YUZEYE DIiK OLAN KUVVETLER - 2. GUN

Mikzoskohik NMedal

Temel
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Dezev
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KAVRAM SEMASI — YOZEY SURTUNMESI

Nodelier

Temel Képril kurucn (Birlegtirici) Smek

gbsteri (demo)
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KAVRAM SEMASI — GERILME

Mikroskobik Modeller

gosteri (demo)
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KAVRAM SEMASI - YERCEKIMI ~ 1. GOUN

B
a

TTITTTT 777 s 7777

Hava Basinct G8sterisi

Diinyanin dénmesi (rotasyor) tartigmasi
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KAVRAM SEMASI — YERCEKIMI — 2. GUN
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KAVRAM SEMASI - YERCEKIMI - 3. GUN

Model

gésteri (demo)



KAVRAM SEMASI — EYLEMSIZLIK - 1. GUN

SEABIT HiZA
NEDEN OLAN
“INTERNAL IMPETUS™
KUVVET]

SAGA DOGRU GIDEN NESNE
VAVASLAMAYA
DIRENG
GOSTEREN
KEEP GOING
O7ZELLIGL |

HIZLANMAY 2y
| DIRENC '

R \
\L,// N !
- Y

TEMEL KAVRAMLAR

-
P

HIZDAK]
DEGISIME

DIRENG GOSTEREN
PARCACIKLAR

IVMELENMEVE e yavastamaya
DIRENG GOSTEREN{ \ DIRENG GOSTEREN
“HOLD BACK™ “LEEP GOING™

DZELLIGH OZELLIGI

v
PR S

J SAGA DOGRU GIDEN NESNE
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KAVRAM SEMASI - EYLEMSIZLIK — 2. GON

PARCACIKLAR
UZAYDA
IVMELENMIVE
DIRENC GOSTERIR

Temel Képri nureov (Birlestiricl) &mek

BUNTR UYDIYU

WNESNELER

ASTRONOTLARA
CARPAR CEKMEK DAHA
ZORDUR

UZAY UGUSU
OLAYLAR:



KAVRAM SEMASI — EYLEMSIZLIK - 3. GUN

Temel
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ikikat

“Hold Back” in

IKILi MODELLER:
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BUYUK UYDUYU
CEKMEK DAHA
ZORDUR

W

KADILLAK VE
MOTORSIKLET

DUSEN
NESNELER
DENEYi
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KAVRAM SEMASI - NEWTON’UN 3. KANUNU - 1. GUN

Model

Temel Bzgdastinci Benzetme
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KAVRAM SEMASI - NEWTON’UN 3. KANUNU - 2. GUN

T T Modeller
momeéntum & kum

e e

il

@)

Temel

e

Aat00090

Kuvvet dengeleyici
gibi davranan
Yay
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KAVRAM SEMASI - NEWTON’UN 3. KANUNU - 3. GUN

Model
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APPENDIX D

QUIZ AND ASSIGNMENTS

ODEV

Yiizeye Dik Olan Tepki Kuvveti
-1. Giin-

Ogrencilerin masa iizerindeki cisim problemi hakkinda ¢ok cesitli diistinceleri

oldugunu farkettim. Liitfen, lizerindeki cismin itilmesine izin veren masanin
nasil bir yapisi1 oldugunu agiklayan bir paragraf yaziniz.

Cok sert ve kalin bir duvara yaslanmig bir merdiven veriliyor:
a- Duvarnin merdivene bir kuvvet uygulayacagim hayal eder miydiniz?

b- Duvarin merdivene nasil tepki verdigini, miimkiin oldugu kadar agik bir
sekilde savununuz (Miimkiinse bir gekil ¢iziniz).

Sert bir masanin lizerinde bir mikrop oturuyor olsaydi, masanin bu mikroba
yukar1 dogru bir kuvvet uygulayacagina inanir miydimz? Cevabimizi miimkiin
oldugu kadar a¢ik bir sekilde savununuz.

a- Kavram semasinda gizilen (derste dagitilacak) hangi fikir size en ¢ok
yardimci olabilir? Nedenini agiklayiniz.

b- Yukandaki ¢izilen fikirlerden hangisini size yardimci olmadigi igin derse
dahil etmezdiniz?

“Maddenin yay modeli” nedir ve bu birbirine degen cisimler arasindaki
kuvvetleri agiklarken ne kadar faydalidir?
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ODEV

Yiizeye Dik Olan Tepki Kuvveti
-2. Giin-

1- Lastik bantlar yaylara nasil benzerler ve nasil farklidirlar? Gerilim ve baski
durumlarini g6z 6niinde bulundurmayi ihmal etmeyiniz.

2- Asagidaki sekilde gosterilen kuvvetleri dikkate alarak yanitlayin.

FAonB

| [+

FConBT C

a- Bu kuvvetler karsilagtirildiginda sonug nasil olur? Cevabiniz1 dikkatlice
aciklayimz.

b- C’nin B’ye uyguladig1 kuvvet bagka bir kuvvetle esit ve zit yénde olmalidir.
Bu esit ve z1t y6nlii kuvvetin ad1 nedir?

3- Asagidaki semalardan (kavram semasi-ylizeye dik olan tepki kuvveti-2.giin)
hangisi size en ¢ok yardimci olacak fikri temsil ediyor? Nasil yardimci
oldugunu agiklayimz.
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ODEV

Siirtiinme

Ders Oncesi- Quiz

Sekildeki traktoér ¢ok afir bir blogu, yiizeyi piiriizlii bir diizlem iizerinde
¢cekmeye calisiyor, ama bagaramiyor. Asagiya sadece blogun iizerine etkiyen
kuvvetleri gosteren bir sema ¢iziniz (Not: Traktér ¢ok kuvvetli ¢cekmesine
ragmen, blogu yerinden oynatmay1 basaramiyor). Vektorleri gizdikten sonra,
kuvvetlerin tizerine onlar nitelendiren isimler yazimz.
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ODEV

Gerilme Kuvveti
-1. Giin-

1- Sekildeki 6grenci yayli kantan SON’luk bir kuvvetle ¢ekiyor. Eger kantar agaca
obiir ucundan tutturulsaydi, sonug nasil degisirdi? Neden? (Her iki durumda da
ayni kuvvet uygulamyor).

2- Eger yayh bir kantar, sadece bir yaydan oluguyorsa, bir kuvveti slgmek fizere onu
ters ¢evirdigimizde neden okumada ufak bir hata tespit ederiz?

Yo 4 9///// yIII4

AR

Ll

o

3- Sekilde, bir yiik arabasi lastik bir iple sagdaki arabaya baglanmus halde g¢ekiliyor.
Fakat bu yiik arabasi, soldaki arabaya da bir halatla baglandifindan dolay:
hareket edemiyor. Bu iki arabanin esit kuvvetler uyguladigini, buna inanmayan
birine nasil anlatirdiniz?

P
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4- Ug es yay sol uglanndan bir bloga tutturularak sagdaki duvara baglaniyorlar.
Sekildeki insan ipi ¢ekiyor ve kantar 450N’u gosteriyor.

$333033311311119
$3313 44111013339

133343333311139

a- Aylardan sadece birinin duvara uyguladigi kuvvet ne kadardir?
b- Ip, tahta bloga ne kadar bir kuvvet uygular?

5- Sekildeki insan blogu ¢ekiyor fakat blok hareket etmiyor.

v=0
30N ;;

a- Bloga etki eden siirtlinme kuvvetinin biiyiikliigiini ve yénﬁm'i bulunuz.

b- Blogu geken ipteki kuvveti bulunuz.

c- Ipteki gerilme kuvvetini bulunuz.

6- Sekildeki insan yayli kantan c¢ekmesine ragmen, masanmn iizerindeki kitap
hareketsiz kalmaktadir. Asagzdakileri bulunuz

150N—

25Kg_|

a- Masanin kutu iizerine uyguladigi kuvvet:
b- Kutunun masa iizerine uyguladig kuvvet:
c- Kutunun agirhg:

d- Elin yayh kantara uyguladig kuvvet:

e- Kitabin yayh kantara uyguladif kuvvet:
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ODEV

Gerilme Kuvveti
-2. Giin-

a- Duvara bagh ipteki kuvveti bulunuz.
b- Ipin yatay kismindaki gerilme kuvveti nedir?
c- Ipin diisey kismindaki gerilme kuvveti nedir?

d- Bu tip problemlerdeki makaralar hakkinda nasil kabullenmeler yapmaliy1z?

2- Aym sey iki adet at ile veya bir at ve agagla olsayd: ve ortalarinda bir insan
olsaydi, bu insan ayn: seyi hisseder miydi? Bu size mantikh geliyor mu? Nasil
izah edersiniz? Efer mantiks1z ise, size en ters gelen sey nedir?

3- Sekildeki araba, yiik arabasim lastik iple ¢ekiyor, fakat yerinden oynatamiyor,
¢linkii bu yiik arabasi duvara bir iple baglanmis bulunuyor. Lastik ipteki

kuvvetin, duvara bagl ipteki kuvvete esit oldugunu buna inanmayan birine nasil
izah edersiniz?

SO
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4- Sekildeki 6grenci, tavandan tutturulmus makaradan gegen iki ipe bagl salincak
tizerinde oturuyor.

a- Ogrencinin agirhg 820N ise, kantar hangi biiyiikliikte bir deger okur?
b- a sikkinda ne gibi kabullenmeler yaptiniz?

5- Herhangi bir ipin ucuna etki eden bir kuvveti dlgmek icin hangi aleti nasil
kullanirdimz? :

6- Herhangi bir ipteki gerilmeyi Olgmek iqiﬁ, hangi Olgme aleti, nasil
kullanilmalidir? Agiklayimz. ' . '

7- ki insan gekildeki gibi yayh kantan bir ucundan gekiyor ve kantar bulundugu

yerde sabit kaliyorsa, kantarda okunan kuvvet degerinin manasi nedir? Bu kuvvet
hangi insana etki eder?
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ODEV

Cekim I
-1. Giin-

1- Bir oday1 kapatip hava basincini artirmak igin igeriye zorla hava ilave etsek,
asagidaki durumlar igin beklediginiz degisikliklerin sebebini agiklayimz.

a- Terazide okunan agirhginiz (Terazinin yalmzca yaylar iizerinde duran bir
platform olduguna dikkat ediniz)

b- El kantarinda okunan agirlik:

/////{//////

¢- Viicudunuza etki eden ¢ekim kuvveti

2- Diinya kendi ekseni etrafinda donmeseydi,

a- Diinyanin ¢ekim kuvveti nasil degigirdi?

b- Kantarda g6zlenen deger (belli sinirlar iginde) etkilenir miydi? Agiklayimz.



ODEV

Cekim I
-2, Giin-

1- Giinlerden bir sabah, siz tarti iizerinde tartiliyorken, tam iizerinizden ugak
geciyor. Ugak tam tepedeyken tartinin gosterdigi deger daha mi fazla, daha mu
az, yoksa her zamanki ile aym mi1 olur? Cevabimz agiklayiniz.

2- Evinizin altindaki toprak kémiir ocagi operasyonu ile bosaltildiginda (Nevada’da
bazi gehirlerde oldugu gibi) tartida gordiigliniiz degerin nasil degismesini
beklersiniz? Cevabimizi agiklayimiz.

3- Masanin iizerinde duran tenis toplar1 problemini bir arkadaginizla tartigirken, o
size diiz masanin {izerinde birbirinden 10cm. uzakta duran iki tenis topu arasinda
cekim kuvveti olamayacagini israrla sOyliiyor. Arkadasimzi yanildigina nasil
ikna edersiniz. A¢iklayinmz.

3- Pek ¢ok kimse NASA’da “cekimsiz bir oda” olduguna inamiyor. Bunun nigin
imkansiz oldugunu agiklayabilir misiniz?

4- Cekimden etkilenmeyen sey nedir?

5-
a- Diinya, lizerine diigen tenis topu tarafindan ¢ekilir mi?

b- Diinyanin tenis topuna 6l¢iilebilir bir miktar yaklagmasini bekler misiniz?
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ODEV

Eylemsizlik I

1- Bir arkadasimzi, duran cisimlerin, siirtiinme kuvvetinden ve diinyanin ¢ekim
kuvvetinden farkh olarak, igten sahip olduklar1 bir kuvveti olduguna inandirmak
i¢in kullanacagimiz bir 6rnek tasarlayimz. Bu 6rnegi agiklayiniz veya ¢iziniz

2- Fizik hakkinda bilgi sahibi olmayan bir arkadasimizi hareket eden cisimlerin dis
kuvvetlere bagli olmayan “hareketine devam etme istegi” oldufuna ikna etmek
icin kullanacaginz bir 6rnek diistiniin. Orneginizi agiklayimz veya ¢iziniz.
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ODEV

Cekim 11
-1. Giin-

A
00 | °
00
c
. D
0.0
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Q0O Q.0
@ oo

Yukaridaki her bir cisim gekildeki kadar kiitlecigi igerir. Her bir ¢ift igin
¢ekim kuvvetleri agagida verilmigtir. Aralarina (>, < veya = ) isaretlerinden
birini yerlestiriniz ve sebebini belirtiniz.

Fa, B’de Fg, A’da  sebep:
Fa, B’de Fc,D’de  sebep:
Fc, D’de Fg, F’de  sebep:

Fa, B’de Fg, H’de sebep:
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2- Bir tily, bir gezegende dururken, pek ¢ok kimse muhtemelen gezegenin
cekiminin tiiye etkidigi fikrinde anlagacaktir. Siipheci birini tiiyiin de gezegeni
cektigine nasil ikna edersiniz?

3- Hangi durumda bir kamyonla bir bina arasindaki ¢ekimin daha biiyiik olmasim
beklersiniz?

a- 20 tonluk bir binamin yanina park etmis 5 tonluk bir kamyon
b- 30 tonluk bir binanin yanina park etmis 4 tonluk bir kamyon
Bu problemi ¢6zebilmek i¢in hangi varsayimlar: yapiyorsunuz?

4- Isaac Newton zamaninda yagayan bilim adamlari igin (1600°li yillarda)
diinyadan ¢ok kiiciik olan aymn, diinyamin aya uyguladigi kuvvetle aym
biiyiikliikte bir kuvveti dlinyaya uyguladifina inanmak komikti. Zaman
yolculugu yapip o zamana gonderilseydiniz, onlar1 bu kuvvetlerin esit olduguna
ikna etmek igin hangi delilleri sunardimiz?

5- Iki cisim arasindaki ¢ekim kuvvetini gésteren en uygun model ne olabilir?

a- Nigin bu modeli begeniyorsunuz?
b- Modelinizin zay1if noktalari nelerdir?

6- Bir kigi bir tepeden atladifinda yergekimi tarafindan asagi dogru gekilir.
Diinyanin da bu ¢ekimin neden oldugu esit biiyiiklikkte yukariya dogru bir ¢ekim
hissetmesi gerekir. Diinyanin diisen kimse ile karsilagmak icin yukariya dogru
biraz hareket etmesini bekler misiniz? A¢iklayimz.
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ODEV

Cekim II
-2. Giin-

1- Sekiz kiitlecikten olugan cisimden bir kiitlecigi alip iki kKitlecikten olusan cisme
verirsek, iki cisim arasindaki ¢ekim kuvvetinde hangi oranda bir degigiklik olur?

2- Ay kiitlesinin simdikinin ii¢ kat: olmasi i¢in Jiipiter’den yeterince kiitle tagirsak,
a- Ay diinyay gekim kuvveti hangi oranda degisir?

b- Bu degisiklik okyanuslardaki gelgitleri nasil etkiler?

3- Aymn kiitlesi simdikinin ti¢ katina ¢ikanlsa ve diinyaya olan uzakh@ su anki
uzakliginin iki katina gikarilsa ay: dﬁnya)}a ¢eken kuvvet nasil degisir?
a- e artar e azalir e ayni kalir

b- Yeni kuvvetin eski kuvvete oranini bulunuz,

4- Ay hareket ettirilebildigini varsayarak, asagidaki kogsullarda diinya ile ay
arasindaki ¢ekim kuvvetinin hangi oranda degisecegini bulunuz.

a- Ay oldugundan ii¢ kat daha uzaga tagmrsa.
b- Ay oldugunun iigte biri mesafeye tagmnirsa .

c- Ay oldugundan iki kat daha uzaga tasimp, kiitlesi de simdikinin dért katina
gikanlirsa.
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5- Asafida gdsterilen ti¢ cismin kiitlecik ¢ekim gemasinda neyin yanlis oldugunu
aciklayimz.

SR

6- Asapidaki semayr goz Oniinde bulundurarak B’nin C’ye etkiyen kuvvetinin
asagidaki her bir kosulda nasil degisecegini bulunuz.

a- A’ya bir kiitlecik daha eklenirse
MA

b- B’de bir kiitlecik birakilirsa

®) c- -C’ye iki kiitlecik daha eklenirse
Mg

O

7- Hava basincinin yergekimine etkisini aragtiran bir dgrenci bir kitabi dnce evde
tartiyor. Sonra yiiksek bir daga tirmanip kitab1 orada tekrar tartiyor. Bu grenci
dagin tepesinde hava basmcmin ¢ok disiik oldugunu biliyor. Ogrencinin
diisiincesindeki yanlighk nedir?
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ODEV

Eylemsizlik II
-1. Giin-

1- Bir su kabagi bir uzay mekiginin i¢inde uzayin derinliklerine gotiiriiliiyor.
Asagidaki 6zelliklerin nasil degisecegini tartisiniz.
a- Ozkiitle |
b- hacim
c- kiitle
d- agirhk
e- kiitlecik sayis1
f- renk
g- eylemsizlik

h- kalp atis1

2- Eylemsizlik ilkesinin, ‘harekete devam etme egilimi’ ile ‘durma egilimi’ esitse,
uzayin derinliklerinde bir roketi harekete gegirmek i¢in, onu durdurmak igin
gerekli olan miktarda yakit gerekli midir? Cevabimiz agiklayiniz.

3- Kendi ciimlelerinizle eylemsizligi tammlayimz.

4- Cekimle eylemsizlik arasindaki fark nedir?

5- Kainatin herhangi bir yerinde g6z ardi edilebilecek bir gekim kuvvetinin oldugu
bir yerde eylemsizlige sahip olmak miimkiin miidiir?

6- Siirtiinme bir tiir eylemsizlik midir? Agiklayimz.
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7- Eylemsizlik siirtiinmeye neden olur mu? A¢iklayiniz.

8- Iki basketbol topu uzayin derinliklerindeki bir uzay istasyonundan firlatma
aletleriyle disar1 atiliyor ve yakinda park etmis bir uzay mekigine dogru yol
aliyorlar. Toplardan bir tanesi su ile doludur ( kiitlesi 20 kg ) ve diger top hava
ile doludur (kiitlesi 4 kg). Firlaticilar iki topu esit hizla firlatmak ve uzay
mekigine ayni anda ulagsmalan i¢in ayarlanmigtir.

a- Her bir topa firlatma aletinin uyguladigi kuvveti géz 6niinde bulundurarak, 20
kg’lik top lizerindeki kuvvet:

1) 4 kg’lik topa uygulanan kuvvetle aynidir.
2) 4 kg’lik topa uygulanan kuvvetten azdur.
3) 4 kg’lik topa uygulanan kuvvetten fazladur.

4) Diger (Yazimz.)

b- Uzay mekiginin kapis1 agilmiyor ve iki basketbol topu uzaya dogru yol aliyor
ve kapiya garpiyor. Hangi top kapiya daha fazla zarar verir.

1) 4 kg’lik top
2) 20 kg’lik top
3) Uzayin derinliklerinde agirlik olmadigindan aralarinda fark olmaz.

Cevabinizin kisa bir agiklamasim yapinz.



ODEV

Evlemsizlik 11
-2. Giin-

1- Tilki aya tatile gitmis. Tavsan ararken 100 metre yiiksekliinde bir tepeye
geliyor. Birden tilkinin lizerinde durdufu kaya par¢asi kinliyor. (Asagidaki
sekil 1’e bakiniz).

o ¢
ﬁ’ .
% a. g

i
SS
Sekil 1 Sekil 2

a- Asag1 diiserken hangisinin lizerine daha fazla ﬁxwet etki eder? Kaya

parcasinin mu, tilkinin mi?

o
T

Sekil 2°de gosterilen durumlardan sizce dogru olanini seginiz.

Kiitlecik modelini kullanarak cevabimz agiklayiniz.

(o]
1

Bilyiikk kaya pargasinin tilkiden daha fazla bir kuvvet hissettigini

sOylemigseniz, kaya parcas tilkiden 6nce ay yiizeyine ulagir m1?

(=9
]

Bu olay diinyada gergeklesseydi durum ne olurdu? Sonuglan kargilagtinip;

aciklaymniz.
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2- Cok biiyiik bir cisim ile ¢ok kiigiik bir cisim ayn1 ivime ( 9.8 m/s?) ile diigmesi
ve eylemsizligin bununla baglantisim agiklayiniz.

3- Bir biiyiik ve bir kii¢lik top, bir bilyiik ve bir kiigiik giilleyi 120 m/s hizla
yukariya dogru ayni anda firlatiyorlar. Siirtlinmeyi géz ard: ederek, her ikisi de
namluyu 120m/s hizla terk ediyorlarsa hangisi daha yliksege ¢ikar?

A
VTIV
) b
Y v

4-a- Az kiitleli bir cisim ve ¢ok kiitleli bir cisim benzer gezegenlerde ayni
yiikseklikten sekilde gosterildigi gibi birakihiyor. Hangisi gezegene &nce
garpar? ‘

O ]
b- Aym iki cisim az kiitleli ve ok kiitleli iki gezegende sekilde gosterildigi gibi
birakiliyorlar. Hangisi gezegene 6nce garpar? Cevabimzi agiklaymiz.

fo) O
c- Newton, bir cisim diinyaya diigerken, diinyanin da cisimle bulugmak icin
yiikselecegini diigtiniiyordu. Biz genellikle gezegenin bu yukanya dogru olan

hareketini gezegene diisen cisimlerle ilgili sorulan ¢6zerken goz ardi ediyoruz.

Gezegenin yukanya dogru olan bu ufacik hareketini hesaba katarsak, a
sikkindaki cevabiniz nasil degisir?
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ODEV

Newton’un 3. Kanunu
-1. Giin-

1- Sert bir yay tutturulmus bir araba, yumusak bir yay tutturulmus durgun
haldeki bir arabaya garpiyor. Bunlar ¢arpigma esnasinda birbirini nasil esit ve
zit vonlii kuvvetle iterler? Yay modelini kullanarak agiklayiniz.

2- Sert bir araba ile, oniinde kopiik tampon bulunan bir arabanin garpigmasi
esnasinda Kkuvvetlerin nasil birbirine esit oldugunu yay modeline gore
aciklayinz.

3- Sert bir araba ile, zayif tahta tamponlu bir araba ¢arpigiyorlar ve tahta tampon
kirthiyor. Bu durumda son kuvvetlerin nasil egit oldugunu agiklayiniz.

4- (Meydan okuyan problem) Egit kiitleli iki araba esit hizlarla onden
carpistiklarinda simetriden dolayi, kuvvetlerin esit olacagi agiktir. Bu iki
kabinin herhangi sekilde ¢arpismasi durumunda, kuvvetlerin neden esit ve zit
yonlii olacagini bagil hareket olayi ile agiklayiniz.



1- Sekildeki esit kiitleli iki cismin garpigmasi esnasinda kuvvet ve hiz vektdrlerini

ODEV

Newton'un 3. Kanunu

2,

Carpisma analiz faaliyetleri

Giin-

diizenli ve orantili bir bigimde ¢izerek gdsteriniz.

(Cetvel Kullaniniz)

1. diizenek

2. diizenek

3. diizenek

4, diizenek

5. diizenek

A D B
O O
% ~v
A |z B
O O O
A H B
O O O
A T B
O O O
A NN
O O O O
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ODEV

Dinamigin 3. Kanunu
3.Giin

1- Biiyiik ve yumusak bir top havada 50 m/s hizla giderken bir yiik arabasina
¢arplp, yapistyor. Carpisma esnasinda, kuvvetlerin nasil egit ve zit yo6nlii
oldugunu yay modelini kullanarak agiklayiniz.

2- Bir kavga esnasinda g¢enesinden darbe yiyen bir kovboy, ¢enesini kiriyor. Bu
etkilesim esnasinda kuvvetin nasil esit ve zit yénde oldugunu agiklayimz.

3- “Yay” ve “sikisma” terimlerini kullanarak, hizla yiiriiyen gisman bir
Ogrencinin hareket etmeyen zayif bir Ogrenciyle c¢arpigmasi anindaki
kuvvetlerin nasil egit oldugunu agiklayimz.

4- 40 m/s hizla giden 20 tonluk bir tir, bir VW’ye garpiyor. VW, tirin 6n kismina
gbmiiliiyor (hi¢ siiriiklenmeden). Tirin ¢arpisma sonrasi hizinin ne olmasini

beklersiniz.
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APPENDIX E

MAKE SENSE SCALE

NELER ANLAMLIDIR?

Oylama kagitlarindaki neler anlamhdir l¢eklerinin agiklamalar:
Liitfen. cevabimzin size ne kadar anlamli geldiine gére cevabinizi oylama
kagidina isaretleyiniz (Oylama kagitlarindaki 5 sikki da okuyunuz).

Omriimiiz boyunca, bazlari bize anlamli gelirken bazlari da anlamh
gelmeyen fiziksel diinyayla birgok tecriibemiz olmugtur. Herhangi bir ifade
iggtidiisel ve viirekten anlagilirsa bize anlaml gelir.

Cevaptan emin olundugu ve durumun kisiye tamamiyla anlamli geldigi
zamanlar vardir. Omegin, bityiik bir kamyon kiiglik bir arabaya carparsa, cogu insan
arabamin daha fazla zarar goéreceginden emindir. Ayrica bu onlara anlamh da
gelmektedir.

Ancak, 6yle zamanlar olur ki cevabin dogrulugu bilinir (yani cevabumzda
eminizdir), fakat cevap gergekten kisiye anlamh gelmez. Omegin, birgok insan
boomerang’in (Avusturalyalilar’in av i¢in kullandig1 egri sopa) atildiginda geri
déneceginden emindir. Fakat neden geri donmesi gerektigi onlara anlamli gelmez.
Onlara anlamli gelen ise boomerang’in dogru bir ¢izgide hareket etmesi
gerektigidir. Peki bu durumda (boomerang’in atan kigiye donebilmesi i¢in) neler
anlamhidir 6l¢egini nasil isaretlemeliydiniz? (1 ve 2’yi isaretlemeniz beklenirdi)

Olgek, durumun dogrulugu hakkinda ne kadar emin oldugunuzu isaretlemeniz
i¢in degil durumun size ne kadar anlamh geldigini igaretlemeniz i¢in verilmektedir.

Liitfen her bir oy’un yamnda bulunan ve ifadenin size ne kadar anlamh
geldigini gosteren rakamlardan birini yuvarlak igine alimz.

Goriigler kismma oy’unuzla alakali gerekli gordiigiiniiz yorumlan
yapabilirsiniz. Ogretmeniniz bazi oylarimzda 6zellikle yorumlarimzi yazmamz da
isteyebilir. Neler anlamhidir oy kagitlarindaki cevaplarimzdan  dolay:
notlandirilmayacaksiniz ama sizden her soruya cevap vermeniz beklenmektedir.

Bu size Ogrenme siirecinde aktif rol alma imkami tamyacagi gibi
Ogretmeninize ders konusunda degerli geribildirimler verecektir.
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OYLAMA KAGIDI
Tarih:
Isim:
OYUNUZ 1 2 3 4 5
Hig anlamhi Cok az Biraz anlamli | Gayet anlamh Tamamiyla
gelmiyor | anlaml geliyor geliyor geliyor anlamli geliyor
Oy 1 2 3 4 5
1 Gortigler:
Oy 1 2 3 4 5
2 Goriigler:
Oy 1 2 3 4 5
3 Goriigler:
Oy 1 2 3 4 5
4 Goriigler:
(;Y 1 2 3 4 5

Goriigler:




150

APPENDIX F

RAW DATA

Student | Group | Method | Gender | Age |Attitude| SPC-Grade | Pre MMT | Post MMT
1 1 1 male 16 4 5 18 18
2 1 1 male 16 4 5 17 17
3 1 1 female | 15 4 5 13 20
4 1 1 female 16 4 5 13 19
5 1 1 male 15 5 5 11 18
6 1 1 male 16 4 5 9 21
7 1 1 male 16 5 5 9 16
8 1 1 male 16 5 5 8 14
9 1 1 female | 16 3 5 8 15

10 1 1 female { 15 4 4 9 16
11 1 1 female | 16 4 5 9 11
12 1 1 female | 16 3 4 8 16
13 1 1 male 16 4 4 8 18
14 1 1 male 16 2 2 7 19
15 1 1 female | 16 3 4 7 21
16 1 1 male 17 4 5 7 14
17 1 1 male 16 3 3 6 16
18 2 1 male 16 5 5 13 19
19 2 1 male 16 4 5 8 20
20 2 1 female | 15 4 5 14 17
21 2 1 female | 16 4 5 11 21
22 2 1 female | 16 2 4 4 12
23 2 1 female | 16 5 5 12 17
24 2 1 male 16 5 4 9 18
25 2 1 female | 15 4 5 9 17
26 2 1 female 15 4 5 14 21
27 2 1 female | 16 3 5 6 16
28 2 1 female | 16 5 5 12 17
29 2 1 male 16 5 4 10 17
30 2 1 male 16 3 4 10 14
31 2 1 female | 16 5 5 3 16
32 2 1 female | 16 4 5 11 19
33 2 1 male 16 5 5 18 20
34 2 1 male 16 4 5 7 15
35 2 1 female 16 4 5 5 15
36 3 1 female | 16 2 4 5 17
37 3 1 female 16 3 5 11 12
38 3 1 female 16 3 5 9 15
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39 3 1 male 16 3 4 9 20
40 3 1 male 16 4 4 5 14
41 3 1 female 16 3 4 9 20
42 3 1 female | 16 4 5 7 12
43 3 1 female | 15 2 4 9 20
44 3 1 female | 15 4 4 11 14
45 3 1 female | 16 4 5 4 17
46 3 1 male 17 4 4 9 18
47 3 1 male 16 4 4 12 20
48 3 -1 female | 16 3 4 11 19
49 3 1 female | 16 4 5 7 17
50 3 1 male 15 5 5 9 18
51 3 1 female 16 3 4 10 17
52 2 1 female | 16.08 | 3.84 4.414 9.94 19
53 1 1 male |16.08| 3.84 4.414 9.94 19
54 4 0 female | 16 5 5 13 7
55 4 0 male 16 3 5 10 14
56 4 0 female | 16 4 5 10 8
57 4 0 male 16 4 4 11 13
58 4 0 male 15 2 5 10 15
59 4 0 male 17 4 5 17 15
60 4 0 female | 16 1 5 8 7
61 4 0 male 16 3 4 10 12
62 4 0 female 16 5 5 14 13
63 4 0 male 16 4 5 14 10
64 4 0 female 16 4 5 16 11
65 4 0 male 17 5 5 18 16
66 4 0 male 16 4 5 17 16
67 4 0 male 16 5 5 14 16
68 4 0 male 17 4 5 12 11
69 4 0 male 16 4 5 17 15
70 4 0 male 16 5 5 15 17
71 4 0 male 16 4 4 14 15
72 5 0 male 16 4 5 13 14
73 5 0 female | 16 5 5 12 7
74 5 0 female 16 5 5 12 1
75 5 0 female 16 3 5 15 13
76 5 0 female | 16 5 5 13 12
77 5 0 female 16 2 5 6 7
78 5 0 male 16 4 5 13 12
79 5 0 male 16 3 5 15 12
80 5 0 male 16 4 5 15 14
81 5 0 male 16 4 5 6 6
82 5 0 male 16 4 5 8 6
83 5 0 male 16 4 5 12 16
84 5 0 male 16 4 5 14 17
85 5 0 male 17 4 5 16 10
86 5 0 male 16 4 5 11 11
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87 5 0 male 16 4 4 10 11
88 5 0 male 16 5 5 14 15
89 5 0 male 14 4 5 18 17
90 6 0 female 16 3 3 5 6
91 6 0 female | 16 4 4 4 3
92 6 0 female | 16 4 4 4 9
93 6 0 female 17 3 4 6 4
94 6 0 female | 16 5 3 4 5
95 6 0 female | 17 4 2 8 9
96 6 0 female | 17 4 3 6 7
97 6 0 female | 16 4 3 7 10
98 6 0 female | 16 3 1 5 3
99 6 0 female | 17 4 4 7 14
100 6 0 female | 16 5 5 9 7
101 6 0 female | 17 3 3 3 3
102 6 0 female | 17 3 3 6 7
103 6 0 female | 16 5 3 7 10
104 6 0 female | 16 4 3 4 10
105 6 0 female | 17 4 2 8 7
106 7 0 female | 18 2 4 7 7
107 7 0 female 16 5 4 6 5
108 7 0 female 17 3 3 13 6
109 7 0 female 17 5 4 9 7
110 7 0 female | 16 3 4 6 7
111 7 0 female 17 5 4 1 9
112 7 0 female | 17 3 4 10 10
113 7 0 female | 17 4 5 8 11
114 7 0 female 17 4 4 8 14
115 7 0 female | 16 0 4 9 8
116 6 0 female | 16.08 | 3.84 4414 9.94 4
117 6 0 female | 16.08 | 3.84 4.414 9.94 7
118 7 0 female | 16.08 | 3.84 4.414 9.94 3
119 7 0 female | 16.08 | 3.84 4.414 9.94 8




