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ABSTRACT

FINDING ANCHORING ANALOGIES TO HELP STUDENTS’

MISCONCEPTIONS IN PHYSICS

Yilmaz, Serkan

Ph.D., Department of Secondary Science and Mathematics Education

Supervisor: Assist. Prof. Dr. Ali Eryillmaz

March 2007, 285 pages

The first purpose was to develop a diagnostic test to investigate new
anchoring and bridging analogies. Second one was to compare the effects of
bridging analogies based instruction (BABI) versus traditional teaching method
(TTM) on sophomore students’ misconceptions in Newton’s Third Law (NTL).

An Anchoring Analogy Diagnostic Test (AADT), Newton’s Third Law
Misconception Test (NTLMT), and Attitude Scale toward Newton’s Third Law
(ASNTL) were used as measuring tools.

Unlike single analogies in each step as used in literature, the researcher
introduced the group concept and developed the new style of concept diagrams
after the first part. The second part was conducted with 308 students in the
same department of the same public universities of previous year sample in
2006-2007. In the study, the instructors administered the NTLMT and ASNTL
as a pretest. One instructor had randomly assigned one control and one
experimental group, while the other instructor (researcher) had randomly

assigned two groups. Experimental groups were instructed by the BABI while



control groups were instructed by the TTM. After three-week treatment period,
the same tests were given as posttests to both groups.

The first part analyzed by using both Excel and SPSS indicated that the
AADT was effective in diagnosing anchoring analogies, bridging analogies,
and target cases. It was also easy to develop the new style of concept diagrams.
The second part were analyzed by using multivariate analysis of covariance
(MANCOVA). According to the results, the BABI significantly remediate
students’ misconceptions in the NTL with respect to the TTM. However, the
BABI showed no significant effect on students’ attitudes toward the NTL with
respect to the TTM.

Keywords: Physics Education, Newton’s Third Law, Bridging Analogies
Teaching Strategy, Misconception, Attitude.
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OGRENCILERIN FiZIKTEKI KAVRAM YANILGILARINA YARDIMCI

OLACAK TEMEL BENZETMELERIN BULUNMASI

Yilmaz, Serkan

Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Yrd. Dog. Dr. Ali Eryillmaz

Mart 2007, 285 sayfa

Calismanin ilk temel amact Newton’un Ugiincii Kanunu (NUK)
konusunda kullanilabilecek yeni temel ve birlestirici benzetmelerin
aragtirilabilecegi bir tami testi gelistirmek, ikincisi ise birlestirici benzetme
yontemine dayali dgretimin (BBYDO), ikinci simf iiniversite 6grencilerinin
NUK konusundaki kavram yamlgilarma olan etkisini geleneksel ogretim
metodu (GOM) ile karsilastirmaktr.

Calismada 6l¢gme araglart olarak Temel Benzetme Tan1 Testi (TBTT),
NUK Kavram Yamlgisi Testi (NUKKT), NUK’e Karsi Tutum Olgegi
(NUKTO) kullanilmustr.

Alinyazinda kullanildig1 gibi her basamaginda tek bir benzetmeden
olusan kavram semalarinin aksine birinci kismin sonunda arastirmaci yeni tip
kavram semalan gelistirmis ve grup kavramimi ortaya atmistir. Calismanin
ikinci kismi, 6nceki senenin orneklemindeki ayni devlet iiniversitelerinin ayn
boliimlerinde okuyan 308 tiniversite 6grencisinin katilimiyla 2006-2007 yilinda

gerceklestirilmistir. Ogretim elemanlar1 ¢alismada, NUKKT ve NUKTO’yii



vii

tim siniflarina 6n test olarak uygulamislardir. Bir 6gretim elemaninin rasgele
atanmis bir kontrol bir deneysel grubu ayni zamanda arastirmaci olan diger
ogretim elemaninin ise ikiser grubu olmustur. Deneysel gruplarda BBYDO’le
ders islenirken kontrol gruplarinda GOM’le ders anlatilmistir. Ayni testler ii¢
haftalik bir egitimden sonra son test olarak iki gruba da tekrar uygulanmistir.
Calismanin Excel ve SPSS kullanilarak analiz edilen ilk kisminin
sonuglart, TBTT nin temel benzetmeleri, birlestirici benzetmeleri ve hedef
olaylan teshis etmede etkili oldugunu gostermistir. Ayrica yeni stil kavram
semalarinin kolayca gelistirilebildigi de goriilmiistiir. Ikinci kistm, SPSS ile
cok yonlii varyans analizi (MANCOVA) kullanilarak analiz edilmistir.
Calismanin sonuglarina gore BBYDO, o6grencilerin NUK konusunda sahip
olduklart kavram yamlgilarmi GOM’e goére anlamli derecede gidermistir.
Fakat, NUK’e kars! tutumlarina gore BBYDO ve GOM arasinda anlamli bir

fark olusmamustir.

Anahtar Kelimeler: Fizik Egitimi, Newton’un 3. Kanunu, Birlestirici Benzetme

Ogretim Yontemi, Kavram Yanilgisi, Tutum.
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CHAPTER 1

INTRODUCTION

There is a large body of literature in the field of science education that
regards science learning as a gradual process involving the child’s pre-existing
knowledge of everyday physical phenomena gradually being developed and
restructured (Clement, Brown, & Zietsman, 1989; Karmiloff-Smith, 1992).
Clement et al. (1989) proposed that the child’s intuitive ideas about science are
“anchoring conceptions” upon which new knowledge is built, Sutton (1980)
prefers the term “children’s scientific intuitions”, Rosser (1994) describes them
as “the rudimentary kernels of more sophisticated knowledge” and to Karmiloff-
Smith (1992) they are the starting point for development. This restructuring
position is also adopted by Spelke (1991). He argues that initial knowledge
elaborates with experience, but that basic principles are neither replaced nor
abandoned. If new knowledge is built out of an old one, these basic principles
(intuitive ideas, anchoring conceptions) about science which children bring with
them to the classroom must clearly play an important role in the process of
learning.

Traditionally the model of learning and teaching in most physics
classrooms can be described as transmission of knowledge from teacher to
students. However, nowadays, teachers are deemed as facilitators of students’
knowledge and learning is viewed as an individual process carried out in each
students mind.

Duit (1991) comments that learning basically has to do with constructing
similarities between the new and the already known. It is precisely this aspect
that emphasizes the significance of analogies in a constructivist learning

approach.



Unfortunately, the main role of analogy as outlined in researches related
to science education appears to be that of a teaching tool whereby teachers
provide analogies for their students (Dagher, 1997; Duit, 1991; Mason, 1994).
Depending on the particular approach taken, either the student or the teacher is
then responsible for matching the outstanding elements in the base and the
target. Although such practice may have value when properly used in certain
contexts, it does not allow students to fully participate in the scientific process.
The development of analogies is a key part of scientific thinking. As Duit (1991)
comments, the role of analogies and metaphors in science must be considered to
be an essential aspect of science instruction.

Analogies can serve for several functions in education. Duit (1991)
points out that analogy serve to activate visual imagery. Other possible effects
include increasing the memorability of new knowledge (Wong, 1993), effecting
motivational and affective aspects of learning (Dagher, 1994), and activating
learners' creativity (Dagher, 1994). Dagher (1994) has also suggested that
learning by analogies may help students understand the processes of inquiry and
model building in science.

An important question about analogies concerns the degree of cognitive
change that can be gained through their use. According to Stavy (1991), analogy
can be useful in conceptual change, countering a misconception of difference
between phenomena that are actually identical. Dagher (1997) suggested that
analogies can contribute to conceptual change but are more likely to produce
gradual change in conceptions than the sudden "ontological shift" of early
conceptual change theory. Brown and Clement (1989) were able to overcome a
strongly-held misconception via the use of analogies but found that the process
required multiple analogies to help the participant see analogical connections.
They called this strategy as bridging strategy.

The intention in the strategy is to increase the range of application of the
useful intuitions and decrease the effect of detrimental intuitions. There were

several studies related to this strategy in the literature (Brown, 1987; Brown,



1992; Brown & Clement, 1989; Clement, 1993; Clement et al., 1989; Yilmaz,
2001). Clement (1993) have tested this strategy with 150 students who were
taking first year physics course. He explored the effects of bridging strategy on
students’ misconceptions in the concepts of normal forces, friction, and
Newton’s third law. In Camp and Clement (1994), they presented this strategy
in a more structured and clear way including most of the mechanics concepts.
The big concern of this study is again Newton’s Third Law. The study indicated
a strong evidence for the effectiveness of bridging strategy.

In 1998, in a report of mechanics test data for 62 introductory physics
courses with total enrollment of 6542 students, Hake strongly suggested that
classroom use of interactive engagement methods (Hake (1998b) defines
Interactive Engagement methods as those designed at least in part to promote
conceptual understanding through interactive engagement of students in heads-
on (always) and hands-on (usually) activities which yield immediate feedback
through discussion with peers and/or instructors) can increase mechanics-course
effectiveness in both conceptual understanding and problem-solving well
beyond that achieved by traditional methods. And bridging strategy is one of the
interactive engagement methods used in the literature. Collaborative peer
instruction, concept tests, Socratic dialogue inducing labs, active learning
problem sets and modeling are some of the other most widely used Interactive
Engagement methods in the literature (Hake, 1998a).

Considering all these issues, it seems necessary to investigate anchoring
analogies in Newton’s Third Law, to design an experimental research on the
effects of bridging analogies based instruction, and to explore its effects on
students’ misconceptions in mechanics and especially in Newton’s Third Law

and attitude towards Newton’s Third Law.



1.1 Purpose of the Study

The general purpose of the study was two fold. First one was to develop
a diagnostic test to investigate new anchoring and bridging analogies that can be
used in physics and specifically in Newton’s Third Law. Second goal of the
study was to compare the effects of Bridging Analogies Based Instruction
(BABI) with Traditional Teaching Method (TTM) on elementary teacher
education sophomore students’ misconceptions in Newton’s Third Law and

attitude toward Newton’s Third Law.

1.2 Null Hypothesis

There is no significant overall effects of methods of teaching (Bridging
Analogies Based Instruction versus Traditional Teaching Method) on the
population means of the collective dependent variables of elementary teacher
education sophomore students’ misconceptions in Newton’s Third Law and
attitude toward the Newton’s Third Law when students’ gender, age, pretest

scores on the NTLMT, and the pretest scores on the ASNTL are controlled.

1.3 Definition of Important Terms

The important terms used in the study can be defined as follows;
Analogy: A comparison of two otherwise dissimilar domains, where
differences and similarities are explicitly identified (Duit, 1991).

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 or
simply as anchors. A good anchoring conception should be well searched and
should make sense to students.

Attitude: Learned predispositions to respond in favorable or unfavorable

manner to a particular person, behavior, belief or object (Feldman, 1996).



Attitude toward Newton’s Third Law: Elementary teacher education

sophomore students’ scores obtained from the ASNTL.

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).

Misconception: A preconception that can conflict with currently
accepted physical theory (Clement, 1993). It 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. Table
2.1 tabulates a list of general physics misconceptions, and Table 3.6 illustrates
the list of specific misconceptions assessed in the 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).

Prior Knowledge of Newton’s Third Law (PRENTLMT): Students’
pretest scores in the NTLMT were used to form this variable. The PRENTLMT

was used as a covariate in the statistical analysis.

Students’ Misconceptions in Newton’s Third Law: The misconceptions

assessed in the study are given in Table 3.6. This variable was measured by
using the NTLMT. Students’ POSTNTLMT scores constituted one of the
dependent variables of the study.

Method of Instruction: It has two levels. Bridging Analogies Based
Instruction (BABI) and Traditional Teaching Method (TTM). The short

descriptions of these levels are as follows:

Bridging Analogies Based Instruction: It is an instructional method in

which anchors, target, and bridging analogies are used to learn a topic. The
technique used in instruction is mostly called as bridging strategy. In this
strategy, students explore a series of related cases. Each case requires a problem

or a question to be answered. The first step in the strategy is to make the



misconception explicit by means of a target case (a physical situation that most
of the students does not understand before the formal instruction). The next step
is to provide such an anchoring case that it appeals to students’ intuitions and
the instructor views it as analogous to the target case. If the student still does not
accept the analogy relation, the instructor than attempts to find one or series of
bridging analogies conceptually intermediate between the anchor and the target.
The whole intention of the instruction for all students is to answer the target
problem correctly at last, and their answers make sense to them at an intuitive
level. Bridging strategy is explained in detail in Section 2.5.

Traditional Teaching Method: The traditional instruction environment is

based on a textbook approach. Generally, the majority of classroom atmospheres
are developed around the teacher supplying knowledge to the students. Teachers
are first explaining the concept by writing definitions on the blackboard. If
necessary, they are solving some examples. Later, they allow students to write
them on their notebooks. The lessons most probably are continuing by solving
questions similar to the examples they solved. Students’ roles in these groups
are mostly passive. They are listening, parroting, imitating, and recording what
the teachers are telling or doing. Teachers are the information givers and the
students are the information takers. Volunteer students, dynamic sharing, and

active participations are rare in traditional classes.

1.4 Significance of the Study

Students come to class with beliefs that are contradictory to the basic
concepts of physics and that are difficult to displace. These beliefs affect their
course performance, problem solving ability and even conceptual
comprehension of the material. These beliefs, prior knowledge or
preconceptions often pose strong barriers to understanding in physics (Clement,
1982). As Brown’s (1989) and Clement’s (1993) studies made explicit, bridging

analogies method could be effective in overcoming students’ misconceptions in



physics and specifically in mechanics. 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).

It is possible to find out anchors related to some mechanics concepts in
the literature. In fact, mechanics is one of the most searched and well known
areas of physics. Hence, it is relatively easier to find out anchors in mechanics
when compared to other concepts of physics. It is true that there is a need for
research to seek for new anchors in the areas other than mechanics. However,
even the anchors valid and used in mechanics are limited. And also there is a
need for research to check whether these limited anchors obtained from the
literature are still anchors for Turkish students, or it may be possible that there
are anchors different than the available ones which may work better for Turkish
students. And another significant problem is that there is no structured and well
defined strategy or a test widely accepted or used to find anchors. Hence, there
is also a need for research to develop an anchoring analogy diagnostic test.

Findings of this study might be significant in validating the use of
bridging analogies based instruction in physics. Information and the bulk of
knowledge derived from this dissertation may serve as a basis for development
of curricular affairs and considerations. Bridging analogies based lessons are
strongly suggested and be partially used in both elementary and middle schools.
The curriculum developers should modify the curriculum according to the
outcomes of this study. Preservice teachers and even the expert teachers may use
or resort to the detailed lesson plans and all other teaching learning materials
used in this study in order to facilitate the conceptual learning of Newton’s third
law in their classes. And one of the most important contributions of this study

was the development of new style of concept diagrams.



CHAPTER 2

REVIEW OF RELATED LITERATURE

In this chapter, literature review about conceptual change strategies; use
of analogies in educational settings, the basic steps of bridging strategy,
implications of anchoring analogies in education, effects of Bridging Analogies
Based Instruction on misconceptions and attitude, and also some criticisms
about the use of this technique are presented. In short, this chapter provides
theoretical and empirical background for the study in the light of the previous
studies.

Physicists and science educators cite several reasons for students’
difficulties in physics. From those, the most often explored are:

e preconceptions and misconceptions (Clement, 1982; Eryilmaz, 1992;

Minstrell, 1982; Van Hise, 1988; Yilmaz, 2001)

¢ mathematical skills (Champagne, Klopfer, & Anderson, 1980)

e general level of cognitive development (Griffith, 1985)

e amount of high school science and mathematics studied

e student’s gender (Ates, Cataloglu, & Bertiz, 2004; Eryilmaz, 1992;

Eryilmaz, 2002; Halloun & Hestenes, 1985a)

e problem solving skills (Reif, 1981)

As Champagne et al. (1980) mentioned each student generally has a rich
accumulation of interrelated ideas that constitutes a personal system of
common-sense beliefs about motion. These intuitive ideas, based on years of
experience with moving objects, serve the students satisfactorily in describing
the world around them. But, this belief system is different than the formal
system of Newtonian mechanics that the physics courses aim to teach.

Therefore, these students’ prior conceptions about motion and its reasons have a



significant effect on their performance in mechanics (Halloun & Hestenes,
1985a). Hence, preconceptions and misconceptions constituted the main concern

of this study.

2.1 Preconceptions

What is a concept? What do we mean by the word ‘“conception™?
According to White (1994), the word “concept” can be understood in two ways.
First one is pertains to classification. In short, having a concept is being capable
of categorizing the objects whether something belongs to the category or not.
For example, categorizing an object in front of you as a car or not. When people
place concepts different from those determined by scientists, they are said to
have alternative conception or misconception. Second meaning of the word
“concept” is all the knowledge a person has, and associates with, the concept’s
name. White (1994) defines conceptions as systems of explanations that are
complex and difficult to define. According to Dykstra and Dewey (1992), the
term “conception” refers to students’ knowledge about how the world works or
how it is constituted.

Experiences of students with the physical world, such as a train accident,
a skydiver in terminal velocity, an accelerating race car, fallen apple, athletes
running five thousand meters in Olympic games, book on a table or a man lifting
a new furniture, a spare time consumed in the rock concert near the amplifiers
being posed to 120db sound, or lighting in the rainy days etc. cause them to
build their own conceptions or their own understanding of scientific concepts,
and organized these experiences into their own mental models (which is one of
the baselines of the educational philosophy known as constructivism). These
prior conceptions, what the students think about scientific phenomena before the
instruction of the subject, are often called preconceptions in the literature of
physics education. Instead of using the word “preconceptions” researchers used

many terms in the literature. Some of them are: alternative conceptions (Driver
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& Easley, 1978), children’s science (Gilbert, Watts, & Osborne, 1982), common
sense concepts (Halloun & Hestenes, 1985b), and spontaneous knowledge
(Pines & West, 1986).

It is also crucial to point out that not all preconceptions are
misconceptions (Clement et al., 1989). Preconceptions that are in some aspects
contradictory to or inconsistent with the scientific knowledge are called
misconceptions whereas the preconceptions that are in agreement with the
currently accepted physical theory are called potential anchoring conceptions. It
is necessary to mention here that it will be wrong to call all the 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 analogy for the idea that a static object can exert a force.
Surprisingly, only 41% of the prephysics students they tested 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, should make sense to students.

2.2 Misconceptions

Clement (1993) explained the concept of “misconception” very briefly as
“a preconception that can conflict with currently accepted physical theory”.
Related previous studies (Brown, 1987; Clement, 1982; Halloun & Hestenes,
1985a; Eryilmaz, 1992; Van Hise, 1988; Yilmaz, 2001) indicate that students
over a wide range of age and educational backgrounds have misconceptions
about many concepts in physics. Not only ordinary students but also honor
students and even physics teachers (Eryilmaz, 1992) in fact highly
misunderstand some concepts of physics. It is not easy to overcome these
misconceptions. They should not be regarded as unimportant; instead they are
deep-seated, common and constitute persistent barriers to achieving conceptual

understanding (Minstrell, 1982). Before misconceptions can be remediated, they
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need to be clearly identified. Many teachers, professional research groups,
researchers (Baser, 2003; Clement, 1986; Eryilmaz, 2002; Minstrell, 1982;
Sencar & Eryilmaz, 2004; Van Hise, 1988; Yilmaz, 2001) have compiled lists of
commonly encountered misconceptions in physics. Examining various samples
and examples of misconceptions can be fruitful to understand the concept of
“misconception”, their nature, and what they really are.

Table 2.1 shows a list of some of these misconceptions in physics to give
an idea about them in general. Although most of the misconceptions in the table
are closely related with this study, the misconceptions studied and taken in the
study are only about Newton’s Third Law. Different than those in Table 2.1,
they are also many other misconceptions about Newton’s Third Law in the
literature (Brown, 1989; Camp & Clement, 1994; Maloney, 1984; Montanero,
Suero, Perez, & Pardo, 2002, Yilmaz, 2001). Those misconceptions studied in
this study are listed in Table 2.2.

Table 2.1 List of the misconceptions derived from the literature

Force
(Mix)

Force is proportional to velocity rather than acceleration
Motion implies force

Centrifugal force is a distinct kind of force

The effect of force extinguishes gradually

Normal e When two bodies interact, the "stronger" body pushes with a
Force greater force than the weaker body
e When two bodies push on each other, the harder one pushes
with a greater force than the softer one
e When two stationary bodies interact, they do not exert forces to
each other
¢ Solid objects do not exert forces

Friction ¢ Friction does not act in a particular direction
¢ Only the body in motion exerts a frictional force
e Friction is not a force, but a kind of an effect that interferes
with motion
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Table 2.1 (continued)

Tension ¢ The tension in a rope is the sum of the magnitudes of the forces
acting on the two ends of the rope
e Strong ropes or springs pull with more force than weak or
stretchable ropes (or springs)
® Two ropes can pull with unequal forces on each side of a static,
frictionless object (rope)
e Walls that are rigid do not exert a force on a rope tied to them

Velocity e Velocity must be positive
e A positive slope for a negative velocity means the object is
speeding up
e Same velocity means same acceleration for two objects
e Larger (smaller) velocity means larger (smaller) acceleration
e Zero velocity means zero acceleration

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

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

e Gravity is significantly different on different parts of the Earth

¢ Only large objects cause gravity.

® Bigger weight causes bigger acceleration in free fall

e Gravity is the same as magnetism

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

Inertia e 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
¢ The tendency of an object to resist acceleration (inertia) is non-
existent in space (since weight does not exist in deep space)

As seen in Table 2.2, nine misconceptions related to Newton’s Third
Law have studied throughout the study. There are many studies done about these
misconceptions in the literature (Brown, 1987; Camp & Clement, 1994;
Clement, 1993, Maloney, 1984; Savinainen, Scott, & Viiri, 2005; Yilmaz,
2001). For example for the first misconception, which is one of the most famous
and researched one of the all, students harboring this misconception think that
only living things can feel, sense, react, and able to apply force. However, non

living thinks can’t exert a force. As a reason they also sometimes may say that
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non living things are not exerting a force but they are just standing in the way of
the other object. The other misconceptions are about being fragile, being
stronger or weaker, being harder or softer, moving faster, or being more
massive. The last three inter related misconceptions (7, 8, and 9) are mostly
about the issue of active agent. In other words, students mostly think that if an
object (agent) is more active (pushing, pulling, working, running etc.) than the
other one, this is an indicator of unequal forces. Also the concept of force,
velocity, acceleration, flexibility, living or non-living etc. may also be closely

related with these last three misconceptions.

Table 2.2 Misconceptions assessed throughout the study

No Misconceptions

1 Solid (inanimate) objects do not exert forces.

2 When two bodies collide, the body that breaks (fragile) exerts
the smaller force

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

4 When two bodies push on each other or collide, the harder one
exerts/pushes with a greater force than the softer one.

5 When two moving bodies interact, the body moving fastest
exerts the largest force.

6  When two bodies collide, the body having the larger mass exerts
the greater force.

7  Contact forces are not equal when one body pushes another and
together they are accelerating.

8  When one body pushes another with constant velocity, contact
forces are not equal.

9 Contact forces are not equal when one body tries to push
another, but can not able to move it and both remain stationary.

2.3 Constructivism and Conceptual Change Strategies

Millar (1989) explained the relationship between a constructivist model

of learning and the nature of conceptual change as follows:
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...These ideas lead to a constructivist model of science
learning, in which concept change is seen as the product of
interaction between existing conceptions and new experiences.
A valuable insight from this model is that concept learning is
understood as a reconstruction of meaning rather than simply
the accretion of new ideas; this in turn may go some way
towards explaining why promoting conceptual change is so

difficult (p. 588).

According to the constructivist view of knowledge and learning, human
perception of the world is subjective. Learning is viewed as the construction of
meaning which results from the interaction between our prior knowledge and
what we experience in the world around us. New concepts are either assimilated,
whereby they are considered unproblematic by the learner and may co exist with
previous ideas, or accommodated, whereby they are perceived as incompatible
with current knowledge and stimulate the alteration of existing ideas that is
conceptual change (Posner, Strike, Hewson, & Gertzog, 1982).

Asoko, Scott and Driver (1991) have identified two main groupings of
conceptual change 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 groupings of strategies, which build on students’
preexisting ideas and extend them via analogy, to a new domain.

Only recently researchers have focused on aspects related to knowledge,
one’s own knowledge and thought processes, one’s own use of them, and their
purposeful control in conceptual growth and change. Conceptual growth
requires various types of learning. Posner et al. (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
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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 ‘intelligible’ actually mean. As Beeth’s (1998) study made
explicit, students’ understandings 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 be 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 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 and review has been searched (Driver, 1989). Some
studies focused more on building on knowledge elements that the learner

already had. Analogies can be a powerful tool in enhancing conceptual change
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(Mason, 1994). Clement et al. (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 analogy, 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. According to Lawson (1994),
accommodation is the major component of conceptual change. It is the
realignment of existing thought structures to allow for adaptation of new
knowledge which is sufficiently similar to prior knowledge. Dykstra and Dewey
(1992) 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 suggests that the majority of conceptual changes are members of three
categories, described as: a) differentiation: new concepts emerge from existing
more general concepts; b) class extension: existing concepts considered different
are found to be cases of one broader notion; c) reconceptualization: a significant

change in the nature of and relationship between concepts.

2.4 Use of Analogies in Education

The word “analogy” comes from the Greek “ana logon”. It means
“according to ratio”. Analogies involve a relationship between things that may
seem very different at first glance. Analogies do not have to be verbal.
Geometric and pictorial analogies may use symbols or patterns that require the
individual to recognize a relationship. As Mayer (1983) mentioned, solving an

analogy requires person to see relationships between words, shapes or objects
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and then to apply those relationships to words, shapes or objects from different
categories or domains.

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 involve the presentation of an abstract new concept with a
familiar, concrete one to help students to visualize the new concept.

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 (read as “a is
to b as c is to d”) (bird:feathers::goat:?) as used in 1Q 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 example, 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 education (Brown, 1992;
Clement, 1993; Clement, 1987a; Clement et al., 1989; Duit, 1991; Mason, 1994,
Suzuki, 1994; Wong, 1993). Mason (1994) stated that analogies were found
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useful for: 1) organization of new knowledge; 2) the access to, and retrieval of,
information previously stored in memory; 3) the overcoming of misconceptions;
4) 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 base for analogy formation
(Suzuki, 1994). Brown and Clement (1989) and Clement et al., (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.

The benefits of the use of analogy as a cognitive tool in learning
processes have been emphasized. It mainly facilitates the coding and
organization of knowledge, access to and retrieval of knowledge from memory,
and over coming misconceptions. Different models for teaching scientific
analogies have been proposed (see Dagher, 1997, for a review), such as bridging
analogies (Brown & Clement, 1989), multiple analogies (Spiro, Feltovich,
Coulson, & Anderson, 1989) or student generated analogy (Wong, 1993)
models. In any case, analogies are powerful tools in teaching and learning at all

school levels in certain conditions (Dagher, 1997).

2.5 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). Single analogy that completely explains a

scientific concept is not always accessible for complex concepts. However,
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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 assume that qualitative-intuitive
understandings of phenomena before mastering quantitative principles are
developed by forming analogical relations between a misunderstood case
(target) and an anchoring analogy. The analogies are not presented to students in
a ready-made fashion. In fact, the researchers introduce a series of anchoring
analogies to simulate further reasoning about the problem without telling the
students that the situations are similar. Clement (1987b) tagged this strategy as
bridging strategy.

In this strategy, students explore a series of related cases. Each case
requires a problem or a question to be answered. Firstly, target case (a physical
situation that few students understand prior to the formal instruction) is
presented to students. The intention of the instruction for all students is to
answer the target problem correctly at last, and their answers make sense to
them at an intuitive level. Students discuss the target case for some period of
time. After an adequate group discussion they are given with an analogous
anchoring case. An anchoring case or question frequently is called as anchoring
analogy or simply as anchor. An anchor often involves a concrete example or
experience from daily life. A situation or a case can be an anchor only if the
students can materialize three things. Students have to 1) select the correct
answer or solve the problem; 2) provide sound physical reasoning; 3) express a
high level of confidence. This anchoring case provides a base for further
reasoning and understanding for the students throughout the learning process.

The use of bridging analogies as a teaching strategy involves teacher
generated analogies. The typical example of the bridging strategy is the book on
the table problem (Clemet, 1993; Clement et al., 1989). The question of the
target case shown in Figure 2.1 asks “Does the table exert a force on the book?”

The answer of the question is very simple and most of the students answer it



20

correctly. But, few of the students provide sound intuitive reasoning (Minstrell,
1982). After a short discussion, a conceptually identical situation of “a hand
pressing downward on a spring resting on the table” is presented to the students.
The anchor problem for this anchor can be as “Does the spring exert force on the
hand?” Again the question is simple and the answer is obvious. Most of the
students say “yes” again. However, this time the student provides physical

reasoning such as “things out of shape, want to go back” (diSessa, 1983).

Anchor Bridging Analogies Target

S )

LNE=NNTT

Figure 2.1 Two intermediate bridging analogies (Camp & Clement, 1994)

If there are still students not accepting the analogy relation, the instructor
than attempts to find one or series of bridging analogies conceptually
intermediate between the anchor and the target case. The important thing here is
that these intermediate analogies must liable to provide an effective link
between the anchor and the target cases. An example of one-bridging case is
given in Figure 2.2 whereas an example of two-bridging case is given in Figure
2.1. For the previous example given in Figure 2.1, the bridging analogies are
book on suspended flexible strip and book on foam. Since, as a result of
physical reasoning between the anchor and target students’ generate intuitive
rule which guides them to understand subsequent bridging analogies. The
function of a bridging case is to divide the large distance between the anchor
and the target case into smaller pieces. It is possible to close this conceptual

distance between the cases by this way. This is the heart of bridging strategy.
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Figure 2.2 One intermediate bridging analogy (Camp & Clement, 1994)

Figure 2.3 shows a complete theoretical concept diagram of the bridging
strategy. An experimental lesson for the bridging analogies based instruction can
include a version of this diagram. A concept diagram that may be used in
experimental lessons should at least include an anchoring analogy and a target
analogy. A minimum of “one intermediate bridging case” is not a must, but it is
strongly preferable. In fact, a good conceptual diagram should include at least
one bridging case in order to divide the large distance between the anchoring
case and the target case into smaller pieces. Explanatory models, demos and
experiments are not a must for the lesson. For example, the sample conceptual
diagram for gravitational forces given in Figure 2.4 includes only an explanatory

model and a demo but not an experiment.

Model

Bridging Analogies

Figure 2.3 Theoretical concept diagram of bridging strategy
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However, surveys conducted in classes by the experimental-group
teachers indicated that the behavior of the anchor was insufficient on its own to
alter most students’ responses to target question (Clement, 1993; Yilmaz, 2001).
Hence, explanatory models, demonstrations and experiments were important for
the effectiveness of bridging strategy (Clement, 1993). Explanatory models can
be constructed from anchoring cases to provide an imaginable mechanism that
explains the behavior of the target case. And Clement (1993) described the aim
and place of demonstrations in bridging strategy as they were primarily used to
disequilibrate students’ alternative conceptions for support an aspect of the
analog model such as the equality of gravitational forces in two different

masslets groups (see Figure 2.4).

Anchor

Figure 2.4 Concept diagram for gravitational force (Camp & Clement, 1994)
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The bridging strategy has three main features (Lattery, 2002). These are:

Incrementalism: A chain of several bridging analogies are used by the
students in order to gradually reach the instructional goal. If a student comes
across to a drawback or a learning difficulty, the instructor can pinpoint the
difficulty in the chain of bridging analogies. Lattery (2002) regards this
incremental approach as an evocative of behavioral shaping in psychology.

What-if situations: Bridging strategy uses many activities in which

students need to explore hypothetical what-if situations. For example, “what if
the world lost all of its air?” or “What if the track is completely smooth?”

Mechanical models: It is imagined or real physical mechanism that

governs the behavior of a physical system. In Camp and Clement (1994),
gravitational forces are modeled with rubber bands as shown in Figure 2.4 and
contact forces are modeled with simple springs.

As a brief summary, let us reemphasize four main steps of the bridging

strategy as described in Brown and Clement (1989).

1. Students’ misconceptions, pertained to the topic under consideration, are
made explicit with the help of a target question.

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.

2.5.1 Individual Anchors
The anchoring cases comprise the root of the bridging strategy. And the
real burden or maybe the big part of the work when using this strategy is to

identify these anchors. For example, the anchors used in Clement (1993) are the
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products of longitude studies, many interviews and researches. And that is why
before conducting the main study, Fast (1999) had tested six times the A version
of the instrument he used in his study which was composed of anchoring cases.
Clement et al. (1989) used a diagnostic test consists of 14-multiple
choice questions of some with multiple parts designed to identify anchoring
analogies. They used a confidence scale ranging zero to three. Zero means “just
a blind guess” while three represents “I'm sure I’'m right”. They considered a
problem as an anchoring analogy for an individual student under two
circumstances. First, she or he must give the correct answer. Second, they
should be confident (confidence level equal to or greater than two on the
confidence scale) about their answers. But still, not all the anchoring analogies
identified in this way could be used efficiently for the transfer. The researchers
then divided the issue into two and tagged this so called anchoring analogies
defined above as potential anchors. And they named the others enabling the
transfer to other more difficult target cases that can be used in instructions as

usable anchors.

2.5.2 Group Anchors

Clement et al. (1989) mentioned that a particular example could be an
anchor for a group as well as for a particular student. They termed the ratio of
the number of students answered the potential anchor correctly with a
confidence level of 2 or higher to the number of all participants as the belief
score of that group. Next, they decided a criterion for these belief scores which
was somewhat arbitrary. There is no right and exact value for this cut point. But,
naturally the higher is better. Thus, according to their first impressions and
experiences in the field, they have considered the potential anchoring problems

with a belief score of 70% or higher to be group anchors.
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2.5.3 Brittle Anchors

The strategy of extending anchoring analogies by using bridging
analogies may sometimes fail. In some cases, even tough the students are in
complete agreement with the physicist’s in their predictions about the anchor,
they do not understand and even refuse to believe that the intuitive level
prediction can be applicable to the target situation. Clement et al. (1989) termed
the cases in which students can not transfer the key relationship to the target as
brittle.

They gave the identical carts problem as an example of brittleness. By
looking at the belief score of 83% they assumed that this example could be a
useful anchor. But only 32% of the students said that carts would move apart.
They conclude that when asymmetrical case appeared immediately after the
symmetrical one, majority of the students regard this minor change (attaching
the spring to one cart) as significant.

According to Clement et al. (1989), an anchoring analogy is brittle
because:

1. Anchor contains a feature or aspect (such as symmetry) that has to be
changed when extending the anchor to the target case.

2. If the intuitive reasoning is altered so that the aspect is changed, the

student no longer believes that the key relationship is valid.

2.6 The Effects of Bridging Strategy
Recent works (Brown, 1987; Brown, 1992; Brown & Clement, 1989;

Clement, 1993; Clement et al., 1989) about preconceptions and misconceptions
have formed serious information in the related field. By mixing analogical
instruction and the impact of preconceptions, they defined the concept of
anchoring conception. At the end of various researches and years of experiences,
they put the basics and formed the general frame of the bridging strategy. The

roots of the development of the strategy and related preliminary studies were set
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in the beginning of 1980. The history of the studies related with the effects of
bridging strategy can be summarized as follows:

Clement (1987b) 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.

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 et al. (1989), using 137 students from three Western high
schools who had not taken any physics yet, used a 14 item multiple choice
diagnostics test to identify anchoring conceptions. The criterion, which 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 is 70%, then the problem was defined as anchoring conception. The
major result of the study was that those preconceptions held by the students
were not all detrimental to learning, but some of them could 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 was involved. However, they also pointed out some results that
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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. By looking at students’
responses of how much they were confident about their answers and their
answers made sense to them, they reached to this outcome.

Clement (1993) carried out a study using high school students who were
taking first year physics course. There were 150 students in the experimental
group and 55 students in the control group. Experimental-group teachers
participated in a 1-week workshop. Experimental lessons including three
concepts (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 and
posttest. Identical pre- and posttests were given about 6 months apart. Data were
analyzed by comparing the gain scores, and tested for significance at a level of
0.0001. The experimental group students had significantly larger gains in two of
three areas, showing gain differences of about 1.75 standard deviations over the
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.

Zietsman and Clement (1997) discussed the extent to which explanatory
model construction, causal relation construction and concept formation were an
evidence for strong conceptual change. They examined the ways in which
extreme case reasoning facilitated learning in a study of students’ learning about
levers. The study was the small piece of a large research having the goals: 1)
identify students’ persistent misconceptions; 2) identify students’ positive
preconceptions, or anchoring ideas; 3) Design experimental lessons that deal
with their alternative conceptions building on the students’ positive

preconceptions; 4) use tapes of tutoring trials to improve them; 5) analyze the
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processes occurring in successful lessons in order to develop teaching principles
and more general models of learning. The data reported in this article came from
a set of studies reported in Zietsman (1991). An analogy-based bridging
approach (Clement, 1993) and an extended sequence on reasoning from extreme
cases were the two teaching techniques used in the lessons of the study. The
researchers first asked a diagnostic question as a target question. Next, a much
easier case (analogous to target example) followed and was viewed as an
anchoring analogy. The students’ belief they used as an anchor was “two people
shared the log”. At the end of an analogical bridging sequence, a comparison
between two extreme case situations was presented to extend the ideas of
sharing that may have been triggered by the anchor and bridging situations.
Although the study was mostly qualitative, a brief examination of prepost gains
with the help of Mann-Whitney U-test provided an evidence (U=4, p=.007) for
the overall effectiveness of the lessons. The researchers reported several
implications for teaching. From those, the important one that might contribute to
our study was that the use of explanatory models and extreme cases was much
more powerful teaching strategies than the analogical reasoning techniques we
were counting on originally.

Fast (1999) attempted an approach similar to the study of Clement
(1987b) to determine whether the use of analogous anchoring situations in the
area of probability could affect knowledge reconstruction. “The What Do You
Think the Chances are” (WDYTTCA) instrument was given to 25 boys, 16 girls,
total of 41 senior students as a measuring tool. This WDYTTCA instrument was
the seventh edition obtained after testing it six times with different samples in
pilot studies. The test was composed of multiple choice test questions. There
were two versions of it. Ten target cases of misconception-prone probability
situations were placed in Version A of the WDYTTCA instrument, whereas ten
anchoring cases generated by the researcher, analogous to their respective
counterparts in Version A, placed in Version B of this test. When students

completed the Version A of the WDYTTCA instrument, they immediately
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proceeded to Version B. Seventeen volunteered students were individually
interviewed within the week of completing the WDYTTCA instrument. The
researcher used confidence scales, calculated the correct and incorrect responses
of participants on both Version A and Version B of the measuring tool in order
to determine potential anchors and usable anchors. The general aim of the
interviews was to investigate the effectiveness of the anchors in Version B of the
test in generating conceptual change over the misconceptions made explicit by
Version A. The researcher categorized the results of the interviews as
successful, partially successful and unsuccessful. The results of the study
indicated that the use of analogies was effective for reconstructing high school
students’ probability misconceptions.

Yilmaz (2001) conducted a more detailed study to investigate the effects
of bridging analogies based instruction on high school students’ misconceptions
in mechanics. The researcher developed a mechanics misconception test to
measure students’ misconceptions in the topics of normal forces, frictional
forces, tension, gravity, inertia and Newton’s third law. A pilot study was
conducted with two physics teachers, four classes, and total of 67 ninth grade
high school students. According to the results of the pilot study all teaching-
learning materials, treatment and instrument were revised. The main study was
conducted with three physics teachers, seven classes, and total of 119 high
school students. The researcher trained the teachers to standardize how to
implement bridging analogies in the classroom. Students from four classes
participated in traditional instruction referred as the control group, whereas the
other three classes instructed by using Bridging Analogies Based Instruction
referred as the experimental group. Mechanics misconception test was applied
twice as a pretest and after a three-week treatment period as a posttest to both
groups. Unit plans, concept diagrams, a make sense scale, demonstrations and
assignments were also utilized in the treatment period. The findings of the
pretest showed that the students actually have misconceptions in mechanics. The

data were analyzed using SPSS by analysis of covariance (ANCOVA). The
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statistical results for the experimental group indicated that the Bridging
Analogies Based Instruction was an effective means of reducing the number of
students’ misconceptions in mechanics.

In the study carried by Ates et al. (2004), the researchers investigated the
effect of bridging analogies based instruction on male and female freshman
preservice science teachers’ comprehension level of force concepts. Force
Concept Inventory was applied twice as a pretest and after a treatment period as
a posttest to both groups. The sample of the study was consisted of 48 female,
32 male and a total of 80 students from two classes. The analysis of the pretest
showed that there was a statistically significant difference between the mean
scores of male and female students. The mean scores of males were higher than
that of females. When posttest scores analyzed by considering the effect of the
gender variable, the results of the regression analysis was showed that pretest
scores had a significant effect on posttest scores whereas the effect of gender on
test scores was insignificant. As a conclusion the researchers pointed out that
bridging analogies based instruction had a significant effect on improving both
male and female students’ comprehension levels of force concept.

All of the studies briefly reviewed above clearly pointed out the positive
contribution of using anchoring analogies and bridging examples on students’
misconceptions in physics. All the studies suggested that identification of the

anchoring conceptions or anchoring analogies need further research studies.

2.7 Summary of Findings of Previous Studies

1. Students frequently have preconceptions about physics concepts that they
develop prior to instruction (Champagne et al., 1980; Clement, 1982;
Halloun & Hestenes, 1985a).

2. The preconceptions are resistant to change by traditional methods (Brown,

1992; Champagne et al., 1980; Clement, 1993).
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3. Experimental-group students that were instructed by bridging analogies
based instruction achieved much larger gains in the misconceptions test than
the control group students did (Clement, 1993; Yilmaz, 2001).

4. All the potential anchoring conceptions may not necessarily be useful
anchors. They may be fragile and brittle since being sensitive to any minor
change in the critical feature (Clement et al., 1989).

5. Surveys conducted in classes by teachers indicated that most students
comprehended the behavior of the anchoring analogy 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
(Clement, 1993; Yilmaz, 2001).

6. 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 physics; 2) analyze the characteristics of
these misconceptions; 3) to investigate the effects of bridging analogies on
students’ misconceptions in physics while controlling threats to internal validity;

4) to determine the effects of bridging analogies based instruction on students’

attitudes toward physics. This study basically aims to achieve these goals in the

content of Newton’s Third Law.



32

CHAPTER 3

METHODS

This chapter explains sample and population, variables, development of
measuring tools, procedure, teaching/learning materials, research design,
procedure, treatment in both experimental and control group, treatment
verification, methods for analyzing data, internal validity, power analysis, and

unit of analysis.

3.1 Population and Sample

The target population of the study consists of all elementary teacher
education sophomore students of public universities in Turkey. The accessible
population is all elementary teacher education sophomore students of public
universities in Ankara. As Fraenkel and Wallen (1996) mentioned, the most
appropriate sampling is convenience sampling when it is really difficult to select
a random sample of individuals. Considering the extreme effort that is required,
the time needed, the physical and administrative structure of the universities,
ongoing extremely full curriculum and the ironically burdensome general
physics course content, it is nearly impossible to select a sample by simple
random sampling. Hence, the study sample chosen from the accessible
population was a sample of convenience. All classes of two different
universities (University A and University B) were selected and formed the
sample. Number of the students in each class with respect to university is given

in Table 3.1.
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Table 3.1 Number of students in each section with respect to university

Experimental Group Control Group

University Instructor Section Class size (%) Section Class size (%)

A 1 2A 52 (37.4) 2B 47 (27.8)

1 2D 53 (38.1) 2C 86 (50.9)

B 2 2A 34 (24.5) 2B 36 (21.3)
Total 3 139 (100) 3 169 (100)

As seen in Table 3.1, two instructors are involved in this study. One
instructor had randomly assigned one control and one experimental group, while
the other instructor (the researcher) had randomly assigned two control and two
experimental groups. Students in control group (CG) were instructed by the
TTM whereas students in experimental group (EG) were lectured by the BABI.
The distribution of the subjects in the EG and CG with respect to gender is
presented in Table 3.2. Simply, two instructors, their six classes, and 308
elementary teacher education sophomore students were involved in this quasi-

experimental study.

Table 3.2 The distribution of the subjects in the EG and CG with respect
to gender

Groups

EG (%) CG (%) Total (%)

Female 104 (74.8) 118 (69.8) 222 (72.1)
Male 35(25.2) 51(30.2) 86 (27.9)
All 139 (100) 169 (100) 308 (100)
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Another characteristic of students who took the pretest and posttest are
given in Table 3.3. The ages of most of the students ranged from 18 to 22. There
were a few students older than 22. Hence, they were added to the number of 22
years old students and 22+ was used to symbolize this summed frequency. It

was also seen from the table that most of the students were female (72.1%).

Table 3.3 Characteristics of the sample with respect to gender and age

Gender
Age Female (%) Male (%)
18 19 (8.6) 9 (10.5)
19 87 (39.2) 30 (34.9)
20 75 (33.8) 26 (30.2)
21 36 (16.2) 16 (18.6)
22+ 5(2.2) 5(5.8)
All 222 (100) 86 (100)

3.2 Variables

Two dependent and six independent variables were considered in this

study.

3.2.1 Dependent Variables

Students’ posttest scores on attitude scale toward Newton’s Third Law
(POSTASNTL) and posttest scores on Newton’s Third Law misconceptions test
(POSTNTLMT) were the dependent variables of the study. A brief summary of

all the variables of the study are given in Table 3.4.
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3.2.2 Independent Variables

Students’ pretest scores on attitude scale toward Newton’s Third Law
(PREASNTL), their pretest scores on Newton’s Third Law misconception test
(PRENTLMT), students’ age, students’ gender, instructor, and methods of

teaching (MOT) were the independent variables of the study.

Table 3.4 Variables of the study

Variables Type Nature Measured By
POSTASNTL Dependent  Continuous Posttest Score of the ASNTL
POSTNTLMT Dependent  Continuous Posttest Score of the NTLMT
PREASNTL Independent Continuous Pretest Score of the ASNTL
PRENTLMT Independent Continuous Pretest Score of the NTLMT
Students’ Age Independent Continuous Question in PRENTLMT
Students’ Gender Independent Categorical Question in PRENTLMT
Instructor Independent Categorical University A (1)

University B (2)
MOT Independent Categorical Bridging Analogies (1)

Traditional Method (0)

3.3 Instruments

In order to gather data, several instruments were used in the study. These

are: AADT, NTLMT, ASNTL, and classroom observation checklists. The

researcher had also made short interviews during different phases of the study.

3.3.1 Anchoring Analogy Diagnostic Test

The aim of this study was two fold. First, may be the most crucial one

was the development of the AADT and all the corresponding materials related
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with it. Hence, for the sake of its importance all the steps related to the

procedure followed to develop the AADT are summarized in Table 3.5.

Table 3.5 Outline of the procedure followed to develop the AADT

Order Process
1 Administering the MMT
2 Literature review
3 Preliminary interviews
4 Open ended questions
5  Dialogue with colleagues
6  Studies related to test format
7  Pilot study
8  Final interviews
9  Development of the final form

In development of the AADT, the first step was to apply the revised
version of Mechanics Misconception Test (MMT) developed by Yilmaz (2001)
to elementary education students in University A in 2004. The MMT was
composed of 28 multiple-choice conceptual items. The items were developed to
assess students’ 25 misconceptions related to normal forces, frictional forces,
tension, gravity, inertia, and Newton’s Third Law. The MMT was applied to 513
university students. 290 of the students were from the department of science
education, 160 from elementary teacher education and the remaining 63 students
were from the department of mathematics education. The researcher had two
aims in this application. First one was to detect the content or the
misconceptions of the main study and the second one was to select the possible
department/sample of the main study. According to the results, the content
including the misconceptions with highest frequencies and the department with
low achievement and high misconceptions rate were determined. Hence, the

researcher selected Newton’s Third Law as the content and the elementary
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teacher education department as the first candidate of the sample of the
treatment that would be instructed with the BABI.

Next, the researcher started to find out every article, source, book etc.
related to Newton’s Third Law and made a detailed literature review. All these
articles and sources were examined for possible related analogies/examples
(Bao, Hogg, & Zollman, 2002; Bryce, & MacMillan, 2005; Hestenes, Wells, &
Swackhamer, 1992; Savinainen, Scott, & Viiri, 2005) and for the existence of
other very similar misconceptions that should be covered together with the
already specified ones. Finally, the researcher specified seven misconceptions.
The seven misconceptions assessed in the content of “Newton’s Third Law” and
used in the original form of the AADT are shown in Table 3.6. First six of these
misconceptions are composed of separate single misconceptions. Each of these
six misconceptions was investigated with one separate question in the AADT.
But, seventh misconception (M7) is composed of three closely related
misconceptions. These three sub misconceptions were regarded as one single

misconception and were assessed with only one question in the AADT.

Table 3.6 Misconceptions assessed in the AADT

# Misconceptions

M1 Solid (inanimate) objects do not exert forces.

M2 When two bodies collide, the body that breaks (fragile) exerts
the smaller force

M3 When two bodies interact, the "stronger" body pushes with a
greater force than the weaker body.

M4 When two bodies push on each other or collide, the harder one
exerts/pushes with a greater force than the softer one.

M5 When two moving bodies interact, the body moving fastest
exerts the largest force.

M6 When two bodies collide, the body having the larger mass exerts
the greater force.

M7 Contact forces are not equal when one body accelerates another.
a) with acceleration
b) constant velocity
c) stationary
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Finding out anchors was not an easy process. There were very few
anchors used in the literature. Hence, it was very important to work on many
examples related with the misconceptions assessed in order to determine
appropriate anchors. Therefore, the researcher made several semi-structured
interviews with the students’ that had already taken the MMT. The aim of these
interviews was to have detailed information about the misconceptions and also
figured out several possible anchoring and bridging analogy nominees.

The researcher made 12 interviews in this step. They were not audio-
taped. The researcher took short notes. Two girls and two boys were selected
from each department. Each interview was conducted individually in a quiet
area of the department and mostly in researcher’s office. There was nobody in
this area during the interview except the student and the researcher. In order to
increase the probability of calm, realistic and honest responses, the interviewees
were informed that this process would not hamper them in any ways. In fact, the
researcher let them know the importance of these conversations for his study
and he would be glad for being helped in order to have students feel important,
good and helping the researcher. The researcher also told each student these
words “Don’t forget please, anything you say may help me, do not hesitate to
say any idea you think, feel free to say, do not think that any of your idea as
trivial or unimportant” just before the interviews.

The researcher wrote down several questions in order to use in
interviews. Some of them were “What is your answer to this question? Why do
you think like that? Explain briefly? What may be a better example for you that
can assess the same information with this question?” In the interviews at first,
selected six questions of the MMT were asked to the interviewees without
giving the choices. Then the researcher directed the interviews and took a role of
“devil’s advocate” in order to foster discussion and find out some clues for
possible anchoring analogies. Interviews lasted in 10 to 25 minutes.

In the fourth step, all the analogies specified so far were distributed to 37

junior science education department undergraduate students. This step was also
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closely related with the sixth step given in Table 3.5. Students were asked to sort
all the analogies of each determined misconception. They were also expected to
write down minimum of one more example/analogy (making much sense to
them or more representative if possible) related with each misconception or
sorting. The researcher obtained several new analogies (1’9, 1°10, and 6’2) by
this way and also tested whether this kind of test format would be proper for the
AADT.

The researcher also thought that his friends/colleagues could also have
something to say or had several different ideas/analogies about the issue. One
research assistant from the physics department of the METU, one research
assistant from early childhood education and one from science education
department of the HU, and one graduate student were asked for analogies related
with the content of “Newton’s Third Law”. Analogies maintained in this way
were related with the law but most of them were the same with those already
obtained analogies. And the remaining few different analogies were not as
intended or representing the nature (at least the one in researcher’s mind) of the
misconceptions studied in the study. But throughout the study, the researcher
used these analogies to develop, think and facilitate in different phases.

The next step was the determination of the test format. Brown and
Clement developed an anchor diagnostic test in 1989 to search for anchoring
analogies in the areas of forces from static objects (six questions), Newton’s
Third Law in dynamic situations (seven questions) and frictional forces (one
question with two parts). Students were asked to mark their confidence on a 4-
point Likert type besides the correct answer. The shortest item of this test is
given in Table 3.7 as an example. They used the test to search only anchoring
analogies for the three contents mentioned above. The main emphasize was on
the anchors but they did not have any concern about bridging analogies in this
test. The students only should inform their answers and confidence levels but no
further explanation or reason. And also it was not easy to read long explanations

and took too much time to complete all the items of the test.
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Table 3.7 Sample item from the anchor diagnostic test

1. Tennis ball problem: A tennis ball hits a brick wall and bounces off.
When the ball hits the wall:
a) The wall exerts a force on the ball causing it to change direction.
b) The wall does not exert a force on the ball. The wall is just in the way.

The researcher developed several formats for the AADT throughout the

study. First version of the AADT including multiple choice questions is given in

Appendix Al. Second version of the AADT is presented in Appendix A2. Both

of these tests were not applied to a large sample. The researcher only applied

them to a few students (3-4 students) around him. Finally, the researcher formed

first draft of the final form of the AADT. In the development of the final form of

the AADT, the researcher determined several common important points at first.

In doing this, the researcher examined all kinds of feedbacks obtained so far,

considered the information related with test construction, share information with

an expert in the field, and used his experiences. Hence, this first draft of the final

form of the AADT developed according to:

Be informative as much as possible

Be more visual and structured

Be least time consuming. Short questions. Maybe a common question
for each misconception.

Be easy to complete

Say something not only for anchors but also bridging analogies and
target analogies (misconceptions)

Differentiate between error/mistake and a misconception

Assess as much misconception as possible

Include as much example/analogy as possible for each misconception
Require and obtain the data about confidence levels

Take brief explanations of the reason of students’ answers
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This first draft of the final form of the AADT was applied to 54 senior
elementary science education undergraduate students in the pilot study in 2005.
Next, the researcher applied the revised version of the test to 10 (two science
education, two mathematics education, four elementary teacher education, and
two early childhood education) undergraduate students in his office one by one.
Then the researcher made unstructured short interviews with these 10 students.
According to these final interviews, the researcher changed the direction related
with the time of the test by increasing the time from 30 to 35 minutes, revised
one more direction, added extra one direction, revised seven pictures of three
different questions in the test. And the most important revision according to the
results of these interviews was that the researcher decided to form several
groups of the final form of the AADT. Since, it was seen that most of the
students were not writing most of the reasons. In fact, it was really hard,
burdensome and boring to write down that much of reasons in the allowed time.

According to all these considerations, final version of the AADT was
completed. This original final form of the AADT is given in Appendix A3. To
summarize, the AADT was designed to determine anchors, bridging analogies,
and target cases related to Newton’s Third Law. As seen in Table 3.8, the
AADT is composed of seven questions, 141 analogies and a total of 193
reasons. Except the first misconception, the number of the analogies asked and
total number of the reasons required were not the same. That is because in some
analogies it was possible to ask for two reasons (for each couple of interactions)
for a single analogy. Each misconception was assessed with one question
including several cases/analogies. All questions in the AADT were conceptual.
It was a diagnostic test. There was not any quantitative item in the test. Students
were not bound to make any calculations to give an answer. They had to supply
three things in the test: the answers of the sub questions/analogies, the numbers
representing the confidence levels for each analogy, and the reason/cause/brief

explanation of their answers (see Appendix A3).
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Table 3.8 Number of analogies and reasons in the AADT

# # of analogies  # of reasons
M1 18 18
M2 15 22
M3 26 41
M4 20 26
M5 18 24
M6 22 28
M7 a) 8 13

b) 8 13
c) 6 8
Total 141 193

Considering previously mentioned feedback of the interviews, the
researcher formed nine (A, B, C, D, E, F, G, H, and I) groups of the AADT. All
these groups/versions of the AADT are shown in Table 3.9. The numbers in the
table were used to represent an analogy. For example, “1-3” in group C was
used to represent the third analogy of the first question in the AADT. All the
groups had seven same questions prepared for seven misconceptions and also all
the analogies/examples/sub questions in each misconception were the same for
all groups of the AADT. These groups were only formed to decrease the number
of the reasons students had to give throughout the test. Since, it was almost
impossible to fill all these193 reasons in the allotted time. In fact, it was boring
and burdensome. Therefore, students in A, B, C, and D groups are expected to
write 22 of 193 reasons and students in other groups (E, F, G, H, and 1) are
expected to write 21 of 193 reasons as seen in Table 3.9. The researcher also
tried to equate the number of the reasons required in each question across the
groups. For example, students in “group A” were expected to write two reasons
for the first question in the AADT, three reasons for second, and 4, 3, 3, 3, and 4

reasons for the questions 3, 4, 5, 6, and 7, consecutively.
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Table 3.9 All versions of the AADT requiring different reasons

No A B C D E E G H I

1 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 1-9

2 110 1-11  1-12 1-13 1-14 1-15 1-16 1-17 1-18
3 21 2-2 2-3 2-4 2-5a  2-5b  2-6a  2-6b 2-7a
4 276 2-8a 2-8b 2-9 2-10  2-11  2-12  2-13a 2-13b
5 2-14a 2-14b 2-15a 2-15b 3-la  3-1b  3-2a 3-2b  3-3a
6 33b 34a 34b 3-5a 3-5b 3-6a 3-6b 3-7a 3-7b
7 38a 3-8 39 3-10  3-11 3-12  3-13a 3-13b 3-14a
8 3-14b 3-15a 3-15b 3-16a 3-16b 3-17 3-18 3-19 3-20
9 321 322 3-23 3-24a 3-24b 3-25a 3-25b 3-26a 3-26b

10 4-1 4-2 4-3 4-4 4-5 4-6 4-7 4-8 4-9
11 4-10 4-11 4-12 4-13 4-14a 4-14b 4-15a 4-15b 4-16a
12 4-16b 4-17a 4-17b 4-18a 4-18b 4-19a 4-19b 4-20 5-1

13 5-2 5-3 5-4a 54b 5-5 5-6 5-7a 5-7b  5-8
14 59a 59 5-10 5-11 5-12 5-13  5-14a 5-14b 5-15a
15 5-15b 5-16 5-17a 5-17b 5-18 6-la 6-1b  6-2 6-3
16 6-4 6-5 6-6a  6-6b 6-7a 6-7Tb  6-8 6-9 6-10
17 6-11 6-12  6-13  6-14 6-15 6-16 6-17 6-18a 6-18b
18 6-19a 6-19b 6-20 6-21a 6-21b 6-22  7-1 7-2 7-3
19 7-4 7-5 7-6 7-7 7-8 7-9 7-10  7-11a 7-11b
20 7-12a 7-12b 7-13a 7-13b 7-14a 7-14b 7-15a 7-15b 7-16a
21 7-16b 7-17a 7-17b 7-18a 7-18b 7-19a 7-19b 7-20a 7-20b
22 7-2la 7-21b 7-22a 7-22b

The final form of the AADT was applied to 6 different classes and a total
of 148 elementary teacher education freshman students in this study in 2005.
108 of this sample were from University A and the remaining 40 students were
from University B. The completion time of test for students varied in between
25 to 40 minutes. Some more quantitative basic descriptive statistics of the
AADT are given in Section 4.1.1.

The results of the AADT were very important for the second part of this
study. The researcher used these data to develop concept diagrams, gender
splitted frequency tables, criterion frequency tables, and common and strongly
offered item tables. The results of this application were also facilitated in the

development of the NTLMT and also reflected to the lesson plans.
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3.3.2 Attitude toward the Content ‘“Newton’s Third Law”’ Scale

Taslidere developed an attitude scale toward a content of physics in his
study in 2002. The scale was found highly reliable (0:=.94) and it was also easy
to adapt and use it as an attitude scale to measure students’ attitude toward any
other content of physics. It was a content based tool. There were 24 items and
responses were Likert type like: strongly agree, agree, undecided, disagree,
strongly disagree.

There were several dimensions in the scale. Dimensions in the ASNTL
were achievement motivation, enjoyment, importance, interest related behaviors,
and self efficacy. Achievement motivation was a combination of psychological
forces, which initiate, direct, and sustain behavior toward successful attainment
of some goal, which provided a sense of significance. Enjoyment was students’
personal interests toward the content “Newton’s Third Law”. Importance was
used to mean the importance of the content as the name of the category implied.
Interest related behaviors dimension was used to question to what degree the
students like to do out of the class activities related to the content. Self efficacy
was the belief in one’s capabilities to organize and execute the sources of action
required to manage prospective situations and to produce designated levels of
performance that exercise influence over events that affect their lives.

The researcher used and tested this scale to measure students’ attitude
toward mechanics and attitude toward simple electric circuits in the pilot study
in 2004. The researcher applied the adapted mechanics version of the attitude
scale (MAS) to totally 513 primary education university students and simple
electric circuit version (SEAS) to 212 students. Table 3.10 illustrates some basic
descriptive data related to these applications. The Cronbach Alpha reliability
coefficients were found .94 and .90, consecutively. These values indicated high
reliability of the scale. The factor analysis results of these applications also

verified that the scale was composed of five dimensions.
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Table 3.10 Pre-application of the first form of the attitude scale

Scale Division Classes  Section N

MAS Science Education 1st, 2nd, 3rd 6 290
Elementary Teacher Education 2nd 4 160
Mathematics Education 3rd 1 63

SEAS Science Education Ist, 2nd, 3rd 5 212

However, Kiicgiiker revised the scale in the same period in 2004. All the
items in the scale were positive. There was not any negative item in the scale.
Therefore, five of the items of the scale were written in negative form and also
wordings of all the items checked and revised. She found Cronbach alpha
reliability coefficient as .83 in her study.

Nevertheless, the researcher also revised the items 23 and 24 of this new
version of the scale in order to reflect the nature of the related dimensionality to
the items. In other words, thinking that the sentence was not clear and not
adequately querying the concept of “personal interest” item 23 was altered. Item
24 was revised because it was not clearly highlighting or including “out of the
class” information. And also two (4 and 13) of the five negative items were in
the same dimensionality in this revised form. Item 13 was changed back to
positive and item 11 was turned to negative in order to have one negative item in
each category.

These dimensions and the related items of these dimensions are shown in
Table 3.11. Except achievement motivation, there were five items for each
dimension and four items for achievement motivation. The negative items of the
ASNTL (4, 8, 11, 17, and 24) are represented in bold in Table 3.11. This version
of the ASNTL can be found in Appendix B. This final version was adapted to
assess students’ attitudes toward Newton’s Third Law and was applied to 88
university students in 2006. The Cronbach alpha value was found .86 in this

second pilot study.
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Table 3.11 Dimensions of the ASNTL

Dimensions Items f
D1. Achievement motivation 6, 7, 8, 12, 4
D2. Enjoyment 1,2, 16,17, 23 5
D3. Importance 3,4, 5,13, 14, 5
D4. Interest related behaviors 15, 19, 20, 22,24 5
D5. Self efficacy 9,10,11, 18,21 5

In the main study, the ASNTL was applied to 258 students as a pretest
and 308 students as a posttest. The completion time of the scale was
approximately 15 minutes. Cronbach alpha was also used in the main study to
calculate internal reliability of the ASNTL. The values obtained were .90 for the
pretest and .92 for the posttest. These values indicate high reliability for the
ASNTL.

3.3.3 Newton’s Third Law Misconception Test
In this study, the NTLMT was used to assess students’ misconceptions
about Newton’s Third Law. It was developed by the researcher. Brief summary

of the procedure followed to develop the NTLMT is presented in Table 3.12.

Table 3.12 Outline of the procedure followed to develop the NTLMT

Order Process

1 Literature review
Analysis of the AADT
Dialogue with colleagues
Assessment of the validity
Pilot study

Final interviews

~N N D AW

Development of the final form
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In development of the NTLMT, the first step was to make a detailed
review of the literature. The researcher searched all the sources mentioned in
Section 3.7 once again in order to find out possible questions that can be used in
the NTLMT. All the documents of the last eight months (since the literature
review made for the development of the AADT) related with Newton’s Third
Law were determined and maintained. In fact, the main concern of this new
literature review was “three-tier tests”. The researcher decided to develop a
three-tier test to be used as the NTLMT. All the related articles, theses, and
conferences were searched and all the documents related to two-tier and three-
tier tests were obtained. The researcher read all these documents at first.

In the literature, interviews (Gilbert et al., 1982; Posner et al., 1982;
Sutton, 1980), concept maps (Novak & Gowin, 1984), paper and pencil tests
like free-response and multiple choice tests (Baser, 2003; Clement, 1989, 1993;
Eryilmaz, 1992; Yilmaz, 2001), word-association tests (Sutton, 1980), or
combinations of these methods have been used to identify and analyze
misconceptions in physics. But the new trend in educational settings was to use
three-tier tests (Eryilmaz & Siirmeli, 2002; Pesman, 2005; Tiirker, 2005) to
diagnose students’ misconceptions in physics.

In three tier tests, the first tiers consist of a content question with several
choices. The second tiers consist of possible reasons for the first part including
alternative reasons except the desired one. In third tiers, students are asked to
mention whether they are confident with their answers of the first two tiers. If a
student explains his false answers as true with reasons and says that I am
confident about my answers, only then it is acceptable that this student has
misconceptions. This logic of testing is completely coincides with the definition
of the concept of “misconception”. Hence, the researcher thought that it would
be an asset to develop the NTLMT as a three-tier test for the sake of this study.

One of the most weaknesses of experimental studies aiming conceptual
change was the measuring tools used to test the effects of methods used in

instruction. In most of the studies, all the questions discussed in classes in the



48

treatment period were also used in the measuring tools. Therefore, finding a
difference between methods in such studies was both natural and not surprising.
In fact in these kinds of studies, the questions were method/group biased and all
the students in experimental classes started one step forward even at the
beginning. In this study, the researcher had added several (as much as possible)
parallel questions to the AADT in order to use them later in the NTLMT. All the
frequency tables and sorting were done for all of the analogies of the AADT
including these analogies inserted as the possible NTLMT items. The detailed
results of the descriptive statistics of the AADT are given in Section 4.1.1.

After the analysis of the AADT, some of the analogies without
disturbing or changing the spectrum of the misconception (the AADT results)
were excluded from the further analysis of the AADT. These discarded
analogies were neither used in the formation of concept diagrams nor used in the
experimental classes in the treatment period. Table 3.13 shows all the analogies
excluded from the AADT and those of which used in the NTLMT. The numbers

in parentheses refer to the original numbers of the items in the AADT.

Table 3.13 Analogies discarded from the AADT for the NTLMT

Misconception Discarded from Ttem no in
the AADT the NTLMT
M1 - -
M2 . )
M3 18, 19, 20, 23 4 (19), 3 (20)
M4 1,4 12 (1)
M5 1,2,3 2(2)
M6 3,20 11 (3), 15 (20)
M7 a) 8 14 (8)
b) 9 -
C) _ )

Total 13 7
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As Table 3.13 indicates, approximately half (seven over 15) of the
questions (first-tiers) of the NTLMT are obtained by this way. The researcher
also took into consideration and facilitated these unused eight questions
mentioned in Table 3.13 to develop (a starting point at least) some of the
questions in the NTLMT.

In the third step, the researcher resorted to the help of his colleagues and
friends. Two research assistants from elementary science education department,
two graduate students from related fields, and three science education
department undergraduate senior students were asked to write down as much
question as possible to assess these misconceptions. Each misconception and
their brief explanations were written in separate pages and distributed to them.
All the written and also oral valuable feedback were taken and summed up with
used/unused questions mentioned in Table 3.14 and blended with the questions
from the literature (Bao, Hogg, & Zollman, 2002; Bryce, & MacMillan, 2005;
Hestenes, Wells, & Swackhamer, 1992; Savinainen et al., 2005) to form up all
three tiers of the NTLMT.

This form of the NTLMT was distributed to both an Assist. Professor
from the department of secondary school science and mathematics education
and a research assistant from the elementary education department to establish
the content validity. Both of them were aware of the main purpose of the test.
They checked the measuring tool according to the appropriateness of items to
the grade level, appropriateness of the format, and representatives of content by
the selected items. Suggestions were taken into consideration for the revision of
the instrument. According to these suggestions, the researcher revisited the
directions of the NTLMT, checked the three tier item choices and the answer
key, appended some statements to the second tiers, controlled and enlarged
some of the pictures, removed ambiguities by changing some of the statements
and text of the items, and added three more questions to the test in order to have

three items written for each misconception.
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The revised test was applied to 36 junior science education department

students in the pilot study in the academic year of 2005-2006. The researcher

concluded followings according to the feedback:

1.

2
3
4
5.
6
7

No spelling mistakes

Some new directions should be added

Unnecessary repetition of some words and information in the items
Extra five minutes may be better. Increase the time allowed.

In some choices, the given information should be much detailed
Some students mark more than one choices in second tiers

Come across with some alternative conceptions that are not existing
in the test and can be added into the second tiers

Recognize that the test was not easy as considered although students
were from the science education department not from the elementary
teacher education department

Need to change the order of the items in the test. Some students (3-4)
guess the idea and mark all the questions with the same logic
(although most probably not thinking like that). Hence, putting

challenging items at first may be a solution

Finally, the researcher interviewed with three of these students in his

office. There was nobody in the office during the interview except the student

and the researcher. Interviews were not audio-taped. The researcher just took

short notes. Each individual interview was lasted approximately in 10-15

minutes. The researcher wrote down several questions in order to use in these

interviews. Some of them were “Which of the item do you think is the hardest

one and which one is the easiest? Is the allowed time enough to complete the

test? Is there any item that has a mistake or wrong or you can not find the

answer you are thinking in the choices of that item? Do the questions are

challenging or average? Have you ever feel/think that you really do not know

this content? Is it easy to understand the questions and what about the

examples?”



51

Considering all the process, feedback and sharing, the final version of the
NTLMT (see Appendix C) is completed. In the development of the test, the
researcher paid respectful attention for each distracter to assess merely one
misconception and each misconception to be assessed by more than one
distracter. In short, the NTLMT is composed of 15 three-tier items to detect five
misconceptions (M3, M4, M5, M6, and M7). The detailed reasons of selecting
only these misconceptions are explained in Section 3.7. As seen in the table
given in Appendix D, three items are written for each misconception. The bold
numbers in this table are representing these three items (for example, 3, 10 and
13 for M3).

All questions in the NTLMT are conceptual. There is not any
quantitative item in the test. It is a three-tier diagnostic test. First tiers of the
NTLMT are consisted of a content/main question about Newton’s Third Law
with several choices. The second tiers consisted of possible reasons for the first
part including alternative reasons and the desired correct one. In third tiers
students are asked to point out whether they are confident with their answers of
the first two tiers. If a student explains his false as true with related reasons and
said that I am confident about my answers, only then it is accepted that this
student has that misconception.

Misconception list, alternatives, answer key and some other informative
data about the test are given in Appendix D. This table is also used as an
evidence for content validity in the study. For the construct validity, correlation
between students’ scores on the first two tiers with confidence levels on the third
tiers was investigated. Because it is expected on a properly working test that
students with higher scores would be more confident about the correctness of
their answers if they properly understand what they read on a test (Cataloglu,
2002). By using SPSS, this correlation was found as .41 for the posttest and
significant at the .01 level (two-tailed). Furthermore, Cronbach alpha ()
reliability coefficient for the posttest was found .81 by using all three tiers. This

value indicates relatively high reliability for a diagnostic test.
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3.3.4 Observation Checklist

The researcher developed classroom observation checklist in order to use
for treatment verification. The observation checklist is given in Appendix E. It
was developed with the help of the documents about the BABI (Camp &
Clement, 1994; Clement, 1989, 1993) and the lesson plans developed by the
researcher (see Appendix F). Observation checklists were facilitated to ensure
that the teachers conducted the BABI lesson plans only in the experimental
groups and the TTM only in the control groups. Furthermore, observers also had
information about both control and experimental groups’ conditions such as
physical properties of classrooms, teacher -characteristics and student
characteristics with the help of the checklists. The analysis and results of the
classroom observations are given in Section 4.3.

There were 30 items in the observation checklist and responses were four
point Likert type like good, moderate, bad, and not applied. However 11 of the
30 items had one more column besides the four columns. Observers filled this
fifth column with number/count representing the occurrence or repetition of the
case mentioned in the item. And also at the end of the checklist, some spaces
were left for the observers in order to have them to write anything they need
to/want to highlight about the treatment/observation/procedure etc.

The checklists were filled by three different people throughout the study.
The researcher was also one of the instructors participated in the study who
conducted the BABI in his classes. Hence, both of the instructors observed their
classes and filled observation checklists at the end of each lesson. The
researcher observed two control and two experimental groups for three weeks
and filled 24 observation checklists for his classes whereas the other instructor
filled 12 observation checklists. In other words, by using all physics hours of
each group (three hours in a week) each instructors covered the content of two
misconceptions in a week and filled one observation checklist for each covered

misconception.
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One graduate student from similar department observed both of the
instructors’ second week lessons as an independent observer. She attended all
regular lessons of the both experimental and control group classes. She sat in the
back of the classroom at a desk and filled the observation checklists for both
groups during the study. The independent observer made eight observations for
one (four in the EG and four in the CG) and four observations (two in the EG
and two in the CG) for the other group. She made a total of 12 observations. All
of them were used to check whether the study was conducted as intended and to

give an overall judgment on various aspects of the study.

3.3.5 Interviews

The researcher made several interviews throughout the study. The
general aim of these interviews was to help the study in the development of the
measuring tools and materials. The interviews were also used to have an idea
about students’ opinion about the treatment. None of the interviews were full-
structured and none of them were audio-taped and coded sentence by sentence.
Nevertheless, the researcher wrote down several minimum questions before the
interviews and used them as a frame and basic directions for the interview. All
the interviews were made in the researcher’s office. The detailed explanations of
the interviews made in this study are given in the related sections. For example,
the interviews made during the development of the AADT are explained in
Section 3.3.1 and the interviews for the development of the NTLMT are given in

Section 3.3.3.

3.4 Teaching/Learning Materials

Various materials were used in this study: Lesson plans, concept
diagrams, make sense scales, flash cards, PowerPoint slides, quiz and

assignments, and demonstrations.
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3.4.1 Lesson Plans

Lesson plans were prepared to facilitate the process of teaching
Newton’s Third Law with the BABI in experimental classes. They were used to
make a more structured treatment, to prevent time consume and easily
application of the steps of the BABI in experimental classes.

In order to develop the BABI lesson plans, a list of criteria for the BABI
was developed after reviewing the literature (Camp & Clement, 1994; Clemet,
1993; Clement et al., 1989). The key points and basic elements of this criteria
list were students’ role, instructor’s role, demonstrations, mechanical models,
basic steps of the strategy, analogical reasoning, conceptual change, make sense
scale etc. All these key words from the literature, the large but limited course
description declared by YOK, specific and general objectives existing in the
elementary science books, closely related preconceptions and misconceptions
diagnosed in the literature were taken into consideration in order to develop the
lesson plans. Moreover, researcher’s past studies in the field and experiences
about the application of the BABI in the Master of Science period were also
reflected to the development of the lesson plans. Finally, the researcher shaped
and blended all these assets with his five years of experience in teaching the
content of Newton’s Third Law in the general physics course and developed the
lesson plans. The lesson plans are given in Appendix F.

In writing lesson plans, the researcher paid attention to the followings:

e (lear statements and sentences,

e The consistency of objectives and contents,

¢ Contemporary information that are in agreement with physical laws,

e [s it possible to apply or suitable for classroom settings?

e [Extra explanation or texts as if lecturing in the classroom,

e Examples and demonstrations as much as possible,

e Steps of the BABI,

e Set up a structured and a sequential plan,

¢ Proper, informative and simple directions.
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After the development of the lesson plans, a physics teacher in a high
school and one graduate student from the science education department
reviewed the developed lesson plans to determine whether they were correct
from physics law and appropriate for achieving the objectives. A philologist
checked and revised the structure, wording and the language of the lesson plans.

There were six lesson plans in the treatment. Each lesson plan was
developed for one misconception. First lesson plan was the most detailed one.
The steps of the BABI, the logic underlying it, causes and reasons pertained to
the steps were explained in detailed in the first lesson plan. Even a person
unfamiliar with the strategy could easily understand and apply the strategy to
her/his classes after reading the lesson plan one.

Class level, time duration, method, misconception assessed, objectives,
materials, and presentation were the parts and the headings of the each lesson
plan. Lesson plans were developed not merely for the misconceptions assessed
related to Newton’s Third Law but they also covered almost all the issues
related with the content.

There were two parts under the heading of “presentation”. These were
the steps with numbers and the explanations of them given just below. There
were 11 or 12 steps in each lesson plans. These steps were the general directions
and mostly the steps of the bridging strategy itself. Explanations below them
were the descriptions, examples, demonstrations, directions and information
related to the steps enlightening the objectives and preconceptions. The
researcher used two styles in these explanations. If the explanations were written
as if instructing in the classroom, they were taken into quotation marks.

Parentheses were used for the explanations made for the instructors.

3.4.2 Concept Diagrams
Unlike the traditional use of concept diagrams in the bridging strategy,
the researcher developed and introduced new type of concept diagrams in this

study. The researcher prepared eight concept diagrams for University A and also
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eight concept diagrams for University B. Each concept diagrams were
developed for one misconception. For both universities, only six of the concept
diagrams (M3, M4, M5, M6, M7a, and M7b) were used in the treatment. The
use of concept diagrams was very important for the BABI lessons. They were
the backbone of the strategy. The developed concept diagrams are given in
Appendix G. A theoretical example of these concept diagrams is given in Figure

3.1

BA1 T

A BA1 . T

A BA . BA2 T

. A J  BAT . BA2 . T
N EERE

Figure 3.1 Revised theoretical concept diagram of bridging strategy

Unlike the traditional concept diagrams with single analogies in each
step (see Figure 2.1 and Figure 2.2) used in the literature, there are four separate
groups/bags (represented with A, BA1, BA2, and T) of analogies in the concept
diagrams developed in this study. As seen in the theoretical concept diagram
given in Figure 3.1, there are four analogies in “Anchor” bag, five analogies in
first “bridging analogies” bag, three analogies in second “bridging analogies”
bag, and five analogies in the “target” bag. Each bag were drawn separate but

linked with arrows between them to mean that it was possible to pass between
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the bags. Each bag was also bordered with thick inclined lines. These lines were
used to emphasize that the frequencies (calculated over wrong responses) of the
analogies were getting increasing from bottom to top. In other words, the
analogy at the bottom of each bag was the least problematic or highest
understandable analogy of that group. Likewise, the analogy at the top of each
bag was the most problematic or least understandable analogy of that group. The
least problematic analogy (the highest analogy in frequency distribution tables)
of the concept diagram was enclosed in a small dashed rectangle, whereas the
most problematic (the lowest analogy in frequency distribution tables) of the
concept diagram was enclosed in a large dashed rectangle.

The researcher also used background colors to show sub groups in each
bag. As seen from Figure 3.1, there were two sub groups in all bags except the
second “bridging analogies” bag. This bag was composed of only one group.
The symbols “*7, “*” «Q” «“2” ysed in the cells of the concept diagram were
the integration of the tables given in Appendix J1. The meaning of these
symbols (Q, &, *) are explained in Appendix J2. But in short, “Q” is used to
symbolize females, “3”is used to symbolize males, and “*” is used to mean
common items. And if any of the symbol or item number of any analogy was
underlined (like *, @, & or 6 etc.) throughout the study, it was meaning that the
marked analogy was offered to be done in the treatment.

The development of these outlined and visualized concept diagrams are a
long process. In development of these diagrams, the first step was to analyze the
AADT. At first, the researcher entered all the data to the SPSS. All students’
responses in the AADT were coded as “yes’=1, “no”=0, “Absolutely sure”’=3,
“Almost sure’=2, and “Not sure”’=1 in the SPSS file. By using “table of
frequencies” menu of the SPSS, the researcher composed hundreds of frequency
tables throughout the study. These frequency tables were prepared for each
factor of the variables of gender, department, institution, and class. But the
concept diagrams were only developed for both University A and B elementary

teacher education department freshman students (treatment sample). Other
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frequency tables were just used to overview the biggest picture of the spectrum
and used for general comparisons.

The obtained output of frequency distribution tables were copied to
Excel. They were sorted according to correct (“yes’=1) responses in a
decreasing order. An example of this type of a frequency table (represented with
C in all sections) prepared for all elementary teacher education department
students (a part of the sample of the AADT) is given in Table 3.14.

As seen in the first column (symbolized with #) of Table 3.14, analogies
are given with their original numbers used in the AADT. This given frequency
table was prepared for the third misconception. The same process was repeated
for other misconceptions of the study. Table 3.14 presents the frequency tables
prepared just after excluding the analogies. Hence, the number of the rows of
this table might not be the same with the numbers given in Table 3.8.
Considering that these tables are used to develop the final tables given in
Appendix H and Appendix I1, it is possible and easy to determine the true
numbers representing the analogies (rows) in these frequency distribution tables

from them.

Table 3.14 Frequency table prepared for “yes” or “no” responses

C-type No Yes
# f % f %
3'9 14 10.2 123 89.8
3'1a 24 17.4 114 82.6
32a 25 18.1 113 81.9
3'7a 116 84.1 22 15.9
3'10 116 84.7 21 15.3
3'11 119 86.9 18 13.1
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Table 3.14 shows only six of the 37 rows related to third misconception.
The dots are used to express the distribution (rows) is continuing. The letter “f”

LN

in the table is used to represent the frequency of students. Students’ “yes”
responses to the analogies are referring the correct answers, whereas “no”
responses are meaning the false answers. As seen in the table, 123 (89.8%) of
137 students answer the analogy 3’9 as “yes” and 14 (10.2%) of them as “no”.
First row of the table is showing the easiest item/analogy, the last row of the
table is showing the least correct answer (3°11) of this specified group in the
AADT. These kinds of frequency tables prepared for the related specific sample
constitute the “C” columns of the tables given in Appendix I1.

Students’ responses and confidence levels were used to develop second
form of the frequency tables. All the causes/reasons taken in the AADT as a
third step were used inhere before going further analysis. The researcher used
them to control and check the consistency of the data (response, confidence
level, and the reason). Responses were revised when there was an evidence of
inconsistency. In the next step, all the data in the SPSS were copied to the Excel
file. Separate worksheets were formed for each misconception. By using six
nested “IF” and “AND” functions of Excel, all the data are recoded as shown in
Table 3.15. The reason of using this kind of coding was to use all the data,

represent and reflect all of the students’ responses to the analysis.

Table 3.15 Criteria used to recode the data

Response Function = Confidence Level Code

Yes (1) AND Absolutely sure (3) 5
Yes (1) AND Almost sure (2) 4
Yes (1) AND Not sure (1) 3
No (0) AND Not sure (1) 2
No (0) AND Almost sure (2) 1
No (0) AND Absolutely sure (3) 0
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The researcher transferred this recoded data back again to the SPSS file
in order to compose the second form (B-type) of the frequency tables. After the
frequency analysis, the obtained tables were copied to Excel. Two new columns
were added to these tables. The frequencies of the codes 4 and 5 were summed
up to yield “anchor” scores (column with the heading of “Anc”), whereas
frequencies of the codes 1 and 2 were summed up to produce “target” scores
(column with the heading of “Targ”). Next, the tables were sorted according to
columns “Anc” in a decreasing order. As a result, students’ most confident true
answers were in the first rows and the analogies having totally opposite
characteristics were at the bottom (last row) of these tables. Hence, these tables
were effectively highlighting the distribution of students’ responses from the
aspect of potential anchoring analogies. An example of this kind of a table is

given in Table 3.16.

Table 3.16 Frequency table prepared for response plus confidence level

B-type 0 1 2 3 4 5

Anc|Targ| f | % f | % f | % f | % f | % f | %
30917971 70| 6 |47 3 | 23] 4 | 3.1 13 |10.2] 34 |26.6] 68 |53.1
3'1b|71.7{134) 7 | 55| 10| 79| 6 |4.7] 13 ]10.2] 49 |38.6[ 42 |33.1
3Mal 701|126 7 |55 9 | 7.1 5 |39 17 |13.4] 46 |36.2| 43 [33.9

0

3'11] 9.4 [69.3] 49 |38.6] 39 [30.7f 23 |18.1] 4 |3.1| 7 [55 3.9
3'18] 9.4 [67.7| 43 1339{ 43 |33.9] 19 [15.0] 10 | 7.9 6.3 3.1
3'10] 9.4 [ 71.1| 58 |45.3) 33 |[25.8| 18 [14.1] 7 | 55| 6 |47 6 | 4.7

oo
~

These tables (B-type) are also used to form a part of the tables given in
Appendix I1. But the main disadvantage of these tables (B) is that the
distributions are not representing the entire sample. As seen in Table 3.16, the

analogy of 3’9 is only representing 86.7% (Anc (79.7%), Targ (7.0%)) of the
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sample. Some others (3’1a, 3’18, and 3°10) are representing 82.7%, 74.1%, and
80.5%, respectively. In order to represent the views of all sample, the researcher
developed another frequency distribution tables (A-type).

For A-type tables, the researcher calculated means of all analogies with
help of SPSS by using the data recoded according to Table 3.15. The obtained
means distributions were copied to MS Excel. Since the maximum value of the
means could be five (the maximum recode value), the researcher multiplied all
these values with 20 to maintain the frequencies representing the whole sample.
As a final step, the tables were sorted in decreasing order according to these

frequencies. A sample of an A-type table is given in Table 3.17.

Table 3.17 Distribution of means for response plus confidence level

A-type f Mean %
3'9 128 4.1 82.2
32a 127 3.7 74.3
3'3b 126 3.7 74.0

3'18 127 1.3 25.7
3'11 127 1.2 23.6
3'10 128 1.1 22.5

All the necessary data of these three (C, B, A) types of frequency
distribution tables were taken and composed the columns (C, B, and A) of the
tables given in Appendix I1. There were eight of these combined tables for
University A and eight for University B in the study. But these tables were
developed according to the university without regarding the gender effect by
taking all elementary teacher education students. Therefore regarding the gender

effect, the researcher prepared all these three types of tables again and
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developed the combined tables from them. The revised (ready to be used in the
treatment) final forms (reduced to one column, similar to A-type) of these
combined tables were prepared for each gender. All these 16 tables (eight for
males, eight for females) for University A and 16 tables (eight for males, eight
for females) for University B are given in Appendix H.

In development of the concept diagrams, the final combination of A, B,
and C-type frequency tables with some additional settings given in Appendix 11
are used. Key points, variables and characteristics of these combined tables are
summarized in Appendix 12. But in short, these tables were used as a frame and
a criterion to develop concept diagrams. In other words, the groups, subgroups,
and distribution of the analogies in concept diagrams were formed according to
these tables. Examining all the distributions in three columns (A, B, and C-type)
together enabled to see the broader view of the spectrum.

Regarding all these considerations, the researcher formed first drafts of
the concept diagrams. The researcher combined the tables given in Appendix J1
(gender effect) with these versions of the first drafts to develop the used concept
diagrams given in Appendix G. It was easy to form these tables given in
Appendix J1. They were developed by comparing girls and boys’ frequency
tables with each other. All the common questions were specified after
comparison and inserted to the tables. The key terms related with these tables
are explained in Appendix J2. The important contribution of these tables was
that the researcher used them to reflect the gender differences to the concept
diagrams and later to the treatment.

In the enlightenment and integration of all these details, the researcher
developed the final forms of conceptual diagrams given in Appendix G. It took
several months to prepare them and even it took pages to explain the
development of them, but they were versatile, informative, visual, and easy to

use with just a little attention.
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3.4.3 Make Sense Scales

The make sense scale (MSS) used in the study was the modified version
of the opinion survey used in Camp and Clement (1994). There were two
versions of the scale in the study. One version was for instructors and the other
one was for students. In fact, both were the same except an extra column
inserted in the instructors’ scale. The instructors used the MSS just to take the
note of which analogies they asked for vote. However, students were expected
to use it to circle the letter representing their answers to the questions and for
rating how much their answer make sense to them. The directions and
explanations of how to use the scale, what was meant by “make sense” and an
example of using it was explained both above and below of the voting section of
the scale. The MSS is given in Appendix K.

The scale was composed of two parts. First part was composed of the
letters “E” and “H” used for “yes” and “no” consecutively. Second part was

LT3

composed of a 5-point Likert type scale like “make no sense to me”, “make only
little sense to me”, “neutral or undecided”, “make quite a bit of sense to me” and
“make perfect sense to me”. Students were expected to answer each question
they asked by first circling one of the letters from “E” or “H” and second scaling
their answers according to the Likert type mentioned above.

Each student filled one “make sense scale” for each misconception.
Hence, a student in the experimental group completed six (for M3, M4, M5, M6,
M7a and M7b) scales throughout the treatment period. And each makes sense
scale was composed of 12 votes in the study which mean in other words that
there was a place for 12 analogies or sub questions. The minimum numbers of
the analogies or sub questions asked to the students in each misconception/scale
(or the count of the votes) were predetermined by the researcher and were
mentioned both in the concept diagrams given in Appendix G and the offered
items tables given in Appendix J1. But the number of analogies asked could
probably be much more according to the steps explained in the lesson plans. The

numbers of the analogies voted per scale were range from four to eight in this
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study. Some basic descriptive statistics related with the scales are given in

Section 4.1.4.

3.4.4 Flash Cards

There were two kinds of flash cards in the study. First group of flash
cards were composed of letters “E” and “H” representing “Yes” and “No”
respectively, whereas the other group of flash cards were composed of numbers
(1, 2, 3, 4, 5) representing “make no sense to me”, “makes only little sense to
me”, “neutral or undecided”, “makes quite a bit of sense to me” and “make
perfect sense to me” consecutively.

All the flash cards were one sixth of a white A4 paper in dimension. The
researcher cut the same number and the same size of pasteboards to put back of
the flashcards. Green pasteboards were used for letter flash cards while brown
pasteboards were used for number flash cards as a background cover. The
purpose of using these pasteboards was to ensure that the numbers or the letters
were not seen by the others in the class when a student raised a flash card to
show his/her vote. Both groups of the flashcards were also covered with
transparent nylon and all taped from the edges. Finally, two letter and five
number flash cards were gathered and wrapped up tightly with elastic rubber to
form a set of flash cards. The researcher prepared these sets for each of a student
in the experimental groups.

Flash cards were used with make sense scales in the study. Students used
them to show the letters or the numbers they wrote on the make sense scales.

Foreground views of these flash cards were shown in Appendix L.

3.4.5 PowerPoint Slides
The researcher prepared 141 slides for the study. 134 of them were the
analogies used in the AADT, one of them was the general index slide, and the

remaining six slides were the index of the misconceptions. A general “index”



65

slide, six misconception index slides (M3, M4, M5, M6, M7a, and M7b) which
were the contextual version of the concept diagrams, and one example/analogy
from each (3’6b, 4’2, 5’12, 6’1a, 7a’3 and 7b’22a) were given as an example in
Appendix M in the same order conducted as in the treatment.

The first slide of this PowerPoint file was the general “index” slide.
Misconceptions were written in pairs and in application order in this slide. There
were three misconception pairs. The numbers of the pairs conducted in the same
day of the treatment were written close to each other and apart from the other
pairs in the slide. There were arrows at the right bottom of each slide in the file.
It was possible to pass between misconception index slides (M3, M4, M5, M6,
M?7a, and M7b), the sub questions/analogies (4’2, 5’12, 6’1a, 7a’3, 7b’22a, etc.)
or any of the slides in the file by using these linked arrows. The researcher
preferred to prepare these slides and used them instead of concept diagrams’
acetates in the treatment. Since by this way, the treatment was more structured,
more dynamic, more technological, more visual, less time consuming, easy to

conduct, and easy to follow.

3.4.6 Assignments and Quizzes

Results of previous studies (Camp & Clement, 1994; Clemet, 1993;
Clement et al., 1989; Yilmaz, 2001) showed that the use of assignments or
quizzes was also important for the positive effect of the strategy. But for this
aim, the researcher developed only one mini test including 8 questions. This was
due to the limited time period that should be reserved for the application of
Newton’s Third Law in general physics course and the large content of the
treatment (six misconceptions) that has to be covered. The questions in this mini
test were similar and complementary to the ones discussed in the class. Most of
them were non-quantitative questions. It was left to the instructors to use them
whether as a pre-quiz in the beginning of the lesson, or a sum up quiz at the end
of the lesson or an assignment that has to be done in home. The mini test is

given in Appendix N.
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3.4.7 Demonstrations

Many demonstrations were utilized in this study. The main reason of
using demonstrations was to make contradictions to students' misconceptions
through them. In the treatment, they were mostly introduced at the end of the
second bridging analogy before voting the target case once more. Instructors
might used any of the analogies of the concept diagrams as demonstrations in
classes whenever they want except the ones they already assessed and voted in
the treatment. All of them could be done in classes. None of them required
extensive care, experience, information, laboratory equipments or the
environment. Mostly students could easily make them with alone or sometimes
with their classmates.

Furthermore, the researcher suggested several demonstrations in lesson
plans related and similar to the analogies used in each lesson. One student
dragging an another one with a constant speed or an increasing speed, students
having different masses pushing a wall with different or the same forces,
colliding various objects etc. were some of these suggested demonstrations. The
number of the demonstrations made in experimental groups was approximately

the same. There was an item in observation checklist used to control this issue.

3.5 Research Design

In this study, not the individuals but the groups were randomly assigned
to experimental and control groups. Hence, the study was a quasi-experimental
design. The research type of the study was matching-only pretest-posttest
control group design (Fraenkel & Wallen, 1996).

Pretests were given to both control and experimental groups at first.
Experimental groups were instructed by the BABI and were exposed to
treatment after the pretest. Posttests were given to all groups after the treatment.

An outline of the research design is given in Table 3.18.



Table 3.18 Research design of the study
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O O
(Test) X (Treatment) (Test)
Experimental Group PRENTLMT Bridging POSTNTLMT
PREASNTL Analogies POSTASNTL
Based
Instruction
Time Duration One-week Three-weeks One-week
Control Group PRENTLMT  Traditional POSTNTLMT
PREASNTL Method POSTASNTL
Time Duration One-week Three-weeks One-week

3.6 Procedure

Brief summary of the procedure followed throughout the study is

presented in Table 3.19.

Table 3.19 Outline of the dissertation

Step Process Time Schedule
A Determination of key words 2004
B Literature review 2004
C Skimming/scanning of the articles 2004
D Development of the AADT 2004-2005
E Input of the AADT to the SPSS 2005
F Adaptation of the ASNTL 2004-2006
G Development of the NTLMT 2005-2006
H Development of teaching/learning materials March-October 2006
I Application of pretests October 2006
J  Treatment November -December 2006
K  Application of posttests January 2007
L  Data entering January 2007
M Analysis / Writing the thesis January - February 2007
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As seen in Table 3.19, there are 13 main steps in the thesis. The
researcher paid respectful effort to determine the key words of the study in the
first step. In fact, the first key word was obvious at that time. It was “bridging
strategy”. However, the researcher could not decide to the content of the study.
The aim of the researcher was to apply this strategy to any of the contents of
optic, simple electric circuits or magnetism. Hence, the study started with a
detailed examination of the literature by using this first group of key words. A
list of all the key words assessed throughout the study is given in Appendix O.

The researcher systematically searched Dissertation Abstracts
International, Social Science Citation Index, Educational Resources Information
Center (ERIC) and Internet. Most of the articles were maintained from the
periodicals in METU library, library of Bilkent University, and TUBITAK
Ulakbim. The researcher also searched the MS and PhD theses made in Turkey
from YOK. Photocopies were taken and all the documents were categorized. It
took 6 months of the researcher to read hundreds of pages and conclude whether
it was possible to apply the BABI to one of these contents. But, these contents
were more abstract than the contents of mechanics and there were very few
example in the literature the researcher could embark on, so the researcher
decided to go on with any of the appropriate content of mechanics.

As a part of the fourth main step of the procedure section and at the same
time the first step of the development of the AADT, the researcher applied
Mechanics Misconception Test (MMT) to 513 university students. The main
purpose of this application was to decide the content and the sample of the
study. The content was chosen as “Newton’s Third Law” and undergraduate
elementary teacher education university students were determined as the
possible candidate of the treatment sample of the main study. All the other sub
steps of the development of the AADT have already explained in detailed in
Section 3.3.1.

Next step was also a tiring process. It took several months to enter this

large amount of data (responses, confidence levels, and reasons) of the AADT
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into the SPSS. Following two steps were related with the development or
adaptation of the other measuring tools. The process followed in the adaptation
of the ASNTL is clarified in Section 3.3.2 and development of the NTLMT is
explained in detailed in Section 3.3.3.

Development of all teaching/learning materials (also elaborated in
Section 3.4) was the last step before the treatment period. From all these
materials, the researcher only used those prepared for misconceptions M3, M4,
MS5, M6, M7a, and M7b in the main study. It was decided to exclude M1, M2,
and M7c from the treatment. The main reason of this process was to decrease
the number of the misconceptions assessed in the study. Seven main
misconceptions (counting M7 as one) or a total of nine misconceptions
including the related ones (M7a, M7b, and M7c) were too much to study.
Hence, both with the help of the experiences in the field and results of the
AADT, the easiest sub misconception of M7 which was M7c (also examined
with minimum number of analogies in the AADT) was excluded from the study.
After then, two more misconceptions (M1 and M2) were discarded from the

study. Table 3.20 illustrates this second criterion of the elimination.

Table 3.20 Outline and selection criteria of the order of the treatment

Lesson Time Misconception Univ.B Univ. A All

% % %

1 st week M4 92.6 86.2 88.8
2 1st week M6 80.8 717.3 78.0
3 2nd week M5 79.3 86.4 86.7
4 2nd week M3 77.6 84.3 82.2
- - M1 75.9 76.9 76.4

- M2 70.7 72.9 70.7
5 3rd week M7b 64.4 59.0 59.7

6 3rd week M7a 58.5 56.5 53.8
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Frequencies in Table 3.20 are taken from A-type tables prepared for each
group. These values were the highest frequencies (anchors) in each distribution
related to misconceptions. The researcher sorted misconceptions according to
the frequencies of anchors for each university (A and B). Table 3.20 is sorted in
decreasing order according to the anchors of University B. The anchoring
analogies of first and second misconceptions are the lowest couple in rank for
both universities when disregarding M7b and M7a (the researcher specifically
wants to study these robust, deep seated, literally important misconceptions).
Hence, M1, M2, and M7c are extracted from the main study.

The next step was the application of pretests. In the last days of the
October 2006, the instructors applied both the NTLMT and the ASNTL as a
pretest. Approximately three weeks later treatment applications were started.
The researcher selected two of his four elementary teacher education sections
randomly and assigned them as experimental groups. Likewise, the other
instructor randomly selected one of her two classes in University B and assigned
the group as experimental class. Experimental groups were instructed with the
BABI whereas control groups by the TTM. After a three weeks treatment period
the same tests were applied as posttests. At the very beginning of January 2007,
the instructors conducted POSTNTLMT and POSTASNTL in their
experimental and control classes. The detailed explanation of the treatment
given is also mentioned in Section 3.8.

The last steps of the test were naturally entering the data, analyzing them

and writing the thesis in the light of these outputs.

3.7 Treatment

Experimental groups learned Newton’s Thirds Law with the BABI,
while control groups learned them with the TTM. The basic steps and
characteristics of the treatment in experimental groups and in control groups

were explained in the following sections.
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3.7.1 Treatment in the Experimental Group

Both of the instructors had experiences about the BABI before this study.
Nevertheless, they met and made conversation for three hours before the pretests
to standardize all conditions as much as possible. Moreover, the researcher
prepared six detailed lesson plans (see Appendix F). First of these lesson plans
was specifically prepared to explain the steps of the BABI in detailed. The
researcher also gave all these lesson plans, concept diagrams, make sense scales
(students’ and instructor’s copies), flash cards, PowerPoint file,
assignment/quiz, both gender splitted frequency tables and common and
strongly offered items table for University B, and the table of misconception list
and answer key to the other instructor in this meeting. The day after the meeting
they applied pretests. After then, the treatments were started.

The detailed and specific explanations of the treatments in experimental
groups were explained in the lesson plans given in Appendix F. By reflecting
the same style used in lesson plans, the general steps (in the order of the
treatment) of the BABI in experimental classes for any lesson can be explained
and summarized briefly as follows:
® Check the class list and the number of the students in the classroom.
® Apply quiz of the day (if exists).
¢ Distribute make sense scales (voting sheets) and both letter and number flash

cards.
¢ Explain how to use them in lesson/treatment.
¢ Briefly review previous lesson. Make an introduction to the lesson of the day.
¢ Open PowerPoint slides from the projector.
e Ask the target analogy (misconception) of the day for vote specific to the
sample.

e Have students mark their answers on the make sense scales.



72

Do not forget to write down the call number of each analogy asked for vote
into teacher’s copy of the make sense scales.

Let students show their answers by using letter and number flash cards.
Count the responses (yes/no, confidence levels) quickly and roughly.

Make the decision of whether passing to the anchoring analogy of the day or
asking another target case or leaving the misconception/lesson. (If most of
the students give false responses with high confidence (minimum 70% but
mostly over 90%), there is not a problem. Go on with the next step and ask
the offered anchor. But if true responses are dominant, than ask another more
problematic target case (if exists) from the concept diagram. Count and use
the same percentage criteria. If there are still low percentage of false
responses, leave the misconception and pass to another one)

Ask the offered anchoring analogy of the day for vote specific to the sample.
Have students both mark their answers on the make sense scales and show
their answers by using letter and number flash cards.

Count the responses (yes/no, confidence levels) quickly and roughly. If
necessary (anchor does not work or the percentage of the true responses were
low), ready to ask another anchor from the related bag of the concept
diagram.

Be careful in counting. Do not forget to control gender effect. Use gender
splitted frequency tables, the table of common and strongly offered items or
the concept diagrams. (Count the number of the responses in the class. It is
more convenient to count rare responses (yes or no). Observe the responses
of males and females. The problem could be specific to males or females. If
only females give the wrong answers than choose an item specific to females
as the next anchor by using gender splitted tables or considering the symbols
offered in concept diagrams. If only males give the wrong answers than do
the same for males. But, if the percentages of wrong answers was high
(maximum 30% but mostly over 10%) and these results not depending on the

gender (similar), then choose any item (if exits, analogy having highest
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frequency of that group) as the next anchor by using common and strongly
offered items tables or considering the symbols offered in concept diagrams)
Superficially compare similarities and differences between the anchor and the
target.

Ask the offered bridging analogy from the first (if there exits two bridging
bag in the concept diagram) bridging bag for vote specific to the sample.
Have students both mark their answers on the make sense scales and show
their answers by using letter and number flash cards once more.

Count the responses (yes/no, confidence levels) quickly and roughly. If
necessary (few correct responses), ask another bridging analogy from the first
bag.

Compare similarities and differences between the anchor and the bridging
analogy at first and between the target and the bridging analogy as second.
Look at the time schedule and students’ motivation. If there is no time and
evidences of tiredness, omit this step until the end of second bridging vote.
Do the same voting procedure for the analogy from the bridging analogy
group.

Compare differences and similarities between all (anchor, bridging analogies,
and target).

Use as much analogy as possible from the concept diagrams or PowerPoint
slides.

Make students do all the demonstrations and experiments. Talk about the
mechanical models if exists, ask “as if” questions, create a conversation
environment in the class. (Try to increase the participations of the majority of
the students’ in classroom discussions and demonstrations. The effective use
of demonstrations and models are important in increasing the effect of the
BABI)

Be director/conductor/sculptor in the classroom. Play the “devil’s advocate”.
Do not give all the answers. Let them to query. Let them to ask and let them

to conclude.
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e Give all extra theoretical information related to the content that has to be
covered throughout the course.

e Ask the target case of the day once more for vote. Have students both mark
their answers on the make sense scales and show their answers by using letter
and number flash cards again.

e Use as much analogy as possible from the concept diagrams or PowerPoint
slides until to maintain high rate “yes” responses with high confidence levels.

¢ Distribute assignment of the day (if exists).

e Together conclude and state the law. And then considering the misconception
of the day summarize the lesson by rephrasing the law.

The BABI lessons as framed shortly above were instructed for three
weeks in experimental classes. And the treatment period was ended with the
application of posttests. A graduate student observed both of the instructors’ all
of the second week lessons as an independent observer. The results of these

observations are given in Section 4.3.

3.7.2 Treatment in the Control Group

The control group students were taught Newton’s third law by the TTM.
The method used in control group can be briefly summarized as follows:

Generally, the majority of classroom atmospheres developed around the
teacher supplying information to the students. Instructors first explained the
concept by writing definitions on the blackboard. If necessary, they solved some
examples. Later, they allowed students to write them on their notebooks. The
lessons generally continued by solving questions similar to the examples
previously solved. Students’ roles in these groups are mostly passive.
Nevertheless, it was not fair to say that students were exactly the passive
receivers. They were listening to the teacher, recording what the teacher wrote

on the blackboard, solving the questions the teacher asked, but also some of
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them were asking questions, giving examples, and participating in the rare
demonstrations.

Instructors also covered all the same Newton’s Third Law content in
these classes. But, not from the perspective of the bridging strategy. In control
groups, the instructors also gave the answers of the target cases used in the EG.
But only the time, order, and structure was different. The instructors mostly
preferred to give the answers of these analogies all together (one by one from
data show) without discussing, making comparisons, and elaborating into the
analogies.

The same graduate student also observed both of the instructors’ all
second week lessons in control groups as an independent observer. The results

of these observations are given in Section 4.3.

3.8 Treatment Verification

Both experimental and control groups were observed throughout the
study whether the instructors were following the experimental and control
protocols. An observation checklist given in Appendix E was used for making
observations in the classes. The checklists indicated the degree to which the
instructors implemented the BABI in their classrooms. The classroom
observations were also used to verify the absence of the BABI in the control
groups. Classroom environments, instructors’ behavioral characteristics,
students’ reactions/characteristics were assessed with the other items in the

checklist.

3.9 Analysis of Data
The data obtained by the AADT, NTLMT and ASNTL were analyzed by

using Statistical Package for Social Sciences 11.0. All the data were entered in
the SPSS at first. But the frequency tables related to the AADT and the results

of the NTLMT were copied to Excel file for further preliminary calculations. It
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was easier for the researcher to make multiple sorts of the data and to write
nested formulas by using the AND/OR/IF logical functions of the Excel. The
researcher transferred this Excel file again to the SPSS file at last. All other
analyses were done by using the SPSS.

The researcher made missing data analysis and data cleaning before

making all kinds of descriptive and inferential statistics.

3.9.1 Descriptive Statistics

The mean, standard deviation, range, kurtosis, minimum and maximum
values, skewness of the variables, and frequencies, were used throughout the
study. The detailed explanations of the descriptive statistics done related with

the measuring tools and the treatment are given in Section 4.1.

3.9.2 Inferential Statistics

Multivariate analysis of covariance (MANCOVA) was used to compare
the mean scores of the control and the experimental groups’ students’
misconceptions in Newton’s Third Law and attitude toward Newton’s Third
Law while at the same time controlling the differences between groups for
gender, age, the PRENTLMT, and the PREASNTL. The MANCOVA is a
powerful statistical technique that measures the effect of independent variable(s)
on more than one dependent variables.

Variables and their entry order in the MANCOVA model are presented
in Table 3.21. Covariates were entered at first, group membership were the
second and set C (AxB) of “covariate*group” interactions were entered at third
in the MANCOVA model. After the MANCOVA analysis, the follow-up
ANCOVA’s were used for significant main effects. All the analysis made for the
MANCOVA model is given in Section 4.2.
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Table 3.21 MANCOVA variable-set composition and statistical model
entry order

Variable Set Entry Order Variable Name

A 1 X1 =PRENTLMT
(Covariates) X2 = PREASNTL
B (Group Membership) 2 X3 =MOT

C

(Covariate*Group 31 X4 =X1*X3
Interactions) X5=X2*X3

D Y1 =POSTNTLMT
(Outcomes) Y2 =POSTASNTL
3.10 Power Analysis

Determination of the population effect size (ES) is the first step and the
main concern in the power analysis. There are two widely used ways of
determining effect size. First one is calculating the ratio of explained variance to
unexplained variance which is called Eta square (nz). It is a measure of the
magnitude of effect and also known as the correlation ratio. Traditionally, n2
values .01, .06, and .14 represent small, medium, and large effect sizes,
respectively (Green, Salkind, & Akey, 2000). Second one is related with the
determination of a specific ratio. This ES value can be obtained by dividing the
difference between mean of the experimental group and mean of the control
group by the standard deviation of the control group. As Cohen and Cohen
(1983) suggested, ES values of .20, .50, and .80 corresponds to small, medium

and large effect sizes, respectively. Considering the results obtained from the
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previous related studies, a medium (0.50) or a large (0.80) effect size in the
study will have had a practical significance. Hence before the study, effect size
was set to 0.14 (large) measured by eta square.

The significance level (o) and the power (1-B) of the study was set to .05
and .80 respectively because they were the most accepted values in educational
studies. In other words, a Type I hypothesis-wise error rate (the probability of
rejecting a true null hypothesis [a]) of .05 and a Type II hypothesis-wise error
rate (the probability of failing to reject a false null hypothesis [B]) of .20 was set
a priori to hypothesis testing. Sample size was calculated for a large effect size
as 52 and 128 for medium effect size in a priori analysis for two tailed. Since the
sample size of the study was 308 and it was more than the calculated sample

size, therefore the statistical power of the study was naturally greater than .80.

3.11 Unit of Analysis

In statistical analysis, it is sometimes not clear what the appropriate level
of analysis is. For example, persons are in groups (e.g., students in classrooms),
and either person or group could be the experimental unit (unit of analysis). An
experimental unit is the basic recording unit or the smallest unit treated by the
researcher during an experiment. Unit of analysis refers to the unit (individual,
family, school district etc.) the researcher uses to gather the data.

In this study, group is the experimental unit and single student is the unit
of analysis. As a measure to control this problem, nested covariance analysis are
suggested in the literature. But, the researcher could not make nested covariance
analysis due to limited number of groups of the study.

An assessment of whether observations are independent is often helpful
to determine the unit of analysis. There are several factors that make units non-
independent (Kenny & Judd, 1986). Observations can be non-independent
because of compositional effects, common fate, and social interaction.

Compositional effects refer to the fact that sets of observations are already
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similar before the study even begins, whereas common fate refers to the fact that
sets of observations may have common reasons. And social interaction implies
the direct and indirect influence between pairs of observations.

Although treatments were randomly assigned to intact classes of
students, the data were collected individually for the issue of non-independence
of observations. No distinguishable differences were observed during the
application of the tests in classes. Each student completed the tests individually
without having contact with other students in the class. The instructors tried to

standardize the conditions for all classes.
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CHAPTER 4

RESULTS

The results of this study are divided into four sections. Descriptive
statistics related to the measuring tools are presented in the first section.
Inferential statistical data produced from testing the null hypothesis is clarified
in the second section. The third section is reserved for the results of classroom
observations. Finally, a summary of the findings of the study is given in the last

section.

4.1 Descriptive Statistics

This section is separated into four main sub sections. Descriptive
statistics of the AADT, NTLMT, ASNTL, and MSS are all explained in detailed

in this section.

4.1.1 Descriptive Statistics of the Anchoring Analogy Diagnostic Test

The researcher developed the AADT to detect possible usable anchors,
bridging analogies, and target cases. The results of the test was facilitated to
develop the new style of concept diagrams to be used in the BABI. As
mentioned before in Section 3.3.1, the AADT was applied to 148 elementary
teacher education freshman students of two different universities. The tables
given in Appendices H, I, and J were developed according to this sample. These
148 (108 University A, 40 University B) students also participated in the main
study conducted one year later and constituted a part of the sample (308

students) of the main study. Hence to represent and describe the sample, various
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descriptive analyses results, comparisons, and several tables were given
throughout this section.

RN T3

Descriptive statistics related to students’ “yes/no” responses in the
AADT according to gender is given in Table 4.1. Mean, standard deviation,
skewness, kurtosis, minimum and maximum values were mentioned for each
question of the AADT with respect to gender. As Table 3.9 already makes
explicit, students’ correct responses in the AADT are changing according to
each question. Possible maximum scores of questions Q1, Q2, Q3, Q4, Q5, Q6,
and Q7 were 18, 22, 41, 26, 24, 28, and 34, respectively. And the value 193 was
the highest score (if all the answers to the analogies were true) that a student

could take from the AADT according to “yes/no” responses.

Table 4.1 Descriptive statistics related to students’ correct responses in the
AADT with respect gender

Gender Mean SD Skewness  Kurtosis Min. Max.

ol Male 11.97 5.86 -0.38 -1.18 0 18
Female 11.09 5.55 -0.07 -1.32 1 18
Q2 Male 13.36 5.68 -0.03 -0.65 3 22
Female 12.60 4.56 -0.21 0.23 0 22
Q3 Male 21.51 8.26 0.47 1.10 3 41
Female 21.64 6.48 0.29 0.76 6 41
04 Male 13.81 8.43 -0.03 -1.14 0 26
Female 11.19 6.89 0.53 -0.51 1 26
Q5 Male 14.59 5.19 -0.38 0.28 4 24
Female 14.49 4.92 -0.44 -0.11 4 24
Q6 Male 14.42 8.15 0.36 -0.82 2 28
Female 11.74 7.18 0.63 -0.06 0 28
Q7 Male 15.23 10.09 0.52 -0.52 0 34
Female 15.63 8.37 0.58 0.23 0 34
All Male 104.89  35.74 0.65 -0.01 49 193
Female 98.39  29.81 0.68 0.21 46 193
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For example in the first question of the AADT, the mean scores of male
and female students were 11.97 and 11.09, consecutively. It was clear that the
overall mean scores of males were larger than the females. And also in most of
the questions (Q1, Q2, Q4, QS5, and Q6), mean scores of males were higher than
the mean scores of females. The researcher also divided each mean score with
the total (maximum) number of the analogies in the questions to compare them
relatively. By this way, it was found that Q1 was the easiest of all questions for
both males and females. The hardest item for females was Q6, whereas it was
Q7 for males.

In order to give more information about the sample of the AADT,
students’ confidence levels are given in Table 4.2. Students’ confidence level
scores were also differed from item to item in the AADT. Hence, the researcher
decided to divide each mean scores of the item with the number of the analogies
in each question to make it easier to interpret the results. By this way, if the
mean score in any cell of Table 4.2 is three, it means that all the students in that
group are totally confident in their answers whereas if it is “one”, the
interpretation must be totally the opposite.

The format of the Table 4.2 is also the same with the previous table. It is
prepared to show the general picture of all students’ confidence levels with
respect to gender. As seen in Table 4.2, males overall confidence scores are
larger than those of females. But in general, confidence scores were not
drastically different. Considering standard deviations and the differences
between mean scores of males and females, the largest difference existed in Q5.
The other important result of this table is that all students are less confident in
their answers to Q7 and most confident in Q1 when compared with other items
in the test. Overall confidence values also showed that students were almost

confident (over 14 and converges to two) in their answers.
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Table 4.2 Descriptive statistics related to students’ confidence levels in the
AADT with respect to gender

Gender Mean SD Skewness  Kurtosis Min. Max.

ol Male 2.32 0.57 -0.69 0.32 1 3
Female 2.16 0.55 -0.74 1.21 1 3
Q2 Male 1.96 0.65 -0.99 2.04 1 3
Female 2.01 0.56 -0.23 0.31 1 3
Q3 Male 2.09 0.66 -1.77 3.75 1 3
Female 2.09 0.51 -0.07 -0.33 1 3
04 Male 1.98 0.44 -1.51 4.59 1 3
Female 2.00 0.54 -0.26 0.20 1 3
Q5 Male 2.22 0.31 0.88 0.20 2 3
Female 2.13 0.53 -0.09 -0.47 1 3
Q6 Male 2.08 0.58 -1.72 541 1 3
Female 1.98 0.57 -0.32 0.34 1 3
Q7 Male 1.93 0.59 -0.78 1.82 1 3
Female  1.82 0.59 0.32 -0.65 1 3
All Male 14.57 2.74 -0.87 2.86 7 20
Female 14.18 3.02 0.08 -0.13 7 21

Another descriptive data calculated by considering students’ both
responses and confidence levels are given in Table 4.3. The recoding procedure
used to have this table is the same with the one that is already explained in
detailed in Table 3.16. In short, the point five was used to mean a correct
response with high confidence whereas the point zero was used to mean a wrong
response with high confidence as to emphasize the opposite side of the
spectrum.

As seen in Table 4.3, the scores are differing with respect to gender. The

mean scores of all females in the sample of the AADT were generally lower
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than males in most of the questions (Q1, Q2, Q4, Q5, and Q6). It was seen that
the easiest question or the least problematic question in the AADT was the Q1.
On the contrary, Q7 was the hardest and the most problematic question in the

test.

Table 4.3 Descriptive statistics related to students’ confidence levels plus correct
responses in the AADT with respect to gender

Gender Mean SD Skewness  Kurtosis Min. Max.

ol Male 3.27 1.23 -0.34 -0.83 1 5
Female 2.87 1.22 0.08 -0.65 0 5
0 Male 2.82 1.17 -0.09 0.75 0 5
Female 2.76 0.81 0.05 1.64 0 5
03 Male 2.49 1.03 -0.25 1.11 0 5
Female  2.59 0.55 0.10 0.45 1 4
04 Male 2.64 1.15 -0.06 -0.81 1 5
Female 2.31 0.91 0.45 0.73 0 5
05 Male 3.01 0.75 -0.38 1.29 1 5
Female 2.94 0.72 0.22 0.84 1 5
Q6 Male 2.49 1.17 0.36 0.07 0 5
Female 2.27 0.84 0.75 2.32 0 5
Q7 Male 2.22 1.13 -0.14 -0.05 0 4
Female 2.46 0.79 0.84 2.65 0 5
All Male 18.93 5.10 0.03 -0.23 9 29
Female 18.20 4.10 0.84 1.41 9 32

4.1.2 Descriptive Statistics of the Newton’s Third Law Misconception Test
In the study, the NTLMT was used in the process of investigating the
effects of methods of teaching on students’ misconceptions. The NTLMT might

also be used to investigate the effects of methods of teaching on students’
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achievement besides misconceptions. The scores calculated by using true
responses could be used for this aim. The researcher calculated many types of
scores for each student related to the NTLMT in order to describe the various
characteristics of the test in general. It was also possible to calculate more types
of scores than given in here for the test . But the main concern in the study was
students’ misconceptions. All the scores calculated in the study and their brief
explanations were as follows:

Scores-1: These scores were produced by using each student’s correct
answers for only the first tiers of items in the NTLMT. Students’ incorrect
answers in the first tiers of each item were coded as “0” and the correct answers
as “1”. These scores could range between zero and 15.

Scores-2: These scores were obtained by using each student’s correct
answers for only the second tiers of the items in the NTLMT. Second tiers were
composed of the causes/reasons of the first tiers in the test. Students’ correct
answers to only second tiers were coded as “1” and the wrong answers were
coded as “0”. The minimum and maximum values of scores-2 could be zero and
15, respectively.

Scores-3: They were produced by using students’ answers to only the
third tiers. These scores were representing whether students’ were confident
about their answers for the first two tiers of each item. Responses of “absolutely
sure”, “almost sure”, “not sure”, and “absolutely not sure” were coded as “4”,
“37, %27, and “1”, respectively. Summing the points of all items in the test
yielded the confidence level of each student. A student could take 60 points as a
maximum and 15 points as a minimum value in these type of scores.

Scores-4: These scores were calculated by using every student’s correct
answers to both of the first two tiers in the NTLMT. Students’ correct answers
to both first two tiers (correct answer with a true reason) were coded as “1”, and
the wrong answers to any of the first two tiers were coded as “0”. These scores

could also range between zero and 15.



86

Scores-5: These scores were formed by using every student’s answers to
all three tiers in the NTLMT. Students’ answers to all three tiers (correct answer
and correct reason with a high confidence) were coded as “1”, or else they were
coded as “0”. In other words, if a student had selected the choices of “absolutely
sure” or “almost sure” as well as the correct answer and the correct reason,
she/he was coded as “1”, otherwise was coded as “0”. The maximum value of
score-5 could also be 15.

Misscores-1: These types of scores were used to represent students’
misconception scores. All three types of misscores calculated in the study were
produced by using choice selections indicating a misconception given in
Appendix D. All of them were formed by using students’ answers to all three
tiers. As seen from the table given in Appendix D, the researcher tried to write
three main questions for each misconception. However, some choice selections
of other items also represent the same misconceptions. Hence, the number of
items assessing each misconception and the number of 3-tiers choice selections
for each misconception differ as seen in the table given in Appendix D.
Considering this, the researcher inserted separate 5, 8, 10, 12, and 3 new
columns to calculate a total of 38 possible 3-tiers choice selections of the
NTLMT for the misconceptions M3, M4, M5, M6, and M7, respectively. By
using AND/OR function of MS Excel, the researcher formed these 38 columns
according to the item choices (each represented with small letters) given in
Appendix D. Students’ answers completely the same with the choice selections
(for example 3.1c or d, 3.2a, 3.3a or b) were coded as “true”, and any other
answers were coded as “false”. These 38 columns were used to produce three
types of the misconception scores facilitated in this study.

Using the obtained new columns/data by considering each three main
(items mentioned in bold in Appendix D) questions specific to the
misconceptions and their 3-tiers choice selections, the researcher formed the
misscores-1 variable with the help of the AND function in MS Excel. For

example, there were five (3-tiers tagged as a, b, c, d, and e) possible 3-tiers
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choice selections for third misconception as seen in Appendix D. From these, if
students selected main (bold items) three (a, d, e) of them at the same time (a
AND d AND e), they were coded as one, otherwise as zero. The same procedure
was applied for each misconception and the new data were gathered into new
five columns of the Excel file. These five columns were also copied later to the
SPSS. The maximum value of the misscores-1 variable could be five.

Misscores-2: These scores were similar to misscores-1. The only
difference was the use of function OR. In other words, for example if students
selected any main three (a, d, e) of five (a, b, ¢, d, and e) 3-tiers of the third
misconception (a OR d OR e), they were coded as one, otherwise as zero. The
same procedure was conducted with each misconception and they were summed
up to form the misscores-2 variable. The possible largest score of misscores-2
could also be five.

Misscores-3: These scores were similar to misscores-2. The only
difference was that the researcher used all three-tiers of each misconception to
produce these scores. In other words, for example if students selected any of the
five (a, b, ¢, d, and e) three-tiers of the third misconception (a OR b OR ¢ OR d
OR e), they were coded as one, otherwise as zero.

These three calculated misscores could be used as students’
misconception scores in the study. Misscores-1 was the most radical (having
lowest percentages) of all three misconception scores whereas misscores-3 was
the most exaggerated (having highest percentages) one. The scores related to
misscores-2 were between in this spectrum close to misscores-3. However, the
researcher had selected misscores-3 as the variable representing the scores of the
NTLMT in order to clearly assess the difference between the groups. Pre and
post form of misscores-3 were calculated and used as the PRENTLMT and
POSTNTLMT in MANCOVA model of the main study. Table 4.4 illustrates
basic descriptive statistics related to misscores-3 variable.

As seen in Table 4.4, the NTLMT mean score of the CG are smaller than

those of the EG in the pretest, whereas it is higher in the posttest. The mean
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score of both groups were decreased to some degree from the pretest to the
posttest. The mean decrease for the EG (3.31 to 1.09) was 2.22 and the mean
decrease for the CG (3.23 to 2.57) was 0.66. All the skewness and kurtosis
values were in the acceptable range and the distributions could be regarded as

normal.

Table 4.4 Basic descriptive statistics related to misscores-3

Experimental Group Control Group All

Pretest Posttest Pretest Posttest Pretest Posttest
N 139 139 169 169 308 308
Mean 3.31 1.09 3.23 2.57 3.26 1.90
Median 4.00 0.00 3.26 3.00 3.26 2.00
Mode 4.00 0.00 4.00 4.00 4.00 0.00
SD 1.56 1.54 1.43 1.67 1.49 1.77
Skewness  -0.93 1.14 -0.84 -0.27 -0.88 0.28
Kurtosis -0.09 -0.15 0.11 -1.26 -0.02 -1.45
Minimum 0 0 0 0 0 0
Maximum 5 5 5 5 5 5

Table 4.5 represents students’ mean scores calculated for all types of
scorings. This table is simply efficient in showing the general picture of the
NTLMT. As can be seen in Table 4.5, the EG students’ posttest scores are
higher than those of the CG for all scores (Scores-1, 2, 3, 4, and 5) formed by
using true responses. And for all misscores (misscores-1, 2, and 3) calculated by
using false responses forming the misconceptions, the EG students’ posttest
scores were lower than those of the CG. In other words, the EG group students’
scores were superior to those of the CG for all kinds of the calculated NTLMT
scores. The means for scores-1 increased from 3.50 to 12.39 and 3.79 to 7.69 for
the EG and CG, respectively. The gain mean score of the EG (10.56) from the

pretest to the posttest according to scores-2 variable (correct reason) was much
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more than the gain mean score of the CG (4.20). Scores-3 results indicated that
the EG students were more confident in their answers than the CG students. If a
student had selected “I am almost confident” choice for all third tiers of the
NTLMT, the obtained score would be 45. The means of scores-3 in the
POSTNTLMT for the EG and CG were 50.93 and 44.79, respectively. Unlike
the CG, the EG mean was larger than 45 meaning that students in the EG were
expected to be almost confident in most of their answers in the POSTNTLMT.
The same type of results could also be maintained for scores-4. The increase in
the number of the students giving both the correct answer and the related correct
reason was much more in the EG.

Another important result was that the mean of the EG post scores-5
(correct answer and correct reason with a high positive confidence) was 10.78
over 15. It was approximately 2.3 times the mean of the CG. Considering the
nature of misconception scores, the other results for the misscores (1, 2 and 3)

are also similar to previous explained scores as seen in Table 4.5.

Table 4.5 Basic descriptive statistics related to various scores calculated for the
NTLMT

Experimental Group Control Group

Pretest Posttest Pretest Posttest
Mean SD N Mean SD N Mean SD N Mean SD N

Scores-1 3.50 2.06 121 12.39 3.85 132 3.79 2.94 138 7.69 4.63 166
Scores-2 1.23 1.68 121 11.79 4.71 132 1.70 2.76 138 5.90 5.44 167
Scores-3 40.61 9.61 121 50.93 8.89 139 40.21 8.32 141 44.79 9.38 169
Scores-4 1.14 1.64 121 11.47 4.86 139 1.65 2.67 141 5.80 5.39 169
Scores-5 0.43 1.11 121 10.78 5.42 139 1.14 2.37 141 4.78 5.38 169
Misscores-1  0.84 1.09 121 0.29 0.66 139 0.72 0.95 141 0.59 0.90 169
Misscores-2 3.23 1.72 121 0.96 1.45 139 3.13 1.60 141 2.43 1.70 169
Misscores-3  3.31 1.56 139 1.09 1.54 139 3.23 1.43 169 2.57 1.67 169
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Table 4.6 is formed by the researcher in order to investigate the gender
effect. There are two types of ES values given in the table. First type was given
in the rows and second type was in the columns. ES values given in the rows are
used to compare relative shift from the pretest to the posttest for each types of
scores. These ES values were calculated for all groups in the table by
subtracting each pretest mean scores from posttest mean scores and then
dividing them with the standard deviations of pretest scores. The other ES
values given in the columns were calculated by subtracting mean scores of
females from the mean scores of males and then dividing them with the standard
deviations of females.

Both the EG and CG females and males ES values given in the rows of
Table 4.6 are increased. All of the ES values of the EG given in rows were
larger than those of the CG. In the EG, all ES values of males except scores-3
(confidence scores) were larger than females. That is, gain scores of males as a
multiply of standard deviation (except scores-3) were larger than the females in
the EG.

Considering all ES values given in columns for eight types of the scores
in Table 4.6, the sign change occurs only in scores-5 for the EG and only in
scores-1 for the CG. In other words, males’ mean score in the pretest according
to scores-5 was larger than females’ mean score, whereas females’ mean score
was larger in the posttest. The results were the opposite for scores-1 of the CG.
Most of the ES values given in Table 4.6 were positive. This was meaning that
males’ mean score was larger than females’ mean score. Furthermore, most of
the ES values of each group decreased in the posttest by converging (the mean
difference between males and females in terms of standard deviations were
decreasing) to each other.

The researcher also calculated Cronbach alpha reliability coefficient for
all scores of each pretests and posttests. These alpha values except those for
misscores-1 (.53 and .51) were relatively high. These values indicate high

reliability for the NTLMT.
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Table 4.6 Means of females and males of the various score variables in the
pretest and posttest

Experimental Group Control Group Alpha
M F ES M F ES o

Pre 2.93 3.68 -0.36 3.67 3.84 -0.06 .70
Scores-1 Post | 11.85 12.58 -0.19 806 754 0.12 .93
ES 4.59 4.29 -- 1.56 1.24 -- --

Pre 1.14 126 -007 | 177 167 004| .82
Scores-2 Post | 11.38 11.93 -0.11 | 6.02 585 003 | .96
ES 6.60  6.20 ~| 141 157 ~ -

Pre | 4752 3843 098 | 44.18 3869 065 | .95
Scores-3 Post | 53.11 50.19 032 | 47.80 4348 046 | .97
ES 078  1.27 ~| 056 057 ~| -

Pre 0.97 1.20 -0.14 1.69 1.64 0.02 .82
Scores-4 Post | 11.29 11.53 -0.05 582 579 0.01 .96
ES 6.78 6.16 -- 1.45 1.59 -- --

Pre 0.59 038 0.18 1.46 1.02 0.20 .86
Scores-5 Post 10.34 10.93 -0.11 543 449 0.18 .97
ES 9.93 9.20 -- 1.45 1.57 -- --

Pre 1.59 0.61 1.17 0.95 0.63 0.38 .53
Misscores-1  Post 0.31 028 0.05| 0.78 0.50 0.35 Sl
ES -0.89 -0.39 - | -0.14 -0.15 - -

Pre 4.31 2.89 0.79 372 290 049 .84
Misscores-2  Post 1.20 0.88 0.23 247 241  0.04 .82
ES 386 -1.12 -- | -0.95 -0.30 -- --

Pre 4.19 3.01 0.72 371  3.02 046 .84
Misscores-3  Post 1.37 1.00 0.25 2.67 253  0.08 .81
ES 342 -1.23 -- | -0.93 -0.33 -- --

Table 4.7 illustrates percentages of students’ misconceptions calculated

for each type of misscores. As seen in Table 4.7, percentages of all
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misconceptions calculated for each type of misscores from the pretest to the
posttest are decreased in the EG. For most of the misconceptions the same result
was also valid for the CG. All of the posttest percentages of each misconception
in the EG were smaller than those of the CG. The interesting result was that the
percentages of the CG students having seventh misconception (M7) were
increased in all three types of misscores. And even M7 was still seemed to be
prevalent among the students in the EG after the treatment. Its proportion was

over 10% even according to misscores-1.

Table 4.7 Percentages of misconceptions calculated for each type of misscores

Misconceptions (%)

M3 M4 M5 M6 M7

BG Pretest 10.1 6.5 23.7 10.8 22.3
) Posttest 0.7 2.9 2.9 7.2 15.1
Misscores-1
Pretest 9.5 4.7 17.2 6.5 21.9
CG
Posttest 5.9 4.7 13.6 8.3 26.0
EG Pretest 58.3 36.0 66.9 54.7 65.5
) Posttest 18.0 7.2 20.9 13.7 36.0
Misscores-2
Pretest 50.3 31.4 60.9 54.4 63.9
CG
Posttest 48.5 21.3 56.8 46.7 69.2
BG Pretest 59.7 36.0 71.9 55.4 65.5
_ Posttest 20.1 8.6 24.5 20.1 36.0
Misscores-3
G Pretest 52.7 33.1 62.1 56.8 63.9

Posttest 50.9 23.1 60.9 52.7 69.2
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The percentages of misconceptions according to misscores-3 are clearly
seen in Figure 4.1. The percentages of the misconceptions were drastically
decreased in the EG. The sharpest decrease occurred in M5 (misconception with

the highest percentage in the pretest).

Pretest
Posttest

M3 M4 M5 M6 M7
W Pretest | 59.7% | 36.0% | 71.9% | 55.4% | 65.5%
[ Posttest | 20.1% | 8.6% | 24.5% | 20.1% | 36.0%

Figure 4.1 Histogram of the EG students’ misscores-3 in both pre and posttests

Figure 4.2 illustrates the percentages of the CG students’ misconceptions
in both pre and posttests according to misscore-3. The drastic decreases were not
valid in the CG. In fact, the percentage of students having M7 was increased.
Only slight decreases were seen in the remaining misconceptions. The sharpest
decrease occurred in M4 (misconception with the lowest percentage in the

pretest) which was the worst for the EG according to sharp decrease.
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Pretest
Posttest

M7

M3 M4 M5 M6 M7
W Pretest | 52.7% | 33.1% | 62.1% | 56.8% | 63.9%
[ Posttest | 50.9% | 23.1% | 60.9% | 52.7% | 69.2%

Figure 4.2 Histogram of the CG students’ misscores-3 in both pre and posttests

4.1.3 Descriptive Statistics of the Attitude Scale toward Newton’s Third Law

Table 4.8 presents descriptive statistics related to the pretest and posttest
scores in the ASNTL with respect to gender and group. Students’ attitude scores
on the ASNTL could range from 24 to 120, with higher scores indicating
positive attitude toward Newton’s Third Law and lower scores indicating
negative attitude. As seen in Table 4.8, both the EG and CG showed a slight
mean decrease from the pretest to the posttest. However, the conclusion is a
little bit different when the gender effect is considered. In other words, posttest
scores of females in both the EG and CG were decreased, whereas posttest
scores of males in both the EG and CG were increased. But in general, all mean
values in Table 4.8 are seen to be similar (no drastic differences). All skewness
and kurtosis values were in the acceptable range and could be accepted as

approximately normal for each pretests and posttests.
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Table 4.8 Descriptive statistics related to pretests and posttest scores on
the ASNTL with respect to gender and group

Experimental Group  Control Group

Gender  Pretest Posttest Pretest Posttest

F 104 104 118 118

N M 35 35 51 51
All 139 139 169 169

F 71.57 75.37 73.79 72.40

Mean M 75.43 75.77 76.61 71.78
All 77.03 75.47 74.64 74.02

F 9.85 12.01 12.05 12.67

SD M 11.64 16.48 12.73 13.76
All 10.33 13.21 12.29 13.20

F -0.26 -0.44 -0.31 -0.40

Skewness M 0.23 -0.51 -0.25 -0.26
All -0.13 -0.46 -0.26 -0.28

F 0.49 0.51 1.29 0.14

Kurtosis M 0.58 -0.35 1.31 -0.22
All 0.43 0.26 1.21 0.03

F 48 36 30 37

Minimum M 54 33 38 47
All 48 33 30 37

F 98 103 107 97

Maximum M 107 100 107 106
All 107 103 107 106

The descriptive statistics related to five dimensions of the ASNTL are
shown in Table 4.9. The researcher first summed all items in each dimension.
Since the number of items in each dimension were not the same, the researcher
divided these total scores to the numbers of items in each dimension in order to
relatively compare the means of the dimensions. Thus, these values could range
in between zero and five. As seen in Table 4.9, mean ASNTL scores of the EG
are larger than those of the CG in each dimension except D4 in the posttest. All

of six calculated mean scores for D4 were below three (neutral or undecided)
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referring negative attitude. Groups’ D1 means scores were drastically larger than

the other dimensions. But also from the pretest to the posttest, the largest

decrease for both of the groups existed in D1. And in general, elementary

teacher education students’ ASNTL scores (totally or even in each dimension)

seemed to be low. In other words, the means in each dimension (except D4)

were generally over the average mean (three), but all of them were below four

(agree) and teacher education students attitude toward Newton’s Third Law

were not high.

Table 4.9 Descriptive statistics related to pretests and posttest scores on the
ASNTL with respect to dimension and gender

DIMENSIONS
. Interest
A;Eg:::ﬁ)?t Enjoyment | Importance relatf:d ef’?iilfcy
D1) (D2) (D3) behaviors (D5)
(D4)

Pre Post| Pre Post| Pre Post| Pre Post| Pre Post

EG | 3.94 3.75| 3.11 3.11| 3.37 3.32| 2.67 2.68| 3.15 3.11

Mean CG | 3.74 3.61| 3.08 3.10| 3.24 3.27| 2.59 2.70| 2.98 2.92
All | 3.83 3.67| 3.09 3.11| 3.30 3.29| 2.63 2.69| 3.06 3.00

EG | 0.62 0.71| 0.61 0.73| 0.56 0.67| 0.81 0.82| 0.61 0.66

SD CG | 0.70 0.73] 0.71 0.74| 0.67 0.61| 0.85 0.78| 0.76 0.71
All | 0.67 0.72| 0.67 0.73] 0.63 0.64| 0.84 0.80| 0.70 0.69

EG | -0.67 -0.99 | -0.32 -0.41| 0.07 0.01(-0.04 -0.09| 0.06 -0.36

Skewness CG | -0.59 -0.67 | -0.36 -0.32(-0.19 -0.03| 0.13 0.13| 0.14 -0.15
All | -0.65 -0.80| -0.35-0.36(-0.15 -0.01| 0.05 0.02| 0.04 -0.25

EG | 0.89 1.48|-0.28-0.41| 0.15 0.48(-0.27 -0.45| 0.37 0.58

Kurtosis CG | 0.27 0.60| 0.08 -0.02| 0.13 -0.09|-0.67 -0.44| 0.20 0.43
All | 0.52 0.88| 0.02-0.21| 0.26 0.27|-0.53 -0.44| 0.33 0.42

EG J1 .85 75 831 .65 72| .85 .85| .83 .87

Alpha () CG J5 79| .80 .83] .70 .62 .86 .81| .88 .86
All 74 82| 78 83| .68 .67 .85 .83| .86 .87
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The researcher also calculated a total of 30 Cronbach alpha values for all
dimensions of the ASNTL. These values are shown at the last rows of the Table
4.9. Except three of them belonging to D3, all alpha values were over .70. All
calculated values for D4 and D5 were even over .80. These values showed that

the ASNTL was a reliable instrument.

4.1.4 Descriptive Statistics of the Make Sense Scales

The results given in this section were only about the experimental classes
because make sense scales were only used in experimental classes with the
BABI. Table 4.10 illustrates the recoding system facilitated in order to maintain
final form of the MSS data. These recoded data were used to form the other
tables given in this section. The reason of using this kind of coding was to use

all the data, represent and reflect all of the students’ responses to the analysis.

Table 4.10 Criteria used to recode the MSS data

Response  Function Confidence Level Code

Yes (1) AND Makes perfect sense to me (5) 10
Yes (1) AND Makes quite a bit of sense to me (4)
Yes (1) AND Neutral or undecided (3)

Yes (1) AND Makes only little sense to me (2)
Yes (1) AND Makes no sense to me (1)

No (0) AND Makes no sense to me (1)

No (0) AND Makes only little sense to me (2)
No (0) AND Neutral or undecided (3)

No (0) AND Makes quite a bit of sense to me (4)
No (0) AND Makes perfect sense to me (5)

— D W kA LN 0O

Table 4.11 summarizes the MSS data obtained during the treatment with

respect to gender. The target case used for vote at the beginning of the treatment
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was named as Target]l and the same target used for second at the end of the
lesson was tagged as Target2. The order (Targetl, Anchor, Bridging, and
Target2) of the analogies given in Table 4.11 is the same with their usage in the
treatment. Each of them was composed of the score of only one analogy. In
other words, the number of analogies used from each bag varied according to
each EG during the treatment. Therefore, the researcher only took the last
analogy used in the group/bag before passing to the other step or bag. And the
ES values in the table were calculated by subtracting each mean scores of
Target2 from mean scores of Targetl and then dividing them with the standard

deviations of targetl scores.

Table 4.11 Means of each misconception related to the MSS with respect to
gender

Misconceptions Gender Targetl Anchor Bridging Target2 ES
Male 4.42 9.65 8.88 9.54 1.45

M3 Female  3.96 9.36 7.70 9.09 1.67
All 4.06 9.43 7.97 9.20 1.61
Male 3.97 9.69 6.21 9.17 1.68
M4 Female  3.27 9.48 6.22 9.20 2.94
All 3.45 9.54 6.22 9.19 2.45
Male 3.54 9.77 8.42 8.96 1.80
M5 Female  4.98 9.53 8.31 8.78 1.14
All 4.65 9.59 8.33 8.83 1.26
Male 3.93 9.68 7.61 9.14 1.75
M6 Female 4.24 9.50 8.45 9.06 1.72
All 4.17 9.54 8.25 9.08 1.73
Male 4.84 7.28 7.25 9.66 1.44
M7a Female 3.64 5.57 5.69 9.22 2.29
All 4.01 6.10 6.17 9.36 1.92
Male 6.94 8.71 8.35 9.42 0.81
M7b Female 5.79 7.74 7.83 9.19 1.21

All 6.14 8.03 7.99 9.26 1.07
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As seen in Table 4.11, all mean scores of target case were drastically
increased for each gender. ES values in each misconception were changing
according to gender, and mostly the values are over 1.00 (except males in M7b).
In most of the misconceptions, males’ Target2 scores were larger than those of
females. It was seen that mean scores of five of the anchoring analogies were
over 9.00. Only M7a and M7b were below 9.00. Since, the frequencies of these
anchors were also low with respect to others in the results of the AADT. And all
Target2 scores of males and females were smaller than those of Anchor scores
except M7a and M7b. Females’ mean Anchor scores of M7a were in fact 5.57. It
was too low to be a group anchor. The related target2 score was also surprising.
It was 9.22. Another interesting output of this table is that Targetl score of M7b
(one of the most deep-seated analogy of all). It was drastically larger than the
mean Target] scores of the entire misconceptions.

The same kind of an output according to university is illustrated in Table
4.12. All of the Target2 values were around 9.00. The lowest mean score of
Target2 was 8.71 (University B in M5) and 9.59 was the highest (University B
in M3). All of the Anchor scores of University B were over 9.00, whereas only
four of the scores of University A were over this value. In fact, the Anchor
values were similar in M3, M4, M5, and M6, but they were drastically different
in M7a and M7b. Another difference was in Bridging scores. The Bridging
mean scores of University B were quite high with the respect to the scores of
University A. This may be an evidence of brittle anchors, teacher effect, or
using mechanical models and demonstrations in different time (before or after
voting) of the treatment. Nevertheless, five of the six ES values of University A

were larger than those of University B.
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university

Misconceptions University Targetl Anchor Bridging Target2 ES
M3 A 3.19 9.52 7.65 9.07 2.17

B 6.85 9.11 9.00 9.59 092

M4 A 3.02 9.50 4.96 9.09 292

B 4.53 9.63 9.44 947 185

MS A 4.64 9.51 7.94 8.86  1.27

B 4.68 9.82 9.54 871 1.19

M6 A 4.10 9.54 7.83 895 1.69

B 4.33 9.55 9.27 9.39 1.81

M7a A 3.98 5.44 5.59 932 197

B 4.16 9.05 9.21 9.53  1.68

M7b A 6.24 7.79 7.89 9.29  1.08

B 5.68 9.11 8.42 9.16 1.03

Another radical output including the coding nine and 10 of Table 4.10 is

given in Table 4.12. The problems such as the sharp decrease from Anchor to

Bridging (98.2 to 40.4), the very low anchor (39.4) and bridging (37.5) scores

for M7a, and the obvious high percentage of Target] score in M7b with respect

others are clearer in this table.

Table 4.13 Percentage scores of each misconception related to the MSS

Misconception Code  Targetl Anchor Bridging Target2

(%) (%) (%) (%)
M3 9or10 147 91.2 62.3 86.1
M4 9or10 5.1 98.2 40.4 88.8
M5 9or10 215 97.4 75.5 75.9
M6 9or10 7.8 99.2 77.2 90.6
M7a 9or10 115 39.4 37.5 93.4
M7b 9or10  31.7 66.9 65.1 90.4
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4.2 Inferential Statistics

Missing data analysis, determination of the covariates, verification of the
assumptions of MANCOVA, statistical model of MANCOVA, and the analysis

of the hypothesis were all explained in this section.

4.2.1 Missing Data Analysis

Missing data analysis was done before examining the inferential test
used in this study. Initial data were gathered for 300 elementary teacher
education sophomore students. At the end of the three weeks treatment period,
327 elementary teacher education sophomore students were posttested. Nineteen
(eight from University A, 11 from University B) students participated in the
pretests did not posttested due to being absent on the day of the posttest.
Moreover, 46 (32 from University A, 14 from University B) students
participated in the posttests did not participated in the pretests due to being
absent on the day of the pretest. The 19 students not completing the posttest
were excluded from the statistical analysis of the study. Moreover, 46 (14.9%)
students for the NTLMT and 50 (16.2%) students for the ASNTL not
completing the pretest were included in the statistical analysis of the study after
missing data analysis.

A dummy variable was created to represent these 50 (20 from the EG, 30
from the CG) of the 308 students. The data missing in the ASNTL was recoded
as one and else as zero. The researcher used independent sample t-test to assess
the mean difference related to missing data analysis on the posttest scores of the
ASNTL. A non significant mean difference between posttest scores of the
ASNTL for “data not missing” and posttest scores of the ASNTL for “data
missing” was found at the .05 level of significance. Therefore, this variable for
missing values of the ASNTL was not retained as an independent variable and
missing pretest results were replaced with the mean of the pretest scores of the

entire subjects.
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The same procedure was also conducted for the missing data in the
NTLMT. The missing 46 (18 from the EG, 28 from the CG) students were
coded as “one” in the dummy variable whereas the remaining 262 students were
coded as “zero”. Independent sample t-test was used again. The mean difference
was found as non significant. Therefore, missing pretest results of the NTLMT
were only replaced with the mean of the pretest scores of the entire subjects.

There was not any data related to students’ age and gender left missing
for University B at the end of both pre and posttests. However for University A,
the data related with five students’ gender and eight students’ age were still
absent after the posttests. The researcher obtained these data from the

department by using students’ affair system.

4.2.2 Determination of the Covariates

Five independent variables (PREASNTL, PRENTLMT, instructor
(teacher effect), students’ age, and students’ gender) were pre-determined as
potential confounding factors of the study. These variables were included in Set
A as covariates to statistically equalize the differences between experimental
and control groups. All pre-determined independent variables in Set A were
correlated with the two dependent variables (POSTASNTL and POSTNTLMT).
Table 4.14 tabulates the results of these correlations and their levels of
significance.

As seen in Table 4.14, only two of the independent variables in set A
have significant correlations with at least one of the two dependent variables.
Therefore, they remained in Set A as covariates for the following inferential
statistics. The correlations for other independent variables (instructor, students’

gender, and students’ age) were not significant and they were excluded from Set

A.
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Table 4.14 Significance test of correlations between two dependent
variables and independent variables

Correlation Coefficient

Variables POSTNTLMT POSTASNTL

PRENTLMT 207%* -.001
PREASNTL .038 .654%*
Instructor .078 .106
Age 104 -.003
Gender -.083 -.108

** Correlation is significant at the .01 level (2-tailed)

4.2.3 Assumptions of MANCOVA

There are five underlying assumptions that need to be verified in the
analysis of MANCOVA. These are independence of observations, normality,
equality of variances, multicollinearity of covariates, and homogeneity of
regression slopes.

The first one of these assumptions is independence of observations. Both
of the instructors were aware of this assumption before the treatment. Moreover,
a graduate student made observations in both experimental and control groups of
each instructor to verify that students did their pretests, posttests, and any other
measured responses individually. Nevertheless, it is not completely true to say
that this assumption is verified.

For normality assumption, skewness and kurtosis values were examined.
These values for both the POSTASNTL and POSTNTLMT were already given
in related descriptive statistics sections. All these values were in acceptable
range for normal distribution.

Multivariate normality assumption was tested with Box’s test of equality

of covariance matrices. The output of the test is given in Table 4.15. Observed
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covariance matrices of the dependent variables were equal across groups. This

result was the hint of and an evidence for multivariate normality.

Table 4.15 Box’s test of equality of covariance matrices

Box's M 4.771
F 1.579
df1 3.000
df2 75167407.118
Sig. .192

Levene’s Test was used to determine the equality of error variances. As
seen in Table 4.16, the p-values for both of the dependent variables were higher
than .05. Hence, it was concluded that the error variances of the selected two

dependent variables across groups were equal.

Table 4.16 Levene’s test of equality of error variances

F df1 df2 Sig.
POSTASNTL  1.331 1 306 249
POSTNTLMT  3.607 1 306 058

Correlations among covariates were examined to test multicolinearity of
covariates assumption. The obtained correlation coefficient was .06. Since they
were not highly (smaller than .80) correlated, this assumption was also met.

The last assumption of MANCOVA is homogeneity of regression slopes.
Homogeneity of slopes assumption means that the slope of the regression of
covariates on a dependent variable must be constant over different values of
group membership. To check this assumption, it is possible to use univariate

analysis and form interaction sources between each covariate and the factor
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assessed in the prediction of the dependent variable. But the researcher preferred
to use linear regression analysis. First, three different sets were produced.
Covariates were set into Set A, independent variable (MOT) was set into Set B
and interaction terms of each of the covariates and the independent variable
were set into Set C. Then regression analysis was performed to test the
significance of R’ change using enter method for two dependent variables. The
results of these tests for the dependent variable are presented in Table 4.17.

As seen in Table 4.17, the results suggest the interactions (Set A*B) are
not significant for both dependent variables. A non significant interaction
between the factor and covariates suggested that the differences on the
dependent variables among groups did not vary as a function of the covariates.
As a result, the interaction set (Set C) was excluded from the further inferential

statistical analyses.

Table 4.17 Analysis of the homogeneity of regression assumption in
MANCOV A model

Change Statistics

R’ Change F Change dfl df2 Sig. F Change

POSTASNTL

Set A 0.429 114706 2 305 .000
Set B 0.000 0.088 1 304 768
Set C 0.003 0.864 2 302 423
POSTNTLMT

Set A 0.044 6.988 2 305 .001
Set B 0.176 68.776 1 304 .000

Set C 0.009 1.703 2 302 .184




106

4.2.4 MANCOVA Model

MANCOVA Model was used to test the hypotheses of this study. The
dependent variables of this study were the POSTASNTL and POSTNTLMT. In
fact, the POSTASNTL was composed of five dimensions. The researcher
regarded these dimensions as five separate dependent variables and tested them
for significance. The results were not drastically different. Hence, the researcher
took these dimensions as one single dependent variable. This summed score was
tagged as the POSTASNTL as mentioned above. The covariates of the study
were the PREASNTL and PRENTLMT. They were used to statistically equalize
the students’ characteristics. Group membership was tagged here as “Methods of
Teaching” and used as the fixed factor of the study.

Table 4.18 illustrates the results of MANCOVA Model. Both of the
covariates and the factor assessed in the prediction of the dependent variable
were detected as significant. 18.6% of the total variance of model for the
collective dependent variables of the POSTASNTL and POSTNTLMT was

explained by methods of teaching.

Table 4.18 Results of MANCOVA

Effect Wilks’ F Hypothesis Error Sig.  Eta  Observed
Lambda df df Squared Power
Intercept 926 12.130 2.000 303 .000 .074 995

PREASNTL 571 114.013  2.000 303 .000 .429 1.000

PRENTLMT .942 9.289 2.000 303 .000 .058 9717

MOT 814 34.646 2.000 303 .000 .186 1.000
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4.2.5 Null Hypothesis

The null hypothesis of this study was stated before as “There is no
significant overall effects of methods of teaching (BABI versus TTM) on the
population means of the collective dependent variables of elementary teacher
education sophomore students’ misconceptions in Newton’s Third Law and
attitude toward the Newton’s Third Law when students’ gender, age, the
PRENTLMT, and the PREASNTL are controlled”.

MANCOVA was used in the study to detect the effect of the MOT on the
collective dependent variables of the POSTASNTL and POSTNTLMT when the
PREASNTL and PRENTLMT were controlled. This null hypothesis was
rejected according to the values given in Table 4.18. Wilks’ A = .81, F (2, 303) =
34.65, p = .000. In other words, there was a significant mean difference between
the BABI and the TTM on the collective dependent variables of the
POSTASNTL and POSTNTLMT when the PREASNTL and PRENTLMT were
controlled. The multivariate n2 based on Wilks’ A was quite strong. This
multivariate > = .186 indicated that 18.6% of multivariate variance of the
dependent variables was associated with the MOT factor.

Analyses of covariances (ANCOVA) on each dependent variable were
conducted as follow-up tests to the MANCOVA. Each ANCOVA was tested at
.05 levels. The ANCOVA on the misconception scores was significant, F (1,
304) = 68.78, p = .000, T]2 = .184, while the ANCOVA on the attitude scores
was nonsignificant, F (1, 304) = .09, p = .768, 1]2 = .000 as seen in Table 4.19.
This multivariate n2 = .184 (large effect size) indicated that 18.4% of
multivariate variance of the POSTNTLMT was associated with the MOT factor.

And the power of this dependent variable was 1.000.
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Source Dependent df F Sig. Eta Observed
Variable Squared  Power
Corrected POSTASNTL 3 76271 .000 429 1.000
Model
POSTNTLMT 3 28.620 .000 220 1.000
Intercept POSTASNTL 1 21474 .000 .066 .996
POSTNTLMT 1 1.887 .171 .006 278
PREASNTL POSTASNTL 1 227.226 .000 428 1.000
POSTNTLMT 1 0.047  .829 .000 .055
PRENTLMT  POSTASNTL 1 0.643 423 .002 126
POSTNTLMT 1 18.379 .000 .057 .990
MOT POSTASNTL 1 0.088  .768 .000 .060
POSTNTLMT 1 68776 .000 184 1.000
Error POSTASNTL 304
POSTNTLMT 304
Total POSTASNTL 308
POSTNTLMT 308
Corrected POSTASNTL 307
Total
POSTNTLMT 313

The adjusted means of the dependent variables for both experimental and

control groups were computed by extracting the effects of the covariates from
the dependent variables. These adjusted means with the previous ones are given
in Table 4.20. The prior and adjusted means for the EG was lower than the CG
in the POSTNTLMT. In other words, experimental group students’
misconception scores were drastically lower than the others. The adjusted means
for the POSTNTLMT remained almost the same as prior mean values, while

adjusted means for the POSTASNTL were changed according to group. In the
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CQG, there was a .81 point increase, whereas a .98 point decrease for the EG on

the POSTASNTL mean scores after extracting the effects of covariates.

Table 4.20 Prior and adjusted means of the dependent variables

Dependent Variable MOT Prior Mean Adjusted Mean

POSTASNTL CG 74.02 74.83
EG 75.47 74.49
POSTNTLMT CG 2.57 2.58
EG 1.09 1.08

4.3 The Results of Classroom Observations

As mentioned before, the observation checklist was filled by three
different people throughout the study. Both of the instructors and an
independent observer filled observation checklist for each lesson they observed.
The researcher filled 24 observation checklists for two control and two
experimental groups whereas the other instructor filled 12 observation checklists
for one control and one experimental group. The independent observer made
eight observations in the second treatment week at one university (four in the
EG and four in the CG) and four observations (two in the EG and two in the
CQG) again in the same week at the other university. She made a total of 12
observations.

Each observation checklist included 30 items and 11 boxes. These boxes
reserved for the occurrence numbers related to the items. And one of these
boxes is used to check the number of the students in each class. Forty items
remains when excluding this one. The researcher calculated the correlations
between ratings of each observer for these 40 items. The results are illustrated in

Table 4.21 and 4.22 for the EG and CG, respectively.
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In the tables, Observer-10 is used to mean independent observations
made by the observer only in first instructor’s (University A) classes and
Observer-20 is used to mean observing other instructor’s (University B) classes.
Instructors’ individualistic observations were named as Instructor-10 and

Instructor-20.

Table 4.21 Pearson correlations between observers for the EG

Variables Observer-20  Instructor-10  Instructor-20
Observer-10 .989%* 995%* .992%*
Observer-20 989 990%*
Instructor-10 995

** Correlation is significant at the .01 level (2-tailed)

As seen in Table 4.21, all of the rating coefficients are high and
significant. Observations made in experimental classes of two different
universities by the independent observer were highly correlated (.989). The
correlation value between instructors individualistic observations in their
experimental classes were even the largest value (.995) of the all. Furthermore,
both the correlation coefficient (.995) between first instructor’s observations and
independent observer’s, and the correlation coefficient (.990) between second
instructor’s observations and independent observer’s were quite high. These
data in Table 4.21 may be an evidence of parallel application of the BABI in the
EG as intended.

The same type of Pearson correlations between all the observers for the
CG is given in Table 4.22. Correlation coefficients (specifically the inter-rater

correlations .993 and .983) were also quite high for the CG.
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Table 4.22 Pearson correlations between observers for the CG

Variables Observer-20 Instructor-10 Instructor-20
Observer-10 981#* 993 997*
Observer-20 970%* 983 #*
Instructor-10 996+ *

** Correlation is significant at the .01 level (2-tailed)

The means and the standard deviations of each item of the observation
checklist for both the EG and CG are presented in Table 4.23. These results
were related to all of the 12 observations made by the independent observer. The
last 10 items were represented a little bit different in the table. For example, “no
(18)” was used to mean the data (number) required with the text box related to
Item 18. In other words, the quantitative data, the repetition of the case outlined
in the item 18 or the count/value related with the item 18 were analyzed as
separate item in the analysis and tagged as “no (18)”.

Table 4.23 indicates that for the EG, means of most of the items from
one to 15 that are specific to method are drastically greater than those of the CG.
The other items in the table are not mainly related with the method. Some of
them were about instructors’ characteristics, some for students’ characteristics,
and the remaining were about the physical properties of the classes. These
results related with the means of the items in the observation checklist indicated
that lesson in the EG are implemented according to the bridging strategy and
those in the CG are implemented according to the traditional method. Similar

kinds of results can be derived from Table 4.24 related to all observers.
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Table 4.23 Means and standard deviations of the items of the observation

checklist according to the EG and CG

EG CG

No Item No Mean SD Mean SD

1 1 3.0 0.0 0.0 0.0
2 2 3.0 0.0 0.0 0.0
3 3 3.0 0.0 3.0 0.0
4 4 3.0 0.0 0.0 0.0
5 5 3.0 0.0 0.0 0.0
6 6 2.8 0.4 0.0 0.0
7 7 2.8 0.4 0.0 0.0
8 8 2.0 0.0 0.0 0.0
9 9 0.5 1.2 0.0 0.0
10 10 0.5 1.2 0.0 0.0
11 11 2.7 0.5 0.0 0.0
12 12 2.8 0.4 0.0 0.0
13 13 2.8 0.4 0.0 0.0
14 14 2.8 0.4 2.2 1.0
15 15 2.7 0.5 0.0 0.0
16 16 2.8 0.4 2.2 0.4
17 17 2.2 0.8 1.7 1.5
18 18 3.0 0.0 0.0 0.0
19 19 2.7 0.5 0.0 0.0
20 20 3.0 0.0 3.0 0.0
21 21 2.7 0.5 3.0 0.0
22 22 1.7 0.5 1.5 0.5
23 23 3.0 0.0 3.0 0.0
24 24 3.0 0.0 3.0 0.0
25 25 2.0 0.0 2.0 0.0
26 26 3.0 0.0 3.0 0.0
27 27 3.0 0.0 3.0 0.0
28 28 3.0 0.0 3.0 0.0
29 29 3.0 0.0 3.0 0.0
30 30 3.0 0.0 3.0 0.0
31 no (4) 5.0 0.9 0.0 0.0
32 no (5) 1.5 0.8 0.0 0.0
33 no (6) 4.3 1.4 0.0 0.0
34 no (7) 5.0 0.9 0.0 0.0
35 no (11) 1.2 0.4 0.0 0.0
36 no (12) 1.7 0.8 0.0 0.0
37 no (14) 2.0 0.9 2.7 1.9
38 no (15) 1.3 0.8 0.0 0.0
39 no (17) 1.3 0.5 1.0 0.9
40 no (18) 33.2 2.9 21.7 0.5
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Table 4.24 Means related to the items of the observation checklist with respect
to observers

Observer-10 Observer-20 Instructor-10  Instructor-20

No Item No EG CG EG CG EG CG EG CG
3.0 0.0 3.0 0.0 3.0 0.0 3.0 0.0
3.0 0.0 3.0 0.0 3.0 0.0 3.0 0.0
3.0 3.0 3.0 3.0 3.0 3.0 2.7 3.0
3.0 0.0 3.0 0.0 3.0 0.0 3.0 0.0
3.0 0.0 3.0 0.0 3.0 0.0 3.0 0.0
3.0 0.0 2.5 0.0 3.0 0.0 3.0 0.0
3.0 0.0 2.5 0.0 3.0 0.0 3.0 0.0
2.0 0.0 2.0 0.0 3.0 0.0 2.3 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0
3.0 0.0 2.0 0.0 3.0 0.0 2.3 0.0
3.0 0.0 2.5 0.0 3.0 0.0 2.3 0.0
3.0 0.0 2.5 0.0 3.0 0.0 2.0 0.0
3.0 1.8 2.5 3.0 3.0 1.9 2.0 1.8
3.0 0.0 2.0 0.0 3.0 0.0 2.3 0.0
3.0 2.3 2.5 20 3.0 3.0 2.7 2.0
1.8 1.0 3.0 3.0 1.3 1.2 1.0 1.8
3.0 0.0 3.0 0.0 3.0 0.0 3.0 0.0
3.0 0.0 2.0 0.0 3.0 0.0 2.2 0.0
3.0 3.0 3.0 3.0 3.0 3.0 2.0 2.7
3.0 3.0 2.0 3.0 3.0 3.0 2.5 3.0
1.5 1.5 2.0 1.5 3.0 3.0 1.7 2.3
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
2.0 2.0 2.0 20 3.0 3.0 2.5 2.3
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

30 3.0 3.0 3.0 3.0 3.0 3.0 2.5 2.7
no(4) 4.8 0.0 5.5 00 5.8 0.0 5.3 0.0
no(5) 1.3 0.0 2.0 00 1.2 0.0 1.0 0.0
no(6) 3.8 0.0 5.5 00 5.8 0.0 5.0 0.0
no(7) 4.8 0.0 5.5 00 5.8 0.0 5.0 0.0
no(11) 1.0 0.0 1.5 00 1.0 0.0 1.2 0.0
no(12) 1.8 0.0 1.5 00 2.6 0.0 2.3 0.0
no(14) 2.5 1.5 1.0 50 2.5 1.0 2.0 1.5
no (15) 1.0 0.0 2.0 00 1.0 0.0 1.0 0.0
no(17) 1.0 0.5 2.0 20 0.5 0.5 0.7 1.0
no(18) 348 21.8 30.0 215 353 193 308 195
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In order to see that there are two different instructions in the study, the
means (given in Table 4.23) for each item in the observation checklist were
compared for both groups. Mann Whitney U test were conducted on the 12
independent observations. Results of this test indicated that the 21 of the 40
items including the most essential items (1, 2, 4, 5, 6, 7, 8, 11, 12, 15, and 19)
specific to the BABI were statistically significant. Item 16 is not significant as
the researcher expected. Since, the answers of all target cases were intentionally
given in both groups throughout the study. The items 14, 17, no (14), and no
(17) were not found statistically significant. In other words, the BABI and TTM
groups were approximately equal on the number of quantitative questions solved
by the instructors, demonstration done, and the topics taught. And items (from
20 to 30) related with instructors’ characteristics, students’ characteristics, and
the physical properties of the classes were also found as the same (not
significant differences). All these results were expected results. Therefore,

treatment verification was supported.

4.4 Summary of the Results

The following results obtained by statistical analyses could be
summarized as follows:

1. There were no significant correlations between students’ age, gender and
instructor and the two dependent variables.

2. There was not significant correlation between POSTASNTL and the
POSTNTLMT.

3. There was a significant positive correlation between PRENTLMT and
the POSTNTLMT.

4. There was a significant positive correlation between PREASNTL and the

POSTASNTL.
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Overall mean scores of males were larger than the females in the AADT.
And also in most of the questions (Q1, Q2, Q4, Q5, and Q6), mean
scores of males were higher than the mean scores of females.

The confidence mean scores of all females in the sample of the AADT
are generally lower than males in most of the questions (Q1, Q2, Q4, QS5,
and Q6).

The mean of the ASNTL scores decreased very little for both the EG and
CG. The decrease in the EG was a little bit larger.

The BABI had a significant effect on the students’ misconceptions in
Newton’s Third Law but there was no significant effect of the BABI on
students” ASNTL when PREASNTL and PRENTLMT are controlled.

In general, the MSS results were similar (the percentages of anchoring
analogies were highest, target case was lowest) to the AADT results. The
MSS results showed the general picture (percentages of analogies) of the
treatment.

According to the analyses of the observation checklists, the EG and CG
were approximately equal on the number of quantitative questions solved
by the instructors, demonstration done, and the topics taught. Physical
properties of classrooms and teacher characteristics were also same for
both groups. The BABI lesson plans were only used in the experimental

groups.
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CHAPTER §

CONCLUSIONS, DISCUSSION AND IMPLICATIONS

This chapter is divided into five sections. Discussion of results is
summarized in the first section. Internal validity and external validity are stated
in the second section. Third section of this chapter is reserved for conclusions.
Implications are presented in the fourth section. Finally, recommendations for

further research studies are given in the last section.

5.1 Discussion of the Results

The results yielded by the MANCOVA rejected the null hypothesis of
this study. Examination of the treatment effect through univariate analysis F-test
showed that the NTLMT made significant contributions to the results in favor of
the experimental group. However, the ASNTL made no significant contributions
to the results in favor of the experimental group. These results showed
apparently that the BABI made significant effect on students’ misconceptions in
Newton’s Third Law but the BABI made no significant effects on students’
attitude towards Newton’s Third Law.

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 Newton’s Third Law. Moreover, the
percentages of students’ misconceptions are relatively comparable with the
results of the 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
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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 the pretest
and posttest. Identical pretest and posttests were given about 6 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. However, the effect size
of our study was calculated as .184 in terms eta square (large effect size). This
means that our study has practical significance. Power of the study was found
1.0. The measuring tool used in the study consisted of 15 three-tier questions.
Data were analyzed by using MANCOVA not by t-test as Clement did in his
work.

Students instructed with the BABI had fewer misconceptions than
students instructed by the TTM. The results were similar to the related literature
in (Clement, 1993; Yilmaz, 2001). Male students had fewer misconceptions than
female students in both pre and posttests. This result was similar to the findings
of the related literature (Clement, 1993; Eryilmaz, 1992).

The MSS and AADT results seemed to be parallel (anchors with high
percentages, target cases with low percentages). The researcher could not find
this kind of MSS results in the literature. The MSS results were a valuable and
effective tool to assess the treatment. The MSS results showed that there were
problems in some misconceptions in the treatment. Some bridging cases (in M7a
and M7b) were not worked as intended.

The AADT developed by the researcher was effective in detecting
possible usable anchors, bridging analogies, and target cases. It was easier to use
this test in order to develop the new style of concept diagrams to be used in the
BABI. The researcher paid intensive care to gender differences throughout the

study. The concept diagrams prepared for each gender. The effect of gender was
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also considered during the treatment. The AADT and all the teaching learning
materials developed according to results of the AADT enabled the instructors to

reflect and control gender differences throughout the treatment period.

5.2 External and Internal Validities of the Study

Possible threats to the internal and external validities of this study and

their control were discussed in this subsection.

5.2.1 Internal Validity

Possible threats to internal validity and the methods used to cope with
them were discussed in this section. The internal validity of the study refers to
the degree to which extraneous variables may influence the results of the
research. Subject characteristics, Hawthorne effect, instrumentation, mortality,
location, and testing were some of the possible threats to the internal validity of
the study. In general, missing data analysis, standardizing conditions and the
procedures, the MANCOVA model, three week treatment period, and the
research design of the study were used as a measure to control these threats.

In this study not the individuals but the groups were randomly assigned,
therefore many subject characteristics (previous Newton’s Third Law
knowledge, PREASNTL, students’ age, gender, and instructor) might affect
students” MMT scores. They could be regarded as potential extraneous variables
to the study. All of the statistically correlated variables were included in the
covariate set to statistically match subjects on these factors. Prior Newton’s
Third Law knowledge and PREASNTL were directly measured and were
included in the covariate set. Students’ ages were also included in the covariate
set as a mean of measure of students’ level of cognitive development at this
point. All students’ did not take general physics course in the university before
the treatment. In addition, all of them were elementary teacher education

sophomore students
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Maturation could not be a threat to the study since students’ ages were
similar in both groups and included as a covariate in the analysis. A Hawthorne
effect and data collector characteristics should not be a threat to the study. Both
of the instructors were aware of this point and experienced in this field. They
tried to standardize procedures under which the data were collected. Being
exposing to a pretest might affect students’ performance on the posttest.
However, it is assumed that pretest would affect both groups equally. Three
weeks delay after the pretest hampered the pretest effect on the posttest in this
study. Furthermore, changing the order of the items in the posttest, 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 period in order
to alleviate location threat. I did not recognize any distinguishable differences in
locations that might affect students’ responses in different universities.
Observation checklists were filled by two instructors and by an independent
observer and the researcher used the results/outcome of these observations to
control and comment on some of these threats.

Mortality is perhaps the most difficult of all threats to internal validity to
control. This study was also come 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 using SPSS. They were not significant. So, the missing 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 only the researcher knows

them.

5.2.2 External Validity
Subjects of the study were not randomly selected from the accessible

population. They were the students of two instructors from two universities.
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Sample of the study constituted of 308 individuals. Generalization of this
study’s findings is limited due to use of a nonrandom sample convenience. But,
generalizations to similar populations of university 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 instructors. Therefore, the
researcher believes that most of the issues related to ecological validity were

adequately controlled by the settings used in this study.

5.3 Conclusions

The generalizability of this research was somewhat limited since the
sample of the study chosen from the accessible population was a sample of
convenience. Nevertheless, the conclusions offered here can be applied to a
broader population of similar universities. Here are the conclusions:

1. The AADT, MSS, and NTLMT results coincide in some aspects and
produce parallel results. The AADT was appropriate in developing concept
diagrams.

2. The AADT results and the spectrum of students’ analogies (anchors,
bridging analogies, target cases) were changing according to gender and
university.

3. Male students had fewer misconceptions than female students in Newton’s
Third Law.

4. For students instructed by the BABI, the method used was an effective
means of reducing the number of misconceptions students held in Newton’s
Third Law, whereas the method TTM used in the CG was not an effective
means of reducing the number of misconceptions students held in Newton’s

Third Law
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5. The BABI did not have a significant effect on the students’ POSTASNTL

when PREASNTL and PRENTLMT are controlled.

The MSS results may also be used for an evidence of treatment verification.
It can also be used to check analogies whether they are working or not. The
M7a and M7b are seemed to be problematic.

Students instructed by the BABI were observed to have more sense in their
answers. In other way of saying, students instructed by the BA were more
confident in their answers they selected in the NTLMT.

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.

5.4 Implications

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

abroad on the same topic, following suggestions are offered.

1.

Being aware of students’ preconceptions and even remediating them are not
sufficient to prevent subsequent misconceptions. For example, 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.

. More empirical studies are needed to find good, new and effective anchors

(Clement, 1993) in mechanics or in other concepts of physics. Some of the
anchors tested in this study can be easily used in classes for different grade

levels.

. Anchors in any other branches of science (mathematics, chemistry, and

biology) should be searched. And BA might also be applied to these areas.
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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. The AADT could easily be used in different samples.

6. The NTLMT is effective in assessing students’ misconceptions in Newton’s’
Third Law and can be used in different researches or classes.

7. 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 analogies
and the target all together to make the concepts more clear and

understandable.

5.5 Recommendations for Further Research

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

1. In this study, treatment was lasted in three weeks. However, future research
could examine the long term effects of the BABI on students’
misconceptions in Newton’s Third Law.

2. In this study, the BABI lesson plans and concept diagrams were prepared for
Newton’s Third Law. Future research could perform a replication of this
study using different departments/sample considering some other possible
independent variables.

3. Similar studies can be done by using the AADT with different sample.

4. Future research could seek for new anchoring analogies that make sense to
students in other concepts of physics.

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

6. 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.
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APPENDIX A

ANCHORING ANALOGY DIAGNOSTIC TEST

Al. FIRST FORM OF THE AADT

NEWTON’UN 3. HAREKET YASASI

Temel Benzetme Tam Testi

Asagidaki Olcege gore sorulara verdiginiz cevaplardan ne kadar emin
oldugunuzu ifade eden rakami, her sorunun basinda bulunan bosluklara yaziniz.

0 1 2 3
Hi¢ emin Pek emin Emin Kesinlikle
degilim degilim saylhrlm eminim
1.___ Bir tenis topu yere ¢arparak geri ziplamaktadir. Top yere carptig1 anda:

A) Yer topa kuvvet uygulamaz ama Oniinde engel oldugundan topun
yoniiniin degismesine sebep olur.

B) Yer topa esit biiyiikliikte bir kuvvet uygular ve topun yoOniiniin
degismesine sebep olur.

C) Yer topa daha kiiciik bir kuvvet uygular ve topun yoniiniin degismesine
sebep olur.

D) Yer topa daha biiyiik bir kuvvet uygular ve topun yoniiniin degismesine
sebep olur.

2. Elinizin avug i¢iyle tugla bir duvara tiim giiciiniizle vuruyorsunuz. Eliniz
duvara vurdugu anda:

A) Duvar elinize kuvvet uygulamaz sadece elinizin yolunda bulunmaktadir.
B) Duvar elinize kuvvet uygulamaz sadece sert oldugundan eliniz acir.

C) Duvar elinize daha biiyiik bir kuvvet uygular.

D) Duvar elinize esit biiyiikliikte bir kuvvet uygular.

E) Duvar elinize daha kiigiik bir kuvvet uygular.
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3. Ayagmizda paten varken bir duvara karst duruyorsunuz.
Duvara olduk¢a yakin ve dik bir sekilde ayakta dururken aniden
kollarinizi agip duvari biitiin giiciiniizle iterseniz;

2

A) Duvar size kuvvet uygulamaz ama yine de sola dogru ¢ok kisa bir
mesafe (1-2cm) gidersiniz

B) Duvar size kuvvet uygulamaz ama yine de sola dogru bayagi bir mesafe
gidersiniz.

C) Duvar size kuvvet uygulayacagindan sola dogru cok kisa bir mesafe (1-
2cm) gidersiniz.

D) Duvar size kuvvet uygulayacagindan sola dogru bayagi bir mesafe
gidersiniz.

E) Oldugunuz yerde durursunuz.

4. Ali, ¢ok agir bir sozliigii elinin iizerinde hareketsiz olarak
sabit tutmaktadir. Bu sekilde tutarken Ali’nin eli sozliige kuvvet
uygular mi1?

A) Kuvvet uygulamaz, sadece diismesini engeller.

B) Evet agirligina esit biiyiikliikte bir kuvvet uygular.

C) Evet ama agirligindan biraz daha az bir kuvvet uygular.
D) Evet ama agirligindan biraz daha fazla bir kuvvet uygular.

5. Yerde dik olarak durmakta olan bir yatak yayina elinizle %E;;

bastirmaktasimz. Yayr asagi dogru yere dik olacak sekilde
bastirirken, yay elinize geri dogru dik bir kuvvet uygular m1?

PRV

T

A) Evet uygular ama biraz daha fazla.

B) Evet uygular ama biraz daha az.

C) Evet esit biiyiikliikte bir kuvvet uygular.
D) Hayir uygulamaz.

6. Yerde dik olarak durmakta olan bir yatak yayinin iizerine
kitap koyuyorsunuz. Kitap yaymn iizerinde hareketsiz olarak
dururken, yay kitaba geri dogru dik bir kuvvet uygular mi1?

i
aiaie

A) Evet uygular ama biraz daha fazla.

B) Evet uygular ama biraz daha az.

C) Evet esit biiyiikliikte bir kuvvet uygular.
D) Hayir uygulamaz.
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7.___ Biiyiik bir topun iizerinde bir adam tiim agirligiyla hareketsiz
olarak diismeden durmaktadir. Bu durumda, top adamin ayaklarina
yukar1 dogru dik bir kuvvet uygular mi?

A) Evet uygular ama biraz daha fazla.

B) Evet uygular ama biraz daha az.

C) Evet esit biiyiikliikte bir kuvvet uygular.
D) Hayir uygulamaz.

8.___ Bir siingerin {iizerine kitap koyuyorsunuz. Bu durumda, ,
stinger kitaba yukar1 dogru dik bir kuvvet uygular mi? |—‘_l:’_l

A) Evet uygular ama biraz daha fazla.

B) Evet uygular ama biraz daha az.

C) Evet esit biiyiikliikte bir kuvvet uygular.
D) Hayir uygulamaz.

9.___ Bir plastik topun iizerine agir bir kitap koyuyorsunuz. Kitap
diismeden hareketsiz olarak topun iizerinde durabilmektedir. Bu
durumda, top kitaba yukari dogru dik bir kuvvet uygular m1?

A) Evet uygular ama biraz daha fazla.

B) Evet uygular ama biraz daha az.

C) Evet esit biiyiikliikte bir kuvvet uygular.
D) Hayir uygulamaz.

10.___ Iki adet ayakligin iizerine bir tane ¢ok ince tahta (sunta) !
yerlestiriyoruz. Sunta bu sekilde dururken {iizerine agirca bir E
kitabi sekildeki gibi koyuyoruz. Bu durumda, sunta kitaba yukari

dogru dik bir kuvvet uygular mi?

A) Evet ama agirligindan biraz daha fazla bir kuvvet uygular.
B) Evet ama agirligindan biraz daha az bir kuvvet uygular.
C) Evet agirliina esit biiyiikliikte bir kuvvet uygular.

D) Kuvvet uygulamaz, sadece diismesini engeller.

11.___ Bir adam, avuglariin i¢inde bir yatak yay1 tutmaktadir.
Kisi, iki eliyle kuvvet uygulayip yayr aym anda iki taraftan da
sikistirirsa yayin uyguladigl kuvvetlerle ilgili ne sdylenebilir?

A) Yay her iki ele de kuvvet uygulamaz.

B) Yayn sol ele uyguladigi kuvvet daha biiyiiktiir.
C) Yayin sag ele uyguladigi kuvvet daha biiyiiktiir.
D) Yayin her iki ele uyguladig kuvvet esittir.
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12.___ Bir onceki soruda adam sol elinin avucuyla kuvvet
uygulayip sag elini sabit tutsaydi yayin ellere uyguladigi
kuvvetlerle ilgili ne sdylenebilirdi?

A) Yay her iki ele de kuvvet uygulamazdi.

B) Yayin sol ele uyguladigi kuvvet daha biiyiik olurdu.
C) Yayin sag ele uyguladigi kuvvet daha biiyiik olurdu.
D) Yayin her iki ele uyguladigi kuvvet esit olurdu.

13.___ Soldaki Ali sagdaki Sinan olmak iizere iki kisi
esnek, patlamayan ve biiyiik bir topu karsilikli olarak @g}\
itmektedirler. Bu durumda asagidaki seceneklerden

hangisi dogru olur?

A) Top her iki kisiye de kuvvet uygulamaz.

B) Topun Ali’ye uyguladigi kuvvet daha biiyiiktiir.
C) Topun Sinan’a uyguladig1 kuvvet daha biiytiktiir.
D) Topun her iki kisiye uyguladigi kuvvet esittir.

14.___ Bir araba, plastik bir maddeden yapilma bir yangin

muslugunu sekildeki gibi itmektedir. Yangin muslugu biraz LEIF_‘L—-\
egilmesine ve araba motoru ¢alisir vaziyette muslugu itmeye —

devam etmesine ragmen her iki cisim de hareket etmemektedir. Buna gore
asagidaki seceneklerden hangisi dogrudur?

A) Her ikisi de kuvvet uygular ama arabanin musluga uyguladigi kuvvet
daha fazladir.

B) Her ikisi de kuvvet uygular ama muslugun arabaya uyguladigi kuvvet
daha fazladir.

C) Araba kuvvet uygularken musluk kuvvet uygulamaz.

D) ikisi de esit biiyiikliikte kuvvet uygular.

15._  Bir o6nceki soruda, musluk daha sert bir maddeden :
yapilmis ve ara¢c muslugu itmeye devam ederken kendi %
kaportas1 biraz igeri dogru girmis varsayalim. Bu durumda,

asagidaki seceneklerden hangisi dogru olur?

A) Her ikisi de kuvvet uygular ama arabanin musluga uyguladigi kuvvet
daha fazladir.

B) Her ikisi de kuvvet uygular ama muslugun arabaya uyguladig1 kuvvet
daha fazladir.

C) Araba kuvvet uygular ama musluk kuvvet uygulamaz.

D) Ikisi de esit bityiikliikte kuvvet uygular.
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16.___ Bir yay bir ucundan duvara diger ucundan ise bir

tahta parcasina sekildeki gibi baglanmistir. Serkan bu yayi | CTeEnl
tahta kisimdan iterek sikistirmaktadir. Buna gore asagidaki E
seceneklerden hangisi dogrudur? ' B

A) Her ikisi de kuvvet uygular ama yayin tahtaya uyguladigi kuvvet daha
fazladir.

B) Her ikisi de kuvvet uygular ama Serkan’in tahtaya uyguladigi kuvvet
daha fazladir.

C) Serkan kuvvet uygular ama yay kuvvet uygulamaz.

D) Serkan ve yay da tahtaya esit biiyiikliikte kuvvet uygular.

17.___ Iki kisi bir yatak yaymi uglarindan tutmaktadir.
Gii¢lii olan adam bir ugtan giigsiiz olan kiigiik cocuk
diger wucundan itmektedir. Yay sikisip dengeye ég"—‘lks‘

geldiginde kisilerde hareket etmemektedir. Buna gore -

yaym uyguladigi kuvvetlerle ilgili ne sdylenebilir?

A) Yay her iki kisiye de kuvvet uygulamaz.

B) Yayin adama uyguladigi kuvvet daha biiyiiktiir.
C) Yayin ¢ocuga uyguladigi kuvvet daha biiyiiktiir.
D) Yayn her iki kisiye uyguladigi kuvvet esittir.

18._ Iki esit kiitleli tenis topu birbirlerine dogru aym  _ -
hizlarla hareket edip kafa kafaya merkezi carpisma

yapmaktadir. Buna gore, carpisma aninda asagidakilerden

hangisi dogrudur?

A) D(isi de birbirlerine kuvvet uygulamaz.
B) Ikisi de birbirlerine kuvvet uygular ama bunlar esit olmak zorunda degil.
C) Ikisi de birbirlerine esit biiyiikliikte kuvvet uygularlar.

19.___ Bir onceki soruda carpisanlar tenis topu yerine O O .
esit kiitleli ve aym hizlarla hareket eden bilardo toplar1 — -
olsaydi, carpisma aninda asagidakilerden hangisi dogru olurdu?

A) Ikisi de birbirlerine kuvvet uygulamazdi.
B) Ikisi de birbirlerine kuvvet uygular ama bunlar esit olmak zorunda degil.
C) Ikisi de birbirlerine esit biiyiikliikte kuvvet uygulard.
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20.___ Bu bilardo toplarindan sadece soldaki hareket ediyor  _ O O
ve sagdaki carpigmadan Once duruyor olsaydi, carpisma ~—
aninda asagidakilerden hangisi dogru olurdu?

A) D(isi de birbirlerine kuvvet uygulamazdi.
B) Ikisi de birbirlerine kuvvet uygular ama bunlar esit olmak zorunda degil.
C) Ikisi de birbirlerine esit biiyiikliikte kuvvet uygulardi.

21.__ Esit hizlarla hareket etmekte olan iki esit
kiitleli araba birbirlerine dogru hareket edip kafa
kafaya merkezi carpisma yapmaktadir. Araclarin
ikisinin Oniinde de araclara yapisik 6zdes yaylar bulunmaktadir. Buna gore,
carpigsma aninda asagidakilerden hangisi dogrudur?

PR -
_i: _":‘}E:./j__\s.-,_\r_

A) Ikisi de birbirlerine kuvvet uygulamaz.
B) Ikisi de birbirlerine kuvvet uygular ama bunlar esit olmak zorunda degil.
C) Ikisi de birbirlerine esit biiyiikliikte kuvvet uygular.

22.___ Bir onceki soruda, eger soldaki ara¢ duruyor Plany T
olsaydi, carpisma aninda asagidakilerden hangisi & o= =5
dogru olurdu?

A) Ikisi de birbirlerine kuvvet uygulamazdi.
B) D(isi de birbirlerine kuvvet uygular ama bunlar esit olmak zorunda degil.
C) Ikisi de birbirlerine esit biiyiikliikte kuvvet uygulardi.

Esit giiclii ve esit agirhkli iki patenci yiizleri birbirlerine

doniik bir sekilde ayakta durmaktadirlar. Yer piiriizsiiz ve iki

patenci de ileri geri rahatca hareket edebilmektedir. ikisi A B
birden, ayn1 anda ve aynm eforla birbirlerini ittiklerinde:

23a.___ A) A kisisi saga hareket eder (—)
B) A kisisi sola hareket eder (<)
C) A kisisi hareketsiz kalir.

23b. A) B kisisi saga hareket eder (—)
B) B kisisi sola hareket eder (<)
C) B kisisi hareketsiz kalir.

23c. A) A kisisi digerinden hizli gider.
B) B kisisi digerinden hizl gider.
C) Ikisi de aynmi hizla gider.



Birbirlerine ip ile baglanmis iki 6zdes araba (soldaki A,
sagdaki B) kaygan bir yiizeyde durmaktadirlar. Iki
aracin arasinda ise 2 araca da bagli olmayan sikistirilmisg
bir adet yatak yay1 bulunmaktadir. ip kesilince, yay eski
sikistirlmamis normal uzunluguna donerek yere
diisityor. Buna gore ip tam ortadan kesildigi anda:

24a.___ A) A saga hareket eder (—)
B) A sola hareket eder («)
C) A hareketsiz kalir.

24b. A) B saga hareket eder (—)
B) B sola hareket eder («)
C) B hareketsiz kalir.

24c.____ A) A digerinden hizh gider.
B) B digerinden hizh gider.

C) ikisi de ayn1 hizla gider.

Birbirlerine ip ile baglanmis iki 6zdes araba (soldaki A,
sagdaki B) kaygan bir yiizeyde durmaktadirlar. Iki
arabanin arasinda, A aracina bagli ama B aracina baglh
olmayan sikistirllmis bir adet yatak yayr mevcuttur.
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Yayin kiitlesine denk kiiciik bir cisim 6zdesligi korumak i¢in B arabasina
ekleniyor. Ip kesilince, yay eski sikistirilmamis normal uzunluguna doniiyor.

Buna gore ip tam ortadan kesildigi anda:

25a.____  A) A saga hareket eder (—)
B) A sola hareket eder (<)
C) A hareketsiz kalir.

25b. A) B saga hareket eder (—)
B) B sola hareket eder («)
C) B hareketsiz kalir.

25c. A) A digerinden hizl gider.
B) B digerinden hizh gider.

C) ikisi de ayn1 hizla gider.
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A2. SECOND FORM OF THE AADT

NEWTON’UN 3. HAREKET YASASI
Temel Benzetme Tami Testi
Asagidaki oOlgege gore sorular igersindeki siklardaki durumlara verdiginiz

cevaplardan ne kadar emin oldugunuzu ifade eden O ile 3 arasinda degisebilecek olan
rakamn ilgili harfin baginda birakilan ¢izgilerin iizerine yaziniz. Bu iglemi her sik i¢in

yapiniz.
0 1 2 3
Hic¢ emin Pek emin Emin Kesinlikle
degilim degilim saylhrlm eminim

1. Elinizde degisik ebatlarda ve farkli maddelerden yapilmis 16 adet farkli esneklige
sahip cisim mevcuttur. Bu cisimlerin adlar1 asagida verilmistir. Her birinin iizerine
ayni kitab1 koyuyorsunuz. Bu cisimlerden hangi(si)/leri kitaba yukar1 dogru dik bir
kuvvet uygular?

A.__Havadolu patlamayan balon E H I. Trambolin (ziplama araci) E H
B.__ Deniz topu E H J. Kalin yatak yay1 EH
C.___ Ince plastik yay E H K. Araba lastigi E H
D.__ Siinger E H L. Plastik masa E H
E.__ Puf (Yer minderi) E H M. Cam masa EH
F.__ Basketbol topu E H N. Bowling topu E H
G.__ Futbol topu E H O. Demir masa EH
H.__ Sunta (ince tahta) E H P. Beton duvar E H
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2. Asagidaki sekillerde cisimlerin birbirleriyle etkilesim icersinde oldugu cesitli durumlar
verilmigtir. Bu durumlarin kisaca agiklamalari da asagiya eklenmistir. Bu durumlarin
hangilerinde cisimlerin birbirlerine uyguladiklar1 kuvvetler esittir?

___Ali duvar itmektedir

__Ali duvara dayanmis deniz topunu var giiciiyle itmektedir.

__Ali duvara dayanmis yay1 var giiciiyle itmektedir.

__Ali duvara dayanmis tekerlekli kasay1 var giicliyle itmektedir.

_Ozdes giice sahip iki kisi deniz topunu itmektedir.

__Ozdes giice sahip iki kisi yay1 itmektedir.

__Ozdes giice sahip iki kisi tekerlekli kasay1 itmektedir.

__Farkli giigteki iki kisi deniz topunu itmektedir.

__Farkl giicteki iki kisi yay1 itmektedir.

__Farkl giicteki iki kisi tekerlekli kasay1 itmektedir.

__Ayaginda patenleri olan Can duvari var giiciiyle elleriyle itmektedir.

__Can kendinden gii¢siiz bagka bir patenciyle elleriyle birbirini itmektedir.
. __Can kendisiyle ayn1 giicteki Umut ile deniz topunu elleriyle itmektedir.

__Can kendisiyle aym giicteki Umut ile yayi elleriyle itmektedir.

__Can kendisiyle ayn1 giicteki Umutla tekerlekli kasayi elleriyle itmektedir. E

__Can kendisiyle ayn1 giigteki Umut ile birbirlerini elleriyle itmektedir. E

__Can kendinden gii¢lii baska bir patenciyle birbirlerini elleriyle itmektedir. E

__Tekerlekli sandalyedeki Osman ayaklariyla duvari var giiciiyle itmekte. E

__Osman kendinden giicsiiz arkadasiyla birbirlerini ayaklarindan itmektedir E

__Osman ayn1 giicteki arkadasiyla birbirlerini ayaklarindan itmektedir. E

__Osman kendinden giiclii arkadasiyla birbirlerini ayaklarindan itmektedir. E

lolclclciclclcloclololclollc!
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3. Asagidaki sekillerde cisimlerin birbirleriyle etkilesim icersinde oldugu cesitli
durumlar verilmistir. Bu durumlarin kisaca agiklamalar1 da asagiya eklenmistir. Bu
durumlardan hangilerinde cisimlerin birbirlerine uyguladiklari1 kuvvetler esittir?

A. __Ozdes bir bilardo topu ile plastik bir top ayn1 hizla ¢arpismaktadir. EH
B. _ Ozdes bir bilardo topu ile tenis topu ayn1 hizla carpismaktadir. E H
C. __Ozdes bilardo toplar1 ayn1 hizla carpismaktadar. EH
D __Ozdes bir bilardo topu ile camdan yapilma cisim ayn1 hizla carpismaktadir. E H
E. __Ozdes bir bilardo topu ile beton cisim ayn1 hizla carpismaktadir. EH
F. _ Ozdes bir bilardo topu ile i¢i bos demir bilye aym1 hizla carpismaktadir. E H
G __Baglanms farkli kalinliktaki iki yay avuc icinde iki tarafl sikistirnllmakta. E H
H __ Baglanmis farkli kalinliktaki iki yay avug icinde sag taraftan sikistirillmakta E H
I. __ Baglanmis farkli kalinliktaki iki yay avug icinde sol taraftan sikistirllmakta. E H
J. __Inatc1 keci boynuzlari ile beton bir duvari itmektedir. E H
K. __Plastikten kaportasi olan 6zdes iki ara¢ ayn1 hizla carpigsmaktadir. EH
L. __Plastik kaportali ara¢ normal kaportali 6zdes aracla ayn1 hizla carpigmakta E H
M. __ Plastik kaportali arag ¢elik kaportal1 6zdes aracla ayn1 hizla ¢carpismaktadir E H
N. __ Plastikten kaportasi olan ara¢ duvarla ¢arpigmaktadir. EH
O. __ Normal metal kaportasi olan ara¢ duvarla carpismaktadir. E H
P. __Kaportasi ¢elikten olan ara¢ duvarla carpismaktadir. EH
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4. Asagidaki sekillerde cisimlerin birbirleriyle etkilesim igersinde oldugu c¢esitli
durumlar verilmistir. Bu durumlarin kisaca agiklamalar1 da asagiya eklenmistir. Bu
durumlardan hangilerinde cisimlerin birbirlerine uyguladiklari1 kuvvetler esittir?

__Avug icersinde deniz topu

__Avug icersinde plastik yay

__Ayni hizlarla carpisan 6zdes tenis toplari
__Ayni hizlarla carpisan 6zdes bilardo toplari
__Onlerinde yay olan ayn1 hizli 6zdes arabalar
__Ayn1 hizli 6zdes arabalar

__Farkli hizlarla ¢arpisan 6zdes tenis toplari
__Farkli hizlarla carpisan 6zdes bilardo toplar1
_ Onlerinde yay olan farkli hizl1 6zdes arabalar
__Farkl1 hizli 6zdes arabalar

. __Biri durmakta olan 6zdes tenis toplari

__Biri durmakta olan 6zdes bilardo toplari

M. _ Onlerinde yay olan, biri duran 6zdes arabalar
N. _ Biri durmakta olan 6zdes arabalar

FRECEZomMmONwp
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5. Asagidaki sekillerde cisimlerin birbirleriyle etkilesim icersinde oldugu cesitli
durumlar verilmistir. Bu durumlarin kisaca agiklamalar1 da asagiya eklenmistir. Bu
durumlardan hangilerinde cisimlerin birbirlerine uyguladiklari1 kuvvetler esittir?

A. __Avug icersinde deniz topu

B. __Avug icersinde plastik yay

C. __Kosmakta olan atlet

D. _ Bisiklet siiren adam

E. _ Hareket eden bir motosiklet

F. __ Kiiciik bir tosbaga

G. __ Oniinde hava yastig1 olan tosbaga
H. _ Oniinde yay olan tosbaga

I. _ Ozdes baska bir taksi

J. __Hava yastikli 6zdes baska bir taksi
K. __Yay bagh 6zdes baska bir taksi

L. _ Cekici kamyonet

M. __Yiik tasima kamyoneti

N. __Hava yastikl yiik tasima kamyoneti
O. __Yay bagh yiik tasima kamyoneti

P. _Ogrenci servis otobiisii
R. _ Petrol tankeri
S. _ Uzun bir tir
T. __Baraj kamyonu

E H
E H
E H
E H
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E H
E H
E H
E H
E H
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E H
E H
E H

o e e
-

B

;3 - e -

- G D Qe
zﬁ o

Sy B o ey

S - e 5

[y e M;ﬁﬂ__



143

6. Asagidaki sekillerde cisimlerin birbirleriyle etkilesim icersinde oldugu cesitli
durumlar verilmistir. Bu durumlarin kisaca agiklamalar1 da asagiya eklenmistir. Bu
durumlardan hangilerinde cisimlerin birbirlerine uyguladiklari1 kuvvetler esittir?

A. __Araba bozulmus motoru arkadan itip ivmelendiriyor.

B. __Araba bozulmus 6zdes arabayi arkadan itip ivmelendiriyor.

C. __ Aralarinda patlamayan top varken 6zdes arabay1 ivmelendiriyor.
D. __Araba aralarinda yay varken 6zdes arabayi iterek ivmelendiriyor.
E. __Araba yiik tasima kamyonunu arkadan itip ivmelendiriyor.

F. __Araba aralarinda patlamayan top varken kamyonu ivmelendiriyor.
G. __Araba aralarinda yay kamyonu itip ivmelendiriyor.

H. __Araba bozulmus uzun araci itiyor ama ivmelendiremiyor.

I. __Aralarinda patlamayan top varken uzun araci itiyor ama ivmelendiremiyor E
J. __Aralarinda bozulmayan yay varken uzun araci itiyor ama ivmelendiremiyorE
K
L

SEmEEEEEE
==i==fiasQe=fiasfiasfiasfianiiasfiasfasfan

. __Arabadakiler patenciyi itip ivmelendirerek zorla hareket ettiriyorlar. E
. __Bir gorevli agir bavul yiikiinii itip ivmelendirerek hareket ettiriyor. E




144

7. Asagidaki sekillerde cisimlerin birbirleriyle etkilesim icersinde oldugu cesitli
durumlar verilmistir. Bu durumlarin kisaca agiklamalar1 da asagiya eklenmistir. Bu
durumlardan hangilerinde cisimlerin birbirlerine uyguladiklari1 kuvvetler esittir?

A. __Araba yangin musluguna dayali patlamayan topa ¢arpmaktadir. EH
B. __Araba yangin musluguna dayali yaya ¢arpmaktadir. EH
C. __Araba yangin musluguna carpmakta ve hicbiri hasar gormemektedir. E H
D. __ Yangin musluguna dayali patlamayan topa ¢arpmakta, musluk egilmekte E H
E. _ Yangin musluguna dayali yaya carpmakta ve musluk egilmektedir. EH
F. __Yangin musluguna ¢arpmakta ve sadece musluk egilmektedir. EH
G. __Araba yangin musluguna ¢carpmakta ve sadece kendisi hasar gormektedir E H
H. __Araba yangin musluguna ¢arpmakta ve her ikisi de hasar gormemektedir. E H
I. __Araba duvara ¢arpmakta ve hicbiri hasar gérmemektedir. EH
J. __Duvara dayal1 patlamayan topa ¢arpmakta, ikisi de hasar gormemektedir. E H
K. __Araba duvara dayali yaya carpmakta ve iki cisimde hasar gormemektedir. E H
L. __ Araba duvara ¢carpmakta ve sadece duvar hasar gormemektedir. EH
M. __Araba duvara ¢arpmakta ve sadece araba hasar gormemektedir. EH
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A3. FINAL FORM OF THE AADT

Kuvvet Tam Testi

Bu testin amaci varliklarin birbirlerine uyguladiklar1 kuvvetler konusunda 6grencilerin
sahip olduklar1 goriisleri tespit etmek, karsilagtirmak 6zellikle bu goriislerden kabul gérmekte olan
fizik kanunlar1 ile uyum icersinde olanlar1 ayirt etmektir. Test, yedi adet kavramsal sorudan
olusmaktadir. Sorular cevaplanirken ii¢c noktaya dikkat etmek gerekmektedir. Birincisi, ilgili soru
diistiniilerek sorularin tiim siklarina cevap verirken siklarin altinda bulunan Evet (E) veya Hayir
(H) harflerinden bir tanesi yuvarlak icine alinmalidir. Tkincisi, sorulara verdiginiz cevaplardan ne
kadar emin oldugunuzu (E) ve (H) harflerinin yaninda “....” seklinde birakilan cizgilerin iistiine
asagidaki rakamlardan birini yazarak belirtmeniz gerekmektedir. Ugiinciisii, siklara verdiginiz evet
veya hayir cevaplarinin sebebini ¢ok kisa ve anlagilir bir ifade ile “__” seklinde birakilan ¢izgilerin
iizerine sadece sorulan siklar ve kisimlari i¢cin yazmaniz gerekmektedir.

1 - Emin degilim 2 - Emin sayilirnm 3 - Kesinlikle eminim

Test sonucunda hem sizler varliklarin birbirlerine uyguladiklari kuvvetleri inceleme,
eksiklerinizi gorme ve bu konuya ne kadar hakim oldugunuzu irdeleme imkani bulacaksiniz hem
de bizler konuyu inceleyip 6grencilerin yaygin olan goriislerini belirleme, bunlardan kullanilabilir
ve faydali olanlar1 ayiklama ve bunlar1 kullanarak ¢esitli kavramsal 6gretim materyalleri gelistirme
cabasi icersine girecegiz. Boylece daha kaliteli materyaller hazirlama ve egitim yapma yOniinde
yol kat edecegiz. Bu nedenle sorulara diisiinerek ve ictenlikle cevap vermeniz 6nem tasimaktadir.

Katkilarimizdan dolay: tesekkiirler.

Serkan Yilmaz

ODTU Fizik Egitimi Doktora Ogrencisi
Hacettepe Univ. Fen Bil. Egit. Ars. Gor.
serkany @hacettepe.edu.tr

Ad1 Soyadi:
Universite:
Boliim:
Simifi:
Dogum Tarihi: /19 (Ay/Y1l)

Cinsiyeti: ] Bay [l Bayan

Yonergeler:

1. Teste baslamadan Once yukarida birakilan bos kisimlara adinizi, soyadinizi,
iniversitenizi, boliimiiniizii, stnifiniz1, dogum yilimzi ve cinsiyetinizi yaziniz. Bu bilgiler,
arastirmaci tarafindan sadece analiz amaciyla kullanilacaktir. Hicbir sekilde higbir yerde
isim kullanilmayacak veya ikinci sahislar bu bilgilere ulagsamayacaktir.

2. Sonuglar hicbir sekilde ders notlariniz1 kotii yonde etkilemeyecektir.

Liitfen sorular1 okuduktan sonra iyice diisiinerek tiim sorular1 cevaplayiniz.

4. Sorularda kullamilan deniz toplari hi¢gbir durumda patlamamakta, yaylar esneklik
ozelligini yitirmemekte ve eger bu cisimler baska varliklara baglanmislarsa o sekilde
kalabilmektedirler. Siklarda kullanilan ayni varliklar yazilmast unutulduysa bile
Ozdestirler.

5. Sinav siiresi 35 dakikadir.

w
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1. Elinizde degisik ebatlarda ve farkli maddelerden yapilmis farkli esneklige sahip cisimler mevcuttur. Bu
cisimlerin her birinin iizerine ayn1 kitab1 koyuyorsunuz. Bu cisimlerden hangi(si)/leri kitaba yukar1 dogru
bir kuvvet uygular? / Bu cevaplarinizdan ne kadar eminsiniz?

,,i :

Patlamayan balon (E) (H) / ....

Nedeni:

6 2

Basketbol topu (E) (H) / ...

Nedeni:

Ince plastik yay (E) (H)/ ....

Nedeni:

‘C[
O

Futbol topu (E) (H)/ ....

5

Siinger minder (E) (H)/....

Puf minder (E) (H) / ....
Nedeni: Nedeni: Nedeni:
7 8 9
S
Bulasik Siingeri (E) (H) / ....
Bovling t E)H)/....
Deniz topu (E) (H) / ... ovling topu (E) (ED
Nedeni: Nedeni: Nedeni:
10 g 11 12
Sert E)H)/.... Ince tahta (E) (H) / ....
Trambolin (E) (H)/ .... ertyay (E) (H) nee tahta (E) (ED)
Nedeni: Nedeni: Nedeni:

Araba lastigi (E) (H) / ....

Nedeni:

14

-
Beton duvar (E) (H) / ....
Nedeni:

< T S 15

Cam masa (E) (H) / ....
Nedeni:

FT 16
Mukavva karton (E) (H) / ....

Nedeni:

17

Demir masa (E) (H)/ ....

Nedeni:

|

Plastik masa (E) (H) / ....

Nedeni:
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2. Asagidaki sekillerde farkli cisimlerin birbirleriyle etkilesim icersinde oldugu ve aym aracin gesitli
cisimlere yavasca carptif cesitli durumlar ve kisa agiklamalar verilmistir. Sonug olarak varliklarda farkli
hasarlar meydana gelmektedir. Bu durumlardan hangi(si)/lerinde  varliklarin  birbirlerine
(sikistirilirken/carpisirken) uyguladiklart kuvvetler esittir? / Bu cevaplariizdan ne kadar eminsiniz?

=P,
1 ; 2 3
Araba yangin musluguna Araba yangin musluguna Araba yangin musluguna
carpmakta ve hasar yok carpmakta ve musluk hasarli carpmakta ve araba hasarli
E) H)/ ... E)H)/.... E)H)/....
Nedeni: Nedeni: Nedeni:
Yangin musluguna dayalr deniz Yangin musluguna dayalt yay
Araba yangin musluguna topu ve hasar yok ve hasar yok
carpmakta ve her ikisi de i) Araba ile top i) Musluk ile top i) Araba ile yay ii) Musluk ile yay
hasarh (E) (H) / ... (E) H) /... (E) /... (E) H)/....  (E) (/...
Nedeni: Nedeni (i): Nedeni (ii):

O i
| R, :
T
Yangin musluguna dayali deniz Yangin musluguna dayali yay ve
topu ve musluk hasarl musluk hasarli
i) Araba ile top ii) Musluk ile top i) Araba ile yay ii) Musluk ile yay Araba duvara carpmakta ve
E) @)/ ... (E) @/ .... B) B/ .. (E) @/ .... hasar yok (E) (H) /...
Nedeni (i): Nedeni (i): Nedeni:
] samn
10 E 11 .-.-E 12
[} T 1}
== Lt ==
== b, -2 ==
] [ ]
Araba duvara ¢arpmakta ve Araba duvara carpmakta ve her Araba duvara ¢arpmakta ve
araba hasarli (E) (H) / .... ikisi de hasarli (E) (H) / .... duvar hasarli (E) (H) / ....
Nedeni: Nedeni: Nedeni:
13 14
|1 . -
T - - ]
- ——— O w3
Duvara dayali patlamayan Duvara dayalr bozulmayan yay Ikisine de dayali deniz
deniz topu ve hasar yok ve hasar yok toplart ve hasar yok
i) Arabaile top  ii) Duvar ile top i) Arabaile yay  ii) Duvar ile yay i) Arabaile 1. top ii) Duvar ile 2. top
E) H)/.... E) H)/.... E) H)/.... (E) H)/.... E) H)/.... (E) H)/....
Nedeni (i): Nedeni (ii): Nedeni (i):
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Asagidaki sekillerde farkl giicteki kisilerin birbirleriyle ve bazi cisimler ile etkilesim igersinde oldugu
cesitli durumlar ve kisa aciklamalari verilmistir. Bu durumlarin hangi(si)/lerinde (itilirken/sikistirihirken)
varliklarin birbirlerine uyguladiklart kuvvetler esittir? / Bu cevaplarinizdan ne kadar eminsiniz? (Not:

Patenli ve tekerlekli sorularda yerdeki siirtinme tiim varliklar igin ayn1 ve 6nemsenmiyecek kadar azdir)

Ali Kaan
1 g : .

Aymi giicteki kisiler deniz topunu iterken

Ali Kaan
) & \J

Ay giicteki kigiler tekerlekli kasayt iterken

i) Ali ile deniz topu ii) Kaan ile deniz topu i) Ali ile tekerlekli ii) Kaan ile tekerlekli
(E) H)/.... (E) H)/.... kasa (E) (H)/.... kasa (E) (H)/....
Nedeni (i): Nedeni (ii):
Ali Kaan Ali
3 -

Aym giicteki kisiler bovling topunu iterken

koS

Ay giicteki kisiler yayt iterken

i) Ali ile bovling ii) Kaan ile bovling i) Ali ile yay ii) Kaan ile yay
topu (E) (H)/.... topu (E) (H)/.... (E) (H)/.... (E) (H)/....
Nedeni (ii): Nedeni (i):
Ali Veli Ali Veli
5 6
DIC
Farkli giicteki kisiler deniz topunu iterken Farkli giicteki kisiler tekerlekli kasayt iterken
i) Ali ile deniz topu i) Veli ile deniz topu i) Ali ile tekerlekli ii) Veli ile tekerlekli
(E) H)/.... (E) (H)/.... kasa (E) (H)/.... kasa(E) (H)/....
Nedeni (i): Nedeni (i):
Ali Veli Ali Veli
7 /& 8
Farkli giicteki kisiler bovling topunu iterken Farkli giicteki kisiler yay: iterken
i) Ali ile bovling ii) Veli ile bovling i) Ali ile yay ii) Veli ile yay
topu (E) (H) /... topu (E) (H)/ .... (E) H)/.... (E) H)/....
Nedeni (ii): Nedeni (ii):
Ali Kaan Ali Veli
9 n 10
Aymi giicteki kigiler birbirini iterken Farkli giicteki kisiler birbirini iterken
Aliile Kaan (E) (H)/ .... Aliile Veli (E) (H)/....
Nedeni : Nedeni:
Can ~— ~ Sedat Can /™ ™ Umut
11 12

Can kendinden giigsiiz patenciyi iterken
Can ile Sedat (E) (H)/....
Nedeni:

f

Can ayn giicteki patenciyi iterken
Can ile Umut (E) (H)/....
Nedeni:




13 Cayy ™™ ~  Umut

i

Can aym gii¢teki Umut’u deniz topundan iterken
i) Can ile deniz topu
(E) H)/....
Nedeni (ii):

ii) Umut ile deniz topu
(E) H)/....

14

Can ayni giicteki Umut’u tekerlekli kasadan iterken
i) Can ile tekerlekli ii) Umut ile tekerlekli
kasa (E) (H)/.... kasa (E) (H)/....

Nedeni (i):

—
Canr™y >~ Umut

15

I

Can ayni giicteki Umut’u yaydan iterken
i) Can ile yay
(E) (H)/....
Nedeni (i):

ii) Umut ile yay
E) H)/....

Cane~™> >~ Umut

16

I

Can ayni giigcteki Umut’u bovling topundan iterken
i) Can ile bovling
topu (E) (H)/....

Nedeni (ii):

ii) Umut ile bovling
topu (E) (H)/....

17

Can kendinden giiclii patenciyi iterken
Can ile Onur (E) (H)/....

Nedeni:

18

Savas kendinden giiclii arkadagsini iterken
Savag ile Osman (E) (H)/....

Nedeni:

19

Mert aym giicteki arkadasin iterken
Mert ile Osman (E) (H)/ ....

20

Emre kendinden giicsiiz arkadagini iterken
Emre ile Osman (E) (H)/....

Nedeni: Nedeni:
21 22
Ali duvari iterken Patenci duvart iterken
Ali ile duvar (E) (H)/.... Can ile duvar (E) (H)/....
Nedeni: Nedeni:
23 o= Vet 24
Mert ayagryla duvar iterken Duvara dayali tekerlekli kasayt iterken
Mert ile duvar (E) (H) / i) Ali ile kasa ii) Duvar ile kasa
E) H)/.... (E) H)/....
Nedeni: Nedeni (i):
) ]
25 - 26

Duvara dayali yayi iterken
i) Ali ile yay ii) Duvar ile yay
(E) (H)/.... (E) (H)/....
Nedeni (ii):

Duvara dayali deniz topunu iterken
i) Ali ile top ii) Duvar ile top
(E) H)/.... (E) H)/....
Nedeni (i):

149



150

4. Asagidaki sekillerde farkli sertlife sahip varliklarin birbirleriyle etkilesim igersinde oldugu cesitli
durumlar ve kisa acgiklamalar1  verilmisti. Bu durumlardan hangi(si)/lerinde  varliklarin
(itilirken/sikigtirilirken/carpisirken) birbirlerine uyguladiklart kuvvetler esittir? / Bu cevaplarimizdan ne
kadar eminsiniz?

Q'd[[21§1[ken cal 31§1rken
1 2
Esit hizli bilardo topu ile yumusak top Esit hizli bilardo topu ile tenis topu
(E) )/ .... (E)H)/....
Nedeni: Nedeni:
3 carpisirken 4 carpisirken
-Q Q- Q -
Esit hizli bilardo toplart Esit hizli bilardo topu ile camdan bilye
E) H)/.... (E)H)/....
Nedeni: Nedeni:
carpisirken carpisirken

T @ &-

Esit hizli bilardo topu ile beton parca

Esit hizli bilardo topu ile mermer cisim

(E) (H)/ .... (E) (H)/....
Nedeni: Nedeni:
carpisirken carpisirken
7 8 plastik plastik

@ @~

Esit hizli bilardo topu ile demir bilye

~ 2 T -

Ozdes plastik kaportal esit hizl araglar

(E)H)/....
(E)H)/....
Nedeni: Nedeni:
carpisirken carpisirken
1 o .
plastik metal sa¢ 0 plastik gelik

Farkli kaportali esit hizli araglar

(E) (H)/ ....

Nedeni:

Farkli kaportali esit hizl araglar

(E)(H)/....
Nedeni:
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11 12
Plastik kaportal: arag ile duvar Metal sa¢ kaportal: arag ile
E)H)/.... duvar (E) (H) / ....
Nedeni: Nedeni:
iki yonli sikistirilirken
13 carpisirken 14 Birlestirilmis yaylar
Sert-Yumusak
— -—
: = =
. . Sol el Sagel
Celik kaportali arag ile duvar
(E)(H)/ .... i) Sol el ile sert yay ii) Sag el ile yumusak yay
) (E) (H)/.... (E) (H)/....
Nedeni: Nedeni (ii):
sagdan sikistirihirken soldan sikistirilirken
Birlestirilmis yaylar 16 Birlestirilmis yaylar

Sert- Yumuwk

MJWM& o

ii) Sag el ile yumusak yay
E) H)/....

i) Sol el ile sert yay
E) H)/....
Nedeni (i):

Sert-Yumusak

=L

i) Sol el ile sert yay
(E) H)/....
Nedeni (ii):

ii) Sag el ile yumusak yay
(E) H)/....

iki yonli sikistirilirken

- s

i) Sol el ile bovling topu
(E) H)/....

ii) Sag el ile deniz topu
(E) H)/....

Nedeni (i):

soldan sikistirtlirken

-5 i

i) Sol el ile bovling topu
E) H)/....

ii) Sag el ile deniz topu
(E) H)/....

Nedeni (ii):

sagdan sikistirilirken

R

i) Sol el ile bovling topu
(E) H)/....

ii) Sag el ile deniz topu
(E) H)/....

Nedeni (ii):

20

iterken

Sert boynuzlu kegi ile beton duvar

E)H)/....
Nedeni:
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5. Asagidaki sekillerde hizlar: farkli veya aym olabilen cesitli cisimlerin birbirleriyle etkilesim igersinde
oldugu bazi durumlar ve kisa agiklamalari verilmistir. Bu durumlardan hangi(si)/lerinde varliklarin

birbirlerine (sikistirilirken/carpisirken) uyguladiklart kuvvetler esittir? / Bu cevaplarmizdan ne kadar

eminsiniz?

1 2
carpisirken carpisirken
Esit hizli 6zdes bilardo toplar1 (E) (H)/ .... Farkli hizli 6zdes bilardo toplar (E) (H) / ....
Nedeni: Nedeni:
3 carpisirken 4 —- sikistinlirken -—
_ ! ! Sol eJ oek Sagel
.. . . i) Sol el ile bovling ii) Sag el ile bovling
Biri duran 6zdes bilardo toplar1 (E) (H) / .... topu (E) (H)/ ... topu (E) (H)/ ...
Nedeni: Nedeni (i):
carpisirken carpisirken

Farkli hizli iki 6zdes araba (E) (H) / ....

Biri duran 6zdes yay baglh
ozdes arabalar (E) (H) / ....

Nedeni: Nedeni:
sikistirilirken carpisirken
7 - il 8
:;ﬁmmt_ = & =
Sol ¢ Sag el
i) Sol el ile yay ii) Sag el ile yay

(E) (H) /... (E) ©)/ ...

Nedeni (ii):

Esit hizli 6zdes deniz toplar1 (E) (H) / ....

Nedeni:
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51k1 tirilirken

carpisirken
9
Sol el g> Sagel A @-
i) Sol el ile sol ii) Sag el ile sag Biri duran 6zdes iki araba (E) (H)/ ....
yay (E) (H)/.... yay (E) (H)/....
Nedeni (i): Nedeni:
11 carpisirken carpisirken
Kl huzls Szdes deni lar (E) (H) / Ozdes yay bagl farkli hizl
Farkli izl 6zdes deniz toplar1 (E) (H) / .... ozdes arabalar (E) (H) / ....
Nedeni: Nedeni:
sikistirihirken
13 carpisirken 14 -
Ayni1 hizli iki 6zdes araba (E) (H) / .... i) Sol el ile deniz i) Sag el ile deniz
topu (E) (H)/.... topu (E) (H)/....
Nedeni: Nedeni (i):

s1k1 lmhrken

15 =
Sag el

i) Sol el ile bovling ii) Sag el ile bovling
topu (E) (H)/.... topu (E) (H)/....

Nedeni (ii):

carpisirken

T e e

Biri duran 6zdes deniz toplar1 (E) (H) / ....

Nedeni:

sikistirtlirken

17
Sol C}J %\ Sag el

i) Sol el ile sol deniz
topu (E) (H)/....

ii) Sag el ile sag deniz
topu (E) (H)/....

Nedeni (i):

carpisirken

6P -

Ayni hizli 6zdes yay bagl
ozdes arabalar (E) (H) / ....

Nedeni:
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6. Asagidaki sekillerde farkli Kkiitlelere sahip varliklarin birbirleriyle etkilesim icersinde oldugu cesitli
durumlar ve kisa agiklamalar1 verilmistir. Carpisan varliklar esit hizlarla hareket etmektedirler. Bu
durumlardan hangi(si)/lerinde varliklarin birbirlerine (sikistirilirken/carpisirken) uyguladiklar: kuvvetler

esittir? / Bu cevaplarimizdan ne kadar eminsiniz?

sagdan sikistirihrken

carpisirken
1 -— 2
i) Sol el ile deniz ii) Sag el ile deniz . .
topu (E) (H)/.... topu (E) (H)/.... Bisikletci (E) (H) / ....
Nedeni (i): Nedeni:
carpisirken carpisirken
3 4
Yay bagl yiik kamyoneti (E) (H)/ ....
Baraj kamyonu (E) (H) / ....
Nedeni: Nedeni:
carpisirken sagdan sikistirihirken
5 6

Deniz topu baglh 6zdes

bagka bir ara¢ (E) (H) / ....

Nedeni:

-
SOJ“&X Sagel

i) Sol el ile bovling
topu (E) (H)/....

ii) Sag el ile bovling
topu (E) (H)/....

Nedeni (ii):

sagdan sikistirihrken

-—
Sol J &\ Sag el

i) Sol el ile yay
(E) H)/....

ii) Sag el ile yay
E) H)/....

Nedeni (i):

8 carpisirken
Deniz topu bagh kiiciik araba (E) (H) / ....

Nedeni:

carpisirken

LQ g—_

Yay bagli araba (E) (H) / ....

9

Nedeni:

carpisirken

Kiigiik bir araba (E) (H)/ ....

10

Nedeni:
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1 carpisirken 12 carpisirken
- -1 - ’_
"oy T
Yay bagh 6zdes baska bir ara¢ (E) (H) / ....
Uzun bir tr () (H) / ... v hagh budes b ¢ (B) (D
Nedeni: Nedeni:
carpisirken
13 14
Yiik kamyoneti (E) (H) /. Ogrenci servis otobiisii (E) (H) /et
Nedeni: Nedeni:
carpisirken
15 16 carpisirken
Ozdes baska arag (E) (H) / .... Kosmakta olan atlet (E) (H) / ....
Nedeni: Nedeni:

carpisirken

Deniz topu bagh yiik kamyoneti (E) (H) / ....

sagdan sikistirilirken

e

i) Sol el ile sol top
(E) H)/....

ii) Sag el ile sag top
(E) H)/....

Nedeni: Nedeni (ii):
sagdan sikistirllirken arpisirken
19 S 20 =
~J@E ... o -
i) Sol el ile bovling ii) Sag el ile bovling Motosiklet (E) (H) / ....
topu (E) (H)/.... topu (E) (H)/....
Nedeni (i): Nedeni:
sagdan sikistirtlirken ;
carpisirken
22

-
21 _
Sol ¢ Wfﬁﬁﬂﬁﬂ( _Sag el

i) Sol el ile sol ii) Sag el ile sag
yay (E) H)/.... yay(E) (H)/....

Nedeni (ii):

Cekici kamyonet (E) (H) / ....

Nedeni:
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Asagidaki sekillerde cisimlerin birbirleriyle etkilesim icersinde oldugu ¢esitli durumlar ve kisa
aciklamalari verilmistir. Arkadaki arag, bozulan 6ndeki diger araci itip ivimelendirerek veya sabit hizla
en yakin tamirciye ulagtirmaya caligmaktadir. Bu durumlardan hangi(si)/lerinde varliklarin birbirlerine
(itilirken) uyguladiklarn kuvvetler esittir? / Bu cevaplarinizdan ne kadar eminsiniz? (Not: fvme: Cismin
birim zamandaki hizindaki degismedir. 1. sn’de 10, 2. sn’de 20, 3. sn’de 30m/sn olup hizinin siirekli artmasi gibi)

VOSVos
QS Y Y

Kiiciik arac1 ivmelendirirken

E)H)/....
Nedeni:

Ozdes bagka arac1 ivmelendirirken

E)H)/....
Nedeni:

Su tankerini ivmelendirirken

(E)H)/....
Nedeni:

[ Y
000 T: 3 4
Hareket ettiremedigi halde tirt
iterken (E) (H) / ....

Nedeni:

5 E VOSVOos

Kiiciik araci sabit hizla hareket
ettirirken (E) (H) / ....

Nedeni:

Ozdes araci sabit hizla hareket
ettirirken (E) (H) / ....

Nedeni:

Su tankerini sabit hizla hareket
ettirirken (E) (H) / ....

Nedeni:

Vedat
Qoo

Patenciyi ivmelendirirken (E) (H) / ....

Nedeni:

Patenciyi itip sabit hizla hareket
ettirirken (E) (H) /....

Nedeni:

10 Siiperman
Qoo

Hareket ettiremedikleri halde Siiperman’i
iterken (E) (H) / ....

Nedeni:

Hareket ettiremedigi halde yaydan tiri iterken

i) Araba ile yay ii) Tir ile yay
(E) H)/.... (E) H)/....
Nedeni (i):

Hareket ettiremedigi halde deniz topundan tirt iterken

i) Araba ile deniz ii) Tir ile deniz
topu (E) (H)/.... topu (E) (H)/
Nedeni (ii):
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e

Aralarinda deniz topu olup tankeri ivmelendirirken

i) Araba ile deniz topu

(E) (H)/....

ii) Tanker ile deniz topu

(E) H)/....
Nedeni (i):

14

VOsvos
o pphiln

Aralarinda deniz topu olup vosvosu ivmelendirirken
i) Araba ile deniz topu

ii) Vosvos ile deniz topu
(E) (H)/....

E) H)/....
Nedeni (ii):

15

]

Tankeri sabit hizla hareket ettirirken

i) Araba ile deniz topu
(E) (H)/....

ii) Tanker ile deniz topu
(E) (H)/....

Nedeni (ii):

16

E VOSVOS

Vosvosu sabit hizla hareket ettirirken

i) Araba ile deniz topu
(E) (H)/....

ii) Vosvos ile deniz topu
(E) (H)/....

Nedeni (i):

17

Deniz topundan iterek 6zdes aract ivmelendirirken

i) 1. araba ile deniz
topu (E) (H)/....

ii) 2. araba ile deniz
topu (E) (H)/....

Nedeni (i):

18

Yaydan iterek dzdes aract ivmelendirirken

i) 1. araba ile yay

ii) 2. araba ile yay
E) H)/....

(E) H)/....
Nedeni (ii):

19

Ozdes araci sabit hizla hareket ettirirken

i) 1. araba ile deniz
topu (E) (H)/....

ii) 2. araba ile deniz
topu (E) (H)/....

Nedeni (i):

20

Ozdes araci sabit hizla hareket ettirirken

i) 1. araba ile yay

ii) 2. araba ile yay
(E) (H)/....

(E) H)/....
Nedeni (ii):

21

Ozdes aract ivmelendirirken

i) 1. araba ile 1. deniz
topu (E) (H)/....

ii) 2. araba ile 2. deniz
topu (E) (H)/....

Nedeni (i):

22

Ozdes araci sabit hizla hareket ettirirken

i) 1. araba ile 1. deniz
topu (E) (H)/....

ii) 2. araba ile 2. deniz
topu (E) (H)/....

Nedeni (ii):
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ATTITUDE TOWARD THE CONTENT “NEWTON’S THIRD LAW”

Newton’un 3. Yasas1 Konusuna Karsi Tutum Olcegi

Aciklama: Bir goriis veya yargi bildiren asagidaki ciimleleri dikkatlice okuyunuz. Bu goriise ne
Olgiide katilip katilmadigimizi belirtmek igin sag taraftaki siitunda yanit olarak verilen bes
segenekten birini (X) seklinde isaretleyerek belirtiniz. Segenekler “Kesinlikle Katiliyorum”,
“Katilryorum”, “Kararsizim”, “Katilmiyorum”, “Kesinlikle Katilmiyorum” dur.

Ad1 Soyadu: No: Sinif / Sube: /
sl sle|E|.8
“NEWTON’UN 3. HAREKET YASASI” 25 5| 3 % = %
EE| £ 5| £ |EE
No * Etki-tepki prensibi 5| 5| L | 5|83
M| M X MMM
1 | “Newton’un 3. Hareket Yasas1” konusunu severim. OlTO]lO]10O10
2 | “Newton’un 3. Hareket Yasas1” konusuna karsi olumlu hislerim vardir. OlO]TO1TO!10O
3 “Newton’un 3. Hareket Yasas1” konusundan &grendiklerimin hayatimi oOlolololo
kolaylagtiracagina inantyorum.
“Newton’un 3. Hareket Yasas1” konusunun gelecekte 6neminin artacagina
CR . £ £ OlO[O]O]O
yorum.
5 “Newton’un 3. Hareket Yasas1” konusunun, ilerideki ¢alismalarimda bana Ololololo
yararh olacagina inantyorum.
“Newton’un 3. Hareket Yasas1” konusunda basarili olmak i¢in elimden geleni
6|, ; ¢ OO0 1010
yaparim.
“Newton’un 3. Hareket Yasas1” konusunda elimden gelenin en iyisini
7 | £ Y OlO[O]O]O
yapmaya caligirim.
8 “Newton’un 3. Hareket Yasas1” konusunda basarisiz oldugumda daha ¢ok Ololololo
¢abalamam.
9 | “Newton’un 3. Hareket Yasas1” konusunu dgrenebilecegimden eminim. OlTO]ITOTO!TO
10 | “Newton’un 3. Hareket Yasas1” konusunda basarili olabilecegimden eminim. | () | () | () | () | ()
1 “Newton’un 3. Hareket Yasas1” konusunun kullanildig1 zor problemleri Ololololo
yapabilecegimden emin degilim.
12 “Newton’un 3. Hareket Yasas1” konusunun gegerli oldugu problemler ne Ololololo
kadar zor olursa olsun, elimden geleni yaparim.
13 “Newton’un 3. Hareket Yasas1” konusunun ilerideki meslek hayatimda Ololololo
onemli bir yeri olacagini diisiiniiyorum.
14 “Newton’un 3. Hareket Yasas1” konusundan &grendiklerimin, giindelik ololololo
hayatta isime yarayacagini diisiiniiyorum.
15 “Newton’un 3. Hareket Yasas1” konusu veya teknolojideki uygulamalari ile Ololololo
ilgili kitaplar okumaktan hoglanirim.
16 | “Newton’un 3. Hareket Yasas1” konusu benim i¢in eglencelidir. O1TO]lO]10O10
17 | Okulda “Newton’un 3. Hareket Yasas1” konusunu ¢alismaktan hoglanmam. O1TO]1O]10O 10
“Newton’un 3. Hareket Yasasi” ile ilgili daha zor problemler ile basa
18 ¢ikabilecegimden eminim. 010101010
19 Okuldan sonra arkadaglarla “Newton’un 3. Hareket Yasas1” konusu hakkinda Ololololo
konugmak zevklidir.
20 Bana hediye olarak “Newton’un 3. Hareket Yasas1” ile ilgili bir kitap veya ololololo
konu ile ilgili aletler, araglar verilmesinden hoslanirim.
21 Yeterince vaktim olursa “Newton’un 3. Hareket Yasas1” ile ilgili en zor ololololo
problemleri bile ¢ozebilecegimden eminim.
22 Arkadagslarla “Newton’un 3. Hareket Yasas1” konusu veya teknolojideki ololololo
uygulamalari ile ilgili meseleleri konugmaktan hoglanirim.
23 “Newton’un 3. Hareket Yasas1” konusunun el becerilerimin gelismesine ololololo
katkida bulunmasint olumlu buluyorum.
24 “Newton’un 3. Hareket Yasas1” konusu ile ilgili okuldan sonra ¢alistigim ders ololololo
saatlerinin daha ¢ok olmasini istemem.
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APPENDIX C

MULTIPLE CHOICE THREE-TIER DIAGNOSTIC TEST

Newton’un 3. Hareket Yasasi Tam Testi

Bu test, 6grencilerin cesitli durum ve olaylarda kuvvet ve hareket ile ilgili
anlayislarin1 6lgmek amaciyla hazirlanmistir. Test, 15 adet ii¢ basamakli ¢coktan secmeli
sorudan olugsmaktadir. Her sorunun ilk basamaginda belirtilen durum icin dogru olan
secenek, ikinci basamakta ise bu secenedi secme nedeniniz sorgulanmaktadir. Ugiincii
basamakta da bu verdiginiz iki cevaptan emin olup olmadiginiz arastirilmaktadir. Bu
testteki sorular kavramsal olup islem yapmaniza gerek kalmamaktadir. Test tamamen
sizlerin bu fizik konusundaki gergek diistincelerinizi teshis amaciyla uygulanmaktadir.
Sonuglar higbir sekilde ders notlarinizi kotii yonde etkilemeyecektir.

Test sonucunda hem sizler kuvvet ve hareket konularinin ¢esitli durumlardaki
iligkilerini inceleme, eksiklerinizi gérme ve bu konuya ne kadar hakim oldugunuzu
irdeleme imkani bulacaksiniz hem de bizler konuyu inceleyip daha kaliteli materyaller
hazirlama ve egitim yapma yoniinde yol kat edecegiz. Bu nedenle sorulara diisiinerek,
titizlikle ve ictenlikle cevap vermeniz 6nem tasimaktadir.

Katkilarinizdan dolay1 tesekkiirler.

Serkan Yilmaz

ODTU Fizik Egitimi Doktora Ogrencisi

Hacettepe Univ. Fen Bil. Egit. Ars. Gor.
Adi Soyadi:
Universite:
Boliim:
Smifi:
Dogum Tarihi: /19 (Ay/Y1l)
Cinsiyeti: ] Bay | Bayan

Yonergeler:

1. Teste baslamadan 6nce yukarida birakilan bos kisimlara adinizi, soyadinizi,
iniversitenizi, bolimiiniizii, sinifinizi, dogum tarihinizi ve cinsiyetinizi yaziniz.

2. Sorularin tamamina cevap vermeye calisiniz.

Her sorunun dogru sikkini yuvarlak igine aliniz.

4. Sorular birbirlerine benzer goziikmektedir. Her bir soruyu bagimsiz olarak
diisiiniiniiz. Bir soruda verdiginiz cevabin diger soruda sizi yanls bir yonelime
gotlirmesine izin vermeyiniz.

5. Sorularda verilen siklarin kendi goriisiiniizii yansitmadigini diisiiniiyorsaniz,
[___] seklinde bos birakilan seceneklere kendi cevabinizi yaziniz. Buraya
yazacaginiz cevaplariizin verilen seceneklerde olmadigindan emin olunuz.

6. Sinav siiresi 35 dakikadir.

e

Basarilar...



1.1.

1.2.

1.3.

2.1.

2.2.

2.3.
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Kotii adamlar bir A araci ile hemzemin
gecidin 6niinde durmakta olan esit kiitleli bir

A B
B aracinin arkasina yanasiyorlar. A araci1 B
aracimt tam tren gelmesine yakin tren Oe-
raylarina itmeye c¢alistyor. B araci ise var
giiciiyle geriye dogru gitmeye calisiyor. A

aract B’yi hareket ettirip ivmelendirerek git gide hizlandirmaya basliyor. Buna gore,
hizlanma esnasinda aracglarin birbirlerine uyguladiklar1 kuvvetler icin asagidakilerden
hangisi dogru olur?

A) A’nin B’ye uyguladigi kuvvet, B’nin A’ya uyguladigi kuvvetten daha biiyiiktiir.
B) B’nin A’ya uyguladigi kuvvet, A’nin B’ye uyguladigi kuvvetten daha biiytiktiir.
C) B aract A’ya kuvvet uygular ama A arac1 B’ye kuvvet uygulamaz.

D) A arac1 B’ye kuvvet uygular ama B arac1 A’ya kuvvet uygulamaz.

E) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Araclarin kiitleleri esittir.

B) A araci B’yi iterek ivmelendirmektedir.

C) Araglar temas edip etkilesim icersinde olduklari i¢in birbirlerine esit kuvvet uygular.
D) A arac1 saga, B araci ise sola dogru gitmeye ¢aligmaktadir.

E) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirirm C) Pek emin degilim D) Hic emin degilim

Bilardo oynayan iki arkadas siireleri dolmak iizereyken —
hemen aceleyle son birer vurus daha yapmak istiyorlar. __E
Ikisi de fark etmeden 6zdes birer bilardo topuna ayni anda

toplar birbirleriyle ¢arpisacak ve toplar sabit hizla hareket edecek sekilde vuruyorlar. 7
numaralt topun hizi digerinden ¢ok daha fazladir. Bilardo toplarinin garpisma aninda
birbirlerine uyguladiklar1 kuvvetlerle ilgili agagidaki ciimlelerden hangisi dogrudur?

A) Sadece 7 numarali bilardo topu kuvvet uygular.

B) Sadece 9 numaral1 bilardo topu kuvvet uygular.

C) 7 no’lu topun 9’a uyguladig1 kuvvet, 9’un 7’ye uyguladig1 kuvvetten daha fazladir.
D) 9 no’lu topun 7’ ye uyguladigi kuvvet, 7°nin 9’a uyguladig1 kuvvetten daha fazladir.
E) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

Yukarida verdigim cevabin sebebi;

A) 7 numaral bilardo topu daha hizli hareket etmektedir.

B) iki bilardo topu da ayn1 maddeden yapilmis olup aym sertliktedir.

C) Bilardo toplar1 carpisarak temas ettikleri i¢in birbirlerine esit kuvvet uygularlar.

D) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim
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3.2

3.3.

4.1.

4.2.

4.3.
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Ozdes tekerlekli sandalyeler iizerinde oturmakta olan esit kiitleli
iki arkadastan Alp viicut gelistirme yapmakta ve Cenk’ten cok
daha giicliidiir. Yanda goriildigi gibi aym  sekilde
durmaktadirlar.  Alp birdenbire biitiin  giiciiyle Cenk’i
ayaklarindan itmektedir. Buna gore, itme esnasinda birbirlerine
uyguladiklar1 kuvvetlerle ilgili asagidaki ciimlelerden hangisi
dogrudur?

A) Ikisi de birbirine kuvvet uygulamaz.

B) Sadece Cenk Alp’e kuvvet uygular.

C) Sadece Alp Cenk’e kuvvet uygular.

D) Alp’in uyguladig1 kuvvet, Cenk’in uyguladig1 kuvvetten daha biiytiktiir.
E) Cenk’in uyguladig1 kuvvet, Alp’in uyguladig1 kuvvetten daha biiytiktiir.
F) Birbirlerine uyguladiklar1 kuvvetler esit biiyiikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Alp cok daha giicliidiir.

B) Alp ve Cenk’in kiitleleri esittir.

C) Alp arkadasini ayaklarindan birdenbire itmektedir. Cenk ise sabit durmaktadir.

D) Alp ile Cenk etkilesim icersinde olduklarindan birbirlerine esit kuvvet uygularlar.
E) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim

. . . Alp Serdar
Bir 6nceki soru grubundaki durumu tekrar diisiiniiniiz. Fakat, gokg 70kg

bu defa 90 kg’lik Alp 70 kg’lik kendisi gibi viicut gelistirmeci
idman arkadasi Serdar’i ayaklarindan itmektedir. Tkisinin de
esit giicte oldugu bilindigine gore, itme esnasinda birbirlerine
uyguladiklart kuvvetlerle ilgili asagidaki ciimlelerden hangisi
dogrudur?

A) Ikisi de birbirine kuvvet uygulamaz.

B) Sadece Serdar Alp’e kuvvet uygular.

C) Sadece Alp Serdar’a kuvvet uygular.

D) Alp’in Serdar’a uyguladigi, Serdar’in Alp’e uyguladigi kuvvetten daha biiytiktiir.
E) Serdar’in Alp’e uyguladigi, Alp’in Serdar’a uyguladig1 kuvvetten daha biiyiiktiir.
F) Birbirlerine uyguladiklar kuvvetler esit biiyiikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Alp ile Serdar’n giicleri esittir.

B) Alp arkadasimi ayaklarindan birdenbire itmektedir. Serdar ise sabit durmaktadir.

C) Alp Serdar’dan daha agirdir.

D) Alp ile Serdar etkilesim igersinde olduklarindan birbirlerine esit kuvvet uygularlar.
E) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim



5.1.

5.2

5.3.

6.1.

6.2.
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Bir fizik deneyinde, ayni biiyiiklikkte ve kiitlece 6zdes fakat farkli sertlikte olan bir
bilardo topu ile kirilmayan cam bir kiire ayn1 hizla tam ortadan carpisacak sekilde
atiliyor. Ogrenciler hangisinin carpismadan sonra ne kadar mesafe gittigini not
aliyorlar. Buna gore carpisma aninda da hizlari esit olan bu cisimlerin garpisma
sirasinda birbirlerine uyguladiklar1 kuvvetlerle ilgili asagidaki ciimlelerden hangisi
dogrudur?

A) Sadece bilardo topu cam kiireye kuvvet uygular.

B) Sadece cam kiire bilardo topuna kuvvet uygular.

C) Bilardo topunun kiireye uyguladig1 kuvvet, kiirenin topa uyguladigi kuvvetten daha
fazladir.

D) Kiirenin bilardo topuna uyguladigi kuvvet, topun kiireye uyguladigi kuvvetten daha
fazladir.

E) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Bilardo topu daha sert maddeden yapilmustir.

B) Cam kiire daha sert maddeden yapilmustir.

C) Cisimlerin hizlar esittir.

D) Cisimlerin kiitleleri esittir.

E) Bilardo topu ile kiire carpisip temas ettikleri icin birbirlerine esit kuvvet uygularlar.
F) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim

Kagmakta olan iri Rottweiler cinsi kopegini durdurmaya ¢alisan sahibesi Sema hemen
hizli ve cesur bir karar ile kopegin boynundaki tasmaya atilmistir. Képek boynundan
tutup birakmamakta 1srarci olan sahibesini diiz yolda siiriiklemeye baslayip, siirekli
daha da hizlanarak ivmeli bir sekilde kosmasina devam etmistir. Kopek ile sahibesinin
esit kiitleli ve esit giicte oldugu bilindigine gore, siiriiklenerek hizlanma sirasinda
birbirlerine uyguladiklar1 kuvvetler i¢in agagidakilerden hangisi dogru olur?

A) Kopegin Sema’ya uyguladigr kuvvet, Sema’nin kdpege uyguladigi kuvvetten daha
buiytiktiir.

B) Sema’nin kopege uyguladigi kuvvet, kopegin Sema’ya uyguladigi kuvvetten daha
biiytiktiir.

C) Sema kopege kuvvet uygularken kopek Sema’ya kuvvet uygulamaz.

D) Kopek Sema’ya kuvvet uygularken Sema kopege kuvvet uygulamaz.

E) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Kopek Sema’yi siiriikleyip ivmelendirerek git gide hizim artirmaktadir.

B) Kopek ile Sema temas edip etkilestikleri i¢in birbirlerine esit kuvvet uygular.

C) Kopek ile Sema esit giictedir.

D) Ikisinin de kiitleleri esittir.

E) Her ikisinin hizlar da esittir.

F) Diger [ 1

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim
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Apartmanlarinin oniindeki yolda c¢ocuklar top oynamaktadir. Cocuklardan bir tanesi
plastik topa ¢ok sert vurunca top sekerek apartmanin oniinde sabit durmakta olan biiyiik
plastik bir vazoya hizli bir sekilde carpip onu deviriyor. Bu durumu diisiinerek, plastik
vazo ile plastik topun garpisma aninda birbirlerine uyguladiklar1 kuvvetlerle ilgili ne
sOylenebilir?

A) Sadece top vazoya kuvvet uygulamistir.

B) Sadece vazo topa kuvvet uygulamistir.

C) Topun vazoya uyguladig1 kuvvet, vazonun topa uyguladig: kuvvetten daha fazladir.
D) Vazonun topa uyguladigi kuvvet, topun vazoya uyguladigi kuvvetten daha fazladir.
E) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Vazo devrilmistir.

B) iki cisim de plastikten yapilmis olup aym sertliktedir.

C) Top yiiksek bir hizla hareket etmekte, vazo ise hizi olmadan hareketsiz durmaktadir.
D) Top ile vazo carpisip temas ettikleri i¢in birbirlerine esit kuvvet uygularlar.

E) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirirm C) Pek emin degilim D) Hi¢ emin degilim

Sehirlerarasi transit bir yolda yanlis sollama yapan Sahin marka bir araba kars1 yoldan
gelen son model ve sapasaglam bir Mersedes ile kafa kafaya carpigsmistir. Carpisma
aninda iki aracin da aym hizda ve esit kiitleli oldugu bilindigine gore, carpisma
sirasinda farkli sertlikte kaportalara sahip araglarin birbirlerine uyguladiklar
kuvvetlerle ilgili asagidaki ciimlelerden hangisi dogrudur?

A) Mersedes’in Sahin’e uyguladigi kuvvet, Sahin’in Mersedes’e uyguladigi kuvvetten
daha biiyiiktiir.

B) Sahin’in Mersedes’e uyguladigi kuvvet, Mersedes’in Sahin’e uyguladigi kuvvetten
daha biiytiktiir.

C) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

D) Sadece Mersedes Sahin’e kuvvet uygular.

E) Sadece Sahin Mersedes’e kuvvet uygular.

Yukarida verdigim cevabin sebebi;

A) Mersedes’in 6n kaportast Sahin’in kaportasina gore ¢ok daha sert bir maddeden
yapilmistir.

B) Sahin’in 6n kaportast Mersedes’in kaportasina gore cok daha sert bir maddeden
yapilmistir.

C) Arabalar ¢arpisip temas ettikleri i¢in birbirlerine esit kuvvet uygularlar.

D) Her iki aracin hiz1 carpisma anida esittir.

E) Araclarin kiitleleri esittir.

F) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim



9.1.

9.2.

9.3.

10.1.

10.2.

10.3.
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Topa bakarak birbirlerini gormeden kogmakta olan esit kiitleli iki sporcu mag esnasinda
gogiis gogse carpismaktadirlar. Her ikisi de sabit hizla kogsmaktadir. Ama Ahmet’in hizt
Hakan’mm hizzmin iki kati kadardir. Sporcularin g¢arpisma sirasinda birbirlerine
uyguladiklart kuvvetlerle ilgili asagidaki ifadelerden hangisi dogrudur?

A) Hakan’in Ahmet’e uyguladigi kuvvet, Ahmet’in Hakan’a uyguladig1 kuvvetten daha
buiytiktiir.

B) Ahmet’in Hakan’a uyguladig1 kuvvet, Hakan’in Ahmet’e uyguladigi kuvvetten daha
buytiktiir.

C) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

D) Sadece Hakan Ahmet’e kuvvet uygular.

E) Sadece Ahmet Hakan’a kuvvet uygular.

Yukarida verdigim cevabin sebebi;

A) Ahmet Hakan’1n iki kat1 bir hizla kosmaktadir.

B) Hakan ile Ahmet’in kiitleleri esittir.

C) Sporcular ¢arpisarak temas ettikleri i¢in birbirlerine esit kuvvet uygular.

D) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim

Esit kiitleli ve farkli giice sahip bir Ankara kecisi ile Karaman kogu dar bir koprii
iizerinde karsilasmislar. Yol vermemek i¢in inatlagmislar ve birbirlerini boynuzlarindan
itmeye baslamislar. Sonucta keci diferini iterek kopriiden gegmeyi basarmustir.
Hayvanlarin bu itme siiresince birbirlerine uyguladiklar1 kuvvetlerle ilgili asagidaki
ciimlelerden hangisi dogrudur?

A) Sadece keci koca kuvvet uygular.

B) Sadece kog keciye kuvvet uygular.

C) Kecinin koga uyguladigi kuvvet, kocun kegiye uyguladigi kuvvetten daha fazladir.
D) Kocun kegiye uyguladigi kuvvet, ke¢inin koca uyguladigi kuvvetten daha fazladir.
E) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Tki hayvan temas ettikleri icin birbirlerine esit kuvvet uygular.

B) Keci daha gii¢liidiir.

C) Hayvanlarn kiitleleri esittir.

D) Kegi daha inatgidir.

E) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim



11.2.

11.3.

12.1.

12.2.

12.3.
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Farkli kiitleli dev bir baraj
kamyonu ile pahali liikks bir
kamyonet esit hizlarla ilerlerken
kafa  kafaya  carpigmiglardir.
Araclarin  carpismasi _sirasinda
birbirlerine uyguladiklar1 kuvvetlerle ilgili agagidaki ciimlelerden hangisi dogrudur?

A) Baraj kamyonunun kamyonete uyguladig1 kuvvet, kamyonetin baraj kamyonuna
uyguladigi kuvvetten daha biiytiktiir.

B) Kamyonetin baraj kamyonuna uyguladigi kuvvet, baraj kamyonunun kamyonete
uyguladigi kuvvetten daha biiytiktiir.

C) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

D) Sadece kamyonet baraj kamyonuna kuvvet uygular.

E) Sadece baraj kamyonu kamyonete kuvvet uygular.

Yukarida verdigim cevabin sebebi;

A) Araclarin hizlart esittir.

B) Baraj kamyonunun kiitlesi litks kamyonetin kiitlesinden ¢ok fazladir.

C) Araglar garpisarak temas ettikleri i¢in birbirlerine esit kuvvet uygularlar.

D) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim

Ali ile Mehmet evlerinin 6niinde misket oynamaktadirlar. Ali, plastig§imsi bir madde
olan mikadan yapilma bilyesini atarken Mehmet de mermerden yapilma bilyesini ayni
hizla firlatmaktadir. Farkli sertlikteki esit kiitleli iki bilye aynmi1 hizla garpismaktadir.
Bilyelerin garpisma esnasinda birbirlerine uyguladiklar1 kuvvetlerle ilgili asagidaki
climlelerden hangisi dogrudur?

A) Birbirlerine uyguladiklari kuvvetler esit buyiikliiktedir.

B) Sadece mermer bilye mika olana kuvvet uygular.

C) Mermer bilyenin mika olana uyguladig1 kuvvet, mika bilyenin mermer olana
uyguladig kuvvetten daha fazladir.

D) Mika bilyenin mermer olana uyguladigi kuvvet, mermer bilyenin mika olana
uyguladig kuvvetten daha fazladir.

E) Sadece mika bilye mermer olana kuvvet uygular.

Yukarida verdigim cevabin sebebi;

A) Bilyeler carpisarak temas ettikleri icin birbirlerine esit kuvvet uygularlar.

B) Mermer bilye mika olana gore ¢ok daha sert bir maddeden yapilmistir.

C) Mika bilye mermer olana gore ¢ok daha sert bir maddeden yapilmstir.

D) Bilyelerin hizlar esittir.

E) Bilyelerin kiitleleri esittir.

F) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim



13.1.

13.2.

13.3.

14.1.

14.2.

14.3.

166

Bilek giiresi yarigmasinda Berk’e rakip olarak kendisine kiitlece ve yapica denk bir
rakip diismiistiir. Berk, rakibini kolayca ¢ok cabuk yenivermistir. Gliglerini ortaya
koymaya bagladiktan hemen sonra (daha Berk rakibini yenmemisken ve elleri halen
temas halindeyken) sporcularin birbirlerine uyguladiklar1 kuvvetlerle ilgili asagidaki
ciimlelerden hangisi dogrudur?

A) Sadece Berk rakibine kuvvet uygulamstir.

B) Berk’in rakibine uyguladigi kuvvet, rakibinin kendisine uyguladigi kuvvetten daha
buiytiktiir.

C) Birbirlerine uyguladiklar1 kuvvetler esit bitytikliiktedir.

D) Sadece rakibi Berk’e kuvvet uygulamistir.

E) Rakibinin Berk’e uyguladigi kuvvet, Berk’in rakibine uyguladigi kuvvetten daha
buiytiktiir.

Yukarida verdigim cevabin sebebi;

A) Berk ¢ok daha giiclii olmalidir.

B) Kiitleleri esittir.

C) Bilek giirescileri temas halinde olduklar1 i¢in birbirlerine esit kuvvet uygular.

D) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim

Bir film sahnesinde, arkadan yavasca gelen bir
araba ayaginda patenleri olup durmakta olan bir
adamu ezecektir. Adam, ara¢ yanmina gelmeden biraz
once bunu fark ediyor. Elini arabaya dayayip
ezilmekten kurtulmaya c¢aligtyor. Arabadakiler
adami iterken gaza basarak git gide hizlanarak ivmeli hareket yapmaya basliyorlar.
Buna gore, hizlanma siirensince arac¢ ile adamin birbirlerine uyguladiklari kuvvetler
icin asagidakilerden hangisi dogru olur?

A) Arabanin adama uyguladigi kuvvet, adamin arabaya uyguladigi kuvvetten daha
biiytiktiir.

B) Adamin arabaya uyguladigi kuvvet, arabanin adama uyguladigr kuvvetten daha
biiytiktiir.

C) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

D) Araba adama kuvvet uygular ama adam arabaya kuvvet uygulamaz.

E) Adam arabaya kuvvet uygular ama araba adama kuvvet uygulamaz.

Yukarida verdigim cevabin sebebi;

A) Araba adamu iterek ivmelendirmektedir.

B) Arabanin motoru ¢aligmaktadir.

C) Araba cansiz bir cisim, adam ise canli bir varliktir.

D) Adamin ayaklarinda patenler vardir.

E) Araba ile adam temas halinde olduklari i¢in birbirlerine esit kuvvet uygularlar.

F) Araba ile adam her an ayn1 hiza sahip olacaklardir.

G) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim



15.1.

15.2.

15.3.
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50 km/saat’lik bir hizla yol almakta olan bir motosiklet yesil 1s1kta 1s1klardan gecerken
karsidan gelen ve kurallara uymayip 50 km/saat’lik hizla kirmiza 1sikta gecen itfaiye
aract ile kafa kafaya carpismistir. Araglarin carpismasi sirasinda birbirlerine
uyguladiklart kuvvetlerle ilgili asagidaki ciimlelerden hangisi dogrudur?

A) Sadece motosiklet itfaiye aracina kuvvet uygular.

B) Motosikletin itfaiye aracina uyguladig1 kuvvet, itfaiye aracinin motosiklete
uyguladig kuvvetten daha biiyiiktiir.

C) Itfaiye aracinin motosiklete uyguladig1 kuvvet, motosikletin itfaiye aracina
uyguladig kuvvetten daha biiyiiktiir.

D) Sadece itfaiye arac1 motosiklete kuvvet uygular.

E) Birbirlerine uyguladiklar1 kuvvetler esit biiytikliiktedir.

Yukarida verdigim cevabin sebebi;

A) Itfaiye arac1 motosikletten cok agirdir.

B) itfaiye arac1 ile motosikletin hzlari esittir.

C) Araclar carpisarak temas ettikleri icin birbirlerine esit kuvvet uygularlar.

D) Diger [ ]

Yukaridaki iki soruya verdigim cevaplarin dogrulugundan;
A) Kesinlikle eminim B) Emin sayilirrm C) Pek emin degilim D) Hi¢ emin degilim
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APPENDIX D

MISCONCEPTION LIST AND THE ANSWER KEY

Item Choices Ttems # of # of 3-tiers| Answer Order
(All Three Tiers) items choices Key
2. (3.1c/d, 3.2a. 3.3a/b)
b. (4.1f, 4.2a. 4.3 a/b) 346 11-E |1.M7
M3 |c. (6.1e. 6.2¢. 6.3 a/b) 2l @5 | @es 12C [2M5
d. (10.1a/c, 10.2b, 10.3 a/b) : 21E |3.M3
e. (13.1a/b, 13.2a, 13.3 a/b) 22-C |4 M6
a. (2.1e, 2.2b, 2.3 ab) 31F |5 M4
b. (5.1a/c, 5.2a, 5.3 a/b) 32D 6. M7
c. (5.1b/d. 5.2b, 5.3 a/b) A1F |7.M5
d. (7.1e,7.2b,7.3 a/b) 2,5.7, 42D |3.M4
M4 | (8.1a/d, 8.2a. 8.3 a/b) g 12| G2 | (6+28 |5k g M5
f. (8.1b/e, 8.2b, 8.3 a/b) 52.E  [10. M3
g. (12.1b/c, 12.2b, 12.3 a/b) 6.1-E |11.M6
h. (12.1d/e, 12.2¢, 12.3 a/b) 62-B  |12. M4
a. (2.1alc, 2.2a, 2.3 alb) 71E |13 M3
b. (5.1e, 5.2¢. 5.3 a/b) 72D |14. M7
c. (6.1e. 6.2¢. 6.3 a/b) 8.1-C  |15. M6
d. (7.1alc. 7.2¢, 7.3 a/b) 2.5.6. 8.2-C
e. (8.1c, 8.2d, 8.3 a/b) 7.8.9. 9.1-C
MS 1t (9.1b/e, 922, 9.3 a/b) 11, 12| GDI0 1 G+DI0 g5 ¢
g (11.1c, 11.2a, 11.3 a/b) 14,15 10.1-E
h. (12.1a, 12.2d. 12.3 a/b) 102-A
i, (14.1c, 14.2f. 14.3 a/b) 11.1-C
i. (15.1e, 15.2b, 15.3a/b) 112-C
a (1.1e, 1.2a, 1.3a/b) 12.1-A
b. (3.1f, 3.2b, 3.3 a/b) 12.2-A
c. (4.1c/d, 4.2¢, 4.3 a/b) 13.1-C
d. (5.1e. 5.2d. 5.3 a/b) aa 132-C
e. (6.1e, 6.2d, 6.3 a/b) g’ g’ 8’ ijé-g
f.(8.1c. 8.2¢, 8.3 a/b) 36,8, 2-
M6y 9.1c,9.2b,9.3 a/b) 191’% G2 | (D12 15 1E
h. (10.1e. 10.2¢, 10.3 a/b) L 15.2-C
i (11.1ae, 112b, 113 a/b) |12~
i (12.1a, 12.2¢, 12.3 a/b)
k. (13.1c, 13.2b, 13.3 a/b)
1. (15.1¢/d, 15.2a, 153a/b
a (Llable/d, 12b, 13a/b) | |
M7 |b. (6.1a/blc/d, 6.2a. 6.3 alb) | 303 | @303
c. (14.1a/b/d/e, 14.2a, 14.3 a/b)
Total | (15+20)35 | (18+20)38 | 30 15
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APPENDIX E

OBSERVATION CHECKLIST

UYGULAMA GOZLEM FORMU

Sayin Aragtirmact/Uygulayici;

fIkogretim smif 6gretmenligi boliimii 2. simiflarinda yapilan Newton’un 3. Kanunu konulu
derslerde bizzat arastirmaci/gézlemci olarak siz de bulundunuz. Birlestirici Benzetme
Yontemi'ne (BBY) dayali ogretime gore hazirlanmis deneysel gruplarda kullamilan bu ders
planlar1 ekte size verilmistir. Bu ders planlarini iyice inceleyiniz. Deneysel gruplarda BBY nin
kullanildigi, kontrol gruplarinda ise BBY’nin kullamlmadigindan emin olmak ig¢in islenen
derslerle ilgili olarak asagidaki tabloyu hem deneysel hem de kontrol gruplari icin doldurunuz.
Tabloyu doldururken sorulara vereceginiz ve uygulamanin sinif icersinde nasil yapildiginm ifade
edecek olan cevabinizi “iyi”, “orta”, “kotii” veya “yapilmadi” seklinde derecelendirerek ifade
etmeniz gerekmektedir. Liitfen tiim kriterler icin cevaplarinizi sag taraftaki siitunda ( ) seklinde
verilen ilgili 4 secenekten 1 tanesini (X) seklinde isaretleyerek belirtiniz. Sorgulanan bazi
sorular i¢in ilgili islemin ders boyunca ka¢ kez yapildigin1 veya ne kadar siirdiigiinii ifade eden
rakamlar1 da “Sayis1” baslikli siitunda bulunan koyu cergeveli bos kutucuklarin igersine yaziniz.

S
; (0] K =) A
1 . g y
BBY Gozlem Listesi: y i (t) 2 |1
! a i ; S
1
1 Neler Anlamhidir Olgegi'nin (NAO) kullamimi ile ilgili OlO oo
aciklama okutuldu, anlatildi veya 6zetlendi mi?
2 |Flashkartlarin nasil kullanilacagi anlatildi/hatirlatildr mi1? OO0 O
3 |Newton'un III. hareket kanunu anlatildi/6zetlendi mi? OIEOREORNES®!
Ornekler/benzetmeler tek tek projektor/tepegdzden gosterildi
4 mi? OO OO
5 | Once hedef sorular soruldu mu? OO O] O)
6 Ogrenciler bu sorular1 tartismadan once cevaplarii NAO’ye ODlOTO! O

igaretledi mi?

Ogrenciler cevaplarini  gosteren harfleri ve cevaplarmin
7 |kendilerine ne kadar anlamli geldigini ifade eden rakamlart | () | () | ()| ()
kaldirarak gosterdi mi?

8 |Ogrenciler bu sorular hakkinda tartisma yapt1 m1? OO O

Tartismadan sonra ilgili sorularin cevaplart tekrar NAQ’ye OloTo! o
igaretlendi mi?

Tartismadan sonra harfler ve rakamlar tekrar kaldirilarak

10 gosterildi mi? OO0 O
Sonra temel benzetmeler i¢in 6, 7, 8, 9 ve 10. basamaklar

i yapildi m1? O]lO]O] O

12 Birlestirici benzetmeler icin de 6, 7, 8, 9 ve 10. basamaklar Ololol o

yapildi m1?
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Verilen tiim benzetme/6rneklerin

13 farkliliklari/benzerlikleri/iligkileri tartigildi m1? OO0 0
14 |Demo/deney/drama yapildi mi veya projektorden gosterildi mi? | () | () | () | ()
15 Efslef benzetme icin tekrar 6, 7, 8, 9 ve 10. basamaklar yapildi OlO oo
16 |Hedef benzetmenin cevabi ¢ok agik olarak ortaya kondu mu? OO0 O
17 |Sifta hi¢ konu ile ilgili rakamsal soru ¢oziildii mii? OO ] O
18 |BBY’ye dayali 6gretim kag¢ dakika siirdii? OO O
En olumlusu “ders tamamuyla ders planindaki gibi islendi”, en
19 olumsuzu “iglenen dersin ders planlariyla hi¢c alakasi yok” OlO oo
seklinde Ogretmenin hazirlanan  giinlik ders planini
uygulamasin derecelendirmeniz gerekirse cevabiniz ne olurdu?
20 |Ogretmen yonlendirici ve tartisma agici oldu mu? OO ] O)
21 Ogretmen ile 6grencilerin iliskisi samimiyet ve saygi acisindan OloTo! o
nasildi?
2 Ogretmen derse katilimi artirmak icin 6grencilere ayr1 ayri soru OloTo! o
sordu mu?
23 Ogretmen s0z alip konusmak isteyenlere olanak tanidi mi1? OO ] O
24 | Ogretmen yoklama aldi m1? OO0 O)
25 Ogrencilerin derse katilimi nasildi? OO ] O
26 | Sinifin sicaklig dersin islenmesi i¢in uygun muydu? OO0 O
Siiftaki siralarin diizeni, yapisi ve sayist dersin islenmesi
2 acisindan nasildi? OO0 0
28 Yan siniflardan gelen giiriiltii ve sinifin bulundugu bina OloTo! o
cevresindeki ses diizeyi dersin islenmesi i¢in uygun muydu?
29 Sinifin ayc})lnlatllma51 ve 151k miktar1 dersin islenmesi i¢in OloTol o
uygun mu?
Ders giinti siradan normal bir ders giiniinden farkli olarak
30 |herhangi oneme sahip (kurtulus giinii, bayram, senlik vb.) bir | () | () | () | ()

giin miiydii? Bu a¢idan dersin islenmesi i¢in uygun muydu?

Eklemek istedikleriniz:

Pozitif Olanlar:

Negatif Olanlar:

Diger:
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APPENDIX F

LESSON PLANS

Giinliik Ders Plam 1

Ders: Fizik

Konu: Newton’un III. Hareket Kanunu

Simf: Simf Ogretmenligi Boliimii 2. Simf Ogrencileri
Siire: 40 dakika

Metot: Birlestirici Benzetme Yo6ntemi

Hedef Kavram Yamlgisi: iki cisim/nesne etkilesim igersine girip birbirlerini

ittiklerinde veya carpistiklarinda daha sert olan daha fazla kuvvet(le)

uygular/iter.

Amaclar:

1. Cisimlerin neden farkli sertlikte olduklarini, yani sertlik kavramini teorik
olarak anlamak ve kendi ifadeleri ile bunu ag¢iklayabilmek,

2. Sertlik ile kuvvet kavraminin ayn1 olmadigini anlamak, “daha sert olan cisim
daha kuvvetli midir?” sorusuna dogru cevap verebilmek, bu iki kavrami da
kendi kelimeleri ile ifade edebilmek,

3. Sertlik ile giiclii olmanin ayni sey olmadigini, cismin daha sert olmasinin
daha giiclii olacag1 ve etkilesim aninda daha fazla kuvvet uygulayacagi
manasina gelmedigini anlamak,

4. Cisimler etkilesim icersine girip birbirlerini ittiklerinde veya
carpistiklarinda, daha sert olanin daha fazla kuvvet uygulamayacagimi veya
daha fazla kuvvetle itmeyecegini anlamak,

5. Yumusak olan bir cismin etkilestigi kendisinden daha sert bir cisme bu
ozelliginden dolay1 etkilesim aninda daha fazla kuvvet uygulayamayacagim
anlamak,

6. 1ki cisim/nesne carpistiklarinda daha fazla zarar veren/goren cismin daha
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fazla kuvvet uygulamayacagini anlamak,

7. 1ki cisim/nesne carpistiklarinda daha az zarar verenin/gorenin daha fazla
kuvvet uygulamayacagini anlamak,

8. Cansiz cisimlerin de kuvvet uyguladigin1 anlamak,

9. Temas halindeki cisimler arasindaki kuvvetlerin esit fakat zit yonlii
oldugunu anlamak,

10. Temas halinde uygulanan kuvvetlerin farkli cisimler iizerinde oldugunu ve
bir cisim iizerinde sadece diger cisimden kaynaklanan tek bir kuvvet
oldugunu anlamak,

11. Kuvvetin cisimlerin sahip oldugu bir 6zellik olmadigini aksine cisimlerin
birbirleriyle etkilesiminden dogan bir biiyiikliik oldugunu anlamak,

12. Hareket eden cisimlerin eylemsizliklerinden dolay1 iglerinde kuvvet
barindirmadigini, hareketin kuvvetin gostergesi olmayacagini anlamak,

13. Newton’un 3. hareket kanununu gercek hayattaki diger durumlara ve
orneklere uygulayabilmek, olaylar1 bu perspektiften yorumlayabilmek.

Materyaller:

1. Bir kitap,

2. Bir sira/masa,

3. Birkac tane farkh yay,

4. Bir blok yumusak kopiik veya siinger,

5. Bir¢ift top (tenis, futbol vb.)

6. Harf ve sayi kartlar (ﬂashkartlaf),

7. Neler anlamladir 6l¢ekleri (NAO).

Sunus:

1. Ilk olarak derse baslamadan once bir yoklama aliniz.

(Yoklamay1 titizlikle aldigimizdan emin olunuz. Ka¢ ©grencinin

uygulamalarin ne kadarma katildigimi veya katilmadigimi anlamak icin bu
yoklamalar ¢cok 6nemli olacaktir).

2. Bir onceki derste ne yaptigimiz1 bir iki climle/soru vb. ile 6zetleyiniz
veya Ozetletiniz.

3. Neler anlamlidir 6lgekleri (NAO) ile harf ve say1 kartlarin1 dagitiniz.
“Evet arkadaslar bu dersimizde biraz daha farkli bir uygulama yapacagiz.

Oncelikle az Once sizlere iizerlerinde “Evet” kelimesini ifade eden “E” ve
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“Hayir” kelimesini ifade eden “H” harfinden olusan arkasi yesille kapli olan iki
harf karti, iizerlerinde 1, 2, 3, 4 ve 5 yazili arkas1 kahverengi kapli olan bes adet
say1 karti1 ve iizerinde “Neler anlamlidir 6lcegi” yazan bir kagit dagitmistim.
Eline ulagsmayan veya almayan var mi acaba? Sizlerden ricam bu kartlar1 nasil
aldiysaniz ders sonunda ayn1 sekilde eksiksiz olarak bana iade etmeniz. Evet, ilk
olarak konu anlatimina baslamadan oOnce sizlere bu materyallerin kullanimi
hakkinda bir a¢iklama yapmak istiyorum. NAO’niin iist kisminda (gosteriniz)
Olcegin nasil doldurulacagi, orta kisimdaki oylamalarin altinda ise anlaml
gelmek ile ne ifade edildigi anlatilmaktadir. Evet, liitfen NAO’niin iizerinde
bulunan biitiin agiklamalan dikkatlice okuyunuz”. (Herkes okuyana kadar 2-3
dakika bekleyiniz).

“Okudunuz ama kisaca ben yine de agiklamak istiyorum. Bakimiz ders
stiresince ben konumuzla ilgili olarak sizlere ¢esitli sorular soracagim. Sizlerden
istedigim bu soracagim sorulardan istediklerimi bu NAQO’ye isaretlemeniz. Peki
nasil isaretleyeceksiniz? Oncelikle bu 6lcek 7 siitundan olusuyor. Ilk siitun
oyunuzun numarasim gosteriyor. Ikinci siitun, soruma Evet veya Hayir
cevabindan hangisini verdiginizle ilgili harfi yuvarlak icine alarak ifade
edebileceginiz kisimdir. Diger 5 siitun ise bu yuvarlak i¢ine aldiginmiz E veya H
harflerinin, yani soruya verdiginiz cevabin sizlere ne kadar anlamli gelip
gelmedigini isaretleyeceginiz kistmdir. Eger kesinlikle anlaml geliyorsa 5, yok
hi¢ anlamli gelmiyor diyorsaniz 1 rakamim isaretleyiniz. Iste size dagittigimiz
bu harf ve sayi kartlar1 da bu anlattiklarimizi1 ifade etmektedir. Bu konu ile ilgili
sormak istediginiz bir sey var mu?” (Bilyiikk ihtimal soru gelecektir veya
Ogrenciler soru sormasalar bile kesin siz gozlerinden, bakislarindan,
ifadelerinden anlamadiklarin1 anlayacaksiniz. Boyle olmasa bile biraz daha bu
Olcekleri agiklayiniz. Burada 6l¢egin son ciimlesini tekrar okutunuz. Yani neyi
nasil bildiklerini degil veya bildikleri cevaplardan ne kadar emin olduklarim
degil, bu cevaplarin kendilerine ne kadar anlamli geldigini isaretlemelerini
isteyiniz. Yani en ufacik sebepli, sebepsiz siipheleri olabilir. Mantiklar1 kabul
etmeyebilir. Hayal edemeyebilir. Anlamak istemeyebilir ya da huzurlu
hissetmeyebilirler. Boyle bir durumda 1 veya 2 isaretlemeleri gerektiklerini
hatirlatimiz. Belki ornek verebilirsiniz. Olcekte anlatilan ayni “boomerang”
Oornegini, veya “havada ucan sinege tokat attim. Sinek gitti duvara yapisti.
Sinegin elime uyguladigi kuvvet ile benim sinege uyguladigim kuvvet esit mi?”
gibi bir Ornek, ya da ters yonde yavaslayan hareket yapan cismin hiz-zaman
grafigini cizelim. Ivmesi ne olacak? Pozitif mi negatif mi? Ne kadar anlaml
geliyor? Isaretleyiniz diye sorabilirsiniz. Cevabi sdyleyebiliriz. Ya da gecen
dersinizde verdiginiz Orneklerden ilging olan, Ogrencilerin i¢ine sinmedigini
diisiindiigliniiz bir tanesini veya sizin akliniza gelen herhangi baska bir ornek
iizerinden NAO’iin kullanimini anlatiniz).

(Diger 6nemli bir husus da bu calisma kapsaminda 6rneklerin cok benzer
olmasidir. Dolayisiyla uygulama ilerledikge Ogrenciler yine &rneklerin
kendilerine ne kadar anlamli geldigini degil, anlatilanlar1 ne kadar 1iyi
anladiklarini isaretlemeye baslayabilirler. Bundan dolay1 6grencileri, her soruyu
ayr1 ayr disiinmeleri, verdikleri bir cevabin diger cevaplarina etki
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ettirmemeleri, 1, 2, veya 5 isaretlemenin onlara hicbir sekilde kotii bir etkisi
olmayacagi, isaretledikleri bir cevab1 da sonradan degistirmemeleri konusunda
hatta belki tiikenmez kalem kullanmalari, anlatilanlar1 ne kadar iyi anladiklarini
degil verilen 6rnegin ne kadar iclerine sindigini, onlara bir sey ifade ettiklerini
ve onlara anlamh geldigini isaretlemeleri konusunda uyarmak gerekebilir. Bu
duruma hazirlikli olunuz. Boyle bir sey hissettiginizde liitfen 6grencileri tekrar
uyariniz).

“IIk olarak “kuvvet” kavramini konusarak baslayalim. Kim kuvvetin
tanimim yapmak ister? (cevap varsa aliniz) Cok kisaca sodyle bir tanim yapalim
o zaman. “Kuvvet, bir nesnenin bir digeri iizerindeki itme ya da ¢ekmesidir”
(tanim tahtaya yazilacaktir). Aslinda bu tanim bizim i¢in bir baslangi¢ noktasi
olacaktir arkadaslar ve bu derste bu tanim1 genisletmeye calisacagiz. Simdi hep
beraber bir ornek ile baglayalim. Gordiigiiniiz gibi elimde bir kitap var, kitabi
stranin iizerine koyuyorum ve sekli tahtaya ciziyorum. Iste ilk sorunuz, “sizce
sira kitaba yukar1 dogru bir kuvvet uygular m1?”” Cevabimiz? Bu soruyu NAO’ye
oylayin deseydim nasil isaretlerdiniz?” (Hatta isterseniz isaretletiniz. Oylama
kagidinda zaten oy icin yeterince yer mevcuttur. Kesinlikle dersin islenmesi
sirasinda soracaginiz diger sorular icin yeterli olacaktir).

“Gordiigiiniiz gibi simdi elimde biiyiikge sert bir yay var, bu hepimizin
bildigi siradan bir yay. Ben de bu yaylr masa ilizerinde biitiin giiciimle
sikistirmaya calistyorum ancak galiba pek giiclii degilim 8-10 saniyeden fazla
ayn sekilde sikistiramiyorum. Kim kendisine giiveniyor, kim denemek ister?
(denemeler i¢in 1-2 dakika). Neden 20 saniyeden uzun siireyle yay1 sikistirmaya
devam edemiyoruz? (cevaplar i¢cin 1-2 dakika). Peki, bu durumun sira
tizerindeki kitap durumu ile benzerligi var m1? Bunlar birbirlerinden tamamen
farkli durumlar m1?” (tartisma igin 1-2 dakika).

“Simdi elimde bir blok yumusak kopiik var. iki cubuk parcasiyla
destekledigim bu blogun ortasina kitab1 yerlestiriyorum. Liitfen ne oldugunu
dikkatlice izleyin. Olusan sekli tahtaya, sira ve kitap seklinin yanina ¢iziyorum.
Sizce kopiik kitaba yukar1 yonde bir kuvvet uyguluyor mu? Siranin {izerindeki
kitap durumu ile kopiik iizerindeki kitap durumu arasinda bir benzerlik var m1?
Yoksa bunlar birbirinden tamamen farkli durumlar mi1? Neden?” (Tartisma i¢in
1-2 dakika veriniz. Bu sekilde hem metoda 1sinmis hem de konuya ucundan bir
giris yapmis oluruz).

4. Projektorden size verilmis olan ilgili PowerPoint sunusunu a¢imz. ilk
once dordiincii kavram yanilgisinin hedef sorusunu sorunuz.

(Sunuda ilk olarak “indeks” diye bir slayt karsiniza ¢ikacaktir. Bu slayt
icersinde M ile baslayan M3, M4 seklinde metinler mevcuttur. Bunlar kavram
yanilgilarin1 ifade etmektedir. Yani M3 iiclincii kavram yamlgisi, M4 de
dordiincii kavram yanilgisi gibi. Slaytta, kavram yanilgilan ikili gruplar halinde
belirtilmistir. Toplam 3 tane ikili grup mevcuttur. Aym giin icersinde yapilacak
olan iki dersin numaralan birbirlerine biraz yakin ve her ikili grup digerlerinden
biraz ayrik bir sekilde yerlestirilmislerdir. Bu dosyada her slayt birbirlerine
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baglanmistir. Slaytlarin altinda bulunan oklar1 kullanarak geri dénmek veya
baska slayda gecis yapmak miimkiindiir. Siz M4 yani dordiincii kavram
yanilgisina tiklayiniz. Karsiniza 24 tane hiicreden olusan ve sizlere ciktilari
verilmis dordiincii kavram semasinin metinsel hali ¢ikacaktir. Her hiicredeki 4’8
veya 4’ 14a gibi yazili metinler, ilgili analoji ile baglantilanmistir. Yani 6rnegin
4’8 e tiklarsaniz dordiincti kavram yanilgisinin sekizinci benzetme sorusuna
ulagirsimz. Daha sonra alt sagdaki ok tusuna basarak geri M4 indeksine
donebilirsiniz. Bu sekilde slaytlan takip ederek dersi islemek; metodu takip
etmek, dersi daha organize olarak ve kolayca islemek, dogru analojileri segmek,
zaman kaybetmemek ve derse biraz daha gorsellik, dinamiklik kazandirmak
acisindan faydali olacaktir.

(Burada ogrencilere, slaytlardaki numaralarin 6nemli olmadigini, sadece
kendi anlaimimizda bize yardimci olmasi igin olusturdugumuz bir sira ve
numaralandirma oldugunu hatirlatabiliriz. Dordiincii kavram yanilgisinin hedef
benzetme grubunda/torbasinda yiizdelik sirasina gore kiiciikten biiylige olmak
iizere siralanmuis cesitli sayida numarali sorular/benzetmeler mevcuttur. Bu
kova/torba icersinde en yiiksekte bulunan benzetme en diisiik yiizdeli frekansa
sahip, en altta bulunani ise en yiiksek frekansa sahip olanidir. Bir baska deyisle
en yiiksekte bulunan ornek, bu kavram yanilgisina yonelik sorulabilecek
sorular/benzetmeler igersinde Ogrencilerin en az dogru cevap verdigi sorudur.
Ama unutulmamalidir ki bu torbadaki benzetmelerin ¢ogu zaten diisiik oranlt
olarak dogru cevap verilen sorulardir. Ama dogal olarak kavram yanilgist sorusu
olarak bunlardan en diisiik oranli olanla baglamak en mantiklis1 olacaktir. Fakat
bu tablolar bayan ve erkek ayrimi gozetmeksizin hazirlanmis tablolardir.
Bundan dolay1 verilen cinsiyete gore hazirlanmis tablolari, yapilmasi zorunlu
olarak Onerilen sorular tablosunu ve bu bilgilerin neredeyse tamaminin
yansitildig ilgili kavram semalarini biraz dikkatlice incelemekte fayda vardir.
Burada ister aragtirmacinin size daha once verdigi cinsiyete gore diizenlenmis
tablolar1 da inceleyerek hazirladigi zorunlu 6nerilen sorular tablosuna bakarak,
ister M4 kavram semasina bakarak hedef benzetme torbasindan kenarinda alti
cizili asteriks (*) sembolii olan sorunun numarasindan hedef soruyu
secebilirsiniz (B Universitesi icin 4’10, A Universitesi icin 4°2). Tiklayarak
Onerilen soruyu aciniz ve hedef benzetmeyi sorunuz).

5. Cevaplarim1 NAQ’ye isaretlettiriniz.
6. Harf ve say1 kartlarin1 kullanarak cevaplarimi gostermelerini isteyiniz.

(Bu kartlar 6zellikle arkalar1 yesil ve kahverengi olmak iizere iki farkli
renkte kartonla kaplanmistir. Ogrenci kartim kaldirdigi zaman kaldirdign kartta
yazanin arkadan goziikmemesi igin boyle yapilmustir. Ogrencilerin rahatca
cevaplarint gosterebilmeleri icin “Arkadaglar, liitfen katlarinizin tamamini iist
iiste olmak iizere bagkalar tarafindan goziikmeyecek sekilde bir elinizde
tutunuz. Herkes yiizii bana doniik olarak sadece benim gorebilecegim sekilde
kartlarim1 kaldirsin. Liitfen 6nce harfleri sonra sayilar1 kaldirmiz” seklinde sinif
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icersinde bir agiklama yapmaniz metodun iyi uygulanmasi agisindan faydali
olacaktir. Zaten bu uygulama birkac¢ kez yapildiktan sonra otomatiklesecektir.
Hatta biiyiik ihtimalle siz sdylemeden bile 6grenciler kartlar belirttiginiz sekilde
diger 6rnekler i¢in de kaldirmaya baglayacaklardir).

(Bu soru hedef soru oldugu i¢in ¢ogunun yanlis yapmasini bekliyoruz.
Dolayisiyla hayirlarin ¢ok olmasini bekledigimiz i¢in zor olmasin diye “E” yani
evetleri sayiniz. Stmif mevcudunun %10 kadarindan az olmasi yeterli olacaktir.
Yani simif mevcudu 50 kisiyse besten az evet varsa temel benzetmeyi sorabiliriz.
Bes kisiden bayag fazla ise bu gruptan/torbadan baska soru sorabiliriz. Ciinkii
secilen, Onerilen ve sorulan hedef benzetme bu grup i¢in pek iyi calismamis
olabilir. Fakat aym torbadan miimkiinse kizlar ve erkeklere gore ayr ayn
hazirlanmis tablolarda da hedef torbasinda bulunan varsa daha diisiik yiizdeli
yoksa herhangi bagka bir 6rmek daha sormak sorunu ¢ozebilir. Durum boyle
olursa yani sectigimiz ilk hedef benzetme iyi calismamissa yeni bir tane hedef
sorusu kesin sorulmahdir. Kag¢ tane soracaginiz ya da bu torbada bulunan
benzetmelerin hepsini sorup sormayacaginiz size, Ogrencilerin yanlis yapip
yapmamasina, zamaniniza, dgrencilerin sikilip sikilmamasina gére degisecektir.
Buna uygulayic1 6gretmen olarak siz karar vermelisiniz).

(Istenirse biraz burada tartigma yapabilirsiniz. Konusmak isteyen, istekli,
bir seyler sdylemek isteyen varsa onlar1 kirmayabiliriz. Hatta istenirse bu 2-3
dakika tartismadan sonra tekrar bir oylama yapabilirsiniz. Bu da uygulayict
ogretmen olarak size baglidir. Onemli nokta 6grencileri fazla stkkmamak ve diger
oylarim1 almadan benzetme hakkinda cok konusarak o oylarim1 da fazla
etkilememektir. Zaten daha sonra benzerlikler, farkliliklar ve Ozellikler
konusulacaktir).

7. Temel benzetmeyi slaytlardan gosteriniz. Cevaplarimi NAQO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarimi gostermelerini isteyiniz.

(Temel benzetmelerde yine yiizdelerine gore biiyiikten kiiciige olmak
tizere hem slaytlarda hem de kavram semasinda siralanmistir. Kesin soru
tablosundan temel benzetme ve M4’iin kesistigi hiicreye bakiniz. Burada hem
kizlar hem erkekler icin yapilan frekans tablolar karsilagtirilarak elde edilmis
temel benzetme grubunda olan ortak benzetmelerin tamamini gorebileceginiz
gibi bunlardan arastirmaci tarafindan 6nceden incelenip belirlenmis ilk olarak
yapilmasi istenen zorunlu 6rnegi de gorebilirsiniz. Bu bilgilerin aynilarim ilgili
kavram semasindan daha da rahat gérmeniz miimkiindiir. Olast en yiiksek
oranli, diger Onerilen ornekler ile daha iyi bagdastig1 diisiiniilen ve sema da alt1
cizili asteriks (*) ile gosterilmis benzetmeyi yani bu 4. kavram yanilgisi ile ilgili
en az sorun yasamayl umdugumuz, en anlasildifina ve 6grencilere en anlamli
geldigine inandigimiz ilgili soruyu sorunuz (hem B iiniversitesi hem A
tiniversitesi icin 4°3). Cevaplarint NAQ’ye isaretlemelerini isteyiniz. Kartlari
kullanarak sadece sizin goreceginiz sekilde cevaplarini gdstermelerini isteyiniz).

(Bu soru hem bayanlar hem de erkekler i¢in gecerli olan en yiiksek oranh
temel benzetme oldugu i¢in ¢ogunun dogru yapmasini bekliyoruz. Zaman kaybi
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ve uygulama zor olmasin diye “E” yani evetleri degil az olmasimi bekledigimiz
“H” hayirlar1 goz ucuyla saymiz. Simf mevcudu 50 kisiyse ve 5 den az hayir
varsa diger basamaga ge¢meyi diisiinebiliriz. Ama bunu yapmadan &nce bu
ornegin 6grencilere anlamli gelip gelmedigini de kontrol etmeniz gerekmektedir.
Dolayisiyla yine az olmasimi bekledigimiz 1 = “kesinlikle anlamli gelmiyor” ve
2 = “pek anlaml gelmiyor” sayilarim1 goz ucuyla sayiniz. Herhangi biri (yani H
veya 1 art1 2 ler) bes kisiden fazla ise bu gruptan/torbadan baska soru sorabiliriz.
Her ne kadar yapilmis olan bu soru biiyiikk ihtimalle en yiiksek oranli,
calismasin1 umdugumuz soru olsa da varsa 6nce 6nerilmemis daha yiiksek oranh
yoksa oranca birazcik daha diisiik olan ama ayni temel benzetme torbasinda olan
diger sorular1 denemeliyiz. Bu durumda 6ncelikle kavram semalarinda asteriks
(*) ile isaretlenmis yani hem kizlar hem erkekler i¢in ayr ayr yapilan frekans
siralamalarinda temel benzetme grubunda cikan sorulardan birini sormanizi
tavsiye ederiz. Daha sonra metodu iyi uygulamak ac¢isindan kisaca hedef
benzetme ile benzerliklerini ve farkliliklarini konusunuz/tartisiniz. Ogrencileri
yonlendirebilir, onlara sorular sorabilir, onlarin sorularini alabilirsiniz. Sonugta
ister ilk, ister ikinci temel benzetme sonunda hem yiiksek yiizde ile evet aldiysak
hem de bu cevaplar onlara anlamli geldiyse birlestirici benzetmelere
baslayabiliriz).

8. Oncelikle ©nerilen birlestirici benzetmeleri sorunuz. Cevaplarii
NAO’ye isaretletiniz. Kartlarim1 kaldirarak cevaplarini gostermelerini
isteyiniz.

(Birlestirici benzetmeler genelde iki farkli torbadan olugmaktadir. Ciinkii
zaten amacimiz hedef ve temel benzetme arasindaki ugurumu kiigiik adimlarla
asmaktir. Bu acidan arada iki grup olmasi kavram yanilgisina sahip 6grencilerin
atlamas1 gerektigi zor ve uzun adimlar1 kisaltacaktir. Boylece tiim benzetmeler
arasindaki benzerlikleri ve farkliliklar1 6grenciler daha rahat gorecektir. Ama
baz1 kavram yanilgilarinda bazen bir tek birlestirici benzetme grubu olusmusta
olabilir. Bu durumda aym birlestirici benzetme torbasindan farkli frekans
araligindan (alt gruplardan) birden fazla benzetme yapmakta faydali olacaktir.
Sadece birlestirici benzetme grubu icin degil kavram semalarindaki tiim torbalar
icin miimkiin oldugunca alt gruplar olusturulmustur. Birbirlerine frekans olarak
cok yakin olan siralamadaki komsu benzetmeler alt gruplart olusturmustur. Bazi
torbalarda 3-4 tane alt grup olusurken bazilarinda alt gruplar olusmamis olabilir.
Kavram semalarinda arka fonu gri ve beyaz yaparak bu alt gruplar belirtilmistir.
Alt gruplan olusturmaktaki amag ise ilgili kavram yanilgisinin herhangi bir
torbasinda ¢ok benzetme varsa ve uygulama sirasinda aymi torbadan bagka bir
ornek yapma gereksinimi dogarsa birbirlerine ¢ok yakin frekansh yani ayni alt
gruptaki 6rnedi yapmaktansa ihtiya¢ yoniinde torba igersinde yukar1 veya asagi
yonde farkli alt gruptan bir benzetme yapmaktir).

(Eger kavram semaniz iki birlestirici benzetme torbasindan olusuyorsa
once temel benzetmeye yakin torbadan zorunlu Onerilen benzetmeyi sorunuz.
Cevaplar1 NAQ’ye isaretletiniz. Kartlar1 kaldirtiniz. Sonugclar1 hizlica kafanizda
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yorumlaymniz. Bu gruptan baska bir benzetme mi yapacaginiza, yapacaksaniz
daha yiiksek mi daha alcak frekansa m1 sahip bir benzer benzetme yapacaginiza,
yoksa diger birlestirici benzetme grubundan m1 soru ¢dzeceginize (6rnegin M4
icin A Universitesinin kavram semas1 3 torbadan B iiniversitesininki ise 4
torbadan olusmustur. Yani B {iiniversitesi igin 2 birlestirici benzetme torbasi
mevcutken A {iiniversitesi i¢in 1 tane vardir), ya da bir problem yok olay
¢oziilmiis deyip hedef benzetmeyi son bir kez daha mi soracagimiza karar
veriniz. Karariizi verdikten sonra once Kisaca birlestirici benzetme ile temel
benzetmenin benzerliklerini ve farkliklarini tartisiniz. Sonra hedef benzetme ile
olan benzerliklerini ve farkliklarimi tartisiniz. Daha sonra kavram semanizda
hedef benzetmeye yakin diger bir birlestirici benzetme torbasi varsa orada
onerilen soruyu (AU i¢in 4’13) sorunuz. Kisaca 6nce birlestirici benzetme, sonra
temel ve hedef benzetmeler ile olan benzerliklerini ve farkliklarin
tartistniz/tartistiriniz.  Bu  benzerlikleri tartisma islemini her birlestirici
benzetmeden sonra yapilacagi gibi tiim birlestirici benzetmeleri verdikten sonra
tek bir seferde yapmak da miimkiindiir. Yine olaya katkisini, dersin siiresini,
Ogrencilerin motivasyonunu diisiinerek buna uygulayici olarak siz karar
vermelisiniz. Bu tartismalar1 yaparken 6gretmen olarak sizler tartismalara fazla
katilmayiniz ya da en azindan en onemli rolde siz olmayiniz. Sizler seytanin
avukati roliine soyununuz. Yani acaba bu su mu demek? Soyle olsa nasil
olurdu? Bu soyledigin arkadasinin sdyledikleri ile ¢akisiyor mu? gibi kavramsal
gelisime katkida bulunacak, onlar1 kavramsal kargasaya diisiirecek ve sonra
miimkiinse ¢ikaracak, farkli yonlerden Orneklere bakmalarini saglayacak
sorularla yonlendirmeler yapinz. Siz cevaplart veren degil olayi idare eden
olunuz).

(Diger onemli bir noktada verilen orneklere kimlerin yanlis cevap
verdigine dikkat etmektir. Ornegin sordugunuz birlestirici benzetmeye sadece
erkekler yanlis cevap vermis olabilir, ya da tam tersi sadece bayanlar. Bu
durumda yapmaniz gereken cinsiyete gore ayri ayri yapilmis olarak size verilmis
olan tablolardan ilgili cinsiyete yonelik ayni gruptan bagka bir soru sormak
olacaktir. Tabi bu sorulardan hangisini secip segmeyecegimizi uygulayici olarak
siz ders esnasinda sorulara verilen E ve H harflerine ve ne kadar anlaml
geldigini ifade eden sayilara gore karar vermelisiniz. Orneklemimizde genelde
erkekler az oldugundan belki bunu yaparken cok hissettirmeden erkeklerin
yerlerini degistirerek, kabaca bayanlar1 ve erkekleri daha rahat sayabileceginiz
bir diizende oturtmakta cevaplart hizlica sayma agisindan iyi olacaktir. Ama
boyle bir durumun nadiren karsilasabileceginizi bekledigimizi de hatirlatmak
isteriz).

(Eger Onmerilen zorunlu sorular bu basamaklar arasindaki ugurumu
kapatamadiysa, hala baglantilar1 kurmakta sorunlar yasaniyorsa yine anlatilan
mantik cercevesinde ve siire elverdigi siirece isteginiz kadar birlestirici
benzetme yapabilir, oylatabilirsiniz. Zaten metodun ve gruplari olusturmanin,
orneklerin fazlaliliginin ve hatta bunlar cinsiyete gore ayirmanin en biiyiik
zenginliklerinden bir tanesi de budur).
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9. Burada amaclarda belirtilen bagliklarla ilgili olanlardan 3. kanun ile
ilgili gerekirse bagska bilgiler verelim ve gosteri deneyi yapalim.

(Belki metodun oOziinde bulunan mekanik modelleme kavramini
diisiinerek burada gosteri deneyleri yapmakta ve olay1 teorik boyutta ele almakta
fayda olacaktir. Yani kisacasi farkli cinsiyetten birka¢c Ogrenciyi tahtaya
kaldirimz. “Ali, Ahmet, Ayse ve Cansu sizler liitfen yanima geliniz. Ali sen bu
yay1 alip masanin iizerine koyup liitfen biitiin giiciinle sikistirir misin? Ahmet
sen de yayin tizerine diismeden ¢ikar misin? Kizlar liitfen sizlerde aymi islemi
biriniz tenis topunun iizerine digeriniz de plastik topun iizerine ¢ikarak yapiniz.
Cisimler ne kadar sikisti herkes gozlesin liitfen? Peki hangisi en fazla sikist1?
Simdi birer tane daha ayni cisimlerden alimz. Aym islemi ikiser tane olan
cisimler iizerinde yapiniz. Sikisma miktar1 degisti mi? Cisimlerin sayisim1 daha
da artirsaydik. Yani 3, 4, 8, 100 vb. Ne olurdu? Peki arkadaslar liitfen cisimleri
kendi aramizda degisin. Sikisma miktarlar1 nasil oldu? Birbirleriyle ve onceki
durumlariyla karsilastinnmiz? Peki Ayse al sana aymi biiytikliikte bagka marka bir
plastik top. Uzerine ¢ikar misin liitfen? Sikisma miktar1 diger plastik topla aym
mi?”’

“Yani demek ki cisim degisebiliyor (top, yay vb.), sayist degisebiliyor
(1, 2, 100 vb.), aym cisimlerin modelleri ya da yapildigi malzemeler
degisebiliyor. Peki bu anlattiklarimizin cisimlerin sert ve yumusak olmasi ile ne
alakas1 var?” (Bu ornekleri atomik diizeye indirebilirsiniz, cisimleri milyonlarca
toplardan ya da yaylardan olustugunu anlatabilir. Yukaridaki ornekleri bu
modellemenin i¢ine yedirebilirsiniz. Bu, konunun anlasilmasina ve dgrencilerin
verdikleri cevaplarin kendilerine anlamli gelmesine ciddi seviyede katkida
bulunacaktir).

10. Son olarak hedef benzetmeyi tekrar oylatimz. Cevaplarim NAO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarim gostermelerini isteyiniz.

(Oylama sonuclarina gore uygulamayi sonlandiriniz. Hedef kavram
yanilgist ¢ok biiyiikk bir ihtimalle giderilmis olacaktir. Aksi halde zamaniniz
elverdigi siirece tartigmalara devam edebilir, kavram semasindan baska
benzetmeler calisabilir, gosteri deneylerini tekrar irdeleyebilirsiniz).

11. Son olarak Newton’un 3. kanunu agikca tekrar ediniz/ettiriniz. Ve
dersi “cisimler farkli sertlikte olsa da etkilesim/carpisma aninda
birbirlerine  uygulayacaklar1 kuvvetler esit olacaktir” seklinde
Ozetleyerek bitiriniz.
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Giinliik Ders Plam 2

Ders: Fizik

Konu: Newton’un III. Hareket kanunu

Smmf: Simif Ogretmenligi Boliimii 2. Simf Ogrencileri

Siire: 40 dakika

Metot: Birlestirici Benzetme Yontemi

Hedef Kavram Yanilgisi: Iki nesne carpistiklarinda/etkilestiklerinde, biiyiik

kiitleli olan daha biiyiik bir kuvvet uygular.

Amaclar:

1.

Iki cisim carpistiklarinda veya etkilesim icersine girdiklerinde kiitlesi biiyiik
olan cismin daha fazla kuvvet uygulamayacagini anlamak,

Iki cisim carpistiklarinda veya etkilesim icersine girdiklerinde kiitlesi kiiciik
olanin tepki-etki kuvvetlerinin esit olmasi i¢in daha fazla kuvvet uygulamak
zorunda olmadigini, etkilesim oldugu anda kuvvetlerin zaten dogal olarak
esit olacagini anlamak,

Esit kiitleli bir cansiz cisim ile bir canli ¢arpistifinda veya etkilesim igersine
girdiklerinde cansiz olanin daha az/fazla kuvvet uygulayamayacagini ya da
canli olanin daha az/fazla kuvvet uygulayamayacagini anlamak,

Kiitle ve agirlik kavramlarim1 kendi ifadeleri ile betimlemek, aralarindaki
farklar agiklayabilmek,

Herhangi bir ylizey iizerinde durmakta olan bir cismin iizerindeki biitiin
kuvvetleri cizip gosterebilmek, bir Newton etki-tepki cifti olabilen agirlik
kavraminin kendisini ve ciftini bu sistem {iizerinde dogru olarak ifade
edebilmek ve gosterebilmek,

Farkli yiizey ve durumlar i¢in yiizeyin uygulayacag: yiizeye dik kuvvetleri
dogru olarak cizip gosterebilmek,

Temas halindeki cisimler arasindaki kuvvetlerin esit fakat zit yonlii

oldugunu anlamak,
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8. Temas halinde uygulanan kuvvetlerin farkli cisimler iizerinde oldugunu ve
bir cisim iizerinde sadece diger cisimden kaynaklanan tek bir kuvvet
oldugunu anlamak,

9. Kuvvetin cisimlerin sahip oldugu bir 6zellik olmadigimi aksine cisimlerin
birbirleriyle etkilesiminden dogan bir biiyiikliik oldugunu anlamak,

10. Hareket eden cisimlerin eylemsizliklerinden dolay1 ig¢lerinde kuvvet
barindirmadigini, hareketin kuvvetin gostergesi olmayacagini anlamak,

11. Newton’un 3. hareket kanunu gercek hayattaki diger durumlara ve drneklere

uygulayabilmek, olaylar1 bu perspektiften yorumlayabilmektir.

Materyaller:

1. Hareketli arabalar,

2. Bir biyiik yay,

3. Bir cift benzer yay,

4. Bir ¢ift farkl sertlikte cisim,
5. Bir cift top (tenis, futbol vb.),
6. Harf ve sayi1 kartlari,

7. Neler anlamladir dlcekleri.

Sunus:

1. Ilk olarak derse baslamadan once bir yoklama aliniz.

2. Bir onceki derste ne yaptiginizi bir iki climle/soru vb. ile dzetleyiniz
veya Ozetletiniz.

3. Neler anlamlidir 6lgekleri ile harf ve say1 kartlari dagitiniz.

“Gecen ders burada olmayanlar, yeni gelenler var mi1? Liitfen parmak
kaldiriniz. Sizler icin ¢ok kisaca tekrarliyorum. NAO’yii ders siiresince
soracagim yanitt “evet” veya “hayir” olacak olan sorulara vereceginiz
cevaplarinizi yazmak ve bu verdiginiz cevabin sizlere ne kadar anlamli gelip
gelmediginizi isaretlemeniz icin kullanacaksiniz. NAO’iin amaci sadece
bilginizin dogrulugunu veya yanlhishigim 6lgmek degildir. Vereceginiz yanitlarin
notlariniza higbir etkisi olmayacaktir. Ancak yine de kendinizce dogru oldugunu
diisiindiigliniiz  secenekleri isaretlemeniz Onemlidir. Ciinkii bunlar ileriki
derslerde  yapacagim uygulamalar1  belirlemememi ve diizenlememi
saglayacaktir. Bu konu ile ilgili sormak istediginiz bir sey var mi? Ben
bilgisayar1 ve sunuyu agana kadar liitfen 6l¢egin iizerinde yazan agiklamalari
tekrar bir kere okuyunuz”.
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4. Projektorden size verilmis olan ilgili PowerPoint sunusunu a¢imz. ilk
olarak altinc1 kavram yanilgisinin hedef sorusunu sorunuz.

(Burada 6grencilere, slaytlardaki numaralarin 6nemli olmadigini, sadece
kendi anlaimimizda bize yardimci olmasi i¢in olusturdugumuz bir sira ve
numaralandirma oldugunu tekrar hatirlatabiliriz. B Universitesi icin 6’2, A
Universitesi i¢in 6’11 olarak 6nerilmis olan soruyu tiklayarak acimz ve ilgili
hedef benzetmeyi sorunuz).

5. Cevaplarint NAQO’ye isaretlettiriniz.
6. Harf ve say1 kartlarin1 kullanarak cevaplarini gostermelerini isteyiniz.

7. Temel benzetmeyi slaytlardan gosteriniz. Cevaplarimi NAQO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarini gostermelerini isteyiniz.

(Hem B {iniversitesi hem A iiniversitesi i¢cin 6’5 olan temel benzetmeyi
sorunuz. Biraz cevaplart ve Ornegi tartistmz. Sistemdeki degiskenleri
vurgulayiniz. Benzetmedeki elemanlarin ve ortamin &zelliklerini vurgulayiniz.
Ornegin sistemdeki top patlamiyor, sistemde siirtiinme olabilir veya olmayabilir,
hava siirtiinmesi, yer siirtiinmesi, araglarin markalar1 farkli olabilir, kiitleleri esit
verilmis, hizlan esit verilmis gibi. Eger ilk Ornegin iyi calismadigi kanisina
varirsaniz B iiniversitesi icin 6’12 yi, A iiniversitesi i¢in ise 6’12 veya 6’15 den
bir tanesini oylatabilirsiniz. Ama tabi ki siif ortaminda bulunan kisiler olarak
bunlara sizler karar vereceksiniz).

8. Oncelikle onerilen birlestirici benzetmeleri sorunuz. Cevaplarim
NAO’ye isaretletiniz. Kartlarim1 kaldirarak cevaplarin1 gostermelerini
isteyiniz.

(Hem B iiniversitesi hem A {iniversitesi i¢in ikiser tane birlestirici
benzetme torbast bulunmaktadir. B {iniversitesi icin 6’21b ve 6’7b, A
tiniversitesi i¢in ise 6’1a, 6’1b ve 6°21b cinsiyet goz Oniinde bulundurularak
Onerilen minimum zorunlu 6rneklerdir. Birlestirici benzetmelerin kendileriyle ve
ayrica temel ve hedef benzetmeler ile olan benzerliklerini ve farkliklarini
tartismayr unutmayiniz. Bu benzerlikleri tartisma islemini her birlestirici
benzetmeden sonra yapacaginiz gibi tim birlestirici benzetmeleri verdikten
sonra tek bir seferde de yapabilirsiniz. Tabi bu Ornekler minimum olarak
yapilmas1 gereken oOrneklerdir. Uygulayici olarak sizler daha fazla Ornek
yapabilirsiniz ve yapmaniz faydali olacaktir. Bu Orneklerin calismadig
durumlarda ise zaten baska ornek yapmak durumunda kalacaksinz).

9. Burada amagclarda belirtilen bagliklarla ilgili olanlardan 3. kanun ile
ilgili gerekirse baska bilgiler verelim ve gosteri deneyi yapalim.
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(Belki metodun oOziinde bulunan mekanik modelleme kavramini
diisiinerek burada gosteri deneyleri yapmakta ve olay1 teorik boyutta ele almakta
faydali olacaktir. Yani kisacas1 bir onceki ders planinda oldugu gibi 6grencileri
isin icine katabilirsiniz. Gegen derste verilen orneklere kiitle kavramini entegre
ediniz. Burada kiitleyi tamimlayiniz. Agirh@ tamimlayimz. Yaylarin veya
toplarin  sayisinin  degismesi, markalarinin yani yapildiklart maddelerin
degismesi, cisimlerin degismesi ve birim cismin kalinliklarinin degismesi gibi
kavramlarla kiitle kavramindan hangisinin bagdastirilabilecegini tartiginiz.
Farkli cinsiyetten farkli kiitleli 6grencileri kaldirmiz. Tek tek ayni duvan
ittiriniz. Her biri duvan iterken duvarla 6grencilerin kiitlelerini ve birbirlerine
uyguladiklart kuvvetleri tartisiniz. Farkli kiitleli oyuncak arabalar aliniz bunlar
birbirleriyle carpistinmiz. Her birisini bir Ogrencinin ayagina ayri ayri
carpistirimiz.  Etkilesim halinde olan cisimlerin birbirlerine uyguladiklar
kuvvetlerin esit olmasi ile etkilesmekte olan iki farkli cisim ciftinin birbirlerine
uyguladiklart degerlerinin karistirilmasi iizerinde durunuz).

(Ornek iizerinden gidiniz. Ayse yeri 560 N ile ezerken yerde Ayse’yi 560
N ile itmektedir. Ama ayn1 yer iizerindeki daha biiyiik kiitleli Serdar’1 ise 780 N
ile itmektedir. Tabi ki Serdar’in da uyguladig: baski kuvveti 780 N dur. Yani
etkilesmekte olan c¢iftlerin birbirlerine uyguladiklart kuvvetlerin esitligini
vurgularken asla farkli ¢iftlerdeki kuvvet degerlerinin esit olmak zorunda
oldugunu sdylemedigimizi vurgulaymiz. Karistirilanin bu oldugunu agikca ifade
ediniz ve bunun {izerinde biraz durunuz. Hatta kuvvetler esit olmasina ragmen
peki nasil oluyor da hareket olusuyor? Sorusunun cevabini da bu mantikta
yattigin1 belki vurgulayabilirsiniz. Yani sistem igersinde herhangi iki elemanin
birbirlerine uyguladiklart kuvvetlerin esit oldugunu ama ayni sistem icindeki
baglantili diger etki-tepki ciftinde iiretilen degerin bununla esit olmamasi
durumunda hareketin olustugunu vurgulayabilirsiniz. Tabi ki bu an igin bu
bilgiyi vermek size uygun gelmiyorsa belki 3. hafta uygulamalarinda iizerinde
durmaniz daha iyi olabilir. Buna uygulayicilar olarak sizler karar veriniz).

10. Son kez hedef benzetmeyi tekrar oylatiniz. Cevaplarimi NAO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarimi gostermelerini isteyiniz.

(Oylama sonuclarina gore uygulamayi sonlandiriniz. Hedef kavram
yanilgist ¢ok biiyiikk bir ihtimalle giderilmis olacaktir. Aksi halde zamanimz
elverdigi siirece tartigmalara devam edebilir, kavram gsemasindan bagka
benzetmeler calisabilir, gosteri deneylerini tekrar irdeleyebilirsiniz).

11. Son olarak Newton’un 3. kanunu agikca tekrar ediniz/ettiriniz. Ve
dersi “Etkilesmekte olan farkli kiitlelere sahip cisimlerin bile
etkilesim/carpisma aninda birbirlerine uygulayacaklart kuvvetler esit
olacaktir” seklinde 6zetleyerek bitiriniz.
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Giinliik Ders Plam 3

Ders: Fizik

Konu: Newton’un III. Hareket kanunu

Smmf: Simif Ogretmenligi Boliimii 2. Simf Ogrencileri

Siire: 40 dakika

Metot: Birlestirici Benzetme Yontemi

Hedef Kavram Yamlgisi: Hareket etmekte olan iki cisim/nesne etkilesim

icersine girdiklerinde daha hizli hareket etmekte olan daha fazla kuvvet uygular.

Amaclar:

1.

Hiz1 olmayip durmakta olan bir cisme hareket etmekte olan baska bir cisim
carptiginda, hareketli olanin daha fazla kuvvet uygulayamayacagini ve
durmakta olanin da daha fazla kuvvete maruz kalmayacagim veya
hissetmeyecegini anlamak,

Hareket etmekte olan iki cisim c¢arpistiklarinda daha hizli olanin daha fazla
kuvvet uygulamayacagini ve daha yavas olanin da daha fazla kuvvete maruz
kalmayacagini veya hissetmeyecegini anlamak,

Etkilesim igerisinde olan iki cisimden hem hiz1 hem de kiitlesi daha biiyiik
olanin daha fazla/az kuvvet uygulamayacagini anlamak,

Hiz ile kuvvet kavraminin ayni olmadigin1 anlamak ve bu iki kavrami da
kendi kelimeleri ile ifade edebilmek,

Agirliklart ihmal edilebilir yaylarin iki ucundaki kuvvetlerin degerinin
hareket halinde olduklarinda dahi esit oldugunu anlamak,

Temas halindeki cisimler arasindaki kuvvetlerin esit fakat zit yonlii
oldugunu anlamak,

Temas halinde uygulanan kuvvetlerin farkli cisimler {izerinde oldugunu ve
bir cisim iizerinde sadece diger cisimden kaynaklanan tek bir kuvvet
oldugunu anlamak,

Kuvvetin cisimlerin sahip oldugu bir 6zellik olmadigin1 aksine cisimlerin
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birbirleriyle etkilesiminden dogan bir biiyiikliikk oldugunu anlamak,

9. Hareket eden cisimlerin eylemsizliklerinden dolay1 ig¢lerinde kuvvet
barindirmadigini, hareketin kuvvetin gostergesi olmayacagini anlamak,

10. Newton’un 3. hareket kanunu gercek hayattaki diger durumlara ve drneklere

uygulayabilmek, olaylar1 bu perspektiften yorumlayabilmektir.

Materyaller:

1. Hareketli arabalar,

2. Bir bilyiik yay,

3. Bir cift benzer yay,

4. Bir ¢ift farkl: sertlikte cisim,
5. Bir cift top (tenis, futbol vb.),
6. Harf ve say1 kartlari,

7. Neler anlamhdir 6l¢ekleri.

Sunus:

1. Ilk olarak derse baslamadan 6nce yoklama aliniz.

(Yoklamay titizlikle aldiginizdan emin olunuz. Sinifi sayarak listedeki
Ogrenci sayist ile siniftaki 6grenci sayisinin esit olup olmadigini kontrol ediniz).

2. Size verilen iki sayfa ve 8 sorudan olusan mini testi yapiniz.

(Isterseniz bu testi quiz olarak dersin hemen basinda yapimiz. Boyle
yapacaksaniz, testin sorularindan bugiinkii kavram yanilgisi ile ilgisi olanlar
son kez hedef benzetmeyi oylatmadan Once sinif igersinde tartiginiz. Ama
isterseniz ev 6devi olarak da verebilirsiniz. Hem evde bir tekrar yapmis olurlar
hem de haftaya olan son uygulama derslerine hazirlikli olarak gelmis olurlar.
Yine eksilerini ve artilarini diisiinerek buna siz karar veriniz).

3. Bir oOnceki hafta derste ne yaptigimzi bir iki ciimle/soru vb. ile
bugiinkii konuya tagsmadan 6zetleyiniz veya 6zetletiniz.

4. Neler anlamlidir dlgekleri ile ve harf ve say1 kartlarini dagitiniz.

“Gecen hafta derste burada olmayip bu hafta derse gelenler var mi?
Liitfen parmak kaldirimiz. Sizler igin ¢ok kisaca tekrarliyorum. NAQ’yii benim
ders siiresince soracagim yanitt “evet” veya ‘“haynr” olacak olan sorulara
vereceginiz cevaplarinizi yazmak ve bu verdiginiz cevabin sizlere ne kadar
anlamli gelip gelmedigini isaretlemeniz i¢in kullanacaksiniz. Olgegi kullanmasi
cok kolaydir. Tasalanmaniza gerek yok. Liitfen ben bilgisayar1 ve sunuyu acana
kadar siz dlgegin lizerinde yazan agiklamalari tekrar okuyunuz”.
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5. Projektorden size verilmis olan ilgili PowerPoint sunusunu aginiz. ik
olarak besinci kavram yanilgisinin hedef sorusunu sorunuz.

(B Universitesi icin 5’12, A Universitesi icin 5’11 olarak 6nerilmis olan
soruyu tiklayarak acimiz ve ilgili hedef benzetmeyi sorunuz).

6. Cevaplarint NAQO’ye isaretlettiriniz.
7. Harf ve say1 kartlarimi kullanarak cevaplarini gostermelerini isteyiniz.

8. Temel benzetmeyi slaytlardan gosteriniz. Cevaplarii NAQO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarimi gostermelerini isteyiniz.

(Temel benzetmeyi sorunuz (B iiniversitesi i¢in 5’18, A {iniversitesi i¢in
5’8). Biraz cevaplart ve Ornegi tartisiniz. Eger temel benzetmenin iyi
calismadigr kanisina varirsaniz B {iniversitesi i¢in 5’8, 5’9b ve 5’14a, A
iiniversitesi i¢in ise 5’18 ve 5’13 temel benzetmelerinden birinci ders planinda
detayli olarak smirlart ¢izilen kriterler cercevesinde istediginizi veya
istediklerinizi kullanabilirsiniz).

9. Oncelikle o6nerilen birlestirici benzetmeleri sorunuz. Cevaplarini
NAO’ye isaretletiniz. Kartlarim1 kaldirarak cevaplarini gostermelerini
isteyiniz.

(B tniversitesi i¢in 5’7b, 5’6 ve 5’5, A {niversitesi i¢in ise 5’17b
cinsiyet goz Oniinde bulundurularak onerilen minimum zorunlu orneklerdir.
Birlestirici benzetmelerin kendileriyle ve ayrica temel ve hedef benzetmeler ile
olan benzerliklerini ve farkliklarini tartismayr unutmayimz. Bu benzerlikleri
tartisma islemini her birlestirici benzetmeden sonra yapacaginiz gibi tiim
birlestirici benzetmeleri verdikten sonra tek bir seferde de yapabilirsiniz. Tabi
bu ornekler minimum olarak yapilmasi gereken orneklerdir. Uygulayici olarak
sizler daha fazla Ornek yapabilirsiniz ve yapmamz faydali olacaktir. Bu
orneklerin ¢alismadigi durumlarda ise zaten baska ¢rnek yapmak durumunda
kalacaksiniz. Diger 6rneklere karar verirken zorunlu 6rnekler tablosu ve kavram
semasi size ¢cok yardimci olacaktir. Onlar1 incelemeyi unutmayiniz).

10. Burada amaclarda belirtilen bagliklarla ilgili olanlardan 3. kanun ile
ilgili gerekirse baska bilgiler verelim ve gosteri deneyi yapalim.

“60 km/saat ile gitmekte olan bir ara¢ durmakta olan bir cisme ¢arpiyor
olsun ve cismi siiriiklemeye baglasin. Cisimle aracin birbirlerine uyguladiklar
kuvvetler esit midir? (bekleyiniz) Peki ara¢ hizin1 daha da artirsin 6rnegin 80
yapsin. Bu durumda kuvvetler esit midir? (bekleyiniz). Peki 60 ile kendisine
carpilan cisim kendisine 80 ile carpilinca uygulayabilecegi kuvvet degisir mi?
(bekleyiniz). Yani bana daha hizli carpiyorlar galiba ben daha fazla kuvvet
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uygulamali miyim diyebilir mi? Ya da bu kuvveti nereden bulacak? Yani bu
cismi siiriiklemek i¢in 10 km/saat ile carpmak yetiyorsa daha hizli ¢arpmanin
getirisi nedir? Cismin gosterecegi tepki kuvveti mi artacak? Peki cisimle aracin
60 ile ilerliyor olmasi ile 80 ile ilerliyor olmasi arasindaki fark nedir? Arag ile
cisimlerin birbirlerine uyguladiklar1 kuvvetler degismis mi oldu? Peki soyle
diisiinelim. Yere gore bakinca cisim birinde 60 digerinde 80 ile hareket ediyor.
Ama arabaya gore bakinca arabada her an cisimle aym hiza sahip oldugu i¢in
cisim durmus gibi olmuyor mu? (Cevaplar aliniz) Cevabiniz evet ise bir soru
daha geliyor. Yani araba- cisim sisteminde durmakta olan cisim dengede ise
Fre=0 olmasi gerekmiyor mu? Yani arag ile cismin birbirlerine uyguladiklar
kuvvetler esit olmali. Cisimde potansiyeli disinda bir kuvvet
uygulayamayacagina gore o zaman bu cisme 60 veya 80 ile carpilmasinin, hizin
degismesinin 6nemi var m1?” (Bu sekilde biraz kafa karigtirabilirsiniz).

(Burada biraz hiz kavramindan bahsediniz. Eylemsizlik prensibi ile hizin
iliskisini anlatiniz. Hareket eden cisimlerin iizerinde veya icinde bir kuvvet
olmayacagini vurgulayimz. Iki cismin carpigmasi sirasinda kuvvetin aktarilmasi
gibi bir seyin soz konusu olmadigim1 ve kuvvetin paylasiimadigini, alinip
verilmedigini anlatimiz. Carpisma aninda carpismadan 6nce daha hizli gidenin
daha fazla hasar verecegini diisiindiigimiizii ve bunun genelde dogru olacagim
ama bunun hizli giden cismin daha fazla kuvvet uygulamasi manasina
gelmedigini ifade ediniz. Ayn1 sekilde ¢arpisma sirasinda daha fazla zarar goren
cismin daha az kuvvet uygulamadiini veya az zarar gorenin de daha fazla
kuvvet uygulamadigini anlatimz. Belki yaylarin deforme olmasi, esnekligi,
yapildigi maddenin cinsi, yay sayist kavramlan ile bir mekanik modelleme
yapip atomik diizeyde bir iliskilendirme yapabilirsiniz).

(Yaylan kullanarak iki farkli yay sikistinniz. Bitisik tutup ayni kuvvetle
sikistirmmiz. Farkli sikigsinlar. Ayri ayn aym derecede sikisacak sekilde yaylar
sikistirmiz. Benzerlikleri ve farkliklar tartisiniz. Oyuncak araglar carpistiriniz.
Araclarin farkli hizda olsalar bile, carpisma sirasinda eninde sonunda az ya da
cok sikisarak, az ya da ¢ok hasar gorerek durduklarini, dengeye geldiklerini
vurgulayaniz. Yoksa esit kuvvet olmasa dengeye ulasilamayacagim
vurgulayimiz).

11. Son kez hedef benzetmeyi tekrar oylatiniz. Cevaplarimi NAO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarini gostermelerini isteyiniz.

(Oylama sonuglarina gore uygulamayr sonlandiriniz. Hedef kavram
yanilgis1 ¢ok biiyiik bir ihtimal giderilmis olacaktir. Aksi halde zamanimz
elverdigi siirece tartigmalara devam edebilir, kavram semasindan bagka
benzetmeler calisabilir, gosteri deneylerini tekrar irdeleyebilirsiniz).

12. Son olarak Newton’un 3. kanunu agikca tekrar ediniz/ettiriniz. Ve
dersi ‘“Hareket etmekte olan iki cisim/nesne etkilesim igersine
girdiklerinde farkli hizla hareket etmekte olsalar bile birbirlerine esit
kuvvet uygularlar.” seklinde 6zetleyerek bitiriniz.
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Giinliik Ders Plam 4

Ders: Fizik

Konu: Newton’un III. Hareket kanunu

Smmf: Simif Ogretmenligi Boliimii 2. Simf Ogrencileri

Siire: 40 dakika

Metot: Birlestirici Benzetme Yontemi

Hedef Kavram Yamlgisi: iki nesne etkilesim icersine girerse giiclii olan zayif

olandan daha fazla kuvvet uygular.

Amaclar:

1.

Temas halinde olan cisimlerden gii¢lii olanin zayif olana daha fazla/az
kuvvet uygulayamayacagini anlamak,
Enerji ile giic kavramimin ayn1 olmadigim1 anlamak ve bu iki kavrami da

kendi kelimeleri ile ifade edebilmek,

3. Enerji ile giiciin kuvvet ile ayni sey olmadigini1 anlamak,

Biiyiik, agwr, kiitleli, enerjik, giiclii, kuvvetli vb. kavramlarimin giinliik
hayatta kullanim ile fizik egitiminde kullanimi karistirmamak, bu kelimeler
arasindaki niians farkliliklarini 6rnekleri gelince ayirt edebilmek,

Etkilesim halinde olan cisimlerden daha aktif olanin (motoru c¢alisan, iten,
ceken vb.) pasif olana daha az/fazla kuvvet uygulayamayacagini1 anlamak,
Sadece canli cisimlerin kuvvet uygulamadigini, cansiz cisimlerin (masa,
duvar, yer vb.) de kuvvet uygulayabildigini anlamak,

Temas halindeki cisimler arasindaki kuvvetlerin esit fakat zit yonlii
oldugunu anlamak,

Temas halinde uygulanan kuvvetlerin farkli cisimler {izerinde oldugunu ve
bir cisim iizerinde sadece diger cisimden kaynaklanan tek bir kuvvet
oldugunu anlamak,

Kuvvetin cisimlerin sahip oldugu bir 6zellik olmadigin1 aksine cisimlerin

birbirleriyle etkilesiminden dogan bir biiyiikliikk oldugunu anlamak,
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10. Hareket eden cisimlerin eylemsizliklerinden dolay1 iglerinde kuvvet

barindirmadigini, hareketin kuvvetin gostergesi olmayacagini anlamak,

11. Newton’un 3. hareket kanunu gercek hayattaki diger durumlara ve 6rneklere

uygulayabilmek, olaylar1 bu perspektiften yorumlayabilmektir.

Materyaller:

1. Bir biiyiik yay,

2. Bir cift benzer yay,

3. Bir masa/kiirsii/sira,

4. Harf ve sayi kartlari,

5. Odev kagitlari,

6. Neler anlamhidir 6l¢ekleri.

Sunus:

soruyu

1. Ilk olarak derse baslamadan once bir yoklama aliniz.

2. Bir onceki derste ne yaptiginizi bir iki ciimle/soru vb. ile dzetleyiniz
veya Ozetletiniz.

3. Neler anlamlidir 6l¢ekleri ile harf ve say1 kartlarimi dagitiniz.

4. Projektorden size verilmis olan ilgili PowerPoint sunusunu a¢imz. ilk
olarak iiclincii kavram yanilgisinin hedef sorusunu sorunuz.

(B Universitesi icin 3’5a, A Universitesi icin 3’10 olarak 6nerilmis olan
tiklayarak acimiz ve ilgili hedef benzetmeyi sorunuz).

5. Cevaplarint NAQO’ye isaretlettiriniz.
6. Harf ve say1 kartlarin1 kullanarak cevaplarini gostermelerini isteyiniz.

7. Temel benzetmeyi slaytlardan gosteriniz. Cevaplarimi NAQO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarimi gostermelerini isteyiniz.

(B tniversitesi icin 3’1a, A iiniversitesi i¢in 3’9 olan temel benzetmeyi

sorunuz. Bir siire cevaplar ve 6rnegi tartisiniz. Eger ilk 6rnegin iyi ¢alismadig
kanisina varirsaniz kavram semasini ve zorunlu oOnerilen sorular tablosunu
kullanarak bagka benzetme seciniz ve oylatiniz).

8. Oncelikle onerilen birlestirici benzetmeleri sorunuz. Cevaplarii
NAO’ye isaretletiniz. Kartlarim1 kaldirarak cevaplarini gostermelerini
isteyiniz.
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(Cinsiyet goz oniinde bulundurularak B iiniversitesi i¢in 3’26a ve 3’6a,
A iniversitesi i¢cin ise 3’13a, 3’26a ve 3°25a oOnerilen minimum zorunlu
orneklerdir. Birlestirici benzetmelerin kendileriyle, temel ve hedef benzetmeler
ile olan benzerliklerini ve farkliklarini tartigmayir unutmayiniz. Tabi ki bu
ornekler minimum olarak yapilmasi gereken orneklerdir. Uygulayici olarak
sizler daha fazla 6rnek yapabilirsiniz ve yapmaniz faydali olacaktir).

9. Burada amagclarda belirtilen bagliklarla ilgili olanlardan 3. kanun ile
ilgili gerekirse baska bilgiler verelim ve gosteri deneyi yapalim.

“Sinan ve Serkan ikiniz tahtaya gelir misiniz? Sizce hangisi daha giicli
arkadaslar? (cevabi aliniz). Peki birbirinizi fazla zorlanmadan itin bakalim ama
stiriklemeyin birbirinizi. Evet arkadaglar bakin bu giiclii beyler birbirlerini
itiyorlar? Bakin yiizlerinden belli. Kizarmiglar. Durun bakayim evet kaslarn da
sert, itiyorlar yani. Ama hareket yok sizce birbirlerine uyguladiklar1 kuvvetler
esit midir? (cevabi aliniz). Peki birbirinizi tiim giiciiniizle itin liitfen? Ama
dikkat edin diismeyin. Evet itin. Bakin Serkan arkadasimi siiriikliiyor. Sizce
birbirlerine uyguladiklar1 kuvvetler esit midir? (cevabi alimiz). Tamam Serkan
sen kazandin daha giicliisiin. Yorduk seni ama bir de tahtanin yanina gecip
duvart iter misin? Evet, it liitfen. Evet arkadaslar sizce duvar mi1 gii¢lii Serkan
m1? Birbirlerine uyguladiklar1 kuvvetler esit midir? Serkan biraz daha fazla
giicle iter misin duvar1? Tim giiciinle liitfen. Peki simdi arkadaslar duvarla
Serkan’in birbirlerine uyguladiklar1 kuvvetler esit midir? (cevabi1 bekleyiniz).
Peki duvarmn su an Serkan’a uyguladig: tepki onceki uyguladigiyla esit midir?
(cevabi aliniz). (Isterseniz biraz daha ilgi cekici ve kafa karistirici sorular
sorabilirsiniz de burada. C)megin, duvar kendisini kimin ne kadar bir kuvvetle
ittigini ya da ne kadar reaksiyon gosterecegini nereden biliyor? Niye daha fazla
reaksiyon gostermiyor? Oysa duvar istese ¢cok daha fazla kuvvete dayanabilir ve
cok daha fazla tepki kuvveti verebilir. Ama ¢ok daha fazla giice sahip olmak ¢ok
daha fazla kuvvet uygulanabilece§i manasina mi gelir? Peki duvarin bu giiciiniin
daha dogrusu gosterdigi tepki kuvvetinin kaynagi nedir? vb.). Serkan’cim
senden son ricam duvan ittigin ayni giicle, duvara uyguladigin aym kuvveti
doniip havaya uygulaman? Yani havayr it? Evet, evet. Itemiyor musun?
Arkadaslar ne oldu Serkan giiciinii mii kaybetti? Hala kaslarinda aymi gii¢c var?
Peki duvar itebiliyor da havayi niye itemiyor?”.

“Iste arkadaslar demek oluyor ki kuvvet ancak karsisindakiyle vardir ve
bir biitiin olusturur. Yani etkiyi belirleyen tepkidir. Hatta bu manada belki etki
dedigimize tepki ve tepki dedigimize etki demekte daha dogru olacaktir. Bu
konuyu hep beraber bir diisiiniin isterseniz. Bir bagka ¢ikan sonugta etki-tepki
degerini belirleyen kiiciik olan degerdir. Yani zayif olan, gii¢siiz olan, minimum
olan degeri belirler. Bakin bu hayatta da boyledir. Ornegin ben fizik sinavi
yapacagim ve kafamda 45 kisiye bu eziyeti ¢ektirmek var. Ama sinifta o giin 42
kisi var. Ben 45 kisiye sinav yapabilir miyim? Hayir, ancak 42 kisi. Veya
zenginler fakiri ezecekler. Her zaman oldugu gibi. Ama etrafta ezecek fakir
olmadiktan sonra zenginler nasil fakir ezsinler. Tepkiye etki. Ya da sabir. insan
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her zaman artik bu sabrimin son noktasi der. Daha fazlasina dayanamam der.
Ama bir sekilde dayanir. Ne kadar etki o kadar tepki. Dayanamadigi noktada
zaten depresyon vb. baslar. Iste bu noktada zorlugun-sabrin limiti ya da etki
tepki ciftinin degeri belli olmus oluyor. Liitfen siz kendiniz 6rnekleri cogaltiniz.
Haftaya herkesin giinlitkk hayattan bu konuyla ilgili bir seyler diisiiniip gelmis
olmasini istiyorum”.

(Isterseniz yay ittirip ¢ektirebilirsiniz, ya da iple cekme yarisi
yaptirabilirsiniz. Ders siiresini ve derse katkisini diisiinerek bu gosterileri yapip
yapmamayi da sizlere birakiyoruz).

10. Son kez hedef benzetmeyi tekrar oylatiniz. Cevaplarimi NAO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarimi gostermelerini isteyiniz.

(Oylama sonuclarina gore uygulamayr sonlandiriniz. Hedef kavram
yanilgist ¢ok biiyiik bir ihtimal giderilmis olacaktir. Aksi halde zamanimz
elverdigi siirece tartigmalara devam edebilir, kavram semasindan bagka
benzetmeler calisabilir, gosteri deneylerini tekrar irdeleyebilirsiniz).

11. Son olarak Newton’un 3. kanunu agikca tekrar ediniz/ettiriniz. Ve
dersi “Etkilesmekte olan cisimler/nesneler farkli giiclere sahip olsalar
bile etkilesim aninda birbirlerine uygulayacaklart kuvvetler esit
olacaktir” seklinde 6zetleyerek bitiriniz.



192

Giinliik Ders Plam 5

Ders: Fizik

Konu: Newton’un III. Hareket kanunu

Smmf: Simif Ogretmenligi Boliimii 2. Simf Ogrencileri

Siire: 40 dakika

Metot: Birlestirici Benzetme Yontemi

Hedef Kavram Yamilgisi: Bir cisim bagka bir cismi sabit hizla iterken/cekerken

kontak kuvvetleri esit degildir.

Amaclar:

1.

Bir cismin bagka bir cismi sabit hizla iterken/cekerken bile diger cisimden
daha fazla kuvvet uygulayamayacagini anlamak,

Cisimlerin sabit hizla hareket etmeleri icin kuvvete ihtiya¢ olmadigim
anlamak,

Eylemsizlik prensibini aciklayabilmek ve etki-tepki prensibi ile olan
iliskisini kurabilmek,

Bir cismin dengede olabilmesi i¢in gerekli olan sartlan aciklayabilmek ve
dengede olmanin sadece cismin iizerinde hi¢bir kuvvet bulunmamasi1 demek
olmadiginm, eger cisme cesitli kuvvetler etki ediyorsa bu kuvvetlerin
vektorsel toplaminin sifir olmast da demek oldugunu anlamak,

Etkilesim igersinde olan cisimlerden itmek, c¢ekmek, dayanmak gibi
islemleri yapan daha aktif olan cisimlerin daha fazla kuvvet
uygulayamayacagini anlamak,

Durgun bir sistemde iplerdeki gerilme kuvvetini anlamak, aciklayabilmek ve
bunlarla ilgili sayisal sorular ¢6zebilmek.

Sabit hizla hareket etmekte olan bir sistemde iplerdeki gerilme kuvvetini
yorumlayabilmek,

Temas halindeki cisimler arasindaki kuvvetlerin esit fakat zit yonlii

oldugunu anlamak,
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9. Temas halinde uygulanan kuvvetlerin farkli cisimler iizerinde oldugunu ve
bir cisim iizerinde sadece diger cisimden kaynaklanan tek bir kuvvet
oldugunu anlamak,

10. Kuvvetin cisimlerin sahip oldugu bir 6zellik olmadigini aksine cisimlerin
birbirleriyle etkilesiminden dogan bir biiyiikliik oldugunu anlamak,

11. Newton’un 3. hareket kanunu gercek hayattaki diger durumlara ve drneklere

(itme, cekme, siiriikleme vb.) uygulayabilmek, olaylar1 bu perspektiften

yorumlayabilmektir.
Materyaller:
1. Bir biiyiik yay,
2. Bir cift benzer yay,
3. 1-2m uzunlugunda bir ip,
4. Birkag 6grenci,
5. Harf ve say1 kartlari,
6. Neler anlamhdir 6l¢ekleri.
Sunus:

1. Ilk olarak derse baslamadan dnce bir yoklama aliniz.

(Yoklamay titizlikle aldiginizdan emin olunuz. Simifi sayarak listedeki
Ogrenci sayisi ile siniftaki 6grenci sayisinin esit olup olmadigini kontrol ediniz).

2. Bir onceki derste ne yaptigimiz1 bir iki climle/soru vb. ile 6zetleyiniz
veya Ozetletiniz.

3. Neler anlamlidir 6lgekleri ile harf ve say1 kartlari dagitiniz.

“Evet arkadaslar, bu 3. hafta kartlar1 kullanacagimiz son haftadir. ki
haftadir derse gelmeyip ilk defa bu hafta gelen var mi? Liitfen parmak
kaldirimiz. Sizler igin ilk kez diger arkadaslar icin ise kisa bir hatirlatma olsun
diye tekrarliyorum. NAQ’yii ders siiresince soracagim yanit1 “evet” veya
“hayir” olacak olan sorulara vereceginiz cevaplari yazmak ve bu verdiginiz
cevablarin sizlere ne kadar anlamli gelip gelmedigini isaretlemeniz igin
kullanacaksiniz. NAQ’iin amac1 sadece bilginizin dogrulugunu veya yanlishgin
O0lcmek degildir. Bu oOlcegi doldururken dikkat edeceginiz en Onemli husus
tartip, iyi dislinlip sorulan sorularin size anlamli gelip gelmedigini
derecelendirmeniz. Isterseniz farki soyle anlatayim. Egitimli bir papagan da ¢ok
rahat sodylenen sozii tekrar edebilir. Hafiften belki rol de yapabilir. Ama
sOyledigi ve yaptig1 seyleri ne goniilden yapar, ne hisseder, ne baska sozlere ve



194

durumlara uygulayabilir ve ne de ne demek oldugunu anlayabilir. Sadece
agizdan cikan, yiirekten ve beyin ikilisinden gelmeyen bir sozdiir. Anlamlh
gelmekten ifade edilen de budur. Yani verdiginiz cevabin sadece agizdan cikan
bir cevap degil birey olarak tiim viicudunuzla sizden gelen bir cevap olmasidir.
Verdiginiz cevabin her yoOniiyle hicbir siipheye yer birakmadan icinize
sinmesidir. Liitfen yine de ben bilgisayar1 ve sunuyu acana kadar sizler NAO’iin
iizerinde yazan agiklamalari bir kere daha okuyunuz”.

4. Projektorden size verilmis olan ilgili PowerPoint sunusunu a¢imz. ilk
olarak 7b kavram yanilgisinin hedef sorusunu sorunuz.

“Evet oncelikle herkesin neler anlamlidir 6l¢geginin en iist kismina biiyiik
harflerle M7b yazmamzi istiyorum. Ve cevaplarinizi liitfen tiikkenmez kalem
kullanarak isaretleyiniz. Tiikenmez kaleminiz yoksa liitfen ders ilerledikge
cevaplarinizi degistirmeyiniz”. (Bu sekilde ayn1 giindeki iki kavram yanilgisinin
oylama kagitlarinin karistirilmasini 6nlemis oluruz. Ders sirasinda/sonunda
herhangi bir ornege atif yaptigimizda bu sekilde cevaplarin1 kagitlarindan
isterlerse daha rahat takip etmelerini saglamis oluruz. B Universitesi i¢in 7°15b,
A Universitesi icin 7°7 olarak onerilmis olan hedef benzetmeyi sorunuz). “Evet,
sekildeki cisim digerini sabit hizla iterek hareket ettirirken birbirlerine
uyguladiklart kuvvetler esit midir? Bu cevabimiz size ne kadar anlamh
gelmektedir? Liitfen cevaplarmizi M7b yazdigimiz oylama kagidinin 1. oy
kismint doldurarak belirtiniz’. Bu sekilde her defasinda kaginct oyu
isaretledigimizi siirekli hatirlatiniz. Boylece Ogrencilerinizin tamaminin ayni
sayida oylama yapmasini saglayiniz.

5. Cevaplarint NAQO’ye isaretlettiriniz.
6. Harf ve say1 kartlarin1 kullanarak cevaplarini gostermelerini isteyiniz.

7. Temel benzetmeyi slaytlardan gosteriniz. Cevaplarimi NAQO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarim gostermelerini isteyiniz.

(B tiniversitesi i¢in 7b’6, A {iniversitesi i¢in 7b’22a olarak 6nerilmis olan
temel benzetmeyi sorunuz. Cevaplarn ve Ornegi biraz tartisimiz. Bu sistemdeki
degiskenleri, benzetmedeki elemanlarin ve ortamin Ozelliklerini vurgulayiniz.
Biiyiik bir olasilikla ¢aligsacaktir ama yine de eger orneklerin iyi calismadigi
kanisina varirsaniz kavram semasindan bagka drnekler se¢ip uygulaymiz).

8. Onerilen birlestirici benzetmeleri sorunuz. Cevaplarini NAO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarini gostermelerini isteyiniz.

(Zorunlu onerilen sorular tablosuna veya kavram semasina bakarsaniz B
iiniversitesi icin 7b’22a, 7b’19b ve 7b’16b, A {iniversitesi icin ise 7b’20b, 7b’5
ve 7b’15b oOrneklerinin birlestirici benzetme olarak Onerildigini goreceksiniz.
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Minimum olarak bu ii¢ benzetmeyi oylatiniz. Birka¢ 6grenciyi kaldirabilirsiniz.
Ya da konusmak isteyenlere so6z hakki verebilirsiniz. Kimse konusmak
istemiyorsa siz ozellikle bu orneklerin kendi iclerinde
benzerliklerini/farkliliklarini, bu o6rneklerin temel benzetme ve ayrica hedef
benzetme ile olan benzerlik ve farkliliklarimi tartisiniz, tartistiriniz. Gerekli
goriirseniz, yani uygulama sirasinda cinsiyete bagimlhi yanlis cevaplar ya da
benzetmelerin istediginiz kavramsal sigramayi saglatamamasi vb., daha fazla
birlestirici benzetme oylatiniz. Veya bazilarin1 gosteri olarak yaptiriniz. Burada
farkli ozelligi olan birlestirici benzetme varsa onlari da oylatmak faydah
olacaktir.).

9. Amaglarda belirtilen bagliklarla ilgili olanlardan 3. kanun ile ilgili
gerekirse bagka bilgiler verelim ve gosteri deneyi yapalim.

“Ali ile Ahmet siz ikiniz gelir misiniz liitfen. Su yay1 alimz. Ahmet sen
bir ucundan Ali sen bir ucundan tut liitfen. Simdi Ahmet sen ¢ek, Ali sen de
birakma sakin. Bu sekilde bu iglemi yaparak sabit hizla ayni yonde ilerleyiniz.
Evet arkadaglar sizde yay1 inceleyiniz. Bu sefer Ahmet ¢ekmeni degil itmeni
istiyorum. Liitfen dikkatli bir sekilde iter misin? Ali sende yay1 birakma liitfen.
Bu sekilde sabit hizli aym1 yonde ilerleyiniz. Evet arkadaslar gordiigliniiz gibi
sabit hizli hareket yapiyor arkadaslarimiz. Acaba bu durumda uygulanan
kuvvetler esit midir? Hangi kuvvetler? Ali’nin yaya? Ahmet’in yaya? Yayn iki
ucundaki kuvvet?”.

(Isterseniz iki farkli sertlikte yay1 alip, birbirine takiniz. Ali ile Ahmet
yine iterek ayni hareketi yapsinlar. Yaylar inceleyeniz. Aym1 mi sikistilar?
Farkli m1 sikistilar? Aym da sikigsa farkli da sikigsa cevabimiz degisir miydi?).

(Isterseniz bu seferde iki aym sertlikte yay1 alip, birbirine takimiz. Ali ile
Ahmet yine iterek ayni hareketi yapsinlar. Yaylar inceleyeniz. Aym m
sikistilar? Farkli m1 sikistilar? Aym da sikissa farkli da sikigsa cevabimiz degisir
miydi?).

(Bu sefer iki bayan Ogrenci ¢agirimz. Onlarda benzer bir gosteriyi ip
kullanarak yapsimlar. Neler degisti? Siirtiinmenin rolii ne burada? Siirtiinme
olmasa ne olurdu? Tek tek kuvvetleri beraberce tartisarak cikarimiz. Tahtaya
yaziniz. Burada etki tepki ciftlerini gosteriniz. Bunlarin iizerinden kuvvetler esit
olmasina ragmen neden hareket oldugunu anlatiniz).

(Peki bayanlardan bir tanesi digerini siiriikleyerek (ip veya yay
kullanmadan sirtindan tutarak) sabit hizla c¢ekseydi ne olurdu? Bu durumda
kuvvetler icin ne sdylenebilir? Tartisiniz).

(Bu gosteriler ile slaytlardaki benzetmelerin baglarin1 kurunuz. Teorik
bilgi vermeye, olayr irdelemeye ta ki O6grencilere anlamli gelmeye basladigini
diisiindiigliniiz ana kadar devam ediniz).

10. Son kez hedef benzetmeyi tekrar oylatimz. Cevaplarim NAQO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarini gostermelerini isteyiniz.
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(Oylama sonuglarina gore uygulamayr sonlandiriniz. Hedef kavram
yanilgis1 ¢ok biiyiik bir ihtimal giderilmis olacaktir. Aksi halde zamanimz
elverdigi siirece tartigmalara devam edebilir, kavram semasindan bagka
benzetmeler calisabilir, gosteri deneylerini tekrar irdeleyebilirsiniz).

11. Son olarak dersi bir 6zet ctimlesi ile bitiriniz.

(Son olarak Newton’un 3. yasasini agikca tekrar ediniz/ettiriniz. Demek
ki “bir cisim bagka bir cismi sabit hizla iterken/cekerken de kontak kuvvetler
esit ve bu durumlarda da Newton’un 3. kanunu gecerlidir” diye Ozetleyiniz).
“Peki arkadaslar Newton’un 3. kanunu ne zaman gegerli degildir? Bir dahaki
ders bu konuyu inceleyecegiz. Son dersimizde Ornekler {izerinden bu soruyu
irdeleyecegiz ve tartisacagiz. Liitfen ders arasinda biraz bu konuyu diistiniiniiz.
Evet 15 dakika ara, liitfen diger derse gec¢ kalmayiniz”.
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Giinliik Ders Plam 6

Ders: Fizik

Konu: Newton’un III. Hareket kanunu

Smmf: Simif Ogretmenligi Boliimii 2. Simf Ogrencileri

Siire: 40 dakika

Metot: Birlestirici Benzetme Yontemi

Hedef Kavram Yanilgisi: Bir cisim baska bir cismi ivmeli bir hareket yaparak

iterken/cekerken aralarindaki kontak kuvvetleri esit degildir.

Amaclar:

1.

10.

Ivme ile kuvvet kavramlariin ayn1 olmadigin1 anlamak ve bu iki kavrami
kendi kelimeleri ile ifade edebilmek,

Dinamigin temel prensibi ile etki-tepki prensibinin iliskisini kurabilmek,
Ivmenin her zaman hareketle ile ayn1 yonde olmak zorunda olmadigini
anlamak,

Ivme ile hiz kavraminin ayn1 olmadig anlamak,

Bir cisim bagka bir cismi ivmeli hareket yaptirip iterken/cekerken bile
birbirlerine uyguladiklan kontak kuvvetlerinin esit oldugunu anlamak,
Ivmeli hareket yapmakta olan bir sistemde iplerdeki gerilme kuvvetini
yorumlayabilmek,

Temas halindeki cisimler arasindaki kuvvetlerin esit fakat zit yonlii
oldugunu anlamak,

Temas halinde uygulanan kuvvetlerin farkli cisimler {izerinde oldugunu ve
bir cisim iizerinde sadece diger cisimden kaynaklanan tek bir kuvvet
oldugunu anlamak,

Kuvvetin cisimlerin sahip oldugu bir 6zellik olmadigin1 aksine cisimlerin
birbirleriyle etkilesiminden dogan bir biiyiikliikk oldugunu anlamak,

Hareket eden cisimlerin eylemsizliklerinden dolayr iclerinde kuvvet

barindirmadigini, hareketin kuvvetin gostergesi olmayacagini anlamak,
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11. Newton’un 3. hareket kanunu gercek hayatta karsilasabileceg§imiz diger
durumlara ve orneklere (itme, ¢ekme, siiriikleme vb.) uygulayabilmek, bu
olaylan fizik kanunlar1 acisindan yorumlayabilmek,

12. Newton’un 3. hareket kanunu’nun gercek hayatta karsilagabilecegimiz diger
sosyal, ekonomik, duygusal, cevresel vb. durumlarda da aslinda gegerli

olabilecegini anlamak ve her sosyal durumu bu yoniiyle gdzlemleyebilmek,

Materyaller:

1. Bir cift biiyiik yay,

2. Bir cift benzer yay,

3. 1-2m uzunlugunda kalin bir ip,
4. Birkag 6grenci,

5. Harf ve say1 kartlari,

6. Neler anlamhidir 6lcekleri.

Sunus:
1. Derse baslamadan once yoklama aliniz.

(Yoklamay titizlikle aldiginizdan emin olunuz. Simifi sayarak listedeki
Ogrenci sayist ile siniftaki 6grenci sayisinin esit olup olmadigini kontrol ediniz).

2. Bir onceki derste ne yaptigimiz1 bir iki climle/soru vb. ile 6zetleyiniz
veya Ozetletiniz.

3. Neler anlamlidir 6lgekleri ile harf ve say1 kartlari dagitiniz.

“Evet arkadaslar oncelikle neler anlamhdir 6l¢eginin en iist kismina
biiyiik harflerle herkesin M7a yazmasim istiyorum. Ve cevaplarimizi liitfen
tikenmez kalem kullanarak isaretleyiniz. Tiikenmez kaleminiz yoksa tekrar
hatirlatiyorum liitfen ders ilerledikce cevaplarinizi degistirmeyiniz”.

4. Projektorden size verilmis olan ilgili PowerPoint sunusunu a¢imz. ilk
olarak 7a kavram yanilgisinin hedef sorusunu sorunuz.

(B Universitesi ve A Universitesi icin de 7a’3 olarak onerilmis olan
hedef benzetmeyi sorunuz). “Evet, sekildeki cisim digerini iterek ivmeli bir
hareket yaptirirken birbirlerine uyguladiklart kuvvetler esit midir? Bu cevabiniz
size ne kadar anlamli gelmektedir? Liitfen cevaplarinizi M7a yazdigiiz oylama
kagidinin 1. oy kismint doldurarak belirtiniz”. (Bu sekilde her defasinda kaginci
oyu isaretlediklerini siirekli hatirlatiniz).

5. Cevaplarim1 NAQ’ye isaretlettiriniz.
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6. Harf ve say1 kartlarin1 kullanarak cevaplarimi gostermelerini isteyiniz.

(Bu 3. hafta oldugu ve oOrnekler birbirine benzedigi i¢cin Ogrenciler
sikilmaya baslayabilirler. Onlarin motivasyonunu artirmak icin bir seyler
diisiinmelisiniz. Espri yapimz. Onlart olayin icine daha ¢ok katimz. Gosteri
deneyleri yaptirimiz. Bunun i¢in bu ilk oylama iglemlerini cabuk ge¢menizde
fayda olacaktir. Tartigmalari, benzerlikleri ve farkliliklar1 sona birakabilirsiniz).

7. Temel benzetmeyi slaytlardan gosteriniz. Cevaplarimi NAQO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarimi gostermelerini isteyiniz.

(B tiniversitesi i¢in 7a’2, A {iniversitesi i¢cin 7a’17a olarak 6nerilmis olan
temel benzetmeyi sorunuz. Yalmiz burada B iiniversitesi icin verilen Ornek
agirlikli bayanlar i¢in calisan bir 6rnektir. Bu yiizden B iiniversitesi igin
birlestirici benzetmelere baglarken ilk olarak zorunlu dnerilen ve kenarinda “3”
isareti olan 7a’2la Ornegiyle baslamamzi tavsiye ederiz. A {niversitesi icin
verilen Ornek ise hem bayanlar hem de erkekler i¢in temel benzetme torbasinda
olan bir ornek oldugu icin bu drnekte ekstra bir hassasiyet mevcut degildir. Bu
temel benzetmeler biiyiik bir olasilikla ¢alisacaktir ama yine de eger drneklerin
iyi ¢alismadigi kanmisina varirsaniz kavram semasindan baska ornekler secip
uygulayiniz).

8. Onerilen birlestirici benzetmeleri sorunuz. Cevaplarini NAO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarini gostermelerini isteyiniz.

(Zorunlu onerilen sorular tablosuna veya kavram semasina bakarsaniz B
tiniversitesi i¢cin 7a’21a, 7a’17b ve 7a’14a, A iiniversitesi icin ise 7b’18a, 7b’14a
ve 7b’13b oOrneklerinin birlestirici benzetme olarak Onerildigini goreceksiniz.
Minimum olarak bu ii¢c benzetmeyi oylatimz. Ogrenciler sikilmasin diye bu
orneklerin kendi iclerinde benzerliklerini/farkliliklarimi, bu 6rneklerin temel
benzetme ve ayrica hedef benzetme ile olan benzerlik ve farkliliklarini tartigma
ve tartigtirma isini birkag ilgi ¢ekici teorik bilgi veya gosteri deneyinden sonraya
birakiniz).

(Gerekli goriirseniz, yani uygulama sirasinda cinsiyete bagh yanlig
cevaplar ya da kullanilan benzetmelerin istediginiz kavramsal sigramay1
saglatamadigini vb. hissederseniz daha fazla birlestirici benzetme oylatiniz.
Veya bazilarim1 gosteri olarak yaptiriniz. Burada farkli 6zelligi olan birlestirici
benzetme varsa onlar1 da oylatmak faydali olacaktir).

9. Amaglarda belirtilen bagliklarla ilgili olanlardan 3. kanun ile ilgili
gerekirse bagka bilgiler verelim ve gosteri deneyi yapalim.

(Oncelikle biraz daha ivme kavramindan bahsediniz. Giinliik hayatta
nasil ve nerelerde karsimiza ¢iktigindan bahsediniz. Newton’un 1., 2. ve 3.
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kanunlarinin entegrasyonunu yapiniz. Birbirleriyle iliskilerini biraz anlatiniz.
Sonra asagidaki gosteri deneylerini yapiniz).

“Ibrahim ile Can siz ikiniz gelir misiniz liitfen. Su yay1 alimiz. ibrahim
sen bir ucundan Can sen bir ucundan tut liitfen. Simdi Ibrahim sen cek, Can sen
de birakma sakin. Bu sekilde bu islemi yaparak git gide hizimiz1 artirarak ayni
yonde ilerleyiniz. Evet arkadaslar sizde yayr inceleyiniz. Bu sefer Ibrahim
cekmeni degil itmeni istiyorum. Liitfen dikkatli bir sekilde iter misin? Can sende
yayr birakma liitfen. Bu sekilde sabit hizli aym yonde ilerleyiniz. Evet
arkadaslar gordiigiiniiz gibi sabit hizli hareket yapiyor arkadaslariniz. Acaba bu
durumda uygulanan kuvvetler esit midir? Hangi kuvvetler? Can’in yaya?
Ibrahim’in yaya? Yayn iki ucundaki kuvvet?”.

(Isterseniz iki farkh sertlikte yay1 alip, birbirine takimiz. Can ile Ibrahim
yine iterek ayni hareketi yapsinlar. Yaylar inceleyeniz. Aym mi sikistilar?
Farkli m1 sikistilar? Aym da sikigsa farkli da sikigsa cevabimiz degisir miydi?).

(Isterseniz bu seferde iki ayni sertlikte yay1 alip, birbirine takimz. Can ile
Ibrahim yine iterek ayni hareketi yapsinlar. Yaylari inceleyeniz. Ayni mi
sikistilar? Farkli m1 sikistilar? Ayni da sikigsa farkli da sikigsa cevabiniz degisir
miydi?).

(Bu sefer iki bayan 6grenci cagiriniz. Onlar da benzer bir gosteriyi ip
kullanarak yapsmlar. Neler degisti? Siirtiinmenin rolii ne burada? Siirtiinme
olmasa ne olurdu? Tek tek kuvvetleri beraberce tartisarak cikarimiz. Tahtaya
yaziniz).

(Peki bayanlardan bir tanesi digerini siiriikleyerek (ip veya yay
kullanmadan sirtindan tutarak) siirekli hizin1 artirarak ¢ekseydi ne olurdu? Bu
durumda kuvvetler i¢in ne sdylenebilir. Tartisiniz).

(Bu gosteriler ile slaytlardaki benzetmelerin baglarim  kurunuz.
Newton’un ikinci kanunu iizerinde biraz daha durunuz. Isterseniz sistem
kavramini anlatiniz. Yani bir eleman {izerindeki kuvvetleri gosteriniz. Nasil
hareket eder su su kuvvetler varsa? diye sorunuz. Sonra diger elemanlar
iizerindeki kuvvetleri tartigimz/konusunuz. Isterseniz soyle bir 6rnek veriniz).
“Arabaniz yolun iizerinde bozuldu. Disarida cok yagmur yagiyor. Arabayi en
yakin 500 m uzaktaki benzinciye itmeniz lazim. Arabada da kiz arkadasiniz var.
Ona hava atacaksimz. Bashiyorsunuz kollarinizi sivamaya ve kaslarinizi
gostermeye. Arabanin igcinden disar1 ¢cikmadan biitiin giiciiniizle direksiyondan
arabay1 itiyorsunuz. Arabay1 benzinciye kadar itebilir misiniz? Sizin direksiyona
uyguladiginiz kuvvet ile direksiyonun size uyguladigi kuvvet esit midir? Acaba
bu durumda kashyim ve hirshyim demek isterken zekadan Odiin veriyor
durumuna diisityor musunuz? Peki olay1 toparliyor ve arabanin digina ¢ikip ayni
kuvvetle o yagmur altinda itmeye basladiniz. Bu sefer arabayi itebilir misiniz?
Kuvvetler esit midir? Neler degisti? Sistemin i¢inde olmak ne demek, sistemin
disinda olmak demek? Bu ornek iistiinde diisiiniiniiz. Iste arabanin icindeki kisi
arabay1 iterken, kuvvetler sistem iginde oldugu i¢in mi birbirini dengeliyor?
Ornegin atom igersinde de bir siirii cesit kuvvet var. Niye atomlar dagilmiyor?
Ya da diinyanin digina ¢ikiniz. Diinyaya disardan baktiginizi var saymiz. Diinya
icersinde de bir siirii kuvvet var. Bunlar birbirine esit ama sistem igersinde mi? .
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Dengeli mi? Diinyanin durumunu degistirmek istersek ne yapmaliy1z? Arabay1
itmeye calisan ¢cocugu diisiintintiz”.

(Bu tarz biraz daha kafa karistirict ve iist diizey sorularla dikkati toplayip
asil anlatmak istegimiz benzetmeleri toparlamaya calisiniz. Benzerliklerini ve
farkliliklarini tartisiniz. Teorik bilgi vermeye, olay1 irdelemeye ta ki 6grencilere
anlamli gelmeye basladigim diisiindiigiiniiz ana kadar devam ediniz).

10. Son kez hedef benzetmeyi tekrar oylatiniz. Cevaplarimi NAO’ye
isaretletiniz. Kartlarin1 kaldirarak cevaplarimi gostermelerini isteyiniz.

(Oylama sonuglarina gére uygulamayi sonlandiriniz).

11. Bu uygulamanin son dersi oldugu i¢in Ozeti biraz genis tutunuz.
Newton’un 3. kanunu ile ilgili uygulama disinda da 6grencilerin bilmesi
gereken bilgiler varsa onlar1 da verdiginizden emin olunuz.

(“Newton’un 3. kanunu, kuvvetlerin esit, zit yonlii, farkli cisimler
iizerinde oldugunu sdyler. Ayrica bir kuvvet ¢iftinin etki-tepki ¢ifti olabilmesi
icin bu sdylenen ozelliklere sahip oldugu gibi etki-tepki kuvvetlerin ayn1 cins
olmas1 gerekir.” seklinde kanunu son bir kez 6zetleyiniz). “Sonuc olarak bu
derste 6grendigimiz nedir arkadaslar? Demek ki bir cisim bagka bir cismi ivmeli
bir hareket yaparak iterken/¢ekerken de aralarindaki kontak kuvvetleri esit ve
Newton’un 3. kanunu gecerlidir. Daha Onceki derslerde ne Ogrenmistik?
(Bekleyiniz) Demek ki ne oluyormus? Cisimler farkli sertlikte, farkli kiitleli,
farkli biiyiikliikte veya farkli giicte, canli veya cansiz olsalar, farkli hasar
gorseler, farkli hizda olsalar, biri digerinden daha aktif olsa, sabit hizla
birbirlerini itseler de Newton’un 3. kanunu gecerlidir? Vay be ne kanunmus?
Degil mi arkadaslar? Peki o zaman Newton’un 3. kanunu ne zaman gegerli
degildir? (Biraz bekleyiniz. Cevap gelirse aliniz). Bakiniz bu cisimler hep temas
ediyorlar. Yani hep oOzetledigimiz benzetmeler temas kuvvetleri, cevap bu
olabilir mi? Yani eger alan kuvveti olsaydi bunlar, cevabimz degisir miydi?
Kiitle ¢cekim kuvveti, elektromanyetik kuvvet, manyetik kuvvet gibi?”.

(Kiitle ¢cekim kuvvetinden bahsediniz biraz, agirlikla olan iligkisini, sira
tizerinde duran kitap Ornegindeki c¢izimleri hatirlatiniz). “Yani bu kanunun
gecerli olmadig: bir yer ve durum bulamazsiniz. Bu sosyal hayatta da boyledir.
Para piyasalarim diisiiniiniiz. Ne zaman iyi veya kotil bir sey olsa para piyasalari
sarsilir. Etkiye tepki. Ornegin bu smifta ben kag kisi varsa o kadar kisiye ders
anlatabilirim. Daha fazlasina degil. Derdim bilgili oldugumu gostermekse,
sadece bu 42 kisiye bunu gosterebilirim. Ama 43 degil. Derdim zekam
gostermekse smifta sizler olmasaniz ben kime zekami gosterecegim? Yani siz
olmazsaniz hava atmanin bir manast yok? Yani etkiyi degerli kilan tepkinin
olmas1? Tepki olmadan etki olamaz? Ya da etki olmadan tepki olmaz?”.

“Dolayisiyla biz bu uygulamayla bir etki yapmaya calisik. En kisa
stirede umariz ki olumlu tepkilerinizi, iyi notlar ve basar1 olarak bekliyoruz.
Haftaya atiglar ve momentum konulariyla devam edecegiz. Herkese iyi giinler.”
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APPENDIX G

CONCEPT DIAGRAMS

202

!

17) Demir masa

9) Bovling topu

15) Cam masa

4
* ~
- 4) Futbol topu
10) Trambolin
16) Mukavva karton
8) Deniz topu
11) Sert yay 6) Stinger minder - 6

13) Araba lastigi

[+0

.

1) Patlamayan balon

=

-

5) Puf minder

18) Plastik masa

=

7) Bulagik Siingeri

2) Basketbol topu

Temel Benzetmeler

Birlestirici Benzetmeler

Hedef Benzetmeler
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Duvara dayal: bozulmayan yay
ve hasar yok

Yangm musluguna dayalt deniz
topu ve hasar yok

i’ Y

54) Arabale top

Yangin musluguna dayalt yay
ve hasar yok

Yangin musluguna dayal: deniz
topu ve hasar yok

o

5b) Musluk ile top

PR -3

3) Araba yangin musluguna
carpmakta ve sadece araba hasarl

Yangin musluguna dayalt yay
ve hasar yok

N

6a) Araba ile yay

iy

Duvara dayals patlamayan deniz

topu ve hasar yok

* F ) Ak yangin musluguna
15b) v o top carpmakta, sadece musluk hasarli
Duvara dayah patlamayan deniz Yangin musluguna dayal deniz topu,

sadece musluk hasarl

w0

13a) Araba ile top 7b) Musluk ile top

topu ve hasar yok

11) Araba duvara garpmakta ve
her ikisi de hasarl

Yangmn musluguna dayals yay,
sadece musluk hasarl

o

8b) Musluk ile yay

Ikisine de dayals deniz
toplart ve hasar yok
!

12) Araba duvara garpmakta ve

duvar hasarli ?

| %

4) Araba yangin musluguna
carpmakta ve her ikisi de hasarl

15b) Duvarile 2. top

Duvara dayali bozulmayan yay
ve hasar yok

10) Araba duvara garpmakta ve
arsbahasarh [

1) Araba yangin musluguna
carpmakta ve hasar yok
14a) Araba ile yay

Ikisine de dayals deniz
toplar ve hasar yok
12

Yangmn musluguna dayals yay,

Yangun musluguna dayals deniz topu,
sadece musluk hasarli

sadece musluk hasarle

ol oo O

15a) Araba ile 1. top 8a) Araba ile yay 7a) Araba ile top

=
19) Araba duvara garpmakia {__I
ve hasar yok

Temel Benzetmeler Benzetmeler Hedef Benzetmeler




Can ayni giigteki patenciyi iterken

Cn (3= (U
i@

12) Can ile Umut

Avmi giigteki kisiler yayr iterken
Al Kaan

4a) Ali ile yay

Avw giigteki Kisiler yayt iterken

Al Kaan

]

4b) Kaan ile yay

A Universitesi - Kavram Semasi 3

Duvara dayalt deniz topun iterken

26b) Duvarile top

Duvara dayali deniz topunu iterken

Can aymt giigteki Umut'u
tekerlekli kasadan iterken
can ¢ £3Umut

14b) Umut ile tekerlekli kasa

Can aynt giigteki Unut'u
bovling topundan irerken

Can ¢ Umut

16b) Umat ile bovling topu

Avm giigteki Kisiler deniz topuni iterken

Al ? %Kmn

1b) Kaan ile deniz topu

Avm giigteki Kisiler deniz topun iterken

Al ? % Kaan

1a) Al ile deniz topu

Ay giigteki Kisiler bovling topunu iterken
Al Kaan

3a) Al ile bovling topu

Avm giigeki Kisiler bovling topunu irerken
Al Kaan

3b) Kaan ile bovling topu

Ay giigteki kisiler tekerlekli kasay irerken
Al Kaan

O Q
AFod 0,

2b) Kaan ile tekerlekli kasa

Ali duvar iterken

21) Al ile duvar

Can aynt giigteki Umut'u tekerlekli
kasadan iterken

Con gy
15b) Umat e yay
Can aynt giigteki Umut’u bovling

topundan iterken
Can (3 Umut

Can aynt giigteki Umut'u
deniz topundan iterken

can (j x £3Umut

13b) Ut ile deniz topu
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gilcteki Kisiler birbirini iterken
A Veli

10) Ali ile Veli

| %
—————

Can kendinden giigsitz patenciyi iterken
Can 3= 5 Sedat

« A

11) Canile Sedat

arkly giigeki kisiler bovling topunu iterken
Al Veli

7a) Ali ile bovling topu

arkly giigieki kisiler bovling topunu iterken
Al Veli

7b) Veli ile bovling topu

Farkls giigteki Kisiler deniz topunu iterken
Al Veli

5a) Ali ile de

Farkls giigteki Kisiler tekerlekli kasayt irerken

.

6b) Veli ile tekerlekli kasa

Patenci duvar iterken

22) Can ile duvar

Can kendinden giicli patenciyi terken

Cin o= gy omr

)

17) Can ile Onur

Duvara dayalt tekerlekli kasayt
iterken

24a) Ali le kasa

Duvara dayalt tekerlekli kasayt iterken

24b) Duvar ile kasa

v giigteki Kisiler tekerleKli kasayt irerken

2a) Al ile tekerlekli kasa

Can ayni giicteki Umut'u deniz topundan iterken
Cun

U

13a) Can ile deniz topu

Ay giigteki kisiler
birbirini iterken

1 1
1 1
\ Al Kaan |
1 1
1 1

9) Ali ile Kaan

Can aym giigteki Umut'u yaydan iterken
o Cyumit

150) Can ile yay

Temel Benzetmeler

Duvara dayalt yayt iterken

Benzetmeler

Farkls giigteki kisiler tekerlekli kasayr iterken
A p o Vel

¥ Kl

6a) Al

ile tekerlekli kasa

Farkls giigteki kisiler deni topunu iterken

veli

Farkly giigteki kisiler yay iterken
Al Veli

8b) Veli ile yay

giigteki Kisiler yayt iterken
Al Veli

8a) Ali ile yay

Hedef Benzetmeler
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Birlestirilmis yaylar

Sert-Yumusak
—
Solel Sagel

16b) Sag el ile yumusak yay

soldan sikistinlirken

18a) Sol el ile bovling topu

sagdan sikistrilirken

-—
Sol el %F‘g o

19b) Sag el ile deniz topu

Birlestirilmis yaylar
Sert-Yumusak

g
. .=
ol el Sagel

15b) Sag el ile yumusak yay

carpisirken

2) Esit hizli bilardo topu
ile tenis topu

plastik gelik
- P 5P
10) Farkli kaportali esit hizl
araglar

carpisirken
13) Celik kaportals arag ile
duvar
garpisirken

12) Metal sag kaportal: arag ile
duvar

Birlestirilmis yaylar
Sert-Yumusak

—
= [l
Sol el /ﬁ U Sag el

16a) Sol el ile sert yay

iki yonlii sikistirilirken

17b) Sag el ile deniz topu

Birlestirilmis yaylar
Sert-Yumusak
-—

14b) Sag el ile yumusak yay

carpisirken
plastik metal sag

S =
9) Farkl1 kaportalt esit hizh
araclar

5) Esit hizh bilardo topu
ile beton parca

carpisirken

7) Esit hizh bilardo topu
ile demir bilye

carpisirken

6) Esit hizl bilardo topu
ile mermer cisim

11) Plastik kaportals arag ile
duvar

Birlestirilmis yaylar
Sert-Yumusak
— -—

Solel Jmmwm[&@g el

14a) Sol el ile sert yay

soldan sikistnihirken

- N

18b) Sag el ile deniz topu

*

carpisirken
plastik plastik

8) Ozdes plastik kaportalt esit
hizli araglar

== jterken

20) Sert boynuzlu kegi
ile beton duvar

Birlestirilmis yaylar

Sert-Yumusak
e
| Ju—

15a) Sol el ile sert yay

| %

3) Esit hizli bilardo
toplart

]

iki yonlii sikistirilirken

. o

17a) Sol el ile bovling topu

sagdan sikastitlirken

-5 A

19a) Sol el ile bovling topu

Temel Benzetmeler

Birlestirici Benzetmeler

Hedef Benzetmeler
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sikistinlirken

SIXE.

14b) Sag el ile deniz topu

sikistinilirken

-
Selgj &&\ng el

14a) Sol el ile deniz topu

sikistirilirken

— -—
Sol ;J &Eag el

17b) Sag el ile sag deniz topu

sikistinhirken

— -
Solel lﬁ & Sagel

9b) Sag el ile sa yay

sikistinlirken

-, -
Snl%g el

7b) Sag el ile yay

sikisinhirken

° Sag el

15b) Sag el ile bovling topu

L1y

Sol

sikistinihirken

— -—
Sol elj o%‘hg el

15a) Sol el ile bovling topu

surihirken
—_

-—
Solel J %Sag el

17a) Sol el ile sol deniz topu

}'
&

11) Farkli hizh 6zdes deniz
toplart

e o —

carpisirken

e

16) Biri duran 6zdes deniz

}‘

-, -
* Se@&%g el

7a) Sol el ile yay

carpisirken
Y TS _
% OB G ios

13) Ayni hizli iki 6zdes araba

18) Ayni hizh 6zdes yay
baglt 6zdes arabalar

sikisunlirken

Solel Sag el

9a) Sol el ile sol yay

4a) Sol el ile bovling topu

Temel Benzetmeler

Birlestirici Benzetmeler

toplar
sikistinhirken carpisirken

6o o

10) Biri duran 6zdes iki araba

carpisirken

S N e —

5) Farkli hizli iki 6zdes araba

carpisirken
I

_ LTS
OO o LY =
12) Ozdes yay bagh farkl
hizli 6zdes arabalar

sarpisirken

‘ LTS
=0© O=®x

6) Biri duran zdes yay bagh
zdes arabalar

Hedef Benzetmeler
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8) Deniz topu bagh kiigiik araba.

2dan sikisanirken
e

i

ES Solel Sagel

21b) Sag el ile sag yay

sagdan sikistnlirken

* Solel, ! Sg Sagel

Tb) Sag el ile yay

18b) Sagt el ile sag top

| 5) Deniz topu bagh dzdes
baska bir arag

Temel Benzetmeler

18a) Sol el ile sol top

1b) Sag el ile deniz topu

sagdan sikistnlirken

7a) Sol el ile yay

saidan skistunirken

P
soel Jek aget

19b) Sag el ile bovling topu

-

19a) Sol el ile bovling topu

sagdan sikisunlirken

6a) Sol el ile bovling topu

21a) Sol el ile sol yay

Birlestirici Benzetmeler

carpsirken

22) Cekici kamyonet

2) Bisikletci

17) Deniz topu bagh yiik kamyoneti

carpisirken

* 0 ol i

4) Yay bagh yiik kamyoneti

Hedef Benzetmeler
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Aralarinda deniz topu olup
vosvosu ivmelendirirken

14a) Araba ile deniz topu

| %

Yaydan iterek ozdes aract
ivmelendirirken

18b) 2. araba ile yay

Ozdey aract ivmelendirirken

Aralarnda deniz topu olup
tankeri ivmelendirirken

o E

2) Ozdes baska aract ivmelendirirken

*

©oe
13b) Tanker ile deniz topu

Aralarinda deniz topu olup

Deniz topundan iterek izdes des aract ivmelendirirken tankeri ivmelendirirken
aract ivmelendirirken
2 CRON 5 N
Y oy " Wowy;
21a) 1. araba ile 1. deniz topu o=

17b) 2. araba ile deniz topu

13a) Araba ile deniz topu

Deniz topundan iterek szde
aract ivmelendirirken

5
\ Yaydan iterek izdes aract Aralarinda deniz topu olup
! ivmelendirirken vosvosu ivmelendirirken

- . E

14b) Vosvos ile deniz topu

18a) 1. araba ile yay

Temel Benzetmeler Birlestirici Benzetmeler Hedef Benzetmeler
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Ozdes aract sabit hizla hareket ettirirken

19a) 1. araba ile deniz topu

Ozdes aract sabit hizla hareket ettirirken Tankeri sabit hizla hareket ettirirken

[eN

22b) 2. araba ile 2. deniz topu -

15b) Tanker ile deniz topu

Tankeri sabit hizla hareket ettirirken
Ozdes aract sabit hizla hareket ettirirken

¢ -

5) Kiigiik aract sabit hizla hareket
ettirirken

19b) 2. araba ile deniz topu
15a) Araba ile deniz topu

Ozdes aract sabit luzla hareket ettirirken

Vosvosu sabit hizla hareket ettirirken

6) Ozdes aract sabit hizla

hareket ettirirken 16a) Araba ile deniz topu

Ozdes aract sabit huzla hareket ettirirken

Vosvosu sabit luzla hareket ettirirken LIe3

20b) 2. araba ile yay

16b) Vosvos ile deniz topu | 7) Su tankerini su:ﬂ hizla hareket
ettirirken
e —

Temel Benzetmeler Birlestirici Benzetmeler Hedef Benzetmeler
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=

7) Bulasik Siingeri

10) Trambolin

-

5) Puf minder

8) Deniz topu

Temel Benzetmeler

3) Ince plastik yay

210

1
1
% I
= |
9) Bovling topu
NN ——
*k
15) Cam masa
*k

17) Demir masa

=

12) Ince tahta

E|

11) Sert yay

13) Araba lastigi

[+0

2) Basketbol topu

=T

16) Mukavva karton

6) Siinger minder

14) Beton duvar

18) Plastik masa

4) Futbol topu

Birlestirici Benzetmeler

Hedef Benzetmeler
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Ikisine de dayalt deniz
toplari ve hasar yok

150) Arabaile 1. top

Yangin musluguna dayals deniz
topu ve hasar yok

o

5a) Araba ile top

Yangm musluguna dayalt deniz
topu ve hasar yok

o

5b) Musluk ile top

Duvara dayalt bozudmayan yay ve

hasar yok =)

14b) Duvar le yay

Yangn musluguna dayal: yay
ve hasar yok

Bl

6a) Araba ile yay

Duvara dayals patlamayan deniz topu
ve hasar yok

g

13a) Araba ile top

Duvara dayals patlamayan deniz topu

2) Araba yangin musluguna
carpmakta ve musluk hasarli

3) Araba yangin musluguna
carpmakta ve araba hasarl

13b) Duvar ile top

Yangn musluguna dayal: yay Yangin m;:lugurm ;1.;):1; delm; 1opu,
sadece musluk hasarl

ve hasar yok
0w Y

7b) Musluk ile top

6b) Musluk ile yay

=

11) Araba duvara garpmakta ve her

ikisi de hasarlt
* &

12) Araba duvara garpmakta
ve duvar hasarli

Yangin musluguna dayals yay,
sadece musluk hasarli

o

8b) Musluk ile yay

1) Araba yangin musluguna
garpmakta ve hasar yok

10) Araba duvara garpmakta ve
araba hasarl

Ikisine de dayal deniz
toplar ve hasar yok
'

9) Araba duvara garpmakta
ve hasar yok

eNy

15b) Duvar ile 2. top

Yangmn musluguna dayal: deniz topu,
sadece musluk hasarl

Yangmn musluguna dayals yay,
sadece musluk hasarlt

ol Bt e,

7a) Araba ile top

firasr

Duvara dayals bozulmayan yay v
hasar yok

8a) Araba ile yay

1
I
I
4) Araba yangin musluguna |
I

garpmakta ve her ikisi de hasarli
14a) Araba ile yay

Temel Benzetmeler Birlestirici Benzetmeler Hedef Benzetmeler



Can ay giicteki Unut'u tekerlekli
Kasadan iterken

can mt

14a) Can e tekerleki kasa

Can ayn giigteki Unt'u
‘bovling topundan iterken
¢ vt

16b) Umut ife bovling topu

Can ayn giigieki Unat'u yaydan iterken

0

Sumut

150) Can e yay

Ay giigteki kisiler bovling topunu irerke
Mo g
3a) Ali e bovling topu

i gitteki Kisiler tekerlekli Kasayi iterke

2b) Kaan ile tekerlekli kasa

vt giigreki isiler tekerlekli kasay: ierken
AR Kaan

2a) Al ile tekerlekli kasa

Can ayni gigrel
deniz topundan iterken

can St

13b) Umat le deniz topu

Can ayn giigteki Umut'u
tekerlekli kasadan iterken

14b) Umut e tekerleki kasa

A giigreki kisiler yayt iterken

A Kaan

e

4b) Kaan ile yay

Ay giigteki kisiler bovling topun iterken

An Kaan

*

3b) Kaan ile bovling topu

Can ayn giicteki Umut'u deniz topundan rerken
cn

¥

13a) Can ile deniz topu

Ut

Avmi giigreki isiter deniz topunu irerken

1) Aliile deniz topu

B Universitesi - Kavram Semasi 3

Farkls giigteki Kisiler tekerlekli kasay: irerken
A g Vel

w  Lbd

6a) Al ile tekerlekli Kasa

Avm giigreki kisiler yayt iterken

&naﬁ”‘"

4a) Ali ile yay

Ali duvar iterken
Farkly giiteki Kisiler tekerlekli kasay: irerken

6b) Veli ile tekerlekli kasa
21) Ali e duvar

v giigreki isiter deniz topunu rerken

1b) Kaan ile deniz topu

| %

Duvara dayalt deniz topunu iterken Duvara dayaly deniz topuni iterken

26a) Ali le top

Can ayn giigteki patenciyi iterken
Can 0y =

Ut

12) Canile Umut

Can-aynrgiigieki Umut'u
topundan iterken

ovling.

can S Ut

T———————n
Avm giigteki isiler

birbirini iterken

A Kaan

1
1
1
L _

Temel Benzetmeler

Duvara dayals ekerlei kasay

Farkls giteki kisiler birbirini iterken

A Vel

10) Aliife Veli

Farkls gigteki Kisiler deniz topunu irerken

. e

Sa) Al ile deniz topu

Earkls giigteki kisiler yayt iterken
Al Vel

]

Sa) Ali le yay

Can kendinden giicli patenciy iterken

Can gy 5 o
>

17) Can ife Onur

Can kendinden gitgsiiz patenciyi irerken

o Setut

11) Can ile Sedat

Farkls gigreki Kisiler deniz topunu iterken

Al Ve

b Veli ile deniz topu

Earkls giigieki kisiler bovling topunu iterken
A Vel

7a) Al ile bovling topu

Farkis giigteki kisiler bovling topunu iterken
A Vi

7b) Veli ile bovling topu

Can ayn giigteki Umat'u yaydan iterken

o ¢ Ut

15b) Umut ile yay

Earkls giigteki Kisiler yayu iterken
Al Ve

s

8b) Vel ile yay

Birlestirici Benzetmeler

Hedef Benzetmeler
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soldan siksstinliken

18b) Sag el ile deniz topu

soldan sikistnliken

18a) Sol el ile bovling topu

carpisirken

11) Plastik kaportal arag ile

duvar

12) Metal sag kaportals arag ile
duvar

ikiyonli sikisunliken
T
-5 iy

17a) Sol el ile bovling topu

13) Celik kaportal ara ile
duvar

Birlestirlis yaylar
- Yumosak

= Jm,

Solel Sagel

16b) Sag el ile yumusak yay

Birlegtrilmis yaylar
‘Sert-Yumusak

- Ji,

Solel sagel

16a) Sol el ile sert yay

213

usirken
plastik plastik

8) Ozdes plastik kaportals esit
1zl araglar

Birlegtrilmis yaylar
‘Sert Yumusak

e = Jmk=,

14b) Sag el ile yumusak yay

| %

iki yonli sikastrthrken

e~ &

17b) Sags el ile deniz topu

Temel Benzetmeler

| 1
carpisirken
Birleirimis yayla 1 plastik gelik I
Sert-Yumusak | |
a I
wn - — 10) Farkli kaportali esit hizh
ol eeel I araglar [l
142) Sol el e sert yay
sagdan stkastribrken
-—
Solel S
* 5) Esit hizh bilardo topu
19a) Sol el ile bovling topu ile beton parga
e e
p plastik metal sag
9) Farkhi kaportali esit izl
159) Sol el ile sert yay araglar
sagdan shasunlrken carprsirken
-—
.. ., <@

19b) Sag el ile deniz topu

Birlestirilmis yaylar

ey
.
&A@ i “&;@

15b) Sa el ile yumusak yay

20) Sert boynuzlu kegi
ile beton duvar

Birlestirici Benzetmeler

2) Esit hizh bilardo topu
ile tenis topu

carpisirken

7) Esit hizh bilardo topu
ile demir bilye

garprsirken

=@ O=

6) Esit hizli bilardo topu
ile mermer cisim

Hedef Benzetmeler



skistrirken
- -

Solel,

7a) Sol el ile yay

ssurtlirken
-—

Solel Sagel

9a) Sol el ile sol yay

SIBBE..

17a) Sol el ile sol deniz topu

17b) Sag el ile sag deniz topu

_,  skisnken

S0

4a) Sol el ile bovling topu

14a) Sol el ile deniz topu

—_ rken -—
ST

4b) Sag el ile bovling topu

*

sikistinlirken

9b) Sag el ile sag yay

ag el

carpisirken

-

8) Esit hizhi ozdes deniz toplan

carpsirken

(AT
6 B

18) Ayni hizh ozdes yay
bagh dzdes arabalar

Temel Benzetmeler

S
o=

skastirlirken

Solel

Sagel

7b) Sag el ile yay

-

IR

14b) Sag el ile deniz topu

-—

15a) Sol el le bovling topu

-
Zek..

15b) Sag el ile bovling topu

B Universitesi - Kavram Semas1 5

=

214

carpisirken

o

11) Farklt hzh 6zdes deniz
toplart

carpusirken

*
- 12) Ozdes yay bagh farkls
huzlh dzdes arabalar

B

10) Biri duran dzdes iki araba

O —©OF=

6) Biri duran dzdes yay bagh
ozdes arabalar

Birlesti

Ici

Benzetmeler

carpusirken

6 &

5) Farkli hizlh iki ozdes araba

carpisrken

16) Biri duran dzdes deniz
oplar

Hedef Benzetmeler
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1) Sol el ile deniz topu

215

sadan sikisunlirken

IKE..

1b) Sag el ile deniz topu

| %

6b) Sag el ile bovling topu

7a) Sol el le yay

| %

I

e

21b) Sag el ile sag yay

6a) Sol el ile bovling topu

safidan sikasurilirken

o

19a) Sol el ile bovling topu

carpsirken
- o i~

12) Yay bagh ozdes baska bir arag

15) Ozdes baska arag

17) Deniz topu bagh yiik kamyoneti

1
-1 5) Deniz topu bagh szdes |
baska bir arag 1

sagdan sikastnlirken

-
Sotel Je&%:b;

19b) Sag el ile bovling topu

carpisirken

22) Cekici kamyonet

18b) Sa el ile sa top

10) Kilgiik bir araba

carpisirken
ol

4) Yay bagh yitk kamyoneti

Temel Benzetmeler

Birles!

Benzetmeler

Hedef Benzetmeler
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Yaydan iterek izdes aract
ivmelendirirken

(o1 %i E Ejnau

216

3) Su tankerini ivmelendirirken

Aralarinda deniz topu olup
tankeri ivmelendirirken

17b) 2. araba ile deniz topu

21a) 1. araba ile 1. deniz topu

©o-
18b) 2. araba ile yay
13b) Tanker ile deniz topu
Aralarmda deniz topu olup
Deniz topundan iterek vzdes nelendirirken
aract ivmelendirirken
Oe-
oo. 1) Kigiik aract ivmelendirirken
17a) 1. araba ile deniz topu
13a) Araba ile deniz topu
Deniz topundan iterek izdes Ozdes aract ivmelendirirken Aralaninda deniz topu olup
ten fometendivtrken vosvosu ivmelendirirken
[

14b) Vosvos ile deniz topu

= 12) Ozdes baska aract ivmelendirirken |

Yaydan iterek szdes aract
melendirirke

18a) 1. araba ile yay

Aralarinda deniz topu olup
vosvosu ivmelendirirken

* Oos 5 Eﬁ“mm

14a) Araba ile deniz topu

Ozdes aract ivmelendirirken

Temel Benzetmeler

Birlestirici Benzetmeler

Hedef Benzetmeler
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Tankeri sabit luzla hareket ettirirken

15a) Araba ile deniz topu

Ozdes aract sabit huzla hareket ettirirken

22b) 2. araba ile 2. deniz topu

| %

Ozdes aract

22a) 1. araba ile 1. deniz topu

sabit huzla hareket ettirirken

Ozdes aract sabit luzla hareket ettirirken

—
20a) 1. araba ile yay

217

gl |

7) Su tankerini sabit hizla hareket

ettirirken

5) Kiigiik ara a hareket

Ozdes aract sabit hizla hareket ettirirken

20b) 2. araba ile yay

[+O

Vosvosu sabit huizla hareket ettirirken

16b) Vosvos ile deniz topu

su sabit hizla hareket ettirirken

16a) Araba ile deniz topu

| %

1

I 1
e 1
I 6) Ozdes araci sabit hizla 1
hareket ettirirken

Ozdes aract sabit h

1 hareket ettirirken

19a) 1. araba ile deniz topu

=4

Ozdes aract sabit huzla hareket ettirirken

19b) 2. araba ile deniz topu

Tankeri sabit hizla hareket ettirirken

15b) Tanker ile deniz topu

Temel Benzetmeler

Birlestirici Benzetmeler

Hedef Benzetmeler



GENDER SPLITTED FREQUENCY TABLES

# %
1'3 77,9
1'8 74,5
111 73,1
110 72,6
1'1 70,5
1'6 67,1
1'5 65,2
1'16 63,1
1'13 61,9
1'4 61,0
12 59,5
1'7 59,0
1'18 57,3
112 57,1
1'14 54,7
1'9 54,3
1'15 52,5

1'17

51,6

APPENDIX H

A Universitesi - M1 - Kizlar

218

1'17

17 1'15

1'10 1'2 1'9

1'11 1'5 1'4 1'14

1'8 1'6 1'13 1'12

1'3 1'1 1'16 1'18
Anchor BA1 BA2 TARGET




1'4 71,6
1'14 69,5
117 67,4
1'1 67,4
112 66,3
1'9 66,3

A Universitesi - M1 - Erkekler

(11 ]

Anchor

1'16

1'9

1'12

1'1

1'17

1'14

1'4

BA2
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# %
24 73,5
2'9 72,8
211 72,3
21 70,4
2'13a 67,0
2'5b 66,3
2'5a 65,8
2'6b 65,4
2'13b 65,3
2'6a 65,2
2'14b 62,4
2'15a 60,2
2'15b 58,8
2'14a 57,6
2'8a 50,7
27a 46,0
2'10 43,6
212 43,6
2'8b 43,1
2'7b 41,0
22 38,8
%) 37,6

A Universitesi - M2 - Kizlar
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2'6a

2'13b

2'6b

2'5a 2'3
2'5b 22

2'13a 2'7b
2'1 2'14a 2'8b
2'11 2'15b 2'12
2'9 2'15a 2'10
2'4 2'14b 2'8a 2'7a

Anchor BA1 BA2 TARGET




# %
21 78,9
2'14a 77,9
2'14b 75,8
2'9 73,7
2'13b 73,7
2'15a 71,6

A Universitesi - M2 - Erkekler

2'6a
2'15a
2'13b
2'9
2'14b
2'14a
2'1

Anchor

2'4

2'11

BA2
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# %
3'9 82,9
3'2a 76,4
3'2b 75,5
3'3b 75,2
3'1a 75,0
3'1b 74,8
3'3a 74,8
3'4b 72,8
3'4a 72,5
3'12 70,0
3'15a 67,9
3'13b 67,4
3'13a 66,9
3'16a 63,9
3'14a 62,1
3'15b 62,1
3'14b 60,7
3'16b 60,0
3'21 57,6
3'26a 55,5
3'26b 54,9
3'25b 54,0
3'25a 53,5
3'24b 52,4
3'24a 51,4
3'22 48,6
3'5b 31,0
3'8a 30,8
3'8b 30,4
3'6a 29,4
3'17 28,6
3'6b 28,4
3'5a 26,4
3'7a 25,0
3'7b 24,8
3'11 22,1
3'10 20,7

A Universitesi - M3 - Kizlar
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3'10
3'12 3'11
3'4a 3'7b
3'4b 3'16b 3'22 3'7a
3'3a 3'14b 3'24a 3'5a
3'1b 3'15b 3'24b 3'6b
3'1a 3'14a 3'25a 3'17
3'3b 3'16a 3'25b 3'6a
32b 3'13a 3'26b 3'8b
3'2a 3'13b 3'26a 3'8a
3'9 3'15a 3'21 3'5b

Anchor BA1 BA2 TARGET




%

3'9

85,3

3'24a 63,2
322 62,2
3'24b 61,1
3'15b 60,0
3'13a 58,9
3'16b 58,9
3'16a 57,8
3'15a 56,8
3'13b 55,8
3'14b 54,7

A Universitesi - M3 - Erkekler

3'12
3'9

Anchor

3'14a

3'14b

3'13b

3'15a

3'16a

3'16b

3'13a

3'15b

3'24b

3'22

3'24a

3'25a

BA2

223




# %
4'3 86,0
4'8 84,0
4'14a 55,7
4'14b 55,5
4'17a 55,5
4'20 53,6
4'17b 53,5
4'13 51,0
4'16a 51,0
4'19b 50,7
4'12 50,5
4'18a 50,2
4'15b 49,3
4'16b 48,1
4'19a 47,9
4'18b 45,7
4'15a 44,8
4'11 43,8
4'6 39,8
4'7 38,6
4'5 37,9
4'9 37,6
4'10 37,1
42 32,1

A Universitesi - M4 - Kizlar

224

4'18b
4'19a
4'16b
4'15b
4'18a
412
4'19b 4'2
4'16a 410
413 49
417b 45
420 47
4'17a 46
48 4'14b 411
4'3 4'14a 4'15a
Anchor BA1 BA2 TARGET




%

4'3

87,4

4'15a 50,0
4'18a 49,5
4'14a 48,4
4'14b 48,4
4'19b 48,4
46 48,4
45 46,3
4'18b 44,2
410 44,2
42 432
4'19a 43,2
49 42,1

A Universitesi - M4 - Erkekler

4'8

4'3

225

4'9

4'19a

4'2

4'10

4'18b

4'5

4'6

4'19b

4'14b

4'14a

4'18a

4'15a

Anchor

BA1

TARGET




# %
58 86,4
518 86,0
513 84,3
5'4a 72,6
5'4b 71,4
57a 69,8
59a 69,4
5'14a 68,6
517a 68,3
57b 683
5'9b 68,3
5'15a 68,0
5170 68,0
5'14b 67,7
5150 67,2
5'6 42,6
55 35,7
512 34,7
516 33,1
510 32,5

5'11

31,2

A Universitesi - M5 - Kizlar

226

5'15b

5'14b

5'17b

5'15a

5'9b

5'7b

5'17a 5'11

5'14a 510

5'9a 5'16
513 5'7a 512
5'18 5'4b 5'5
5'8 5'4a 5'6

Anchor BA1 BA2 TARGET




# %
5'8 86,3
5'13 81,1
5'15b 76,8
5'18 76,8
5'17a 73,7
5'15a 73,7

512 36,8
510 36,5
5'11 33,7
5'16 33,3
5'5 30,5

A Universitesi - M5 - Erkekler

5'9a
5'15a
5'17a
5'18
5'15b
5'13
5'8

Anchor

227

5'5

5'16

5'11

510

512

5'6

BA2

TARGET




# %
6'12 76,6
6'15 75,4
6'5 74,9
6'1b 58,3
6'9 57,3
6'6b 55,2
6'18b 54,7
6'18a 53,5
6'19b 53,5
6'21a 53,0
6'1a 51,8
6'19a 51,7
6'7b 51,3
6'21b 50,8
6'6a 50,1
6'7a 49,4
6'8 42,2
6'10 39,0
6'17 35,4
6'22 34,2
6'4 34,2
6'2 31,0
6'13 29,9
6'14 29,4
6'16 29,4

6'11

28,4

A Universitesi - M6 - Kizlar

228

6'11

6'16

6'21a 6'8 6'14

6'19b 6'7a 6'13

6'18a 6'6a 6'2

6'18b 6'21b 6'4

6'5 6'6b 6'7b 6'22

6'15 6'9 6'19a 6'17

6'12 6'1b 6'1a 6'10
Anchor BA1 BA2 TARGET
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A Universitesi - M6 - Erkekler

# %
6'5 87,4
6'15 83,3

6'19b
6'1b 56,8 6'21b
6'18a 56,5 6'8
6'6b 55,8 6'7b
6'19a 54,4 6'9
6'21a 51,1 6'2
6'18b 50,6 6'18b
6'2 50,5 6'21a
6'9 49,5 6'19a
6'7b 47,8 6'12 6'6b
6'8 47,8 6'15 6'18a
6'21b 46,7 6'5 6'1b
Anchor - BA2




A Universitesi - M7a - Kizlar

230

# %
7a'17b 56,9
7a'17a 56,4
7a'18a 52,3 7a'14a
7a'21a 50,7 7a'21b
7a'18b 50,4 7a'18a 7a'2 7a'3
7a'2 50,2 7a'17a 7a'18b 7a'13b 7a'13a
7a'21b 49,0 7a'17b 7a'21a 7a'14b 7a'1
7a'l4a 46,9
7a'14b 42,4
72130 388 Anchor BA1 BA2 TARGET
7a'1 38,6
7a'13a 38,3
7a'3 32,8
A Universitesi - M7a - Erkekler
# %

7a'17a 51,1
7a'17b 48,9
7a'21b 48,9
7a'21a 47,8

7a'21a

7a'21b

7a'17b 7a'18b

7a'17a 7a'18a

Anchor BA2 -
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A Universitesi - M7b - Kizlar

# %
7b'6 62,4
7b'22a 60,7
7b'19b 59,0 7b'7
7b'19a 58,3 7b'19a 7b'20a 7b'15a
7b'22b 58,1 7b'19b 7b'5 7b'15b
7b'20b 57,4 7b'22a 7b'20b 7b'16a
7b'5 56,9 7b'6 7b'22b 7b'16b
7b'20a 56,4
7b'16b 48,6 Anchor BA1 BA2 TARGET
7b'16a 47,1
7b'15b 46,7
7b'15a 45,7
70'7 45,5
A Universitesi - M7b - Erkekler
# %

7b'16b 53,3
7b'15a 52,2
7b'22a 51,1
7b'22b 51,1 7b'16a

7b'22b

7b'22a

7b'15a 7b'20a

7b'16b 7b'15b
Anchor BA2




# %
11 75,9
1'3 72,1
1'8 63,6
1'10 60,8
1'16 60,0
1'11 60,0
112 55,0
1'6 49,3
1'5 48,6
17 45,9
12 42,1
1'13 38,6
1'4 35,6
117 31,4
1'15 30,0
1'9 30,0
1'14 28,6
1'18 27,1

B Universitesi - M1 - Kizlar

232

1'18

1'14

112 1'9

111 12 1'15

1'16 17 1'17

1'3 1'10 1'5 1'4
1" 1'8 1'6 1'13

Anchor BA1 BA2 TARGET




118

# %
1'8 100
17 96,0
1'3 95,0
1'10 90,0
1'16 88,0
112 88,0
111 84,0
1'5 84,0

64,0

14

64,0

B Universitesi - M1 - Erkekler

1'5
1'11
1'12
1'16
1'10
1'3
1'7
1'8

Anchor

1'14

1'4

1'18

BA2

233



# %
2'6b 70,4
2'13b 66,4
2'4 66,4
2'1 64,4
2'15a 63,8
2'11 63,2
2'14a 63,1
2'8a 61,7
2'6a 61,6
2'15b 61,5
2'14b 61,5
2'9 60,8
2'13a 60,0
2'5b 56,4
2'5a 53,3
2'10 41,5
2'3 39,2
2'8b 38,4
22 36,2
2'7b 34,4
2'7a 32,5
2'12 32,3

B Universitesi - M2 - Kizlar

234

2'14b

2'15b

2'6a

2'8a

2'14a 2'12
2'11 2'7a

2'15a 2'7b
2'1 2'6a 22
2'4 2'5b 2'8b

2'13b 2'13a 2'3

2'6b 2'9 2'10

Anchor BA1 BA2 TARGET




# %
2'6b 92,0
2'6a 90,0
2'4 82,9

2'7b 64,0
2'14b 63,3
2'14a 63,3
2'9 60,0
2'8b 60,0
2'8a 60,0
2'5b 60,0
2'1 60,0
2'10 57,1

B Universitesi - M2 - Erkekler

2'15a
2'4
2'6a
2'6b

Anchor

210

2'1

2'5b

2'8a

2'8b

2'9

2'14a

2'14b

2'7b

BA2

235



# %
39 80,0
3'16a 77,9
3'1b 75,0
312 75,0
34a 74,3
3'4b 74,3
3'13a 74,0
3'13b 74,0
3'14b 74,0
32a 73,3
31a 73,0
32b 72,4
33b 71,4
33a 67,6
3'15a 66,0
3'16b 66,0
3'14a 65,0
3'15b 60,0
3'25a 54,0
321 53,0
3'26a 52,4
324a 47,6
3250 43,0
322 41,9
3'26b 41,0
3'24b 39,0
3'6b 38,0
3'6a 34,7
3'5b 295
3'8b 29,5
37a 28,6
37b 28,6
35a 27.6
311 25,0
3'8a 23,8
317 23,0
310 16,2

B Universitesi - M3 - Kizlar

236

3'14a
3'16b
3'15a
3'3a
3'3b
3'2b
3'1a
3'2a
3'14b 3'10
3'13b 3'17
3'13a 3'6a 3'8a
3'4b 3'6b 3'11
3'4a 3'24b 3'5a
3'12 3'26a 3'26b 3'7b
3'1b 3'21 3'22 3'7a
3'16a 3'25a 3'25b 3'8b
3'9 3'15b 3'24a 3'5b
Anchor BA1 BA2 TARGET




# To
3'24a 100
3'3a 90,0
3'3b 90,0
3'12 80,0
3'24b 80,0
3'25a 76,0

3'6a 46,7
3'8b 44,0
3'7b 40,0
3'10 40,0
3'17 40,0
3'7a 35,0
3'8a 35,0
3'11 30,0

B Universitesi - M3 - Erkekler

3'1a
3'25a
3'24b
3'12
3'3b
3'3a
3'24a

Anchor

3'11

3'8a

3'7a

3'17

3'10

3'7b

3'8b

3'6a

BA2

237



# %
43 95,0
48 87,4
417b 55,3
420 54,1
419b 50,0
4'14b 49,4
4'15b 48,8
4'15a 45,0
419a 42 4
413 38,9
4'16a 38,8
414a 37,6
4'16b 37,5
411 36,7
412 36,7
417a 35,3
4'18a 33,3
4'18b 32,2
46 28,4
47 26,3
42 19,0
49 16,8
45 15,8
410 15,8

B Universitesi - M4 - Kizlar

4'8

4'3

412

411

4'16b

4'14a

4'16a

238

4'13

4'10

4'19a

4'5

4'15a

49

4'15b

42

4'14b

47

4'19b

4'6

4'20

4'18b

4'17b

4'18a

4'17a

Anchor

BA1

BA2

TARGET




# %
4'14a 95,0
4'14b 95,0
4'3 93,3
4'8 90,0
4'15a 90,0
4'19b 86,7

412

76,0

4'13

72,0

B Universitesi - M4 - Erkekler

4'15b
4'19b
4'15a
4'8
4'3
4'14b
4'14a

Anchor

4'20

413

412

4'11

BA2

239




# %
5'13 81,0
5'18 80,0
5'8 78,3
5'9b 69,6
5'14a 69,1
5'4b 68,2
5'7a 67,8
5'4a 67,6
5'9a 66,1
5'17b 66,1
5'14b 64,5
5'7b 64,3
5'15a 62,7
5'15b 62,7
5'17a 61,7
5'6 37,3
5'16 35,7
5'10 32,7
5'12 32,7
5'5 31,3

5'11

22,6

B Universitesi - M5 - Kizlar

240

5'4a

5'7a 5'17a

5'4b 5'15b

5'14a 5'15a 5'11
5'9b 5'7b 5'5
5'8 5'14b 512
5'18 5'17b 5'10

5'13 5'9a 5'6 5'16

Anchor BA1 BA2 TARGET




241

B Universitesi — M5 - Erkekler

# %
5'15a 85,0
5'15b 85,0
5'9a 84,0
5'9b 84,0
5'8 76,0
5'18 76,0
5'14a 72,0 5'14b
5'14a
5'18
5'8
5'9b 5'6
5'9a 5'7b
5'15b 5'7a 5'11
5'15a | 513 | 55
Anchor - BA2




# %
6'12 78,0
6'5 77,1
6'15 67,6
6'19b 61,0
6'19a 56,8
6'6b 56,4
6'6a 55,5
6'21b 54,0
6'1b 52,4
6'18b 52,0
6'1a 50,5
6'18a 48,0
6'21a 47,6
6'9 45,7
6'7a 43,2
6'7b 43,2
6'8 42,9
6'4 31,4
6'10 31,4
6'22 31,0
6'14 30,0
6'11 29,0
6'17 26,7
6'16 25,0
6'13 24,0
6'2 22,7

B Universitesi — M6 - Kizlar

242

6'1a 62
6'18b 613
6'1b 6'16
621b 68 617
6'6a 67b 611
6'6b 67a 614
6'19a 69 6722
65 6'19b 621a 6'10
6'12 6'15 6'18a 6'4
Anchor BA1 BA2 TARGET




# %
6'5 96,0
6'1a 93,3
6'1b 93,3
6'6a 88,0

6'7b 75,0
6'17 72,0
6'6b 68,0
6'9 68,0

B Universitesi — M6 - Erkekler

6'19b
6'6a
6'1b
6'1a
6'5

Anchor

6'12

6'9

6'6b

6'17

6'7b

6'7a

BA2

243




244

B Universitesi — M7a - Kizlar

# %
7a2 63,8
7a'18a 52,4
7a17b 48,6
7a'17a 46,7 7a1
7a14a 46,0 7a21b
7a'18b 43,8 7a'13a
7a21a 43,8 7a21a
7a'13a 41,0 7a'18b 7a'3
7a21b 39,0 7a17b 7a14a 7213b
7a'1 39,0 [ 7a2 | 7a'18a 7a'17a 7a'14b
7a14b 35,2
;:,;3b gg:g Anchor BA1 BA2 TARGET
B Universitesi — M7a - Erkekler
# %
7a'13a 46,7
7a21a 46,7

7a'2 40,0 7a'17a
7a'14a 40,0 7a'21a 7a'14a
7a'13a 7a'2

Anchor BA2
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B Universitesi — M7b - Kizlar

# %
7b'6 67,6
7b'19a 59,0
7b'20b 57.1
7b'22a 57.1
7b'19b 56,2
7b'20a 55,2 7b'7
7b'16b 54,0 7b'19b 70'5
7b'22b 53,3 7b'22a 7b'22b 7b'16a
7b'15a 495 7b'20b 76'16b 76'15b
7b'15b 48,6 [ 7b'6 | 7b'19a 7b'20a 7b'15a
7b'16a 48,0
;E,? jg:g Anchor BA1 BA2 TARGET
B Universitesi — M7b - Erkekler

# %

70'6 533

7b'7
7b'20b 7b'5

7b'5 36,7 7b'6 7b'19b
Anchor BA2




APPENDIX I
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CRITERION FREQUENCY TABLES FOR CONCEPT DIAGRAMS

I1. FREQUENCY TABLES

University A — Misconception 1

A B C

# | Difference | Mean % Anchor(%) | Target (%) | Others(%) Yes %
1 _ 1'8 |76,9F 1'3 75,7 13,6 10,7 1'8 84,9
2 1,0 111 |75,9] 1'8 73,3 9,9 16,8 138 84,3
3 1,7 1'8 74,3} 1'10 70,9 9,7 19,4 111 |84,3
4 1,2 110 | 73,00 1'11 70,9 10,7 18,4 110 | 77,8
1 3,1 1'1 69,91 11 68,9 18,4 12,6 1'1 76,9
2 49 16 |65,00] 16 61,2 21,4 17,5 16 |72,2
1 0,6 1'5 |64,50 1'13 59,2 21,4 19,4 118 | 70,4
2 0,4 113 | 64,1 1'5 59,2 25,2 15,5 1'16 |70,4
3 0,6 116 |63,50 1'4 58,3 30,1 11,7 15 169,2
4 0,6 1'4 162,9] 1'16 56,3 23,3 20,4 1'7 |64,5
1 3,5 12 [59,4] 1'14 55,9 35,3 8,8 14 1639
2 0,6 112 58,8 17 54,9 27,5 17,6 112 63,0
3 0,2 17 58,6 12 54,4 32,0 13,6 114 | 61,1
4 0,2 118 |58,4 1'12 53,4 29,1 17,5 12 60,2
5 1,0 114 |57,50 1'15 52,9 35,3 11,8 115 [60,2
6 0,9 115 |56.,50 1'18 52,9 30,4 16,7 118 [60,2
7 0,0 1'9 |56.,50 1'17 51,0 36,3 12,7 19 |58,3
8 2,0 1197 |54,50 1'9 50,5 34,0 15,5 117 | 58,3
18

K 63,9 60,0 24,6 15,4 68,9

L 5,6 6,3 6,6

M 71,3 69,4 78,3

N 65,7 63,1 71,6

o 60,1 56,8 65,0

P 54,5 50,5 58,3




University A — Misconception 2

247

A B C

# | Difference | Mean %o Anchor(%) | Target (%) | Others(%) Yes %
1 _ 29 |[729] 29 71,6 13,7 14,7 29 180,6
2 1,0 21 |72,0] 21 67,6 16,7 15,7 21 |78,7
3 1,0 24 |71,0] 2'11 63,7 14,7 21,6 | 213b|787
4 1,0 211 [70,0] 24 62,7 15,7 216 | 213|759
5 2,5 2'13a |67,5] 2'5b 59,8 19,6 20,6 | 214b|759
6 0,6 2'13b |66,9] 25a 58,8 19,6 21,6 24 1750
7 0,7 2'6a |66,2] 2113a | 58,8 14,7 26,5 211 |71,3
8 0,5 2'5b |65,7] 213b | 57,8 16,7 25,5 2'6b [70,8
9 0,1 2'6b |65,6] 2%6a 57,0 17,0 26,0 | 2'15a |70,4
10 0,1 2'5a |65,5] 2'6b 57,0 19,0 24,0 | 2'14a |69,4
11} 0,6 2'14b |64,9] 214b | 54,9 19,6 25,5 2'6a | 68,9
1 2,5 2'15a [62,4] 214a | 50,0 225 27,5 2'5a [68,5
2 1,0 2'14a [61,4] 215a | 48,0 16,7 35,3 2'5b | 67,6
3 1,6 2'15b (59,8 2'15b | 44,1 21,6 343 | 215b |67,6
1 9,9 2'8a |49,9] 2'8a 33,7 34,7 31,7 2'8a [49,1
1 4,2 2'7a |45,7] 2110 32,7 48,5 18,8 2'7a | 41,1
2 1,9 210 |43,8] 2112 31,4 50,0 18,6 210 |37,0
3 0,4 212 |43,3] 27a 29,4 43,1 27,5 22 |36,1
4 0,4 2'8b |42,9] 22 28,4 53,9 17,6 2'8b |35,5
5 1,0 270 |42,0] 23 27,5 55,9 16,7 212 [352
6 1,8 22 |402] 27b 27,5 50,0 22,5 23 (324
7 1,6 23 |[386] 28b 255 45,1 29,4 2'7b | 32,1
22

K 58,1 47,6 28,6 23,8 59,9

L 8,6 11,5 12,1

M 64,4 60,0 68,4

N 55,8 48,5 56,3

o 47,2 37,0 442

P 38,6 25,5 32,1




University A— Misconception 3

A B C

# | Difference | Mean %0 Anchor(%) | Target (%) | Others(%) Yes %0
1 3'9 |84,3] 39 80,6 4,9 14,6 3'9 (90,7
2 9,3 3'2a | 75,0f 3'1b 71,8 13,6 14,6 3'1a | 84,3
3 0,4 3'2b | 74,6] 3'1a 70,9 12,6 16,5 3'3a [ 83,3
4 0,4 3'3b | 74,2] 3'3a 69,9 9,7 20,4 3'3b | 82,4
5 0,2 3'3a | 74.0] 3'3b 68,9 8,7 22,3 3'1b | 81,5
6 0,0 3'1a | 74.0] 3'2a 68,0 6,8 25,2 3'2a | 81,5
7 0,6 3'1b | 73,4] 3'2b 68,0 9,7 22,3 3'2b | 81,5
8 1,0 3'4b | 72,4] 3'12 66,0 17,5 16,5 3'4a 79,4
9 0,8 3'4a | 71,6] 3'4a 64,7 14,7 20,6 3'4b | 79,4
10 0,7 3'12 | 70,9] 3'4b 64,7 12,7 22,5 3'12 76,9
1 5,0 3'15a | 65,8] 3'13a 60,2 23,3 16,5 3'15a| 74,1
2 0,4 3'13a| 65,4 3'13b 60,2 23,3 16,5 3'16a| 71,4
3 0,2 3'13b | 65,2 3'15a 54,4 20,4 25,2 3'18a| 70,4
4 2,5 3'16a | 62,8] 3'16a 53,5 23,8 22,8 3'13b| 70,4
5 1,0 3'15b| 61,7] 3'15b 53,4 26,2 20,4 3'14a| 68,5
6 1,4 3'14a| 60,4) 3'21 53,4 28,2 18,4 3'16b| 67,6
7 0,6 3'21 | 59.8] 3'16b 52,5 28,7 18,8 3'15b| 67,3
8 0,0 3'16b | 59.8] 3'14b 50,5 29,1 20,4 3'14b | 66,7
9 0,2 3'14b | 59,6] 3'14a 49,5 26,2 24,3 3'21 | 62,0
10 1,7 3'26a | 57,9] 3'26a 47,6 26,2 26,2 3'25b| 59,8
11 0,4 3'26b | 57,5] 3'26b 46,1 27,5 26,5 3'26b | 59,8
1 3,0 3'25b | 54,4] 3'25a 44 1 29,4 26,5 3'24a| 56,1
2 0,1 3'25a | 54,3] 3'24b 43,7 32,0 24,3 3'26a| 55,6
3 1,3 3'24b | 53,04 3'25b 43,1 25,5 31,4 3'24b | 54,1
4 0,4 3'24a|52,6] 3'24a 39,8 32,0 28,2 3'25a| 53,2
5 2,6 3'22 150,04 3'22 39,2 36,3 24,5 3'22 45,3
1 18,6 3'8a | 31,4] 3'8b 16,7 64,7 18,6 3'5b | 24,1
2 0,4 3'8b | 31,0] 3'5b 16,5 61,2 22,3 3'8a [ 22,4
3 0,7 3'5b | 30,3] 3'8a 14,7 61,8 23,5 3'6b | 21,5
4 1,1 3'6a | 29.2] 3'6a 13,7 63,7 22,5 3'8b | 21,5
5 0,0 3'17 | 29.2] 3'6b 13,7 64,7 21,6 3'6a | 20,6
6 0,2 3'6b | 29,0] 3'5a 13,6 66,0 20,4 3'17 1 19,6
7 1,8 3'5a | 27,2] 3'17 12,7 63,7 23,5 3'5a | 19,4
8 1,2 3'7b | 26,00 3'7b 11,7 67,0 21,4 3'7b | 16,7
9 0,1 3'7a | 25,9] 3'7a 9,7 66,0 24,3 3'10 | 15,7
10 1,3 3'11 | 24.6f 3'11 8,7 68,9 22,3 3'7a | 14,8
11 0,0 3'10 | 24.6] 3'10 8,7 69,9 21,4 3'11 112,0
37

K 53,9 43,9 34,2 21,8 54,9]

L 14,9 18,0 19,7

M 69,4 62,6 71,1

N 54,5 447 51,4

o 39,5 26,7 31,7

P 24,6 8,7 12,0

248



University A — Misconception 4
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A B C

# | Difference | Mean | % Anchor(%) | Target (%) | Others(%) | Yes %
1 _ 4'3 (86,2] 43 83,5 29 13,6 4'3 1944
2 1,9 4'8 [84,3] 48 81,6 4,9 13,6 4'8 192,6
1 29,3 4'17a|55,0§4'17a 43,7 27,2 29,1 4'14b [ 55,6
2 0,2 4'20 |54,8] 4'20 43,7 35,0 21,4 4'20 55,6
3 0,4 4'14a 54,4 4'12 41,7 40,8 17,5 4'17a|55,1
4 0,2 4'14b | 54,2 4'17b 41,2 28,4 30,4 4'14a153,7
5 0,8 4'17b(53,3) 4'13 38,8 35,9 25,2 4'17b (51,9
6 1,0 4'16a|52,4] 4'14b 36,9 28,2 35,0 4'18a|51,4
7 0,9 4'12 [51,504'16a 36,3 27,5 36,3 4'13 50,0
8 0,2 4'13 |51,3§4'14a 35,9 243 39,8 4'16a (50,0
9 0,9 4'15b (50,4} 4'15b 34,3 29,4 36,3 4'12 1491
10 0,1 4'19b | 50,3] 4'18a 33,0 33,0 34,0 4'15b | 47,2
11 0,2 4'18a|50,1] 4'19b 32,0 30,1 37,9 4'16b | 46,2
12 0,7 4'16b | 49,4} 4'11 30,1 43,7 26,2 4'19b [ 45,8
1 2,4 4'19a| 47,00 419a 29,1 35,9 35,0 4'11 | 42,6
2 1,3 4'15a| 45,7] 4'16b 28,4 29,4 42,2 4'15a| 38,7
3 0,2 4'18b| 45,4] 4'18b 28,2 38,8 33,0 4'18b | 38,3
4 0,4 4'11 | 45,0 4'15a 27,5 35,3 37,3 4'19a| 38,3
5 3,7 4'6 |41,4] 4'6 26,2 49,5 24,3 4'7 | 36,1
6 0,6 4'7 | 40,8) 4'7 26,2 49,5 24,3 4'6 |35,2
7 1,4 4'5 |139,4] 42 25,2 60,2 14,6 4'9 |33,3
8 1,0 4'9 |1384] 45 25,2 52,4 22,3 410 | 33,3
9 0,0 410 (38.4] 4'9 25,2 55,3 19,4 4'5 32,4
10 4,3 42 (34,2 410 24,3 55,3 20,4 42 27,8
24

K 50,5 36,6 35,5 27,9 48,1

L 13,0 14,8 16,7

M 73,2 68,7 77,8

N 60.2 53.9 611

(o) 47,2 39,1 44 4

P 34,2 24,3 27,8




University A— Misconception 5

250

A B C

# | Difference | Mean | % Anchor(%) | Target (%) | Others(%) | Yes %
1 o 5'8 [86,4] 58 85,4 1,9 12,6 518 193,5
2 21 5'18 (84,3} 513 83,5 5,8 10,7 58 192,6
3 0,6 5'13 [ 83,7} 518 80,6 2,9 16,5 5'13 [90,7
1 11,5 5'4a | 72,2] 5'4b 66,0 13,6 20,4 5'4a 80,6
2 0,8 5'4b | 71,5) 5'4a 65,0 11,7 23,3 5'4b | 80,6
3 1,5 59a | 70,0} 5'7a 64,1 15,5 20,4 59a | 77,8
4 0,7 5'7a |69,3] 5'14a 64,1 17,5 18,4 5'7a 176,9
5 0,0 517a69.3] 59a 63,7 13,7 22,5 5'9b |76,9
6 0,3 5'15a(69.04 5'14b 63,7 18,6 17,6 515b|74,5
7 0,0 515b169.0f 5'9b 63,1 15,5 21,4 514a|74,1
8 0,1 57b |168,9] 5'7b 62,1 13,6 243 517a|74,1
9 0,2 5'9b | 68,7} 5'17b 61,8 15,7 22,5 57b 73,1
10 0,1 5'17b | 68,6 5'17a 61,2 13,6 25,2 515a(72,9
11 0,3 514a|68,3] 5'15a 59,8 14,7 25,5 514b|72,0
12 0,5 514b|67,8] 5'15b 59,8 16,7 23,5 517b]72,0
1 25,5 56 [42,3] 5'6 29,1 50,5 20,4 56 |35,5
2 7,2 512 | 35,1} 5'5 21,4 62,1 16,5 512 | 27,1
3 0,3 5'5 (34,8 512 19,6 57,8 22,5 55 [25,9
4 1,6 510 |33,2] 5'10 19,0 67,0 14,0 510 [ 24,8
5 0,1 5'16 | 33,1] 5'16 17,6 62,7 19,6 5'16 | 23,6
6 1,5 511 | 31,7] 5'11 15,5 62,1 22,3 5'11 121,3
21

K 61,8 53,6 26,4 20,0 63,8

L 13,7 17,5 18,1

M 72,7 68,0 75,5

N 59,0 50,5 57,4

o 45.3 33.0 39.4

P 31,7 15,5 21,3




University A — Misconception 6
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A B C

# | Difference | Mean | % Anchor(%) | Target (%) | Others(%) | Yes %
1 o 6'5 |77,3] 6'12 72,3 7.9 19,8 6'5 |88,8
2 0,0 6'12 |77,2] 6'15 72,3 7,9 19,8 6'12 |85,8
3 0,4 6'15 |76,8] 6'5 70,6 7,8 21,6 6'15 |85,8
1 18,8 6'1b | 58,0} 6'1b 47,1 31,4 21,6 6'1b | 57,0
2 2,2 6'9 [55,9] 6'9 45,1 33,3 21,6 6'6b | 56,6
3 0,6 6'6b | 55,3] 6'18a 42,0 30,0 28,0 6'9 |55,1
4 1,3 6'18a| 54.0§ 6'18b 42,0 33,0 25,0 6'19b 52,4
5 0,0 6'18b| 54.0] 6'6b 41,2 31,4 27,5 6'19a(51,0
6 0,1 6'1a [ 53,9] 6'1a 40,2 33,3 26,5 6'7a 50,5
1 1,2 6'21a|52,7] 6'6a 38,2 33,3 28,4 6'1a [50,5
2 0,5 6'6a |[52,2]6'19b 37,6 35,6 26,7 6'7b 49,5
3 0,0 6'19a|52.2] 6'7a 36,6 32,7 30,7 6'21a|49,5
4 0,1 6'19b|52,1] 6'7b 36,6 32,7 30,7 6'6a [49,1
5 0,8 6'7a | 51,3} 6'21a 35,6 29,7 34,7 6'18a (49,0
6 0,6 6'7b 50,7} 6'19a 35,0 35,0 30,0 6'18b 49,0
7 0,6 6'21b 50,1} 6'21b 34,7 32,7 32,7 6'21b|43,8
8 6,9 6'8 |43,2] 6'8 28,7 49,5 21,8 6'8 39,0
1 55 6'10 | 37,6} 6'10 25,5 54,9 19,6 6'10 | 29,9
2 1,4 6'4 [36,3] 6'4 245 53,9 21,6 6'4 [29,2
3 0,8 6'17 | 35,4] 62 20,8 55,4 23,8 6'17 | 28,3
4 0,8 62 |34,7] 6'17 17,8 53,5 28,7 6'2 |25,5
5 0,4 6'22 | 34,3] 6'22 17,8 54,5 27,7 6'22 |25,5
6 1,8 6'13 | 32,5] 6'16 16,8 61,4 21,8 6'13 [ 21,7
7 1,4 6'14 (31,1} 6'14 15,8 63,4 20,8 6'14 | 20,8
8 0,8 6'16 | 30,3) 6'13 14,9 59,4 25,7 6'16 | 19,8
9 0,9 6'11 |29,4] 6'11 13,7 62,7 23,5 6'11 [ 19,6
26

K 48,8 35,5 39,1 25,4 45,5

L 12,0 14,6 17,3

M 65,3 57,6 71,5

N 53,3 43,0 54,2

(o) 41,4 28,4 36,9

P 29,4 13,7 19,6




University A — Misconception 7a
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A B C

# | Difference | Mean % Anchor(%) | Target (%) | Others(%) Yes %
1 - 7a'17a| 56,5 7a'17a 38,4 23,5 38,0 7a'17a| 57,1
2 0,0 7a'17b %7a‘17b 37,5 24,5 38,0 7a'17b| 57,1
1 6,0 7a'18a|50,5] 7a'2 32,4 34,3 33,3 7a2 |51,4
2 0,3 /a'21a| 50,2 7a'21a 31,4 27,5 41,2 7a'18a]49,5
3 0,8 /a2 |49,4)7a'18a 30,7 28,7 40,6 7a'18b| 47,6
4 0,4 7a'21b| 49,0} 7a'18b 28,7 34,7 36,6 7a21a| 46,7
5 0,1 7a'18b| 48,9] 7a'21b 28,4 29,4 422 7a21b| 44,9
6 2,0 7a'14a| 46,9] 7a'14a 27,5 35,3 37,3 7a'14a| 36,4
1 41 7a'14b|42,7] 7a' 23,8 48,5 27,7 7a'14b| 33,6
2 2,9 7a'13a|39,8] 7a'14b 23,5 422 34,3 7a'13b| 32,1
3 0,0 7a'13b &73'1% 18,8 44,6 36,6 7a'13a| 31,1
1 2,2 7a'1l |37,6]7a'13b 18,8 45,5 35,6 7a'l | 28,3
2 4,6 7a3 |33,1] 7a'3 13,9 52,5 33,7 7a3 | 23,6
13

K 46,2 27,2 36,2 36,6 41,5

L 5,9 6,1 8,4

M 50,6 32,3 48,7

N 448 26,1 40,3

(o) 38,9 20,0 32,0

P 33,1 13,9 23,6




University A — Misconception 7b
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A B C

# | Difference | Mean % Anchor(%) | Target (%) | Others(%) Yes %
1 _ 7b'22a159,0] 7b'6 471 26,5 26,5 7b'6 |61,7
2 0,6 7b'6 |58,4] 7b'22a 422 17,6 40,2 7b'19a 60,7
3 1,4 7b"19b | 57,1 7b'22b 39,2 22,5 38,2 7b'19b | 59,8
4 0,2 7b'22b 56,9 7b'5 38,6 29,7 31,7 7b'22a| 59,4
5 0,4 7b'19a| 56,54 7b'19a 38,2 23,5 38,2 7b'20a| 57,0
1 1,7 7b'20b | 54,8] 7b'19b 37,3 20,6 422 7b'22b | 55,7
2 0,3 7b'20a | 54,5 7b'20a 37,3 28,4 34,3 7b'20b | 55,1
3 0,5 7b'5 |54,1] 7b'20b 37,3 24,5 38,2 7b'5 51,9
1 4,6 7b'16b | 49,4 7b'16b 33,3 32,4 34,3 7b'16b| 40,2
2 1,8 7b'16a|47,6] 7b'16a 32,4 34,3 33,3 7b'15a| 38,3
3 0,8 7b'15a 46,9 7b'15b 30,4 36,3 33,3 7b'16a| 38,3
4 0,2 7b'15b | 46,7] 7b'15a 28,4 35,3 36,3 7b'15b | 37,4
1 4,3 70'7 |42,4) 7b'7 22,5 39,2 38,2 7b'7 |33,6
13

K 52,6 35,7 28,5 35,8 49,9

L 42 6,1 7,0

M 54,9 40,9 54,7

N 50,7 34,8 47.7

(o) 46,5 28,7 40,7

P 42 4 22,5 33,6




University B— Misconception 1
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A B C

# | Difference | Mean %o Anchor(%) | Target (%) | Others(%) Yes %
1 _ 11 |75,9f 1'3 75,0 9,4 15,6 11 |81,1
2 3,7 18 |75,00 11 73,5 11,8 14,7 138 |77,8
3 0,0 1'8 69,4} 1'8 71,9 21,9 6,3 1'8 |68,4
4 3,7 110 |66,3] 1'10 62,5 15,6 21,9 1'10 | 67,6
1 7,4 116 | 64,4 116 59,4 18,8 21,9 1'11 |65,8
2 0,0 111 |63,6f) 112 54,5 21,2 242 1'16 |63,2
3 2,6 112 | 60,0 111 51,5 18,2 30,3 112 |60,5
4 0,0 1'5 |53,9) 17 46,9 37,5 15,6 1'5 50,0
5 1,1 1'7 53,8 15 45,5 33,3 21,2 1'6 |50,0
1 0,0 1'6 52,9 1'6 441 32,4 23,5 17 47,4
2 0,0 12 47,6 12 38,2 471 14,7 12 1405
3 2,7 113 43,50 1'13 32,4 55,9 11,8 1'13 |36,8
1 0,0 14 |40,0p0 14 28,1 56,3 15,6 1'4 |32,4
2 0,0 118 |32,7f 114 27,3 66,7 6,1 1'14 |24,3
3 1,0 114 |32,1f 1'15 22,6 64,5 12,9 1'17 |23,7
4 3,7 117 | 31,3f) 117 18,8 62,5 18,8 1'15 | 21,1
5 0,0 115 [31.00 19 16,1 61,3 22,6 1'18 |21,1
6 3,7 1'9 |31.0fQ 118 15,2 54,5 30,3 1'9 18,9
18

K 51,4 43,5 38,3 18,2 47,3

L 11,2 15,0 15,5

M 64,7 60,0 65,5

N 53,4 45,1 50,0

0 422 30,1 34,5

P 31,0 15,2 18,9




University B — Misconception 2
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A B C

# | Difference | Mean %o Anchor(%) | Target (%) | Others(%) Yes %
1 - 24 70,7} 24 68,8 21,9 9,4 24 76,3
2 0,7 2'9 170,00 2'11 64,5 29,0 6,5 2'6b 74,3
3 0,1 2'1 169,9] 2'6b 64,3 71 28,6 2'6a | 68,6
4 0,9 2'11 |69,0] 2'13b 61,3 19,4 19,4 2'11 |68,4
5 1,5 2'6b |67,5] 21 60,6 242 15,2 2'15a | 68,4
6 0,7 2'13b | 66,8] 29 59,4 25,0 15,6 2'14a | 66,7
7 0,6 2'13a | 66,2] 2'14a 59,4 18,8 21,9 2'15b | 66,7
8 0,2 2'6a |66,0] 2'14b 59,4 21,9 18,8 2'14b | 64,1
9 1,9 2'14b | 64,2] 2'13a 56,7 20,0 23,3 2'13b | 63,2
10 0,3 2'5b | 63.8) 2'15a 54,8 9,7 35,5 2'5b 62,9
11 0,1 2'5a |63.8]) 2'5b 53,6 28,6 17,9 21 60,5
12 0,4 2'15a | 63,3] 2'6a 51,7 13,8 34,5 2'9 160,5
1 1,5 2'14a | 61,8]) 2'5a 50,0 26,9 23,1 2'13a | 59,5
2 1,3 2'15b | 60,4} 2'15b 50,0 15,6 34,4 2'6a |55,9
1 8,0 2'8a |52,5) 2'8a 44.8 20,7 34,5 2'8a |54,3
1 8,2 2'7a |44,2] 22 37,5 59,4 3,1 2'10 |46,2
2 0,2 2'10 |44,00 2'10 35,3 58,8 59 2'3 421
3 1,1 2'8b |42,9] 23 34,4 62,5 3.1 2'8b 38,9
4 1,4 2'12 |41,5) 2'8b 25,8 41,9 32,3 22 36,8
5 0,1 2'7b |41,4) 212 242 66,7 9,1 2'7a 30,6
6 0,8 2'2 |40,6f 2'7a 23,3 50,0 26,7 2'7b 30,6
7 0,2 2'3 |40,4) 2'7b 20,0 43,3 36,7 2'12 |25,6
22

K 57,8 48,2 31,1 20,7 55,5

L 7,6 12,2 12,7

M 63,2 56,6 63,6

N 55,6 44 4 51,0

0] 48,0 32,2 38,3

P 40,4 20,0 25,6




University B — Misconception 3

A B C
# | Difference | Mean | % Anchor(%) | Target (%) | Others(%) | Yes %
1 . 39 |77,6] 39 76,0 16,0 8,0 3'16a 88,9
2 1,1 3'16a| 76,5 3'12 75,0 12,5 12,5 3'9 |86,2
3 0,7 3'12 | 75,8] 3'16a 73,9 8,7 17,4 3'2a | 83,3
4 1,7 3'1b | 74,2} 3'1b 70,8 12,5 16,7 3'2b | 83,3
5 0,6 3'4a | 73,6] 3'4a 68,0 12,0 20,0 3'4a | 83,3
6 0,3 3'1a | 73,3} 3'4b 66,7 12,5 20,8 3'4b | 82,8
7 0,3 3'13a|73.0] 3'1a 66,7 12,5 20,8 3'12 | 82,8
8 0,0 3'3b | 73.0§ 3'14b 66,7 16,7 16,7 3'1b | 80,0
9 0,5 3'4b | 72,54 3'13a 65,2 8,7 26,1 3'13b| 79,3
10 0,0 3'14b| 72,54 3'2a 62,5 12,5 25,0 3'14b| 79,3
11 0,8 3'13b|71.7] 3'2b 62,5 16,7 20,8 3'13a| 78,6
12 0,0 3'2a | 71.7] 3'13b 62,5 8,3 29,2 3'1a | 76,7
13 0,8 3'2b | 70,8} 3'3b 60,9 8,7 30,4 3'3a | 75,0
14 1,3 3'3a | 69,6) 8'14a 58,3 25,0 16,7 3'38b | 75,0
15 3,5 3'15a]66,1§ 3'3a 56,5 13,0 30,4 3'14a|71,4
16 1,1 3'16b | 65,0 3'15a 56,5 17,4 26,1 3'15a|71,4
17 0,0 3'14a %3'16b 54,2 20,8 25,0 3'15b | 69,0
1 4,2 3'15b | 60,8§ 3'15b 45,8 25,0 29,2 3'16b | 69,0
2 2,4 3'25a | 58,4] 821 44,0 32,0 24,0 3'25a| 63,3
3 4,2 3'24a | 54,2] 3'24a 41,7 37,5 20,8 3'24a| 58,6
4 1,1 3'26a | 53,1] 3'25a 40,0 24,0 36,0 3'26a| 55,2
5 0,3 3'21 | 52,8] 3'22 34,6 38,5 26,9 3'25b | 46,4
1 5,1 322 |47,7] 3'26a 30,8 30,8 38,5 321 |41,4
2 0,7 3'25b|47,0f 3'6b 26,1 47,8 26,1 3'6b | 37,9
3 2,6 3'24b | 44,3] 3'24b 26,1 43,5 30,4 3'22 | 36,7
4 1,1 3'26b | 43,2] 3'25b 26,1 34,8 39,1 3'26b | 35,7
5 3,2 3'6b | 40,04 3'26b 24,0 40,0 36,0 3'24b| 34,5
6 3,6 3'6a | 36,4} 3'6a 18,2 50,0 31,8 3'6a | 32,1
1 4.1 3'8b | 32,3} 3'7a 16,0 60,0 24,0 3'17 | 27,6
2 1,9 3'7b | 30,4} 3'7b 16,0 60,0 24,0 3'7b | 23,3
3 0,8 3'7a | 29,6} 3'8b 15,4 57,7 26,9 3'8b | 20,7
4 3,8 3'5b | 25,8 3'Sb 12,5 66,7 20,8 3'7a | 20,0
5 0,0 3'11 | 25.8§ 811 12,5 70,8 16,7 311 | 17,2
6 0,0 3'17 | 25.8§ 310 12,0 76,0 12,0 3'8a | 13,8
7 0,2 3'8a | 25,6) 8'5a 8,3 70,8 20,8 3'10 | 13,8
8 1,4 3'5a | 24,2] 8'17 8,3 66,7 25,0 3'5b | 13,3
9 4,2 3'10 | 20,0f 3'8a 8,0 64,0 28,0 3'5a | 10,3
37
| K 54.,0] 42,4 33,3 24 3 54,5|
L 14,4 17,0 19,6
M 63,2 59,0 69,3
N 48,8 42,0 49,6
0] 34,4 25,0 30,0
P 20,0 8,0 10,3

256



University B — Misconception 4
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A B C

# | Difference | Mean | % Anchor(%) | Target (%) | Others(%) | Yes %
1 . 4'3 192,6] 4'3 95,2 0,0 4,8 43 |95,7
2 4,6 4'8 188,00 48 88,0 4,0 8,0 4'8 |93,3
1 27,1 4'17b | 60,9 4'14b 52,4 28,6 19,0 4'14b | 53,6
2 2,8 4'14b (58,14 4'17b 50,0 27,3 22,7 4'15a(51,9
1 0,8 4'20 (57,3) 4'20 50,0 27,3 22,7 4'20 (50,0
2 1,3 4'15b | 56,0] 4'15a 45,0 35,0 20,0 4'17b | 48,3
3 0,2 4'19b [ 55,8§ 4'15b 45,0 30,0 25,0 4'15b | 48,1
4 1,8 4'15a 54,0 4'14a 429 429 14,3 4'16a (48,1
5 45 4'19a]49,5] 4'19b 42,1 31,6 26,3 4'19b|48,0
6 1,0 4'14a148,6§4'17a 36,4 45,5 18,2 4'14a (46,4
7 1,6 4'16a|47,0§4'19a 33,3 33,3 33,3 4'17a|41,4
8 1,0 4'16b | 46,0] 4'13 33,3 417 25,0 4'16b | 40,7
9 0,2 4'13 (45,84 4'18a 30,4 43,5 26,1 4'19a140,7
10 0,4 4'17a| 45,5 4'18b 30,4 43,5 26,1 4'11 137,9
11 0,2 4'12 (45.2) 4'11 30,4 43,5 26,1 4'18a(37,9
12 0,0 4'11 45.2) 4'12 30,4 39,1 30,4 4'12 36,7
13 1,7 4'18a| 43,5} 4'16a 30,0 35,0 35,0 4'18b | 34,5
14 0,9 4'18b | 42,6} 4'16b 30,0 35,0 35,0 4'13 [ 33,3
1 9,0 4'6 (33,6] 46 28,0 64,0 8,0 4'6 130,0
2 24 4'7 (31,2} 4'7 24,0 64,0 12,0 42 26,7
3 6,4 4'2 1248) 42 16,0 72,0 12,0 4'7 126,7
4 0,6 4'9 1242 45 12,5 75,0 12,5 4'9 (20,0
5 0,8 4'5 123.3] 49 12,5 75,0 12,5 4'10 (20,0
6 0,0 4'10 (23,3} 4'10 12,5 79,2 8,3 4'5 116,7
24

K 47,6 37,5 42,3 20,1 428

L 17,3 20,7 19,8

M 75,3 74,5 75,9

N 58,0 53.8 56.2

(o) 40,7 33,2 36,4

P 23,3 12,5 16,7




University B — Misconception 5
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A B C
# | Difference | Mean | % Anchor(%) | Target (%) | Others(%) | Yes %
1 . 513 | 79,3} 5'13 80,0 12,0 8,0 5'13 190,9
2 0,1 518 |79,2] 5'8 78,6 14,3 71 58 |87,9
3 1,3 58 |77,9] 5'18 78,6 3,6 17,9 5'18 | 84,8
4 5,7 59b | 72,1} 5'7a 64,3 21,4 14,3 5'4a | 72,7
5 2,5 5'14a|69,6§ 5'9b 64,3 10,7 25,0 5'4b | 72,7
6 0,3 5'9a | 69,3} 5'7b 60,7 25,0 14,3 5'9a | 72,7
7 2,1 5'7a |67,1f §'9a 60,7 14,3 25,0 5'9b | 72,7
1 1,0 5'15b | 66.2f5'15a 57,7 15,4 26,9 5'7a |69,7
2 0,0 5'15a|66.2§5'15b 57,7 15,4 26,9 514a]69,7
3 0,2 5'14b| 65,9 5'4b 55,6 22,2 22,2 5'15b 68,8
4 1,6 5'7b | 64,3} 5'14a 55,6 7,4 37,0 5'15a167,7
5 0,6 5'4b | 63,7) 5'4a 53,8 23,1 23,1 5'14b 66,7
6 0,6 5'4a | 63,1§5'14b 51,9 11,1 37,0 5'17a]66,7
7 1,6 517b|61,4§5'17b 50,0 21,4 28,6 5'17b166,7
8 2,9 5'17a| 58,61 5'17a 46,4 25,0 28,6 5'7b | 63,6
1 17,1 56 |41,5) 56 29,6 55,6 14,8 55 30,3
1 5,1 516 | 36,4f) 56 28,6 67,9 3,6 56 |30,3
2 0,7 5'5 |35,7] 516 25,0 57,1 17,9 5'16 | 27,3
3 1,6 510 | 34,1} 510 22,2 63,0 14,8 5'10 | 25,0
4 1,5 512 | 32,6] 512 18,5 66,7 14,8 512 121,9
5 5,4 511 27,1} 5'11 17,9 71,4 10,7 511 |21,2
21
K 58,6 50,4 29,7 19,9 59,5
L 13,0 15,5 17,4
M 66,3 64,5 73,5
N 53,2 48,9 56,1
(o) 40,2 33,4 38.6
P 27,1 17,9 21,2




University B— Misconception 6
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A B C
# | Difference | Mean | % Anchor(%) | Target (%) | Others(%) | Yes %o
1 - 6'5 [80,8] 6'5 80,8 7,7 11,5 6'5 |84,4
2 4,8 6'12 | 76,0 6'12 68,0 8,0 24,0 6'12 [83,3
1 9,6 6'19b 66,4} 615 61,5 26,9 11,5 6'15 |77,4
2 1,0 6'15 | 65,4} 6'19b 56,0 16,0 28,0 6'19b (70,0
3 3,7 6'19a| 61,7} 6'1a 50,0 25,0 25,0 6'6b | 62,5
4 0,2 6'6a |61,5) 6'1b 50,0 25,0 25,0 6'19a (60,0
5 2,3 6'21b|59,2] 6'6a 48,1 25,9 25,9 6'21b 60,0
6 0,7 6'6b |58,5] 6'19a 45,8 16,7 37,5 6'6a | 59,4
7 1,0 6'1b [57,5] 6'6b 444 25,9 29,6 6'9 |58,1
8 1,7 6'1a | 55,8] 6'18b 44,0 32,0 24,0 6'1a | 56,7
1 1,4 6'18b| 54,4} 6'21b 44,0 24,0 32,0 6'1b | 56,7
2 3,2 6'18a|51,2] 6'18a 40,0 36,0 24,0 6'7b [55,2
3 1,2 6'21a|50,0] 6'8 38,5 42,3 19,2 6'18b 53,3
4 0,0 6'9 |50.,0] 6'9 38,5 42,3 19,2 6'7a | 51,7
5 0,8 6'8 [49,2] 6'7a 34,8 34,8 30,4 6'18a|46,7
6 0,5 6'7a |48.7]) 6'21a 34,6 30,8 34,6 6'8 45,2
7 0,0 6'7b g. 6'7b 30,4 34,8 34,8 6'21a141,9
1 12,5 6'4 |36.2] 64 26,9 57,7 15,4 6'11 [ 33,3
2 0,0 6'10 | 36.2) 610 23,1 61,5 15,4 6'14 [ 33,3
3 0,2 6'22 36,0} 62 22,2 70,4 7,4 6'17 130,0
4 0,6 6'17 | 35,4} 6'11 20,0 60,0 20,0 6'10 129,0
5 0,2 6'14 | 35,2) 6'14 20,0 64,0 16,0 6'13 [26,7
6 0,8 6'11 | 34,4 6'22 20,0 60,0 20,0 6'4 |25,8
7 1,6 6'16 | 32,8} 6'17 19,2 53,8 26,9 6'22 | 25,8
8 24 6'13 [ 30,4} 6'13 16,0 68,0 16,0 6'2 |121,9
9 1,5 6'2 |28,9) 6'16 16,0 64,0 20,0 6'16 (19,4
26
K 50,0 38,2 39,0 22,8 48,8
L 13,0 16,2 16,3
M 67,8 64,6 68,1
N 54,8 48,4 51,9
0 41,9 32,2 35,6
P 28,9 16,0 19,4
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A B C

# | Difference | Mean %o Anchor(%) | Target (%) | Others(%) Yes %o
1 — 7a'2 58,5 7a'2 44 4 18,5 37,0 7a'2 69,7
1 8,1 7a'18a| 50,4 7a'17b 33,3 37,0 29,6 7a'21a|57,6
2 3,0 7a'17b|47.,4) 7a'18a 33,3 29,6 37,0 7a'18a 56,3
3 2,2 7a'17a| 45,2 7a'17a 29,6 37,0 33,3 7a'17a|53,1
1 0,6 7a'l14a|44,6f 7a'l4a 26,9 34,6 38,5 7a'17b 50,0
2 0,2 7a'21a|44,4] 7a'18b 22,2 44 4 33,3 7a'18b| 46,9
3 2,2 7a'13a 42,2} 7a'l 14,8 44 4 40,7 7a'21b | 39,4
4 0,0 7a'18b %7a'13a 14,8 33,3 51,9 7a'13a| 36,4
1 4,4 7a'21b | 37,8f 7a'14b 14,8 44 4 40,7 7a'14a132,3
2 0,7 7a'14b | 37,0f 7a21a 14,8 33,3 51,9 7a'14b | 28,1
3 1,5 7a'l | 35,6 7a'13b 11,1 44 4 44 4 7a'1 1242
4 0,7 7a'13b | 34,8 7a'21b 11,1 44 4 44 4 7a'13b| 21,2
5 3,0 7a'3 |31,9) 7a38 7,4 48,1 44 4 7a'3 18,2
13

K 425 21,4 38,0 40,6 41,0

L 6,7 9,3 12,9

M 51,9 35,2 56,8

N 45,2 25,9 43,9

(o) 38,5 16,7 31,1

P 31,9 7,4 18,2
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A B C

# | Difference | Mean % Anchor(%) | Target (%) | Others(%) Yes %
1 . 7b'6 |64,4] 7b'6 48,1 14,8 37,0 7b'6 72,7
1 EB 7b'19a| 56,2] 7b'20b 44 .4 29,6 25,9 7b"19a]71,9
2 0,6 7b'20b | 55,6] 7b'20a 40,7 33,3 25,9 7b'22a] 69,7
3 0,7 7b'22a|54,8] 7b'16b 30,8 23,1 46,2 7b'20b | 66,7
1 1,7 7b'19b 53,1 7b'19a 30,8 15,4 53,8 7b'20a | 63,6
2 1,5 7b'16b | 51,5] 7b'22a 29,6 18,5 51,9 7b'19b | 59,4
3 1,2 7b'20a|50,4] 7b'22b 29,6 25,9 44 4 7b'22b 51,5
4 1,5 7b'22b | 48,9 7b'16a 26,9 34,6 38,5 7b'16b | 48,5
5 0,7 7b'15a48,1] 7b'19b 26,9 15,4 57,7 7b'16a| 45,5
1 3,7 7b'15b | 44,4] 7b'15a 259 22,2 51,9 7b'5 42,4
2 0,6 7b'16a|43,8] 7b'15b 22,2 29,6 48,1 7b'15a 42,4
3 0,9 7b'5 43,0} 7b'S 18,5 37,0 44 4 7b'7 139,4
4 0,7 7b'7 42,2} 7b'7 14,8 33,3 51,9 7b'15b | 39,4
13

K 50,5 30,0 25,6 44 4 54,9

L 5,6 8,3 8,3

M 58,9 39,8 64,4

N 53,3 31,5 56,1

0 47,8 23,1 47,7

P 422 14,8 39,4
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I2. SPECIFICATIONS FOR FREQUENCY TABLES

Key points, basic features, descriptions, variables, and characteristics of

“criterion tables for concept diagrams” can be summarized as follows:

First column (represented with “#°) are used to mention the number of
analogies in each analogy group (bag, box).

The numbers at the bottom of column “#’represent the total number of
analogy in the related concept diagram.

Column A represents the A-type tables similar to Table 3.18 explained in
Section 3.4.2.

Column B includes the B-type tables similar to Table 3.17 explained in
Section 3.4.2. The sum of percentages in Anchor, Target, and Others
columns should be 100.

Column C shows the C-type tables similar to Table 3.15 explained in
Section 3.4.2.

Vertical blank lines are used to separate each type of sub tables (A, B, and
C-type).

Horizontal thick lines are used to separate and highlight bags or groups
(anchor, bridging analogy I, bridging analogy II, and target case).

The frequencies in column “Difference” are found by subtracting two
frequency values of consecutive rows in column “A” from each other. It is
used to decide the sub groups of each bag (group) of the concept diagram.
Drastic decreases in frequencies (analogies with similar frequencies) are
taken as an evidence of sub groups.

Different background colors are used to emphasize the sub groups in each
group (bag). A sub group is consisted of at least two analogies.

Underlines are used for two purposes in these tables. If they were used in

column “A”, it was meaning that the two or more consecutive frequencies
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(percentages) are the same. Or they can be used in rows “M” or “N” to mean
the group none existed.

Row “K” was used to represent the average of the frequencies in each
column.

The frequency in row “L” was found by subtracting the frequency value of
the first row (anchor) in column “A" (A-type table) from the last row (target)
of the same column and dividing it with four. The researcher took one fourth
of the difference in order to have anchor, bridging analogy I, bridging
analogy II, and target groups. The procedure was the same for the other
columns (Anchor column of B-type and C-type).

The frequency in row “M” was found by subtracting the frequency value in
row “L” of the column “A” from the first row (anchor) of the same column.
The procedure was the same for the other columns.

The frequencies in row “N” were found by subtracting the frequency values
in row “L” from frequency values in row “M”.

The frequencies in row “O” were found by subtracting the frequency values
in row “L” from frequency values in row “N”.

The frequencies in row “P” were equal to the frequency values of the last
row (targets).

The frequency values in “M”, “N”, and “O” rows were regarded as cut-
points. In each column, the items between two consecutive cut-points were
colored and tagged as a potential group (bag).

Column “B” was used to determine the order of underlined frequencies of
the column “A”.

Column “A” was used (as criterion) to decide the groups (bags) of concept
diagrams. Groups and the analogies in the groups were determined
according to the cut points (analogies in these frequency intervals) of
column A and named as following: (row P < target < row O); (row O <
bridging analogy II < row N); (row N < bridging analogy I < row M); (row

M < anchor).
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e If the distributions in three columns (A, B, and C) were coinciding
(thresholds/number of items in cut points/order of items), it was almost

perfect and almost no doubt about the trustworthiness of the groups.



COMMON AND STRONGLY OFFERED ITEMS

J1. ITEM TABLES

APPENDIX J

University B
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M1 M2 M3 M4 M5 M6 | M7a | M7b | #4
4 12 18
6b la 3 8
Anchor | 3 6a Py S 5 29 6 19
5b9 3b 8 9b
3a 14a
15a
Bridging 15b
17b 19a 18a 19a
Anallogy 119 | 1564 % 14b< 7b 21b | 17b 22a 14
s 20
Bridging 9
22 13 14a | 19b
Analogy| 5% | 8ad | fa | 5 | 62 | Ta | a g0 |10
1l 7b
11
4
6 10
43 7 16 22
Tareet 17 % 5b 2 58 14 13b 15b 31
g 15 3 5a 9 10 | 11 3 | 16a
9 2 s | 12 | 16
10 13
2
#1 6 6 4 5 5 4 5 5 |40
#2 8 10 10 14 10 14 7 7 80
#3 18 22 37 24 21 26 13 13 |174
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University A
M1 M2 M3 M4 M5 \Y% [ M7a | M7b | #4
9
1 8 ]
Anchor | 11 | 118 122 % 18 12 }% 22a |19
13b 13 15
6a
4a
4b
Bridging 7a 18a
13a 76 | 1bQ 20b
Anallogy 19 15b 26 9% 1ad 1421a 50 19
17b -
14a
14b
17a
20
Bridging 252 176 19a
Analogy| 135 | gag | 240 | 162 S0 | 1302 | 1sbt |21
1I 22 13 8
15b
16b
8a
8b
10
Zg gb 150 | 6 | 4
0 1*7‘ 6 12 17
5 5 22 1
Target 18 8b 6b 9 10 13 3 7 42
72b ga 0 | 16 | 14 |
2 11 16
N R R T
11 ==
10
#1 5 5 5 3 3 5 5 5 37
#2 5 14 19 16 17 17 8 5 101
#3 18 22 37 24 21 26 13 13 [174
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J2. SPECIFICATIONS FOR ITEM TABLES

The key terms, descriptions, and basic features related with these

“gender splitted frequency tables” can be explained as in the followings:

Rows were used to represent groups (anchor, bridging, and target) and
columns were used to represent misconceptions (questions in the AADT).
The numbers in the cells were the original numbers of the analogies as used
in the AADT.

Each column or question was sorted in a descending order as the frequency
distribution tables.

Last column (represented with “#4””) was used to mention the total number
of analogies in each row (bag, box).

The row “#1” was used to emphasize the number of the analogies
underlined.

Underlining was used to inform the strongly offered items predetermined by
the researcher. The researcher decided these analogies after comparing the
tables given in Appendix H. The instructors used these items in order to
reflect and control gender differences in the BABI.

The number of analogies in each column was shown in row “#2”.

The row “#3” was used to remind the total number of the analogies in
concept diagrams.

If any of the analogies in anchor or target groups (bags) were written in bold,
they had the highest or lowest frequency values of the belonged
distributions.

All the analogies in these tables except the ones marked with “@” or “J”
symbols were in the same bags of all three types (prepared for girls, boys,
and all). The symbol “Q” was used to mention that the analogy was in the

same groups for females (all and females) only. Likewise, the symbol “3”



268

was used to state that the analogy was in the same groups for males (all and
males) only.

The number of the analogies marked with “Q” or “J” symbols should be the
same for each column (misconception).

Another contribution of these tables was to enable the entire picture related
with all misconceptions in one single table (instead of eight concept
diagrams) besides the extra descriptive information (#1, #2, #3, and #4)

made implicit in the tables.



Ad Soyad:

APPENDIX K

MAKE SENSE SCALE

NELER ANLAMLIDIR OLCEGi (Ogretmen Kopya)
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Aciklama: Size sorulacak olan benzetme veya sorulara cevabiniz Evet ise Cevap siitunundaki "E", Hay1r ise
"H" harfini yuvarlak icine aliniz. Verdiginiz bu cevabin size ne kadar anlamli geldigini belirtmek icin diger
siitunlardaki bes secenekten birini (X) seklinde isaretleyerek belirtiniz. Secenekler “Kesinlikle anlamli
gelmiyor"”, "Cok anlamhi gelmiyor”, “Kararsizzim veya bilmiyorum”, “Gayet anlamli geliyor”, “Kesinlikle
anlamli geliyor” dur. Anlamli gelmekten kastedilen mana 6lgegin altindaki "Neler anlamhdir?" baslikli
kisimda agiklanmaktadir. Oylarinizi isaretlemeden 6nce bu kismu okudugunuzdan emin olunuz.

1 2 3 4 5 KY Soru
Oy No Cevap Kesinlikle anlamli | Cok anlamli Kararsizim | Gayet anlamli | Kesinlikle anlamli No:
1.oy| EH () () () () ()
2oy EH () () () () ()
3.oy| EH () () () () ()
4. oy EH () () () () ()
5.0y EH () () () () ()
6.oy[ E H () () () () ()
7.0y E H () () () () ()
8.oy[ EH () () () () ()
9.0y EH () () () () ()
10.oy| E H () () () () ()
11.oyf E H () () () () ()
12.oyf E H () () () () ()
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NELER ANLAMLIDIR OLCEGI (Ogrenci Kopya)

Ad Soyad:

Aciklama: Size sorulacak olan benzetme veya sorulara cevabiniz Evet ise Cevap siitunundaki "E", Hayir ise
"H" harfini yuvarlak icine aliniz. Verdiginiz bu cevabin size ne kadar anlamli geldigini belirtmek icin diger
siitunlardaki bes secenekten birini (X) seklinde isaretleyerek belirtiniz. Secenekler “Kesinlikle anlamli
gelmiyor”, "Cok anlamli gelmiyor”, “Kararsizim veya bilmiyorum”, “Gayet anlamh geliyor”, “Kesinlikle
anlamli geliyor” dur. Anlamli gelmekten kastedilen mana 6lgegin altindaki "Neler anlamhidir?" baslikli
kisimda agiklanmaktadir. Oylarinizi isaretlemeden nce bu kismi okudugunuzdan emin olunuz.

1 2 3 4 5
OyNo| Cevap | Kesinlikie anlamii | Gok anlami Kararszm | Gayetanlamh | Kesinlikle anlami
EvetHayr|  ooivor gelmiyor B”mvieyfrum geliyor geliyor
1.oy| EH () () () ) ()
20y| EH () () () () ()
3.oy| EH () () () () ()
4oy EH () () () () ()
Soy| EH () () () () ()
6.oy| EH () () () () ()
7.0oy| EH () () () () ()
8.oy| EH () () () () ()
9.0y| EH () () () () ()
10.0y| E H () () () () ()
.oyl EH () () () () ()
2.0y EH () () () () ()

| Yasamimiz boyunca, fiziksel diinyada bazilar1 bize anlaml1 gelirken bazilar1 da anlamli gelmeyeny
Ibirgok tecriibemiz olmustur. Herhangi bir ifade iggiidiisel ve yiirekten anlasilirsa bize anlamli gelir. |

Cevaptan emin olundugu ve durumun kisiye tamamiyla anlamli geldigi zamanlar vardir. Ornegin,
|bliyiik bir kamyon kii¢iik bir arabaya carparsa, ¢cogu insan arabamn daha fazla zarar géreceSinden

lemindir. Ayrica bu onlara anlaml da gelmektedir. |
| |
| Ancak, 6yle zamanlar olur ki cevabin dogrulugu bilinir (yani cevabimizda eminizdir) fakat cevapl

Igergekten kisiye anlamli gelmez. Omegin, bircok insan boomerang’in (Avusturalyalilar’in av igin
|kullandig1 egri sopa) atildiginda geri doneceginden emindir, fakat neden geri donmesi gerektigi onlaray
lanlaml1 gelmez. Onlara anlamli gelen ise boomerang’in dogru bir ¢izgide hareket etmesi gerektigidir.l
IPeki bu durumda (boomerang’in atan kisiye donebilmesi igin) neler anlamlidir Slgegini nastll
psaretlemehydlmz‘? (1 ve 2’yi isaretlemeniz beklenirdi) I
| Olgek, irdelenen durumun veya sorunun dogrulugu hakkinda ne kadar emin ldugunuzul
|1saretlememz icin degil, durumun size ne kadar anlamh geldigini isaretlemeniz i¢in verilmektedir. _!
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APPENDIX L

FLASH CARDS
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APPENDIX M

POWERPOINT SLIDES

2) Esit hizli bilardo topu
ile tenis topu

Birbirlerine uyguladiklari kuvvetler esit midir?

sagdan sikistrilirken

Sol :IJ&% Sagel

1a) Sol el ile deniz topu

Birbirlerine uyguladiklari kuvvetler esit midir?
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512 M3

carpisirken
[ |

12) Ozdes yay bagl farkli | 33b | [324a |
hizh 6zdes arabalar | 32b | m
Birbirlerine uyguladiklari kuvvetler esit midir? m @

3'6b

Farkls giicteki kisiler tekerlekli kasay iterken

Al g oy Veli

6b) Veli ile tekerlekli kasa

Birbirlerine uyguladiklari kuvvetler esit midir?

Ozdes aract sabit hizla hareket ettirirken

ele)
)
22a) 1. araba ile 1. deniz topu

Birbirlerine uyguladiklari kuvvetler esit midir?

3) Su tankerini ivmelendirirken

Birbirlerine uyguladiklari kuvvetler esit midir?




275

APPENDIX N

ASSIGNMENT/QUIZ

MINI SINAV

Sert Yay Yumusak Yay FE'

j‘&@@x
Sekilde gosterildigi gibi, soldaki sert yay ile sagdaki yumusak yayin ¢ekilmesinde
iki adet kuvvet Olgerden yararlanilmistir. Bir kisi iki yandan biitiin giiciiyle bu

yaylar1 cekerse kuvvet Olgerlerin gosterdigi degerlerle ilgili hangi secenek
dogrudur?

~. __/_‘r___-:'—"\_)

3—__-

(A) Fa, Fg’den fazla gostermektedir

(B) Fg, F5’dan fazla gostermektedir

(C) Her ikisi de esit degerler gostermektedir
(D) Her ikisi de sifir1 gostermektedir

Agir kaya parcalariyla tamamen dolu bir kamyon 1 It su sisesinden 1 metre uzaga
park edilmigtir. Bu durumda kamyon ile su sisesinin birbirine uyguladiklari
kuvvetler ile ilgili asagidaki seceneklerden hangisi dogrudur?

(A) Yalniz kamyon suya ¢ekim kuvveti uygulamaktadir

(B) Yalniz su kamyona ¢ekim kuvveti uygulamaktadir

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

(E) Kamyon sudan daha fazla ¢ekim kuvveti uygulamaktadir

Demirden yapilmis bir kutu kauguk bir kutunun iizerine konmaktadir. Kutular bu
sekilde hareketsiz durmaktayken asagidaki seceneklerden hangisi dogru olur?

(A) Demir kutu kaucuk 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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60 N’luk kuvvet uygulayabilen bir kisi bir ucu duvara bagli olan ipi yatay olarak
cekmektedir. Ipin, biri duvara digeri ise kisiye yakin olmak iizere iki ucuna kuvvet
Olcerler yerlestirilmistir. Buna gore kuvvet olgerlerin gosterdigi F (duvara yakin)
ve Fyp (kisiye yakin) degerleri nasil olacaktir?

(A) FA=0 N, Fg=0 N (D) FA=60 N, Fg=60 N (G) Fx=120 N, Fg=120 N
(B) Fo=0 N, Fzg=60 N (B) Fo=30 N, Fz=30N  (H) F,=0 N, Fz=120 N
(C) FA=60 N, Fz=0 N (F) FA=0 N, Fg=30 N

Bu sefer aymi ipi iki ucundan A ve B kisileri 60’ar N’luk kuvvet uygulayarak
cekmektedirler. Ipin her iki ucuna Kkisilere yakin olarak kuvvet Oolcerler
yerlestirilmistir. Buna gore kuvvet olcerlerin gosterdigi Fa (A kisisine yakin) ve Fg
(B kisisine yakin) degerleri nasil olacaktir??

(A) FA=0 N, Fz=0 N (D) FA=60 N, Fg=60 N (G) F,=120 N, Fg=120 N
(B) FA=0 N, Fp=60 N (E) FA=30 N, Fz=30N  (H) Fa=0 N, Fzg=120 N
(C) Fo=60 N, Fz=0 N (F) FA=0 N, Fg=30 N

Asagidaki kutucugun icine yerin iizerinde durmakta olan bir masa ve bu masanin
iizerinde durmakta olan bir kitap ¢iziniz. Bu sistem icersindeki tim kuvvetleri
gosteriniz.

Asagidaki durumlarda A kutusu iizerine etki edecek yiizeye dik kuvvet
vektorlerinin (N) nasil olacagini gosteriniz.

Nm

Asagidaki sekilde gosterilen asteroitin diinyaya uyguladigi kuvvetin bityiikliigii:

v

 ——

Asteroit

N

a) Diinyanin asteroite uyguladig1 kuvvetin biiyiikliigiinden daha fazladir.
b) Diinyanin asteroite uyguladigi kuvvetin biiyiikliigii ile esittir.

¢) Diinyanin asteroite uyguladigi kuvvetin biiyiikliigiinden daha azdur.
d) Sifirdir. (Asteroit diinyaya kuvvet uygulamaz)
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APPENDIX O

KEY WORDS

Physics Education

Misconceptions

Preconceptions

Common-Sense Beliefs

Newton’s Third Law

Action-Reaction Forces

Bridging Analogies Teaching Strategy (Bridging Strategy)
Analogy

Anchoring Analogies (Anchor)

. Conceptual Understanding
. Conceptual Change

. Three-Tier Tests

. Electricity

. Magnetism

. Optics

. Different combinations of the key words above.



APPENDIX P

RAW DATA

Table P Raw data of the study

| =

- = E >

- E Z, = -

) Z %) — ~

5 — 75! < = Z.

5 & 3 < = Z o

o 2 S 5 ) Eé 8 a”i 8
Z. K= O &) < A = A &z
1 1 0 1 242 77.0 87.0 33 4.0
2 1 0 1 246 75.7 85.0 33 4.0
3 1 0 1 238 94.0 91.0 5.0 0.0
4 1 0 1 234 62.0 78.0 3.0 0.0
5 1 0 1 256 75.7 74.0 33 0.0
6 1 0 1 243 79.0 81.0 3.0 0.0
7 1 0 1 236 90.0 89.0 0.0 0.0
8 1 0 1 276 74.0 71.0 5.0 4.0
9 1 0 1 230 77.0 99.0 5.0 3.0
10 1 0 1 255 9.0 78.0 3.0 2.0
11 1 0 1 234 81.0 87.0 3.0 5.0
12 1 0 1 255 75.7 71.0 33 4.0
13 1 0 1 225 0.0 79.0 4.0 1.0
14 1 0 1 235 87.0 89.0 5.0 4.0
15 1 0 1 235 52.0 58.0 4.0 0.0
16 1 0 1 247 75.0 63.0 3.0 4.0
17 1 0 1 260 69.0 70.0 5.0 5.0
18 1 0 1 244 71.0 67.0 4.0 3.0
19 1 0 1 257 82.0 91.0 5.0 0.0
20 1 0 1 209 107.0 105.0 4.0 4.0
21 1 0 1 249 83.0 74.0 4.0 4.0
22 1 0 1 247 57.0 60.0 4.0 4.0
23 1 0 1 220 67.0 73.0 5.0 5.0
24 1 0 1 262 75.7 76.0 33 5.0
25 1 0 1 262 106.0 101.0 5.0 2.0
26 1 0 1 246 73.0 57.0 3.0 3.0
27 1 0 1 260 57.0 56.0 4.0 4.0
28 1 0 1 258 87.0 85.0 4.0 4.0
29 1 0 1 230 75.7 77.0 33 3.0
30 1 0 1 251 38.0 47.0 5.0 4.0
31 1 0 1 262 69.0 65.0 3.0 2.0
32 1 0 1 239 92.0 90.0 1.0 0.0
33 1 0 1 219 78.0 72.0 4.0 3.0

278



Table P (continued)
34 1 0 1 242 64.0 50.0 4.0 3.0
35 1 0 1 239 81.0 81.0 4.0 2.0
36 1 0 1 248 66.0 79.0 4.0 2.0
37 1 1 1 244 75.7 33.0 5.0 0.0
38 1 1 1 256 73.0 71.0 3.0 0.0
39 1 1 1 247 54.0 54.0 4.0 0.0
40 1 1 1 216 82.0 92.0 5.0 0.0
41 1 1 1 243 75.7 64.0 3.3 0.0
42 1 1 1 272 64.0 57.0 5.0 1.0
43 1 1 1 227 57.0 54.0 5.0 0.0
44 1 1 1 233 74.0 86.0 5.0 0.0
45 1 1 1 254 90.0 97.0 4.0 0.0
46 1 1 1 261 97.0 100.0 4.0 4.0
47 1 1 1 234 75.7 94.0 3.3 3.0
48 1 1 1 251 81.0 94.0 4.0 2.0
49 1 1 1 249 81.0 60.0 3.0 1.0
50 1 1 1 236 59.0 67.0 4.0 0.0
51 1 1 1 291 75.7 63.0 3.3 0.0
52 1 1 1 225 75.7 70.0 3.3 0.0
53 1 1 1 243 58.0 68.0 5.0 0.0
54 1 1 1 255 75.7 76.0 3.3 3.0
55 1 1 1 238 75.7 100.0 3.3 0.0
56 1 1 1 229 81.0 87.0 4.0 4.0
57 1 1 1 238 89.0 92.0 5.0 2.0
58 1 1 1 228 73.0 85.0 4.0 0.0
59 1 1 1 244 86.0 88.0 5.0 0.0
60 1 0 2 237 75.7 89.0 0.0 4.0
61 1 0 2 239 53.0 46.0 3.0 3.0
62 1 0 2 244 75.7 75.0 3.0 2.0
63 1 0 2 251 70.0 61.0 5.0 4.0
64 1 0 2 239 75.7 64.0 5.0 1.0
65 1 0 2 234 74.0 76.0 2.0 3.0
66 1 0 2 235 89.0 96.0 3.0 0.0
67 1 0 2 230 64.0 75.0 1.0 1.0
68 1 0 2 239 107.0 92.0 3.0 2.0
69 1 0 2 231 50.0 40.0 2.0 0.0
70 1 0 2 246 61.0 57.0 0.0 2.0
71 1 0 2 235 50.0 52.0 4.0 4.0
72 1 0 2 245 72.0 63.0 3.0 4.0
73 1 0 2 246 75.7 63.0 3.3 2.0
74 1 0 2 252 61.0 80.0 2.0 0.0
75 1 0 2 238 57.0 79.0 3.0 4.0
76 1 0 2 251 81.0 73.0 0.0 4.0
77 1 0 2 225 75.0 83.0 4.0 1.0
78 1 0 2 239 82.0 80.0 3.0 0.0
79 1 0 2 220 76.0 73.0 4.0 4.0
80 1 0 2 225 72.0 56.0 5.0 5.0
81 1 0 2 250 55.0 75.0 0.0 0.0
82 1 0 2 233 69.0 63.0 3.0 3.0
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Table P (continued)
83 1 0 2 244 66.0 83.0 0.0 1.0
84 1 0 2 219 53.0 57.0 1.0 0.0
85 1 0 2 230 97.0 90.0 3.0 0.0
86 1 0 2 248 86.0 88.0 4.0 4.0
87 1 0 2 248 68.0 78.0 3.0 2.0
88 1 0 2 250 76.0 76.0 1.0 1.0
89 1 0 2 234 61.0 72.0 4.0 4.0
90 1 0 2 251 91.0 91.0 1.0 4.0
91 1 0 2 227 69.0 73.0 3.0 0.0
92 1 0 2 235 79.0 72.0 3.0 1.0
93 1 0 2 239 80.0 87.0 2.0 2.0
94 1 0 2 257 58.0 65.0 4.0 2.0
95 1 0 2 260 102.0 83.0 5.0 3.0
96 1 0 2 247 72.0 73.0 4.0 1.0
97 1 0 2 241 76.0 75.0 1.0 5.0
98 1 0 2 262 72.0 75.0 5.0 4.0
99 1 0 2 261 75.7 84.0 3.3 4.0
100 1 0 2 282 79.0 82.0 1.0 4.0
101 1 0 2 250 49.0 40.0 5.0 5.0
102 1 0 2 241 75.7 47.0 3.3 4.0
103 1 0 2 271 71.0 77.0 4.0 2.0
104 1 0 2 245 57.0 60.0 0.0 4.0
105 1 0 2 239 73.0 53.0 3.0 2.0
106 1 0 2 256 78.0 74.0 4.0 4.0
107 1 0 2 239 80.0 81.0 4.0 4.0
108 1 0 2 247 93.0 81.0 1.0 2.0
109 1 0 2 249 57.0 79.0 0.0 5.0
110 1 0 2 263 75.7 67.0 3.3 4.0
111 1 0 2 234 76.0 60.0 5.0 5.0
112 1 0 2 245 69.0 71.0 1.0 3.0
113 1 0 2 251 63.0 65.0 2.0 4.0
114 1 0 2 235 63.0 60.0 5.0 5.0
115 1 0 2 231 73.0 65.0 2.0 2.0
116 1 0 2 247 80.0 87.0 4.0 1.0
117 1 0 2 253 88.0 77.0 4.0 5.0
118 1 0 2 247 73.0 61.0 5.0 2.0
119 1 0 2 261 83.0 73.0 3.0 3.0
120 1 0 2 245 77.0 66.0 5.0 0.0
121 1 0 2 221 76.0 94.0 4.0 2.0
122 1 0 2 229 59.0 73.0 3.0 3.0
123 1 0 2 247 63.0 57.0 5.0 4.0
124 1 0 2 231 72.0 72.0 3.0 2.0
125 1 0 2 233 75.7 87.0 3.3 2.0
126 1 0 2 241 61.0 57.0 3.0 4.0
127 1 0 2 226 78.0 78.0 3.0 0.0
128 1 0 2 256 86.0 74.0 5.0 4.0
129 1 0 2 228 86.0 89.0 3.0 0.0
130 1 0 2 239 79.0 71.0 4.0 3.0
131 1 0 2 235 89.0 84.0 3.0 5.0
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Table P (continued)
132 1 0 2 220 75.0 76.0 3.0 4.0
133 1 0 2 245 67.0 61.0 5.0 0.0
134 1 0 2 236 96.0 91.0 5.0 4.0
135 1 0 2 243 98.0 92.0 2.0 1.0
136 1 0 2 259 79.0 75.0 4.0 4.0
137 1 0 2 251 75.7 85.0 3.3 1.0
138 1 0 2 250 50.0 37.0 4.0 4.0
139 1 0 2 230 66.0 63.0 2.0 4.0
140 1 0 2 245 79.0 76.0 2.0 4.0
141 1 0 2 229 68.0 78.0 3.0 2.0
142 1 0 2 228 76.0 72.0 0.0 2.0
143 1 0 2 258 89.0 90.0 4.0 5.0
144 1 0 2 241 30.0 43.0 2.0 3.0
145 1 0 2 234 64.0 60.0 1.0 1.0
146 1 0 2 234 76.0 81.0 1.0 0.0
147 1 0 2 231 70.0 76.0 0.0 1.0
148 1 0 2 250 86.0 88.0 5.0 1.0
149 1 0 2 249 92.0 96.0 4.0 5.0
150 1 0 2 243 66.0 58.0 0.0 2.0
151 1 0 2 232 75.0 70.0 5.0 1.0
152 1 0 2 275 87.0 96.0 4.0 4.0
153 1 0 2 259 75.7 57.0 3.3 0.0
154 1 0 2 242 48.0 62.0 3.0 4.0
155 1 0 2 259 70.0 63.0 0.0 0.0
156 1 0 2 255 75.7 62.0 3.3 5.0
157 1 1 2 236 68.0 79.0 1.0 0.0
158 1 1 2 254 75.7 77.0 3.3 0.0
159 1 1 2 229 85.0 96.0 5.0 0.0
160 1 1 2 229 75.7 71.0 0.0 0.0
161 1 1 2 235 57.0 52.0 3.0 0.0
162 1 1 2 239 77.0 75.0 3.0 0.0
163 1 1 2 231 83.0 90.0 1.0 0.0
164 1 1 2 243 90.0 79.0 1.0 0.0
165 1 1 2 237 75.7 67.0 3.3 3.0
166 1 1 2 227 83.0 81.0 2.0 0.0
167 1 1 2 216 75.0 71.0 2.0 0.0
168 1 1 2 242 68.0 75.0 4.0 1.0
169 1 1 2 242 80.0 73.0 4.0 3.0
170 1 1 2 236 75.7 36.0 3.3 2.0
171 1 1 2 250 52.0 53.0 5.0 0.0
172 1 1 2 250 82.0 101.0 4.0 4.0
173 1 1 2 218 77.0 77.0 2.0 1.0
174 1 1 2 251 75.7 74.0 3.3 0.0
175 1 1 2 261 88.0 103.0 5.0 0.0
176 1 1 2 237 75.0 86.0 0.0 0.0
177 1 1 2 229 69.0 77.0 0.0 0.0
178 1 1 2 214 78.0 75.0 4.0 0.0
179 1 1 2 245 86.0 71.0 0.0 1.0
180 1 1 2 230 48.0 44.0 5.0 0.0
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Table P (continued)
181 1 1 2 237 69.0 82.0 4.0 0.0
182 1 1 2 239 86.0 88.0 5.0 0.0
183 1 1 2 244 89.0 76.0 4.0 1.0
184 1 1 2 237 73.0 70.0 1.0 0.0
185 1 1 2 232 82.0 83.0 4.0 2.0
186 1 1 2 248 81.0 90.0 4.0 1.0
187 1 1 2 217 74.0 72.0 4.0 0.0
188 1 1 2 247 62.0 57.0 3.0 1.0
189 1 1 2 239 73.0 54.0 5.0 0.0
190 1 1 2 222 63.0 57.0 0.0 0.0
191 1 1 2 251 57.0 62.0 4.0 4.0
192 1 1 2 260 87.0 83.0 3.0 1.0
193 1 1 2 247 59.0 59.0 0.0 1.0
194 1 1 2 231 79.0 82.0 3.0 3.0
195 1 1 2 251 83.0 79.0 5.0 0.0
196 1 1 2 230 88.0 73.0 4.0 1.0
197 1 1 2 226 81.0 84.0 4.0 0.0
198 1 1 2 249 67.0 85.0 4.0 0.0
199 1 1 2 250 85.0 77.0 4.0 0.0
200 1 1 2 236 78.0 76.0 2.0 1.0
201 1 1 2 233 78.0 61.0 4.0 0.0
202 1 1 2 220 71.0 72.0 2.0 0.0
203 1 1 2 257 71.0 83.0 5.0 0.0
204 1 1 2 231 75.7 60.0 3.3 0.0
205 1 1 2 245 83.0 73.0 2.0 0.0
206 1 1 2 260 75.7 60.0 3.3 0.0
207 1 1 2 235 62.0 62.0 4.0 3.0
208 1 1 2 239 73.0 74.0 5.0 4.0
209 1 1 2 262 82.0 79.0 5.0 0.0
210 1 1 2 234 75.0 67.0 4.0 2.0
211 1 1 2 239 69.0 58.0 3.0 0.0
212 1 1 2 229 62.0 62.0 4.0 0.0
213 1 1 2 257 75.0 67.0 5.0 4.0
214 1 1 2 262 75.7 63.0 3.3 0.0
215 1 1 2 227 82.0 89.0 2.0 0.0
216 1 1 2 244 63.0 61.0 4.0 4.0
217 1 1 2 236 81.0 74.0 4.0 2.0
218 1 1 2 252 93.0 84.0 1.0 0.0
219 1 1 2 243 75.7 61.0 3.3 0.0
220 1 1 2 232 82.0 79.0 4.0 2.0
221 1 1 2 237 86.0 88.0 2.0 0.0
222 1 1 2 255 75.7 87.0 3.3 0.0
223 1 1 2 243 76.0 76.0 0.0 0.0
224 1 1 2 248 95.0 92.0 3.0 0.0
225 1 1 2 291 82.0 83.0 1.0 0.0
226 1 1 2 235 98.0 96.0 3.0 3.0
227 1 1 2 244 75.7 64.0 3.3 0.0
228 1 1 2 243 83.0 69.0 4.0 0.0
229 1 1 2 239 75.0 58.0 0.0 0.0
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Table P (continued)
230 1 1 2 238 93.0 98.0 3.0 4.0
231 1 1 2 236 91.0 92.0 4.0 0.0
232 1 1 2 254 71.0 63.0 4.0 3.0
233 1 1 2 216 73.0 61.0 0.0 0.0
234 1 1 2 249 98.0 86.0 5.0 4.0
235 1 1 2 251 75.7 83.0 3.3 0.0
236 1 1 2 246 75.0 80.0 4.0 0.0
237 1 1 2 247 70.0 69.0 3.0 0.0
238 1 1 2 244 75.7 75.0 3.3 0.0
239 2 0 1 233 75.7 106.0 3.3 0.0
240 2 0 1 232 75.7 60.0 3.3 4.0
241 2 0 1 243 75.7 93.0 3.3 0.0
242 2 0 1 239 80.0 81.0 5.0 3.0
243 2 0 1 249 81.0 80.0 4.0 1.0
244 2 0 1 236 72.0 65.0 5.0 4.0
245 2 0 1 250 94.0 87.0 0.0 0.0
246 2 0 1 246 88.0 90.0 4.0 4.0
247 2 0 1 247 61.0 82.0 4.0 2.0
248 2 0 1 228 57.0 52.0 4.0 5.0
249 2 0 1 231 75.7 85.0 3.3 3.0
250 2 0 1 275 75.7 81.0 3.3 4.0
251 2 0 1 246 75.7 78.0 3.3 2.0
252 2 0 1 240 95.0 86.0 4.0 4.0
253 2 0 1 238 82.0 85.0 5.0 3.0
254 2 1 1 278 72.0 50.0 5.0 1.0
255 2 1 1 248 59.0 82.0 5.0 1.0
256 2 1 1 263 80.0 93.0 5.0 0.0
257 2 1 1 235 71.0 72.0 4.0 4.0
258 2 1 1 238 107.0 86.0 4.0 1.0
259 2 1 1 257 60.0 74.0 5.0 5.0
260 2 1 1 220 79.0 58.0 4.0 1.0
261 2 1 1 238 79.0 82.0 5.0 4.0
262 2 1 1 229 77.0 56.0 2.0 4.0
263 2 1 1 222 87.0 86.0 5.0 4.0
264 2 1 1 230 60.0 75.0 5.0 2.0
265 2 1 1 232 80.0 86.0 4.0 1.0
266 2 0 2 257 75.7 64.0 3.3 0.0
267 2 0 2 244 75.7 75.0 3.3 3.0
268 2 0 2 248 75.7 79.0 3.3 0.0
269 2 0 2 256 75.7 67.0 3.3 2.0
270 2 0 2 259 75.7 75.0 3.3 4.0
271 2 0 2 245 75.7 81.0 3.3 3.0
272 2 0 2 228 72.0 71.0 5.0 5.0
273 2 0 2 257 75.0 69.0 0.0 0.0
274 2 0 2 229 81.0 73.0 4.0 4.0
275 2 0 2 234 69.0 76.0 5.0 0.0
276 2 0 2 269 75.7 97.0 3.3 4.0
277 2 0 2 253 73.0 72.0 3.0 3.0
278 2 0 2 261 82.0 64.0 5.0 3.0
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Table P (continued)
279 2 0 2 245 66.0 58.0 5.0 1.0
280 2 0 2 246 97.0 84.0 4.0 4.0
281 2 0 2 232 75.7 71.0 3.3 3.0
282 2 0 2 235 81.0 74.0 3.0 1.0
283 2 0 2 232 66.0 80.0 4.0 1.0
284 2 0 2 251 87.0 68.0 3.0 3.0
285 2 0 2 245 73.0 70.0 3.0 0.0
286 2 0 2 239 84.0 72.0 5.0 2.0
287 2 1 2 258 74.0 80.0 0.0 0.0
288 2 1 2 220 79.0 67.0 4.0 4.0
289 2 1 2 237 74.0 74.0 5.0 5.0
290 2 1 2 255 71.0 74.0 3.0 4.0
291 2 1 2 234 76.0 72.0 0.0 2.0
292 2 1 2 234 94.0 87.0 4.0 1.0
293 2 1 2 237 78.0 81.0 0.0 2.0
294 2 1 2 247 98.0 86.0 4.0 4.0
295 2 1 2 254 73.0 80.0 5.0 1.0
296 2 1 2 232 98.0 81.0 4.0 0.0
297 2 1 2 257 75.0 76.0 0.0 0.0
298 2 1 2 234 75.0 80.0 5.0 1.0
299 2 1 2 248 91.0 76.0 3.0 3.0
300 2 1 2 248 85.0 83.0 2.0 2.0
301 2 1 2 240 86.0 88.0 0.0 0.0
302 2 1 2 232 92.0 85.0 5.0 5.0
303 2 1 2 233 83.0 91.0 1.0 0.0
304 2 1 2 237 86.0 85.0 5.0 0.0
305 2 1 2 235 69.0 73.0 5.0 0.0
306 2 1 2 239 76.0 77.0 3.0 0.0
307 2 1 2 238 84.0 77.0 4.0 4.0
308 2 1 2 243 61.0 84.0 0.0 0.0
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