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ABSTRACT

THE EFFECTS OF INSTRUCTIONS BASED ON COGNITIVE BRIDGING AND
COGNITIVE CONFLICT ON 9th GRADE STUDENTS’ UNDERSTANDING OF FORCE
AND MOTION, EPISTEMOLOGICAL BELIEFS AND SELF-EFFICACY

Yaman, [brahim
Ph.D.,Department of Secondary Science and Mathematics Education
Supervisor: Asst.Prof.Dr. Omer Faruk OZDEMIR

January 2013, 144 pages

The aim of this study is to compare the effects of the instructions based on cognitive bridging and
cognitive conflict approaches and gender on 9" grade students’ conceptual understanding of force
and motion, self-efficacy, and epistemological beliefs. The study was conducted with a sample of
206 students in two different schools. The instructional method (traditional, cognitive conflict, and
cognitive bridging) and students’ gender were used as independent variables in a 3x2 factorial
design. Within this design, three treatment groups were constructed, one was control group with
no researcher intervention and the other two were used as experimental groups. In one of the
experimental groups, students received cognitive bridging instruction and students in the other
group received cognitive conflict instruction. Pretests and posttests were administered to assess
students’ conceptual understanding of force and motion, self-efficacy, and epistemological beliefs.
Multivariate Analysis of Covariance (MANCOVA) was used to explore the main effects of
teaching methods and gender, and possible interactions between them. The results showed that
teaching method had a significant effect on students’ conceptual understanding of force and
motion in favor of experimental groups. Nevertheless, no significant difference was detected
between the effects of cognitive conflict and cognitive bridging. There was no significant
difference between male and female students either on the dependent variables of conceptual
understandings of force and motion, self-efficacy, and epistemological beliefs. Finally, the present
study couldn’t capture any significant interaction between teaching method and gender on the
combined dependent variables.

Keywords: Cognitive bridging, productive resources, motivational constructs, self-efficacy,
physics achievement, force and motion, epistemology, epistemological beliefs, cognitive conflict.
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BIiLISSEL KOPRULEME VE BIiLiSSEL CELiSKiYE DAYALI OGRETIM
METODLARININ 9. SINIF OGRENCILERININ KUVVET VE HAREKET
KONUSUNDAKI ANLAMALARI iLE EPISTEMOLOJIK iNANISLARI VE
OZYETERLIKLERI UZERINDEKI ETKISi

Yaman, [brahim
Doktora,Ortadgretim Fen ve Matematik Alanlar1 Egitimi
Danisman: Yard.Dog.Dr. Omer Faruk OZDEMIR

Ocak 2013, 144 sayfa

Bu ¢aligmanin amaci biligsel bag kurma ve biligsel ¢eligki yaklagimlarinin ve cinsiyetin 9.siif
ogrencilerinin kuvvet ve hareket konusundaki kavramsal anlamalari, 6z yeterlik seviyeleri ve
epistemolojik inanislar1 {izerindeki etkilerini karsilastirmaktir. Calisma iki farkli okuldan 206
ogrenciden olusan bir 6rneklem ile gergeklestirilmistir. 3x2 faktoriyel desenli ¢aligmada 6gretim
metodu (bilissel bag kurma ve biligsel ¢eligki) ve 6grencilerin cinsiyeti bagimsiz degiskenler
olarak kullanilmistir. Bu desen kapsaminda biri herhangi bir aragtirmaci miidahalesi olmayan
kontrol diger ikisi de deneysel grup olmak {izere ii¢ uygulama grubu olusturulmustur. Deneysel
gruplardan birisi bag kurma yaklagimu ile egitim goriirken diger deney grubu biligsel geligki
yaklagimu ile egitim gormiistiir. Ogrencilerin kuvvet ve hareket konusundaki kavramsal anlamalari,
epistemolojik inaniglar1 ve 6zyeterliklerinin Sl¢iilebilmesi amaciyla 6n ve son testler uygulandi.
Ogretim metodunun ve cinsiyetin ana etkileri ve bunlar arasindaki olas1 etkilesimin etkilerinin
incelenmesi i¢in Ortak Dagilimin Cok Degiskenli Analizi (MANCOVA) kullanildi. Sonuglar,
uygulanan 6gretim metodunun 6grencilerin kuvvet ve hareket basarilarina istatistiksel olarak
deneysel gruplar lehine anlamli bir etksinin oldugunu gostermistir. Buna karsin, bag kurma
yaklagimu ile biligsel ¢eliski yaklagimi arasinda anlamli bir fark gézlemlenmemistir. Ayni1 zamanda
kiz ve erkek 6grenciler arasinda kuvvet ve hareket konusundaki kavramsal anlamalari, 6z yeterlik
seviyeleri ve epistemolojik inanislari iizerinde anlamli bir fark bulunamamustir. Son olarak,
calisma 6gretim metodu ve gender arasinda bagimli degiskenler iizerinde anlamli bir etkilesim
etkisi tespit edememistir.

Anahtar Kelimeler: Biligsel bag kurma, tiretken kaynaklar, motivasyon, 6zyeterlik, fizik basarisi,
kuvvet ve hareket, epistemoloji, epistemolojik diigiince, biligsel geliski.
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CHAPTER I

INTRODUCTION

When the complexity of learning process is considered, it is obviously a dream to expect
all students completely to understand what has been taught. McDermott (1991) argued that most of
the time, the intended content and the content or idea perceived by students do not match and there
is a huge gap between these two (McDermott, 1991; Hestenes, 1998). One of the reasons of this
mismatch is students’ prior knowledge. The prior knowledge that students bring to class in their
minds has been named as “preconceptions” (Clement, 1982; Clement, Brown, & Zeitsman, 1989),
“misconceptions” (Chi & Roscoe, 2002), “alternative conceptions” (Hewson & Hewson, 1984;
Hammer, 1996), “alternative frameworks” (Driver, 1983) or “intuitive knowledge” (diSessa,
1988).

The educational literature shows that prior knowledge deeply influences further learning
and this awareness forced most researchers to find alternative learning models that handle prior
knowledge properly. There are mainly two different perspectives about the role and nature of
students’ preconceptions in a learning process. The first one focuses mainly on students’
preconceptions which are unproductive and mostly wrong ideas. It proposes that these conceptions
should be found, confronted, and replaced with scientific ones. Contrary to the first perspective,
the second one focuses mainly on students’ preconceptions which can be productive resources in a
learning process. In other words, second perspective proposes that students’ have resources which
can be used as facilitators of learning. From now on the first perspective is going to be mentioned
as cognitive conflict while the second one is as cognitive bridging.

1.1 The Cognitive Conflict Perspective

Cognitive conflict perspective was arised from the assertions of Conceptual Change
Model (CCM) proposed by Posner, Strike, Hewson and Gertzog (1982). CCM is one of the
featured models which deeply affected the field of educational research and received special
attention from the researchers. After getting attention of the researchers, the number of studies
about the model has dramatically increased. In the literature of science education, CCM has been
one of the most important reference points of the researchers who take a stand in favor of the
conflict perspective.

CCM (Posner et al., 1982) was actually developed on the ideas of Kuhn (1970) about the
development of science. Kuhn (1970) proposed that there are two alternatives in the development
of science. In the first alternative, the existing knowledge are consistent or compatible with the
new knowledge where the development of scientific concepts can take place without any problem.
The first alternative is the way how the normal science proceeds. In the second alternative, new
knowledge contradicts existing scientific knowledge accumulation. If the second alternative is the
case, a scientific revolution is expected for the development of science which is defined as a
paradigm shift by Kuhn.

Similarly, Posner et al. (1982) proposed two sorts of conceptual change with respect to

the compatibility of students' preconceptions with scientific ones. If preconceptions are compatible
with the new concept (i.e., scientific one), then the change in students’ cognitive structure is called
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"assimilation." If preconceptions are incompatible with the new knowledge, more radical type of
conceptual change is necessary and Posner et al. (1982) named this change as "accommodation."

Posner and his colleagues with CCM asserted four conditions for a successful conceptual
change. According to CCM, to benefit from the model a conflict should be created with a
discrepant event or a question. The first condition states that students should be dissatisfied with
their existing conceptions. Dissatisfaction refers to students’ realization that current concepts are
inadequate to explain the given situations. The second condition is that the new knowledge should
be intelligible which means that students should understand and grasp the meaning of the new
concept in a given context. The third condition is that the new concept should appear plausible --
students should find the new concept as senseful. Finally, having a potential of fruitfulness and
extendibility in different context is supposed to be the last condition. When these four conditions
are accomplished, the conceptual change can take place. However, it should be kept in mind that
meeting these four conditions will not guarantee a successful conceptual change (Posner et al.,
1982). With the assertion of the CCM, new instructional strategies were proposed. One of the most
widely used teaching strategies is Cognitive Conflict. Lee and Kwon (2001) defined cognitive
conflict as a state of mind where an individual recognizes a disparity between his/her cognitive
structure and the environment. Moreover, cognitive conflict can arouse when a new conception,
which might be a recently learnt scientific conception, is not compatible with an individual’s past
experience. According to Posner et al.’s CCM, creating conflict is the first step of conceptual
change process. Different means have been used to create a conflict in students’ cognitive
structure. Anomalous data has been used as one of the most efficient ways of creating a conflict
state during the instructional practices (Chinn & Brewer, 1993).

1.2 The Cognitive Bridging Perspective

After getting the attention of researchers, CCM has gone beyond being a theoretical
model and became a research domain in the field of science education. As a result, comprehensive
and multidimensional literature has evolved. Although there are some researchers who are in favor
of the CCM and consider cognitive conflict as an effective instructional strategy, there are some
researchers who are against the model and criticize the use of cognitive conflict during the
instructional practices (Smith, diSessa & Roschelle, 1993; Clement, Brown & Zietsman, 1989).
Smith, diSessa and Roschelle (1993) brought criticism to the conflict view based upon an
argument that confronting and replacing students’ concepts contradict the fundamentals of
constructivism. Smith et al. (1993) proposed that learning science is the refinement of prior
knowledge rather than replacement of them. Moreover, Smith et al. (1993) argued that students
have ideas with explanatory power even though they are not consistent with scientific ones. The
term, resources, is used to define any feature of students’ cognitive structure that can facilitate
conceptual development. In this perspective, Smith et al. expressed that perceiving all students’
prior knowledge/ideas as misconceptions can cause crucial problems in learning science and
mathematics and claimed that categorizing students’ ideas as correct and incorrect is a short fall
approach. Smith et al. claimed that conflict view focuses mainly on identifying misconceptions
and students’ pool of productive resources are not searched or ignored.

Although Smith et al. participated the view of misconceptions originating in prior
learning at some level, their view proposes that misconceptions are inaccurate extensions of
students’ prior knowledge which are productive in nature. Properly designed instructions can result
in quick and successful conceptual change which shows that misconceptions are not always robust
and can be changed (Smith et al., 1993). Smith et al. argue that knowledge is reusable in different
contexts, and misconceptions assumed to be replaced can reappear in the future. Therefore,
replacing misconceptions is neither plausible nor desirable. Smith et al. also argue that when a
discrepant event is presented to create conflict, the instruction itself unconsciously sends a signal
to the learner, which implies that the existing knowledge does not work well and may demoralize
and decrease the self-efficacy of the learner.

In a parallel perspective, Hammer and Elby (2003) claimed that students have resources
to solve their daily life problems which may not be completely consistent with scientific



conceptions. According to Hammer and Elby, a meaningful learning can take place if these
resources can be tabbed during the instructional practices. Although the cognitive bridging
perspective have been supported by quite a range of theoretical arguments, the instructional
strategies compatible with the perspective are very limited. Clement, Brown, Camp, Kudukey,
Minstrell and others (1987) developed an instructional strategy to use students’ productive
resources during instructional practices which is named as anchoring or bridging analogies.
Clement and his colleagues showed that some of the students’ prior knowledge can be used
productively in the learning process. In the proposed strategy, anchoring concept refers to
students’ prior knowledge which is productive to help students understand the targeted concept.
The strategy is based on an instructional sequence which begins with students’ anchoring
conceptions and lead them to the targeted conceptions via multiple bridging analogies which
include properties of both anchoring and targeted conceptions. Consequently, new knowledge or
concepts would be taught based on students’ existing knowledge elements.

Contrary to the conflict perspective that focuses mainly on student’s misconceptions,
cognitive bridging perspective expresses the importance of students’ prior knowledge. If the
instruction is carefully designed with the appropriate activities and components, then the previous
knowledge can be helpful in the learning process (Hammer & Elby, 2003). Minstrell’s (1992)
facets, diSessa’s (1993) phenomenological primitives and Hammer and Elby’s (1996; 2003)
resources appreciate the values of students’ preconceptions.

In cognitive bridging perspective, the main assumption is that students come to class with
lots of resources which are gained by interaction with daily life experiences in social settings.
Especially in physics, students have lots of experiences in their daily life and they constitute a
repository of resources in students’ minds (Reiner, Slotta, Chi & Resnick; 2000; Hammer & Elby,
2003). Another assumption is that these resources work in particular context and students use them
to explain situations that they are experiencing in their daily lives. However, they may not work in
other contexts and lead to scientifically inconsistent ideas which is generally called as
misconception. For example, if students are asked to explain why it is hotter in the summer than in
the winter, most of the students give the answer that “because the earth is closer to the sun”. This
answer is actually correct for many different contexts. The resource that students use while
answering the question is “closer means stronger” (Hammer, 2000). The notion behind this
resource is the idea of getting closer to a source increases the intensity of its effect and this notion
is correct in other contexts for instance stove or camp fire situations. Although “the closer means
stronger” resource is valid for stove or camp fire examples, the same resource leads students to a
faulty response in the formation of seasons. The cognitive bridging perspective proposes that if
these resources are activated in the right contexts, they will be productive in learning process
(Hammer & Elby, 2003). By doing so instruction also implies to the students that their previous
knowledge is valuable and expedient which may result in the improvement of students’ self-
efficacy as well as participation to the discussions.

1.3 Problem Statement

In the last two decades, an immense body of research on students’ prior knowledge has
been carried out. Some of the studies concentrated on students’ misconceptions and claimed that
some of the preconceptions prevent students from learning new concepts. On the other hand, some
others claimed that students’ preconceptions can be productive tools (cognitive bridging) in the
learning process. Although the cognitive bridging and the conflict perspectives agree on the fact
that learning scientific concepts require a change in students’ cognitive structure, they have
different approaches about the nature of the change. Therefore, instructional practices emerging
from the perspectives of cognitive conflict and cognitive bridging may create a difference on
students’ conceptual understanding. In addition, the difference in their approaches to the learning
process and attribution of preconceptions may send different signals to the students about their
pre-instructional achievements which may cause different self-efficacy outputs for students.
Moreover, both perspective are based on different epistemological approaches about the
acquisition of knowledge. Therefore, the difference in their epistemological approaches may lead
to differences in students’ epistemological beliefs.



The main purpose of the present study is to compare the effects of instructions based on
cognitive bridging and cognitive conflict perspectives on students’ physics achievement about
force and motion topic, their epistemologies about learning physics, and their self-efficacy levels.
Figure 1.1 shows the major differences between the perspectives of cognitive conflict and the
cognitive bridging.

Physics Learning

|
] ]
Cognitive Bridging Cognitive Conflict

Sees Students’ cgaaﬁit?yg :;lr?;rcktiunr%s Mostly wrong and futile
Preconception 9

Target of Resources Misconceptions
Preconception
Role of the - ;
Students’ Productive Element Barriers
preconceptions

Implications Bridging Analogies Confront and Replace

Effects on self- May increase self- May decrease self-

efficacy efficacy level efficacy level

Figure 1.1 Comparison of cognitive bridging and cognitive conflict strategies

In addition to comparing two different perspective on students’ prior knowledge, this
study also intends to focus on the gender related issues. The related literature (Baird, 1997;
Erickson & Erickson, 1984; Haussler and Hoffmann, 2002; Hoffmann 2002) has provided some
evidence that gender affects students’ physics achievement, epistemological beliefs and their self-
efficacy levels. Also studies show that male and female students have different attitudes, interests,
and experiences. Within this perspective, in the present study, gender can play an important role



not only in students’ conceptual understanding of force and motion but also the difference in their
epistemological beliefs and self-efficacy levels.

1.4 Significance of the Study

Numerous studies have been carried out on cognitive bridging and conflict perspectives
separately. Although each perspectives has a comprehensive literature, there are limited number of
studies which brought these two perspective together in the same study. Furthermore, the limited
number of studies are argumentative in nature and do not provide an empirical comparison. The
present study brings cognitive bridging and conflict perspectives together and compares the effects
of these perspectives on three different dimensions with an experimental design. The outputs of
this study give us a chance to see how these two completely different perspectives effect students’
cognitive and affective domains.

In the first comparison dimension, the present study compares these two different
perspectives in terms of their effectiveness on students’ conceptual understanding in force and
motion topic. The study intends to understand whether these different perspectives make
differences in students’ physics achievement. Secondly, this study is actually comparing two
different instructional perspectives which are based on different epistemological grounds. As
discussed previously, contrary to cognitive conflict perspective, in the cognitive bridging
perspective new concepts are tried to be built by extending students’ existing productive resources.
When these two perspectives are compared, students’ epistemological views about the knowledge
formation would differ. Finally, in the third dimension, the study compares the cognitive bridging
and conflict perspectives in terms of their effects on students’ self-efficacy levels. In the new
knowledge building process, the cognitive bridging and conflict perspectives dispatch different
signals to students about their preconceptions. While cognitive bridging perspective appreciates
and thery to make use of students’ preconceptions, conflict perspective implies students that their
knowledge is useless and insufficient. Within this framework, these two different perspectives may
have different effects on students’ self-efficacy levels.

Besides the aforementioned comparison dimensions, the study also intends to focus on
gender issues. The literature argues that female and male students have different epistemological
beliefs and self-efficacy levels and due to that reason, gender variable can be an important factor
for the dependent variables of the present study. In this perspectives, the effect of gender on
students’ conceptual understanding of force and motion, epistemologies about learning physics,
self-efficacy, and possible interactions between gender and instructional perspectives were also
explored.

1.5 The Main Problem
The problem of the study is that:

What are the effects of instructions based on cognitive bridging and cognitive conflict
perspectives and gender on ninth grade students’ conceptual understanding of force and mation,
epistemological beliefs about learning physics, and their self-efficacy levels in the district of
Yenimahalle in Ankara?

1.5.1 Sub-problems
The sub-problems of the study can be listed as follows;

1. What is the main effect of teaching method (cognitive bridging vs. cognitive conflict)
on the combined dependent variables of 9th grade students’ conceptual understanding
of force and motion, epistemological beliefs about learning physics, and self-efficacy
when students’ prior conceptual understanding of force and motion, epistemological
beliefs about learning physics, and self-efficacy levels are controlled?
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2. What is the main effect of gender on the combined dependent variables of 9th grade
students’ conceptual understanding of force and motion, epistemological beliefs
about learning physics, and self-efficacy when students’ prior conceptual
understanding of force and motion, epistemological beliefs about learning physics,
and self-efficacy levels are controlled?

3. What is the interaction effect of teaching method and gender on the population means
of the combined dependent variables of 9th grade students’ conceptual understanding
of force and motion, epistemological beliefs about learning physics, and self-efficacy
when students’ prior conceptual understanding of force and motion, epistemological
beliefs about learning physics, and self-efficacy levels are controlled?

1.6 Null Hypotheses

In accordance with the sub-problems, the null hypotheses can be stated as follow for the
conducted study:

1. There is no statistically significant main effect of teaching method (cognitive
bridging vs. cognitive conflict) on the population means of the combined dependent
variables of 9th grade students’ conceptual understanding of force and motion,
epistemologic beliefs about learning physics, and self-efficacy when students’ prior
conceptual understanding of force and motion, epistemologic beliefs about learning
physics, and self-efficacy levels are controlled?

2. There is no statistically significant main effect of gender on the population means of
the combined dependent variables of 9th grade students’ conceptual understanding of
force and motion, epistemologic beliefs about learning physics, and self-efficacy
when students’ prior conceptual understanding of force and motion, epistemologic
beliefs about learning physics, and self-efficacy levels are controlled?

3. There is no statistically significant interaction effect of teaching method and gender
on the population means of the combined dependent variables of 9th grade students’
conceptual understanding of force and motion, epistemologic beliefs about learning
physics, and self-efficacy when students’ prior conceptual understanding of force
and motion, epistemologic beliefs about learning physics, and self-efficacy levels are
controlled?

1.7 Definition of important terms
The important terms of the present study are defined in the following sections;
1.8.1 Cognitive Bridging Instructions (CBI)

The aim of instruction based on cognitive bridging is to help students learn physics
concepts based upon their everyday thinking. CBI aims to find students’ productive
preconceptions and use them to teach new scientific concepts. The structure of the CBI includes
six parts which are activation of productive students’ resource, discussion, activity/demonstration,
strengthening the productive resource, presentation of scientific knowledge, and extension.

1.8.2 Cognitive Conflict Instruction (CCI)

Instruction based on cognitive conflict perspective focuses on students’ misconceptions
about the topic and creating cognitive conflict. Cognitive conflict instruction consists of six parts
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which are activation of students’ misconception, discussion, activity/demonstration, deepening the
conflict, presentation of scientific knowledge, and extension.

1.8.3 Traditional Instruction (TI)

Traditional instruction is an instruction in which the teacher presents the planned content
and students passively receive lecture, write down the important information related to content,
rarely ask questions or express their ideas, and contains limited number of experiments
(Taasoobshirazi & Carr, 2008).

1.8.4 Conceptual Understanding on force and motion

Students’ physics achievement level on force and motion are the scores taken by the
students on the Turkish version of Force Concept Inventory which was originally developed by
Hestenes, Wells & Swackhamer, (1992) and adapted to Turkish by Ogretme, Cigek, Duran,
Giinneg, Koksal, and Tirkay (2000).

1.8.5 Self-efficacy level

Students’ self-efficacy levels are the scores taken by the students on the self-efficacy sub
scales of Turkish version of Motivated Strategies for Learning Questionnaire (MSLQ-TR) which
was originally developed by Pintrich, Smith, Garcia and McKeachie (1993) and adapted to Turkish
by Karadeniz, Biiyiikoztiirk, Akgiin, Cakmak and Demirel (2008).

1.8.6 Epistemological Belief Assessment for Physical Science (EBAPS)

Students’ epistemological belief are the scores taken by the students on Epistemological
Belief Assessment for Physical Science (Elby, Frederiksen & White, 2001,
http://wwwz2.physics.umd.edu/~elby/EBAPS/idea.htm).
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CHAPTER 11

LITERATURE REVIEW

Increased attention to learners with constructivism, students’ prior knowledge have been
one of the most important issues of interest in the literature of science education. Most of the
studies showed that students come to class with many naive prior knowledge about their physical
environment (McDermott, 1984; Halloun & Hestenes, 1985; McDermott & Shaffer, 1992;
Hewson, 1992; Reif, 1995; Limon, 2001; Duit & Treagust; 2003) and this knowledge of the
learner affects their further learning.

In the field of science education, students’ prior knowledge has been referred with
different labels such as alternative conceptions, preconceptions, misconceptions, p-prims, and
resources (Driver & Erickson, 1983; Hewson, 1992; Clement, 1993; Pfundt & Duit, 1994; Beeth,
1995; Stathopoulou & Vosniadou, 2006; 2007; Hammer & Elby; 2003). Besides searching for
students’ prior knowledge, the literature also focuses on possible effects of students’ beliefs about
the nature of knowledge and knowing on the process of learning (Hammer, 1994; Hofer &
Pintrich, 1997).

The studies (Posner et al., 1982; Chi, 1992; diSessa, 1993; Duit et al., 2001) related to
students’ prior knowledge and learning processes reached a common conclusion that students
should experience a change in their cognitive structure for a successful learning process. The
change in the cognitive structures of the students have been discussed and approached differently
but commonly named as conceptual change.

2.1 Conceptual Change

Conceptual change has been used for different meanings (Duit & Treagust, 2003) in the
literature of education. Although some researchers (Posner et al., 1982) use the term conceptual
change as an exchange of preconceptions with the scientific ones, some researchers (Smith et al.,
1993; Hammer & Elby, 2003) use the term conceptual change as a reorganization of the pre-
instructional cognitive structure of students. One of the most comprehensive models of conceptual
change was developed by Posner, Strike, Hewson and Gertzog in 1982.

Posner et al. (1982) asserted two phases of conceptual change. The first one is
assimilation in which students use their existing knowledge to deal with the new information
which is also defined as weak knowledge restructuring (Duit & Treagust, 2003). The second one is
a more radical type of conceptual change which is called as accommodation. In accommodation,
student should restructure or reorganize his/her central concepts (Posner et al., 1982; Duit &
Treagust, 2003). Posner and his colleagues argued that the most drastic kinds of learning take
place when a students’ existing conception is completely removed and replaced by a new concept.
Posner et al. (1982) proposed four conditions for a radical conceptual change to takes place. First
of all, students should be dissatisfied with their existing knowledge in a given context.
Dissatisfaction means that students realize the insufficiency of their existing knowledge to explain
the current situation. In addition to dissatisfaction, there are some requirements that learners



should engage in the new coming knowledge. Second condition for a successful conceptual change
is that the new concept should be intelligible to the students. In other words, students should
understand the meaning of the new concept. Third condition is asserted as the plausibility of the
new concept which refers to that the new concept should be seen as reasonable by students.
Finally, the new concept should be fruitful, having a potential of extendibility in different contexts
for a successful conceptual change to occur.

After the study of Posner et al. (1982), Conceptual Change Model received special
attention from the researchers and has gone beyond being a theoretical model. As a result,
comprehensive and multidimensional literature has evolved. Alternative models have been
suggested and different conceptual change interpretations have been emerged. For example,
Hewson and Hewson (1984) approached to the conceptual change from different perspective than
Posner et al. (1982). Students’ pre-existing and new concepts were defined as competing
conceptions and when the dissatisfaction is occurred, then there may be two options. First,
students compare these competing conceptions in terms of their intelligibility and fruitfulness. As
a result of this process new concept can achieve a higher status in students’ mind. The second
option is the opposite case of the first option. This time students’ pre-existing knowledge continue
to have higher status than the new coming knowledge and as a result conceptual change process
will not proceed (Hewson, 1992; Hewson & Hewson, 1984; Beeth, 1995).

Another alternative model of conceptual change was suggested by Chi (1992). Chi (1992)
studied and explored the conceptual change process and the nature of the change. According to
Chi (1992) the term conceptual change has misleading meaning, it can imply the results of the
process or it can imply the process itself. Chi (1992) classified the conceptual change into two as
conceptual change within the ontological categories and conceptual change across ontological
categories. It is stated that there are three ontological categories (matter, events and abstraction)
which have intrinsic and psychological reality properties. Each ontological categories has specific
properties. Chi (1992) gave examples about the properties that each entities possess and their
mismatch or misusage. For example, “thunderstorm is broken” is a wrong statement, because the
broken is a property of the members of “matter” ontological category, on the other hand,
thunderstorm is an entity in the “event” ontological category. Chi proposed that this kind of
mismatch creates some problems in the learning process.

There are two assertions in the theory of Chi (1992). First of all, students need to operate
or execute different cognitive processes when conceptual change within category and conceptual
change across categories are considered. The cognitive process that initiate or perform conceptual
change within category is not sufficient to initiate or perform conceptual change across categories.
According to Chi (1992), in the first type of conceptual change - within ontological categories -,
concepts do not change their meanings. In other words, in the conceptual change within
ontological categories, reorganization of ontological tree in which concept is connected can be
mentioned. Due to that reason Chi (1992) depicted conceptual change within category as in the
following figure.
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Figure 2.1 Chi’s (1992) denotation of conceptual change within ontological categories

On the other hand, in radical conceptual change — across ontological categories- the
meanings of concepts are changed and due to that reason Chi (1992) depicted radical conceptual
change as in the following figure.

q------n—-—

Figure 2.2 Chi’s (1992) denotation of conceptual change across ontological categories

When the figure 2.2 is examined carefully, the figures that define concepts in the
ontological category were changed into different figures after the radical conceptual change. Chi
(1992) suggested that learning some of the scientific concepts are more difficult than others.
Because, in the process of learning science concepts mostly radical conceptual change takes place.
According to Chi the scientific concepts to be learned and students’ previous knowledge or naive
conceptions are under different ontological categories. Due to that reason students should
experience a radical conceptual change to learn scientific concepts and this make learning science
concept difficult for students. The source of the difficulty is a mismatch between the intrinsic
properties and the psychological perceptions of concepts (Chi, 1992). Most of the students
evaluate scientific concepts like force, light, heat and current as materialistic view (substance-
based) and this creates a problem in the learning process. Three different alternatives in radical
conceptual change process were listed by Chi (1992) as; (1) original meaning of the concept can
be abandoned and replaced with its new meaning, (2) old and the new meanings of the concept can
be both accessible according to context and (3) automatic replacement of new meaning with
coherence and strength. Encountering frequency of conceptual change within ontological category
is higher than the encountering frequency of conceptual change across ontological categories
(radical conceptual change) and the former is the natural progress of the science like theory change
under the same ontological category and the latter can occur very rarely because it implies
revolutionary change (Chi,1992).

Another different approach to conceptual change is Vosniadaou’s approach. According to
Vosniadou (1994), the process of conceptual change is a gradual process in nature and has two
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different kinds which are enrichment and revision of existing knowledge structure. Enrichment
occurs when the new information is simply added to existing framework or structure and it is the
simplest kind of conceptual change. On the other hand, revision is in the change of one’s beliefs or
preconceptions or change in the structure of relations between the concepts or beliefs and it occurs
when the new information contradicts with the existing structure. Revision has two levels, one is
change at level of specific theories and the second one is change at the framework theory level and
Vosniadou (1994) proposed that change in the framework theory level is the hardest one and most
of students misconceptions are formed at this stage. The change at the level of framework theory is
hard because it contains beliefs or ideas which are formed via daily life experiences based on
extensive confirmation in their daily lives and these ideas and beliefs built foundations of our both
ontological and epistemological conception systems.

Students’ ideas or beliefs about physics are so robust and are organized in a framework
theory that does not enable students to test hypothesis and be aware of their reasoning. At this
perspective Vosniadou (1994) described misconceptions as framework theory in which
contradictory information or beliefs exist is used by students while interpreting scientific
information or concepts. When the new coming information is contradictory to existing
framework, students experience a revision process and in this process there is a possibility of
formation of inconsistencies, inert knowledge and misconceptions. Inconsistencies are formed
when contradictory information pieces/ conceptions are added to existing knowledge structure.

Although some of the students’ preconceptions are compatible with the scientific view,
some of them are incompatible with the accepted view. There are different perspectives about the
role of prior knowledge in learning process. Especially, two main perspectives constitutes the main
field of interest for the present study. In the first perspective students’ misconceptions are in the
spotlight and these misconceptions were taken as obstacles to understanding physics (Clement,
1989; Clement, Brown & Zietsman, 1989; Beeth, 1995; Reiner, Slotta, Chi & Resnick, 2000;
Science Teaching Reconsidered: A Handbook, 1997) and will be mentioned as cognitive conflict
perspective. On the other hand, in the second perspective students’ preconceptions have been
taken as productive resources. The perspective proposes that students’ prior knowledge can be
used as facilitators in learning process of the students. The second perspective will be named as
cognitive bridging perspective. A number of studies which reflect both perspectives have been
carried out.

2.2 Cognitive Conflict Perspective

The conflict perspective focuses on students’ misconceptions and take them as obstacles
in front of the learning process and it proposed that misconceptions should be found, confronted
and replaced in order to successful learning of a science concept. In this perspective, conceptual
change concept should have to be understood as learning occur against the background of the
students’ existing concepts. Due to that reason, students’ preconceptions should be replaced with
accepted scientific conceptions for learning science concepts (Posner et al., 1982).

According to conflict perspective, as discussed above to start conceptual change process,
a discrepancy should be created in students’ cognitive structures. The discrepancy can be accepted
as a stimulus for starting conceptual change process. To form the discrepancy, different
instructional applications were developed. One of them is the cognitive conflict.

The cognitive conflict has no precise definition in the science education literature and
various concepts and terms such as cognitive dissonance, discrepancy, disequilibration has been
used as synonymous with cognitive conflict (Lee & Kwon, 2001). Mischel (1971) defined the
cognitive conflict as awareness of an instantaneous disequlibration in the system of schema (as
cited in Lee & Kwon, 2001). Another definition was carried out by Kwon as cognitive conflict can
be defined as discrepancy between cognitive structure and environment of an individual (as cited
in Lee & Kwon, 2001). Moreoever, Lee and Kwon (2003) defined the cognitive conflict as; state

12



of mind where student or individual recognize a disparity between his/her cognitive structure and
environment. To create conflict between the new concept and the students’ prior knowledge
anomalous data has been used (Chinn & Brewer, 1993). One of the widely used means in
conceptual change process is anomalous data which have crucial role in science learning (Lin,
2007). The main reason why the conflict is created with anomalous data is that students do not
admit the new concept until they realize that their own conceptions do not work. The dealing way
of the conflict is crucial for the continuity of learning process and proposed that dealing way can
change the outcomes of conceptual change as constructive and desctructive (Kim, Bao & Acar,
2005).

The role of cognitive conflict have been argued and positive and negative effects of
cognitive conflict have been discussed by researchers (Posner et al., 1982; Limon, 2001) in
science learning. Some researchers questioned the effectiveness of cognitive conflict in conceptual
change process. Tsai (2000) investigated the use of cognitive conflict strategy with conflict maps
in reconciling the disagreement between the scientific conceptions and students' conceptions. Tsai
discussed how to form conflict maps for instructional usage and listed the elements of conflict
maps as students’ alternative conception, discrepant event, target scientific concept being taught,
critical event or explanation, other relevant scientific concepts and other perception supports. Tsai
(2000) found that conceptual conflict is not always effective in achieving conceptual change.

Also Tao and Gunstone (1999) studied the students’ alternative conceptions and effect of
cognitive conflict process in force and motion topic. Tao and Gunstone (1999) implemented a 10
week programme to a class with 27 students. For the study, Force and Motion Microworld (FMM)
computer simulation software were developed to match and confront students’ alternative
conceptions. The tasks in the FMM are called POE (predict, observe and elicit) tasks which are
designed to provide cognitive conflicts that facilitated conceptual change. For the evaluation of
students’ conceptual change processes a conceptual test with 15 questions were developed. In
addition to conceptual test some students were interviewed. After data analysis, Tao and Gunstone
(1999) proposed that conceptual conflict did not always ensure conceptual change and claimed that
in order to produce a conceptual change, the conflict should force students to reflect on their
conceptions. Moreover, Tao and Gunstone’s (1999) study showed that conceptual change process
mostly depended on contexts and unsettled which means students have tendency to recede back to
their own conceptions.

Niaz (2001) also found similar results of the Tao and Gunstone’s (1999) study. Niaz
(2001) investigated cognitive conflict resolution strategies applied by students in solving
problems. Freshman chemistry science major students constituted the sample of the study in
Venezuela. The results show that eventhough students admit and understand the anomalous data,
alternative conceptions may still be preserved in students’ cognitive structure.

Zohar and Aharon-Kravetsky (2005) investigated cognitive conflict and explored the
effects of cognitive conflict and traditional instruction on students’ academic achievements. Zohar
and Aharon-Kravetsky (2005) used four experimental groups with 121 students to determine level
of the relationship between teaching method and academic level. In their study, two groups were
taught by direct teaching methods and the other two groups were taught by inducing a cognitive
conflict. The results showed that students’ gains are independent from teaching methods. On the
other hand, Zohar and Aharon-Kravetsky (2005) found a large difference in the gains between
students in high and low achieving groups. Moreover, ICC teaching method was more effective for
high achievers, while direct teaching method was more effective for low achievers.
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2.3 Cognitive Bridging Perspective

Although there are some researchers who are for the conflict perspective, there are some
researchers who are against that perspective and criticize it (Smith, diSessa & Roschelle, 1993;
Clement, Brown & Zietsman, 1989). The second perspective- cognitive bridging- in conceptual
change literature focuses on productive students’ preconceptions and proposes that students’
preconceptions can be used in teaching new concepts. According to cognitive bridging
perspective, considering all of the common sense beliefs are misconceptions is not an effective
way of solving problematic situation (Halloun & Hestenes, 1985; Clement, Brown & Zietsman,
1989). First of all these common sense beliefs or alternative conceptions have been developed with
long personal real life experiences. Moreover some preconceptions are successful in dealing with
the real life situations (Clement, Brown & Zietsman, 1989; Stathopoulou & Vosniadou, 2006;
2007).

One of the exposer of this approach is diSessa. diSessa (1993) approaches to the
conceptual change process from different perspective and proposed that students form a complex
knowledge system with the organization of many fragmented elements that represent cognitive
structure. According to diSessa, learning process includes formation of one’s conceptual ecology
(complex knowledge system) in which different conceptual elements exist. Actually diSessa
implies with the term of “conceptual change” is the changing one’s cognitive structure or way of
organizing knowledge from fragmented to structured manner.

diSessa supposed that conceptual change is based on re-organization of one’s existing
knowledge structure. In other words, conceptual change is the organization or re-organization of
very different elements as complex knowledge system. In this perspective, diSessa defined one’s
preconceptions or previous knowledge as phenemonological primitives or p-prims which are
small, simple and lots of knowledge pieces. P-prims are activated in a specific context and used to
explain daily life experiences and situations by individuals. diSessa coined the term
phenemonological primitive, because expression “phenemological” means explanatory entities
related with one’s daily life and expression “primitive” means self-explanatory and simple entities
which need no extra explanation (diSessa, 1993). From the wide perspective, diSessa asserted that
although p-prims are not as systematize as like a theory, they have some systematicity. With the
change and combination of these p-prims complex knowledge systems can be formed by the
learner. Due to that reason, although p-prims are in pieces, when they are evoked or activated they
come or appear as blocks or net.

According to diSessa, conceptual change is not an easy process like deletion or
replacement of a concept because students’ prior knowledge or p-prims become a part of more
complex knowledge structure. diSessa proposed that each p-prims finds suitable places for
themselves and due to that reason conceptual change cannot be a replacement or deletion process
rather it can be an integration and a re-organization process. In other words, p-prims give a sense
of satisfactory explanatory entities in which they are formed.
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Figure 2.5 diSessa’s conceptual change depiction.
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When the figure above is examined, one can see that according to diSessa’s view,
conceptual change is the changing one’s cognitive structure from naive position which involves
loosely connected knowledge elements (p-prims) to conceptually competent position in which p-
prims are combined and changed to form more complex knowledge systems (diSessa, 1993).

Science education literature shows that students’ ideas and cognitions about nature of
knowledge, knowing and learning affect their reasoning mechanisms and process of how they
learn (Hammer, 1994; Hofer & Pintrich, 1997). In this point of view, Elby and Hammer (2003)
proposed that students have resources which can be epistemological or cognitive. When students
try to explain a situation, a resource is not used alone rather networks of resources in students’
minds are activated. Elby and Hammer (2003) gave some important examples for the importance
of resources framework. Although most students gave correct responds to question of what you
use to remove a hot pan from oven by stating that using a cloth glove (blocking resource), the
same students cannot use the same resource about the comparison of melting times of ice cube
wrapped in cloth and ice cube left out in the air. Elby and Hammer (2003) explained this as
students have lots of daily life experiences and they may associate blanket, gloves with warmth as
softness means warmth.

Students can use different resources in different context, for example when student is
asked about how he/she studied to the exam, he/she can give an answer like “memorize every
words in the book™ and this shows that he/she uses “propagated stuff” resource for studying an
exam. On the other hand, the same student can give an answer to the question of “how can you
teach or tutor your friend about an exam” like “use or start from what he/she knows” and this
reflects that the same student uses “knowledge as constructed” resource while he/she is teaching
someone else (Elby & Hammer, 2003, p. 60)

According to Elby and Hammer’s (2010) framework, context-sensitive activation of fine-
grained knowledge elements explains students’ cognitions about nature of knowledge, knowing
and learning. As mentioned before resources are not isolated constructs rather they interact with
other resources and affect others or vice versa. When one of the resource is activated this process
will not affect only that resource, it will affect the network of resources which the resource belongs
to. A local activation of network of resources is defined as epistemological frame. (2010). In other
words, epistemological framing can be accepted as the cognitive process that the students execute
in the evaluating the given situation like “what is going on here.” As discussed before, an
individual can use different resources in different tasks (like one can use knowledge as propagated
stuff in learning physics and can use knowledge is constructed in tutoring other). According to
Hammer and Elby, the aim of classroom intervention should provide a shift between resources.

In this context to fulfill successful conceptual change, different instructional strategies
have been developed. When the instructional strategies used in the cognitive bridging perspective
are examined, different strategies are available in the literature. One of them is bridging analogies.
In the literature studies propose that analogies (Brown, 1993, 1994; Clement, Brown, & Zietsman,
1989) can facilitate process of the conceptual change. Bridging analogies approach was proposed
by Clement et al. (1989) to define students’ anchoring conceptions. Clement and his friends
conducted a study with students who had not revieved any physics course before. The main aim of
Clement et al. was to designate students' anchoring conceptions with a diagnostic test. The
anchoring conceptions were defined as an intuitive knowledge constructs that is partially in
commitment with scientific concepts in Clement et al. (1989). To define students’ anchoring
examples, Student's correct responses and their confidence levels in their response were evaluated
as criterias for the porblem assessment. In the diagnostic test, common conceptions were classified
according to responses of the students. Clement et al. (1989) proposes that anchoring conceptions
can facilitate the process of eleminating students' misconceptions.

Also Abak, Eryillmaz, Yilmaz and Yilmaz (2001) studied the effect of bridging
(anchoring) analogies on 9th grade students' misconceptions in mechanics (gravity and inertia).
The mechanics diagnostic test was developed with the questions from Preconceptions in
Mechanics (Camp & Clement, 1994) by the researchers. In the study, three 9th grade classes with
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67 students were used as a sample. Demonstrations and discussions were used in the instruction.
Also homework assignments were given to students during the treatment period in which bridging
analogies were used. Abak et al. (2001) found a significant mean difference between students'
pretest and posttest scores on the mechanics diagnostic test. Moreover, the study showed that
bridging analogies are important tools in physics instruction not only in increasing the students’
scores but also in overcoming the students’ misconceptions.

2.4 Studies Related to Present Study

The present study brings cognitive bridging and conflict perspectives together and
compares the effects of these perspectives. In this comparison some issues became prominent due
to difference between the cognitive bridging and cognitive conflict perspectives. The cognitive
bridging and cognitive conflict perspectives based on different epistemological grounds and have
completely different approaches in handling of students’ preconceptions. Moreover, literature
shows that students’ conceptions prior to the classroom have an important role in learning process
and these conceptions shape their learning and reasoning process. Instruction that the students
receive includes various factors that not only affect students’ learning process but also their
motivation and epistemological beliefs and this also affects students’ achievement directly or
indirectly. Due to that reasons, the two perspectives may have different effects on students’
conceptual understanding, epistemological sophistication levels and some motivational constructs.
In this perspective the studies related to students’ conceptual understanding in force and motion
topic, epistemological beliefs and motivational constructs and their relationships with each others
were in the area of interest for the present study.

2.4.1 Studies related to Force and Motion Topic

Students have preconceptions about physics concepts that they have been obtained prior
to instruction (Halloun & Hestenes, 1985; Maloney, 1990; McDermott, 1984; Palmer & Flanagan,
1997). In the present study, force and motion topic was selected intentionally because, students
have numerous daily life experiences which includes force and motion. In other words, force and
motion topic is one of the richest physics topic in terms of cognitive resources that the students
have. The studies related to students’ conceptual understanding of physics especially in force and
motion topic are in the field of interest for the present study.

Eryilmaz (2002) studied also about the relationship between the conceptual change
discussions and misconceptions in the perspective of students’ force and motion achievements.
The sample of study consists of 396 high school physics students from 18 11th- and 12th-grade
classes. Force Misconception Test was used to detect students’ misconceptions and included 18
multiple choice items. Force Achievement Test was implemented to measure students’ physics
achievement and included 31 multiple choice items. Both instruments were developed with the
questions from previously developed diagnostic and achievement tests by other researchers.
Throughout the 8-week treatment period, students completed five conceptual assignments about
force and motion and conceptual change discussions were used. Also FMT and FAT were
implemented as pre and posttest in the study. Eryillmaz (2002) found that conceptual change
discussions not only positively affect students’ achievement in force and motion topic but also
decrease the misconceptions in number.

Thornton and Sokoloff (1998) also interested in student conceptual understanding of force
and motion (Newton’s Laws of Motion). The sample of their study was formed by students who
were taking both calculus and noncalculus university students. From this sample Thornton and
Sokoloff (1998) formed two groups which are LAB and NOLAB groups. Total number of students
in the sample was 240. To evaluate students’ conceptual understanding in force and motion topic,
Force and Motion Conceptual Evaluation (FMCE) instrument was used. In the NOLAB group
students were taught with traditional lecturing, on the other hand in LAB group students were
presented interactive lecture demonstrations. The results of the study showed that students in
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introductory physics classrooms did not comprehend force and motion concepts through
traditional instruction. Moreover, FMCE showed that student understanding of force and motion
concepts is significantly improved when traditional instruction replaced with more interactive
learning strategies.

Learning and conceptual understanding physics was studied by Elby (1999). Elby (1999)
examined why students learn physics by rote and to reveal the reasons of this Elby prepared the
written questionnaire. The main interest of it was to compare the actual students’ behaviours and
their advise to their friends in studying physics. In the study, 106 introductory physics students
were surveyed in 1996 and participation was voluntary and each subjects were paid $3. The
written questionnaire of Elby (1999) asks questions related to students”’ attitudes toward formulas,
equations or daily life examples. The results of the study of Elby showed that students generally
spend more time on quantitative part such as equations, formulas or practicing problems and
limited time on qualitative sections such as real-life examples and concepts than they would have
hypothetical student Diana spend. This means that most students manipulate their response about
their study habits and they reported in a way they would advise someone to study in pursuit of
deep understanding. Also many of the students think meaningful understanding is sufficient in
learning physics but not necessary for getting high grades. The most striking result of Elby’s study
is that students see trying to understand deeply as a different activity from getting good grades.
Moreover students’ epistemological beliefs are compatible with the students’ expectations about
how to do well (Elby, 1999).

2.4.2 Literature on Epistemology in Physics

There is increasing perception in research area about students learning that students’
epistemologies can play a crucial role in constructing their knowledge (May & Etkina, 2002). In
educational literature there are different definitions of epistemology. The main concerns of
epistemology is the answer of the "What is knowledge?", "How is knowledge acquired?", and
"What do people know?" questions. Concepts related with individuals’ knowledge and “knowing
how” have been the interest of field of educational research. Different definitions and
accompanying conceptualizations have been carried out such as epistemological beliefs (Qian and
Alvermann, 1995, 2000; Schommer, et.al. 1992), reflective judgment (King and Kitchener, 1994),
ways of knowing (Belenky et. al., 1986; Clinchy, 1995), and epistemological theories (Hofer and
Pintrich, 1997), and epistemological resources (Hammer and Elby, 2002).

According to Hofer (2001), students face with new information in their learning process
and interpret them and students' basic beliefs about knowledge and knowing should be seen as part
of learning process. These beliefs have effects on knowledge-acquisition and construction process.
Studies showed that students with high level of epistemological knowledge have a tendency to
learn more enthusiastically and better conceptual understanding (Schommer, Crouse, and Rhodes,
1992; Linn and Songer, 1993; Hammer, 1994; May and Etkina, 2002). Activities that probe and
reveal students’ epistemologies can improve leaning process (Carey and Smith, 1993; Smith,
Maelin, Houghton and Hennessey, 2000).

Greek secondary school students’ epistemological beliefs about physics and physics
understanding were studied by Stathopoulou and Vosniadou (2006). For the study, GEBEP (Greek
epistemological belief evaluation instrument for physics) was developed and implemented to 394
10th grade Greek students. Stathopoulou and Vosnhiadou (2006) analysed the results of the
GEBEP instrument and found four dimensions in students’ beliefs which are structure of
knowledge, construction and stability of knowledge, attainability of truth and source of
knowledge. Later, according to GEBEP results 38 students who got highest scores and 38 students
who got lowest scores from the test were selected and administered a FMCE (force and motion
conceptual evaluation instrument) test and the results showed that students’ beliefs about physics
knowledge and knowing process are related to conceptual change in physics. Moreover,
Stathopoulou and Vosniadou (2006) found that epistemological beliefs or views within the
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conceptual ecology also affect academic achievement by influencing goal orientation
(Stathopoulou &Vosniadou, 2006).

Stathopoulou and Vosniadou carried out another study (2007) by selecting 5 high
achievers and 5 low achievers on GEBEP and FMCE in their study in 2006 and interviewed them.
Interviews consist discussions, think-alouds questions concerning Newtonian physics-dynamics.
The results showed that students who got high scores on FMCE and GEBEP have deep approaches
to learning (aware of their learning process, try to integrates ideas), and on the other hand students
who got low scores on both GEBEP nad FMCE have surface approaches to learning (not aware of
their learning and most of the time they prefer rote learning). The belief which is seeing scientific
knowledge as collection of fact and formulas prevent students from understanding physics subject
deeply also students who think scientific knowledge as static- does not change- avoid new
information and changing their existing knowledge (Stathopoulou and VVosniadou, 2007).

Similar results was found by Smith, Maclin, Houghton and Hennessey (2000). Smith et
al. (2000) investigated the effect of constructivist pedagogy on students’ epistemological
commitments. The sample of the study consisted 35 6" grade elementary students from two
different classes. The students in the constructivist classroom were encouraged to reflect on their
ideas. On the other side, the students in the more traditional classroom were lectured by the
teacher. The results of the study found that the students in constructivist classroom comprehend
science learning as the modification of ideas about daily life and had epistemology of science in a
more constructivist manner than the students in traditional classroom.

Epistemological beliefs was also studied by Lodewyk (2007). The correlation between
students’ academic achievement, gender and epistemological beliefs were explored. 447 (number
of males and females nearly equal) science students in secondary schools in western British
Columbia participated to the study. The students were requested to complete tasks which were
well-structured task and ill-structured task and epistemological and demographic questionnaires
developed by Schommer’s (1993) were used to collect data. MANOVA analysis was carried out
by Lodewyk to evaluate the disparity in epistemological beliefs. Lodewyk (2007) found that in
fixed and quick ability to learn domain, the female students had performed better than male
students. Moreover, the students in independent school had more sophisticated beliefs than the
students in public schools with respect to certain knowledge. Also Lodewyk could not provide an
evidence that achievements on the well-structured task and on the ill-structured were different.

May and Etkina (2002) studied the relationship between physics students’
epistemological self-reflection and conceptual understanding. Weekly reports in which students
reflect on what they learned in a given week and how they learned it, by respond-ing to specific
questions were used to assess students’ epistemological views. In weekly reports, students were
requested to express their ideas about their learned subjects, learning process and unpercieved
points, and if they were teachers, how do you reveal whether your students understand the topic or
not in a limited time period. In lectures, mainly research-based and active learning strategies were
implemented with cooperative group problem solving. To measure students’ conceptual
understanding in physics; FCI (Force Concept Inventory), MBT (Mechanics Baseline Test) and
CSEM (Conceptual Survey of Electricity and Magnetism) instruments were implemented. The
results showed that students searched for experimental evidence to use and apply the knowledge.
Also the applicability of knowledge, and its coherence also affect their learning process.
Moreover, students’ conceptual understanding and their ability to assess their learning process
were highly related to each others. Students with low gains did not reflect well and did not write
much about their learning process. On the other hand students with high gains, reflect more on
their learning process and use experimental results in their judgment process. Moreover students
with high gains gave more importance to the coherence of knowledge than low gainers.
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2.4.3 Literature on Self-efficacy in Physics

In the new knowledge building process, the cognitive bridging and conflict perspectives
dispatch different signals to students about their preconceptions. While cognitive bridging
perspective regards students’ preconceptions and try to build new knowledge on students’
productive resources, conflict perspective confront them and focuses on mostly their
miscocneptions. Within this framework, these two different perspectives may have different
effects on students’ self-efficacy constructs.

Lynch (2006; 2007) studied the relationship between MSLQ responses and academic
performance in different studies. Lynch expressed that there is a difference between students’ and
faculty’s view about how students do well in their courses. While students’ focuses more on
rehearsal in learning process, the faculty expect students to use elaboration, organization, critical
thinking, peer helping, and seeking help learning strategies. In the study with 76 students who
were taking physics course were participated to the study. Students’ final semester grades and
MSLQ survey data were used in the analysis by Lynch. The results showed that self-efficacy,
intrinsic, extrinsic goal orientation, and task value sub dimensions of MSLQ were significantly
associated with final grades. Especially self-efficacy sub-dimension of MSLQ showed greatest
association with final grades of the students.

Lynch (2006; 2007) also examined whether the gender creates a difference in terms of
students’ final course grades and MSLQ scores. The final course grades of male and female
students were not statistically different. On the other hand, the large correlation between male
students’ self-efficacy scores and final course grades was found. While male students have
significantly higher self-efficacy scores than female students, female students’ test anxiety scores
significantly higher than males’.

In studies with related to motivational constructs, one of the most important focus point is
self-efficacy. Self-efficacy is defined as students’ own judgment in organizing to accomplish a
given specific task by Bandura (1986). In a similar manner Schunk (2008) described self-efficacy
as an individual’s level of perception on his/her future actions concerning about the beliefs of
his/her capabilities to organize his/her actions to reach his/her goals.That is, self-efficacy is a
belief that one perceives his capabilities to do something. After Albert Bandura’s assertion of the
term self-efficacy, it has been became one of the important students’ achievement related concept
in science education literature (Schunk, 2008). The level of the self-efficacy plays a critical role in
learning process and there should be a balance. While lower self-efficacy may provide a
motivation for students to learn more about the subject; higher self-efficacy in a task may cause
insufficient preparation for that task (Schunk, 2008). Schunk (2008) claimed that low self-efficacy
generally leads to a subjective belief about the task or content that results with student sees the task
harder than it actually is, and increases stress level of the learners. Due to that reasons, students’
self-efficacy level should be a little higher than their actual potential (Pajares, 2002).

According to different studies, self-efficacy affects the perception of the convenience of
given situation or learning process (Pajares, 1996; Bandura, 1997). Therefore self-efficacy beliefs
is one of the most influential factor that affect one’s learning mechanism. Pajares and Miller
(1995) also studied on students’ self efficacies and stated that students’ achievement can be
predicted by measuring students’ self-efficacy levels. Similarly Pintrich (2002) was also conducted
a study concerning students’ self efficacy construct and proposed that self-efficacy is a context-
specific which can be evolved differently in different context. Also in the literature, it is argued
that gender is an important factor in self-efficacy construct which means males and females
differed in self-efficacy levels (Lenon, 2010).

In some of the studies self-efficacy was accepted as an academic construct which is an
important predictor of students’ achievement (Schunk & Zimmerman, 1994; Zimmerman,
2000). Numerous studies showed that self-efficacy is a powerful predictor of students’
achievement (Bandura, Barbaranelli, Caprara, & Pastorelli, 2001; Britner & Pajares, 2006;
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Marie, 2006; Pintrich, 1999; Bandura,& Martinez-Pons, 1992). Al-Harthy and Was(2010)
carried out an emprical study concerning self-efficacy and students’ achivement relationship. 265
undergraduate educational psychology course students were participated to the study. Al-Harthy
and Was tried to reveal the relationship between students’ self-efficacy and self-efficacy related
constructs. In their study, Pintrich et al.” (1991) MSLQ, Elliot’s (1999) achievement goal
questionnaire developed, and students’ final course grades were used to carry out a path
analysis. Students’ self-efficacy levels and their achievement showed highest correlation
(r=.45, p<.05) and self-efficacy levels of the students was found as the best predictor of
students’ achievement (B =.42).

Gender difference in self-efficacy construc was also studied in the literature. While Cole
et al. (2001) found no differences bewteen male and female students in terms of their self-
efficacy levels, some researches have reported that males have better self-efficacy levels than
females (DeBacker & Nelson, 2000; Pajares, 2002, Osborne, et al., 2003). Similarly, Pajares
and Miller (1995) stated that in maths and science domains, male students have higher self-
efficacy levels than females; but females’ academic achievements in these domains were far more
better.

2.4.4 Gender Related Differences in Physics

While researchers are studying on students’ physics achievement, every internal and
external factors are considered. Gender is also one of the important factors that affect students’
physics achievement, epistemological sophistications and their motivational constructs. Quite a
number of studies (Baird, 1997; Erickson & Erickson, 1984; Héussler and Hoffmann, 2002;
Hoffmann 2002; Johnson, 1987; Van Hise, 1988; Weinburgh, 1995) showed that male and female
students have different attitudes, interests, and experiences. Also studies showed that females have
more misconceptions than males on concepts related to force and motion (Crough, 2002; Eryilmaz,
2002; McCullough, 2002).

Lorenzo, Crouch and Mazur (2005) studied the gender differences in physics in a
longitudinal study. In the study, students’ received teaching method —traditional lecturing- was
changed with peer instruction which based on more interactivity in classroom and more conceptual
questions were discussed. To measure the effectiveness of the teaching method, Lorenzo and his
friends used FCI test. It was found that when interactivity and collaboration in class increases, both
genders benefit from this classroom climate and especially females improve their performance and
overcome pre-instruction gender disparity.

Some studies (Johnson, 1987) showed that male students have more experiences about
physical events than female students, because male students spend much more time outside and
experiences more out-of-school activities that enable more opportunities for gaining physics
experiences than females. The difference in time spend outside and variety of activities that
students experience is one of the factors that why males and females have different science
achievement in favor of males (Becker, 1989; Erickson & Erickson, 1984; Johnson, 1987; Lee &
Burkam,1996).

Docktor and Heller (2008) also studied the gender differences in physics. The sample of
the study is formed with several semesters calculus based physics students. The implementation
based on cooperative problem solving which students practice solving problems with their peers in
a structured environment. The course includes lectures, laboratory and problem solving sessions.
In the laboratory and discussion sessions, cooperative Problem Solving and “context-rich”
problems were used with 16-18 students per class. To measure students’ physics achievement
modified version of FCI was used in the study. 5,636 students who were taught by different 22
instructors from 40 classes constituted the final sample of the study. The results of the study
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showed that female students had lower pretest scores on FCI than male students. After the
treatment, both females and males got similar gains with keeping gender gap determined at the
start of the study. Also Docktor and Heller (2008) found significant correlation between FCI
pretest and posttest scores for both gender. But correlation found between FCI pretest and posttest
scores for males higher than the correlation found for females. Although there are significant
gender differences both in pretest and posttest scores on FCI, no significant gender differences was
found in terms of students’ course performance.

2.5 Summary for findings

« Students have preconceptions about physics topics that have been acquired before the instruction
(Novak, 1977; Driver & Easley, 1978; Helm, 1980; Sutton, 1980; Halloun & Hestenes, 1985b;
Pines & West, 1986; Watts & Pope, 1989).

+ Students’ preconceptions are significantly different from the scientific ones (Halloun &
Hestenes, 1985b; Maloney, 1984).

« Students have lots of daily life experiences related to physics (Elby and Hammer, 2003)

+ Students’ preconceptions, gender, cognitive development are important factors that affect
students’ achievement in physics (Champagne et al., 1980; Halloun & Hestenes, 1985a).

« Traditional instructional methods is not sufficient in revealing and remediating students’
misconceptions (Clement, 1982; Halloun & Hestenes, 1985a Brown &Clement, 1987).

+ Student understanding of force and motion concepts is significantly improved when traditional
instruction replaced with more interactive learning strategies (Thornton & Skoloff, 1998).

« Students' conceptual change is context dependent and unstable which means students have
tendency to regress back to their alternative conceptions (Tao & Gunstone, 1999)

» Students’ epistemological beliefs are strongly related with conceptual change in physics (Qian &
Alverman, 1995) and activities that probe and reveal students’ epistemologies can improve leaning
process (Carey and Smith,1993; Smith, Maelin, Houghton and Hennessey, 2000, Stathopoulou
&Vosniadou, 2006).

» Males more participate in class discussion and laboratory activities than females (Haggerty,
1997; Kahle & Lakes, 2003).

* Cognitive conflict is not always effective in achieving conceptual change (Tsai, 2000) and
dealing way of the conflict is crucial for the continuity of learning process and proposed that
dealing way can change the outcomes of conceptual change as constructive and desctructive (Kim,
Bao & Acar, 2005).

» Students see trying to understand deeply as a different activity from getting good grades (Elby,
1999).

* Students who were classroom in in constructivist manner comprehended science learning as the
extention or revision of daily life thinking and had more sophisticated science epistemology than
the students in traditional classroom (Smith, Maclin, Houghton & Hennessey, 2000).

» When interactivity and collaboration in class increases, both genders benefit from this classroom

climate and especially females improve their performance and overcome pre-instruction gender
disparity (Lorenzo, Crouch & Mazur, 2005).
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CHAPTER 111

METHOD

In this chapter, detailed information are presented about population, sampling procedure,
variables and related instruments, treatments, instructional materials, and research methodology.
This chapter also includes the information about the statistical analyses carried out to respond to
the research questions, related assumptions, power analysis and the limitations of the study.

3.1 Design of the Study

In order to reveal the main and interaction effects, a 3x2 factorial experimental design (Fraenkel &
Wallen, 1996, p. 278) was used with six treatment groups. Based on the independent variables,
teaching method, there were three groups: a traditional instruction teaching method, a cognitive
brigding teaching method, and a cognitive conflict teaching method.Also, all these groups were
including males and females (see Table 3.1). In addition, the FCI, assessing students’ conceptual
understanding of force and motion, the EBAPS, assessing students’ epistemological levels and
sophistication and the SELF, assessing students’ self-efficacy levels, were administered as pre and
posttests.

Table 3.1 The factorial design pertaining to this experimental study

Gender Type

Females Males
Cognitive
bridging Groupl Group4

Teaching Method —~_———-—-——

Cognitive
conflict Group2 Group5
Traditional Groun3 Groun
instruction P P

3.2 Population and Sample

The target population of the present study is all the 9th grade high school students in
Ankara. On the other hand, the accessible population of the study is defined as all 9th grade high
school students in Yenimahalle, a district of Ankara, Turkey. The sample was drawn from two of
twenty four high schools that comprise the accessible population. The sampling method was
defined as purposive sampling because schools where teachers were teaching at least three 9th
grade classes were chosen deliberately. However, the treatments were randomly assigned to the
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intact classes in the purposively selected schools. The sample was consisted of 206 students (101
female and 105 male). A more detailed distribution of the students with respect to their gender and
school is given in Table 3.1. In Gazi¢iftlik High School males were more than females, on the
other hand in Mobil Anatolian High School females and males nearly equal in number. In
addition, the number of students in Gazigiftlik High School (121) were more than the number of
students in Mobil Anatolian High School (85).

Table 3. 2 Distributions of Students in the Sample with respect to Gender and School

Gazigiftlik High Mobil Anatolian
Total
School High Schhol
Female 58 43 101
Male 63 42 105
Total 121 85 206

Moreover, students in each groups are very similar not only in terms of gender but also in terms of
numbers. The distrubution of students in the control and experimental groups was in the Table 3.2.

Table 3.3 Distributions of Students in the Sample with respect to Groups

Groups Number of Students
Control Group (Traditional Instruction) 62
Experimental Group 1 (Cog.Bridging) 65
Experimental Group 2 (Cog.Conflict) 65
3.3 Variables

Teaching method (treatment), students’ gender (gender), the pretest scores on the Force
Concept Inventory Test (FCI) (pre_fci), the pretest scores on the Epistemological Beliefs
Assessment for Physical Science (EBAPS) (pre_ebaps), and the pretest scores on the self-efficacy
scale (SELF) (pre_self) were the independent variables for the conducted study. The dependent
variables were consisted of the posttest scores on the Force Concept Inventory Test (FCI)
(post_fci), the posttest scores on the Epistemological Beliefs Assessment for Physical Science
(EBAPS) (post_ebaps), and the posttest scores on the self-efficacy scale (SELF) (post_self). In
Table 3.3, more information about the variables is presented. Among the independent variables,
pre_ebaps and pre_self were set as possible covariates for adjusting the dependent variables.
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Table 3. 4 List of variables pertaining to the study

vatle oot OO G s
Method v Categorical Nominal
Gender v Categorical Nominal
Pre_EBAPS v Continuous Interval
Pre_SELF v Continuous Interval
Post FCI DV Continuous Interval
Post EBAPS DV Continuous Interval
Post_SELF DV Continuous Interval

3.4 Instruments

In the present study, data was collected with three instruments which measure students’
conceptual understanding of force and motion, epistemological beliefs and self-efficacy levels.
Also instruction evaluation checklist was used by the researcher to ensure the treatment fidelity.

3.4.1 Force Concept Inventory Test (FCI)

Students’ achievement level about force and motion topic was measured with the Turkish
version of the Force Concept Inventory (FCI) which was originally developed by Hestenes, Wells,
and Swackhamer (1992) and revised by Halloun, Hake, and Mosca, and Hestenes (1995) and
translated into Turkish by Ogretme, Cicek, Duran, Giinneg, Koksal, and Tiirkay (2000). The
inventory includes twenty-eight questions one of which was presented as an example in Figure 3.1.
FCl is a test which requires students to choose alternatives between Newtonian concepts and

commonsense concepts.

12. Yatay bir dogrultuda ugmakta olan bir kargo ugagindan, yanhslikla bir bowling topu diisiiyor.
Yerde duran bir gozlemci, sekildeki gibi, ucag  goriyor. Gozlemciye gdre,

ucaktan ayrildiktan sonra izleyecegi en yakin yol 1-5 yollarindan hangisidir?

bowling

topunun

Figure 3.1 Excerpt item from the Turkish version of Force Concept Inventory
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3.4.2 Epistemological Beliefs Assesment for Physical Science (EBAPS)

EBAPS (see Appendix C ) is an instrument that measures students' epistemologies, their
perceptions about physics knowledge and learning process.EBAPS includes five sub-scales which
are structure of scientific knowledge, nature of knowing and learning,real-life applicability,
evolving knowledge and source of ability to learn. Andrew Elby, John Frederiksen, Christina
Schwarz, and Barbara White (1999) studied to form an instrument that measures students’
epistemologies about physics and the result was EBAPS.

The instrument include 30 items and for each item, students can get a score in the range
of 0-4 (least sophisticated to most sophisticated respectively). A subscale score is simply the
average of the student's scores on every item in that subscale. Two different kinds of items exist in
the EBAPS, first type of items are classic likert scale type items and the second type of items are
multiple choice items which depict a specific context with a scenario. Excerpt items from the
EBAPS are presented in Figure 3.2.
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Asl fen kitabimi okurken kendi deneyimleriyle uyusmayan bir bilgi okur. Ancak feni iyi bir
1 sekilde 6grenmek icin, kendi deneyimleri lizerinde diisiinmeyi bir kenara birakmah ve
kitabin ne sdyledigi iizerinde odaklanmaldir.

22- Bilim de basanili olmak igin;

(a) Cok galismak, dogugtan gelen yetenekten ¢ok daha énemlidir

(b) Cok calismak dogustan gelen yetenekten biraz daha dnemlidir
(c) Cok calismak ve dogustan gelen yetenek esit derecede onemlidir.
(d) Dogustan gelen yetenek ¢ok ¢calismaktan biraz daha dnemlidir
(e) Dogustan gelen yetenek cok calismaktan cok daha anemlidir

Figure 3.2 Excerpt items from Epistemological Beliefs Assessments for Physical Science scale

The scale was adapted to Turkish by the researcher. The scale translated from English to
Turkish first, then it was translated back from Turkish to English by the certified interpreter. Then
the translated copy was evaluated by the experienced Turkish teacher. The Turkish teacher did not
find any incoherency in Turkish translation of the scale. Also original version of the EBAPS and
the version which was translated from Turkish to English by the certified interpreter were
compared in terms of carrying the same meaning and it was confirmed that both presents the same
meaning. The Turkish version of the scale was administered to a group of 9" graders to test the
readability and the time needed to complete the scale. No particular problem was reported about
the readability of the items and the scale was completed approximately in 20 minutes as expected.

Contrary to other instruments, the developers of EBAPS assume that each sub domain of
the instrument did not form a stable, consistent beliefs. Indeed, Elby and his friends (1999)
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proposed that epistemologies of the students are not consistent "beliefs", rather they are context-
dependent fine-grained cognitive resources. Due to that reason students disagree with themselves
can be expected about different items in the same subscale. Beause of this reasons, particular
reliability analysis was not carried out by its developers. However, when the reliability analysis
was carried out, in the current study, the Cronbach alpha coeffi cient was .43 for the EBAPS scale.

3.4.3 Self-Efficacy Scale

Self-efficacy scale is actually a sub scale of MSLQ which was originally developed by
Pintrich, Smith, Garcia and McKeachie (1993) to evaluate students’ motivational orientation and
their use of different learning strategies for a course. MSLQ includes of two sub scales, motivation
and learning strategies sections respectively. The questionnaire evaluates motivational factors,
learning strategies and how students manage the learning context or resources.

The motivational section includes three sub-sections which are value, expectation, and
affective. The learning strategies section also includes two sub-sections as follows; cognitive and
meta-cognitive strategies and resource management strategies. The Turkish adaptation of MSLQ is
carried out by Karadeniz, Biiyiikoztiirk, Akgiin, Cakmak and Demirel (2008) (see Appendix E).

Dersin zorlugunu, 6gretmenini ve becerilerimi dikkate
aldigimda, bu derste basarili olacagimi diisiiniiyorum. ORCRORORORBORY)

Bu derste 6gretmenin anlatacagi en karmagsik konulari
bile anlayabilecegime inantyorum. 0 @ 6 @ 66 O

Figure 3.4 Excerpt items related to self-efficacy from MSLQ

The reliability of the self-efficacy sub scale was reported as with the largest reliability
scores .93 in the original version of the scale (Pintrich et al., 1993). Moreover, in the Turkish
adaptation for the MSLQ the relaibility of the scale was found and reported as.86 for each
subscales (Biiyiikoztiirk, S., Akgiin, A., Ozkahveci, O. & Demirel, F., 2005). Also the Cronbach
alpha coefficient of self-efficacy sub scale was reported as .85 in different study (Al Khatib, 2010).
For the present study, when the reliability analysis was carried out, the Cronbach alpha coefficient
was calculated as .85 for the self-efficacy subscale.

Table 3.5 Comparison of Cronbach alpha coefficients

Cronbach alpha

Cronbach alpha g . Cronbach alpha
The Scale Original Study Turklsg$g$ptat|on Present Study
Self-efficacy Scale .93 .86 .85

3.4.4 Observation Checklist

The observation checklists for each treatment type were developed by the researcher. The
checklists were developed based on the main characteristics of the treatments. The checklists
include what a teacher should do or should not do and how should be the classroom context in
each treatment. The checklist for cognitive bridging includes ten criterias about the instruction and
total score is 50 (see Appendix F). On the other hand, the checklist for cognitive conflict teaching
method includes twelve criterias about the instruction and total score is 60 (see Appendix G). The
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observation checklists were examined by an expert in physics education and some revisions were
made in accordence with the expert opinion.

3.5 Instructional Materials and Treatments

The instructional materials used in the study are presented at the appendices (see
Appendices H, 1) in the lesson plan format. In this section, the educational treatment and context
which were designed mostly by researcher and partially inspired from “How to learn physics”
characteristics described by Hammerand Elby (2003). Afterwards, treatment for each group is tried
to be depicted.

3.5.1 The Educational Context

The educational context of the experimental groups and control group were different.
Actually in the control group there was no intervention by the researcher and the context in the
control group was expected to similar to the context of context-based teaching method. On the
other hand in the experimental groups (cognitive bridging and cognitive conflict) context were
more different than the control group. The characteristics of each experimental groups were
depicted as follow.

3.5.1.1 The Context in the Control Groups

The physics education program for 9th grade was changed in 2007 and the pure teacher
centered approach was given up and new program was put into practice. The new physics
education program for 9th graders adopts real life context-based approach and was in spiral
structure. The new physics programme has no favorite instructional and teaching method and the
context of the control groups were mostly teacher centered and mostly based on textbook and
partially on teacher-student interaction. On the other hand, through out the study period, the
context-based approach was not implemented as required (intended) way in the control groups,
still traditional intruction weighted approach is occupied.

3.5.1.2 The Context in the Experimental Groups

In both of the experimental groups (groups who were taken lessons with teaching method
of cognitive bridging and groups who were taken lessons with teaching method of cognitive
conflict) the context mainly based on daily life examples and class discussion and partially on
demonstrations.

3.5.2 Treatments

In accordance with the experimental design, two different treatments were implemented
in the study: (1) cognitive bridging teaching method, (2) cognitive conflict teaching method and in
control groups traditional teaching method with no intervention were in operation. The flow of
instructions in the cognitive bridging and cognitive conflict groups can be depicted as in Table 3.3.
The study took six week including pre and posttests implementation.
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Table 3.6 Instruction flow in Cognitive Bridging and Cognitive Conflict Instructions

Cognitive Conflict

Cognitive Bridging

Activation of misconception: Starts with a
question from the daily life promoting
students’ misconceptions.

Activation of productive resource: Starts with

a question from the daily life promoting
students’ productive preconceptions.

Example: If you're walking speedy, with a
tennis ball in your hands, and you want to
release it so that it hits a point on the floor;

o

should you release the tennis ball

e before you get the point,

e when the tennis ball is directly over
the point, or

e  after you've passed the point?

Explain your answer?

Example: Think, you are in a bus which is
moving. What if the bus suddenly decelerate
(breaks)?

Discussion (3-5 minutes): The discussion
about the given example is initiated and as
much as possible number of students are
encouraged to participate in the discussion
session.

Discussion (3-5 minutes): The discussion about
the given example is initiated and as much as
possible number of students are encouraged to
participate in the discussion session.

Activity or Demonstration: An activity or a
demo related to the given daily life example
was carried out in class.

Activity or Demonstration: An activity or a
demo related to the given daily life example was
carried out in class.

Aim of the activity or demo: to show students
that their predictions are wrong or
incompatible with the real activity or demo
and create a conflict in students’ minds.

Highlighting students’ misconceptions.

Aim of the activity or demo: to show students
that their predictions are compatible with the
real activity or demo.

Highlighting students’ productive resources.
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Table 3.6 (continued)

Deepening the conflict: Another question that
makes the conflict deepen should be presented
and the same steps of the preceding question
are followed.

Strengthening the productive resource:
Another question that empowers the students’
related productive resources should be presented
and the same steps of the preceding question are
followed.

Presentation of Scientific Knowledge:
Related theoretical knowledge is presented to
students by making comparisons with
students’ misconceptions.

Presentation of Scientific Knowledge: Related
theoretical knowledge is presented to students by
making connections with students’ productive
resources.

Extension: to show that the new idea can
work in different contexts or situations new
examples should be given and discussed.

Think, you are in a bus which is moving. What
if the bus suddenly decelerate (breaks)?

Another example question:

Extension: to show that students’ idea or
knowledge can work in different contexts or
situations.

If you're walking speedy, with a tennis ball in
your hands, and you want to release it so that it
hits a point on the floor;

should you release the tennis ball

e Dbefore you get the point,

e when the tennis ball is directly over the
point, or

e after you've passed the point?

Explain your answer?

Another example question:

-
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3.5.2.1 Cognitive Bridging Teaching Method

Cogpnitive bridging teaching method was inspired from resources view which was
developed by Hammer and Elby (2003). Originally Hammer and Elby (2003) named the teaching
method as “How to learn physics”. Although the cognitive bridging teaching method was partially
based on the Hammer and Elby’s How to Learn Physics course, cognitive bridging has different
methodology and activities. The cognitive bridging teaching method has six stages; activation of a
productive resource, activity or demonstration, strengthening the productive resource, presentation
of scientific knowledge, extension and result.

Each stages has important role in the implementation of the teaching method. First stage
is activation of a productive resource. In this stage the lesson should starts with a daily life
events/or question. The main aim of this stage is to tap the students’ productive resources and to
increase attention to the lesson. To make an interaction with an individual, both sides should have
knowledge or interest in common to talk. Most of the time students or people are understand more
easily everyday phenomenon andphenomenon and due to that reason asking questions from their
daily life situation which was probably experienced by students may provides an anchor for a
cognitive bridging (Hammer & Elby, 2003). Most curicial part of the stage chosing a question or
daily life examples that activate the productive resources of the students about the topic.

Demo -1:

Tartisma sorularinda bahsedilen giinlitk yasamdan 6rneklerin uygulamasini gostermek
icin tekerlekli bir tahta yada kaykay tlizerine bir 6grenci ¢ikarilir ve hareket etmesi
saglanir 6grencinin eline su dolu bir kap verilir. Daha sonra kaykay hareket ederken iki
ogrenci tarafindan aniden durdurulmaya ¢ahsilir. Ve suyun nasil hareket ettigi
gosterilir.

Figure 3.6 One of the demonstration in the lesson

After getting attention and tapping the productive reosurces the teacher can progress to
the second stage- activity or demonstration. The aim of the second stage is to show students’
productive resources are compatible and working in the given situation. Strengthening the
productive resource is the third stage in cognitive bridging method. In this stage, the teacher
provide more activities or daily life examples that support students’ productive resources. Then
teacher give the theoretical framework which is valid in the previous stage examples as fourth
stage. After the theoretical knowledge was given, one or two daily life event demonstration can be
carried out or can be wanted students to participate to the demo. The goal of demonstrations is to
give a chance to students to see whether theoretical knowledge is true/working or not in the demo
stituations. To make students more familiar to the relationships between the theoric knowledge and
the practical situation or daily life events number of daily life examples or demos can be increased.

Extension part is the fifth stage in the cognitive bridging teaching method and in this
stage more sophisticated real-life examples or questions are discussed in the classroom. As
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mentioned before classroom context consists mostly of discussions, debates, and experiments and
the experiments mostly involving everyday objects and events. During this stage teacher should
direct or manage the discussion in order to students become aware of their learning process. To
fulfill this aim, teacher force students to display metacognitive activities while comparing their
working resources in the previous demonstrations with the more sophisticated ones. After
discussion students see that their daily life thinking perspective and perceptions are valid in
particular physics content indeed. The last stage of the lesson is the result stage and in this stage
teacher summarize the lesson with the key theoretical points of the content. Also by asking
additional questions students can sum up the lesson.

3.5.2.2 Cognitive Conflict Teaching Method

Cognitive conflict teaching method has four stages, creating a conflict, elaboration of the
conflict, presenting the new idea and showing that the new idea is working like the stages in
Posner et al. (1982) or as Limon (2001) listed the stages as follows; the creation of conflict with
anomalous data; analogy usage to force students’ for a change; and cooperative learning to
encourage discussions.

On the contrary to cognitive bridging teaching method, teacher starts lesson with a
question or example which taps students’ misconceptions which is creating conflict in that context.
This part is very important and the question or daily life example should be selected carefully. The
main aim of this stage is to create a conflict in the students’ mind and get attention of the students
to the context.

Tartisma Sorusu 1: Elinizde bir tenis topu (anahtarhkla) ile diiz bir yolda tempolu bir
sekilde kostugunuzu dilsliniin. Géreviniz yerde bulunan isaretlenmis hedefe elinizde ki

topu tam isabetle birakmak. Bunun igin;

Q

e

74

» Tenis topunu (anahtarlig) hedefe ulagmadan énce mi?
* Hedefi gectikten sonra mu?
* Yoksa tam hedefin dzerindeyken mi biralursimz?

Cevabimzi Agiklayimz?

Figure 3.7 Conflictive daily life example

After presenting the anomalous question or event teacher asks students to explain the
situation like what will happen or what will be the attitude of the object at the end of the event.
Short class discussion should be made and teacher gave enough time to the class in order to form a
discussion medium and if it is necessarry teacher directs the class with extra questions. When the
question marks were formed in the students’ mind teacher can progress to the second stage. The
second stage is the Activity or Demonstration in which the demo of the question asked at the
begining of the lesson was carried out. The aim of this stage is to show students that their
predictions (preconceptions) were wrong and not working. After presentation of the conflictive
question or daily life example, the conflict should be deepened with extra questions and examples
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and this is the third stage in cognitive conflict instruction. Again teacher manages the discussion
on the presented question or daily life example.After deepening of the conflict, the fourth stage is
the Presentation of Scientific Knowledge in which the accepted view or scientific concepts should
be presented. The presentation of the scientific view is not sufficient by itself, rather the new
information should be internalized by the students. In order to do that in the fifth stage —
Extension- the teacher should give a chance to students for implementing new information in more
real life examples that makes students to see the new information is working in different contexts.
At the end of the lesson the results should be concluded. In the result stage teacher summarizes
the lesson with the key theoretical points of the content.

3.5.2.3 Traditional Method with Contextual Approach

Because of the new curriculum of 9th grade physics lesson which claims context-based
teaching approach the teachers should started the lesson with the related context and asked context
based examples to the students. That is, the context should be introduced in a form of discussion.
Students’ responses should be taken and they should be discussed as detailed as possible.

In the control groups no intervention was carried out. Because of this, the researcher
observed a couple of control groups sessions. The main characteristic of the teaching method
applied in the control groups was like mostly teacher-centered traditional instruction. In traditional
instruction groups, intructors presented the content, gave some straight forward examples. Because
of the contact between the experimental and control groups can not be prevented, to reduce the
influences of this issue which is known as John Henry effect (Hake, 1998), one or two activities
that were similar to ones in the experimental groups were presented to control group.

3.6 Procedure

The study started with the researcher’s interest on misconceptions and developed teaching
methods to handle these misconceptions. To start literature review a key word list was formed
firstly which is presented in Appendix J. On the other hand, the literature review is an ongoing
process which covers the period until fulfillment of the dissertation. In the literature review, both
printed and electronic materials were used which were provided by the METU Library and Google
search engine were used. After the accumulation of enough articles in order to see the whole
picture in the educational literature, research questions were created specific to the current study.
After, in the perspective of created research questions, the population and physics content were
specified. Based on the reviewed literature, treatments were started to be developed in the form of
detailed lesson plans. Then, the prepared lesson plans were examined by the supervisor and some
modifications were carried out. Meanwhile, application for study and implementation permission
from the DNE was made and the permission was given for two schools in Ankara. The treatments
were put into practice (see Appendix H, | respectively) 2010-2011 academic year’s fall semester.
The researcher tried to help to the teachers in the implementation of treatment in both schools. The
teachers were informedabout the treatment and its implementation and were requested to
implement the pretests. The treatments lasted for four weeks. After the completion of the
implementations, the posttests were given to the students. As a last step, the data collected were
transferred to the electronic medium to be analyzed. SPSS Statistics 20 software package program
was used for the cleaning and analyzing the data.

3.7 Treatment Fidelity and Verification

Two different treatments were implemented; cognitive bridging and cognitive conflict
teaching methods. Related to teaching methods, important points in the implementation of
cognitive bridging and cognitive conflict instructions were defined according to reviewed
literature. At this point, different sources of information provided by Hammer and Elby (2003),
Posner et al. (1982), and Limon (2001) were used as primary sources. Hammer abd Elby’s study
provides an outline and good examples of educational context for cognitive bridging teaching
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method. Like Hammer and Elby’s study, Posner et al.’s and Limon’s studies also present a
detailed outline for process of cognitive conflict.

After that, in accordance with the reviewed literature, the detailed lesson plans were
formed. In the development period, requested modifications by the supervisor were carried out on
the lesson plans.

Moreover, to check the applicability level of the treatments, classroom observation
checklists for cognitive bridging and cognitive conflict were formed by the researcher. The
observation checklists were formed grounded on the principal attributions of the treatments. The
checklists include what a teacher should do or should not do and how should be the classroom
context in each treatment. The checklist for cognitive bridging includes ten criterias about the
instruction and total score is 50 (see Appendix F). On the other hand, the checklist for cognitive
conflict teaching method includes twelve criterias about the instruction and total score is 60 (see
Appendix G). The checklists were reviewed by an expert in the field of education and according to
the expert opinion, several revisions were carried out.

Two observations were made by a physics teacher in one of the school, one class hour for
cognitive bridging and one class hour for cognitive conflict classes. In cognitive bridging class, the
observer gave 42 point over 50 to the implementation of cognitive bridging instruction and in
cognitive bridging class, the instruction was given 50 point over 60 by the same observer. The
researcher also was completed the observation checklist for three classes for both cognitive
bridging and cognitive conflict groups according to his perception of implementation of teaching
methods. The average score given by the researcher for the cognitive bridging and cognitive
conflict classes was 40.6 and 50.6 respectively. Finally, according to the osvervations made by the
researcher and the observer, it was decided that the treatments were mainly compatible with the
lesson plans.

3.8 Statistical Analysis

In the study, two group membership variables (teaching method, gender) and two
covariates (pre_ebaps and pre_self) were defined. Moreover, three dependent variables for the
present study were formed with posttest scores collected with the FCI, EBAPS and SELF. Also the
dependent variables of the study were formed with the same instruments’ (FCI, the EBAPS and
on the SELF) posttest scores. After completion of descriptive statistics and assuring the
assumptions, Multivariate Analysis of Covariance (MANCOVA) was performed for the inferential
statistics. After the MANCOVA, Follow-up ANCOVAs were carried out to assess the effects of
independent variables on each dependent variable separately.

3.9 Power Analysis

In order to make results as powerful as desired, power analysis was performed prior to
study. The power analysis was performed on the basis of the Cohen, Cohen, West, and Aiken’s
explanations (2003, p. 177). They proposed the following equation for estimating the sample size
required to get results with the desired power.

L
n= f~_2+kA+kB+kC+1
where n defined as the number of cases necessary to have the specified probability of rejecting the
null hypothesis at the a level of significance in Cohen et al. (2003, p. 177).

To find number of cases to have desired power first L was need to be determined. As in
the case of most educational studies, alpha level (o) was set to .05 and the desired power was .80.
In the present study there are two categorical independent variables and that is 2. To determine L
the Cohen’s table on page 651 was used and L was determined as 10.90. For this study the effect
size was set to “medium” which corresponds to .15 in Cohen’s et al (2003, p.179). Number of

34



covariates (preEBAPSscr and preSELFscr) is 2, and the number of independent variables
(teaching method and gender ) is 2. Thus, the number of interaction terms is 4. After putting these
values in the equation above, the minimum sample size was calculated as 81.6. In the present
study, 192 participants’ data were used for the inferential statistics and thus, we could detect effect
sizes, equal to or larger than medium effect size with a power of more than .80.

3.10Assumptions and Limitations
Assumptions associated with this study are as follows:

The students responded the items on the measurement tools seriously, consciously, and truthfully.
And, related limitations are as follows:

1. The results of this study are limited to 9th grade students who were mostly low or medium
achievers.

2. The results are limited to “force and motion” unit.

3. Time required to implement the treatments was between 4-6 weeks.
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CHAPTER IV

RESULTS

This chapter includes the missing data analysis, , descriptive statistics, and the results of
the inferential statistics performed to test the hypothesis of the study.

4.1 Missing Data Analysis

Numbers of present, missing values and their percentage ratios according to variables
used in the study are presented in Table 4.1. As seen in the table, the number of missing values of
pretest scores on each variable were small. Associated with the missing values of each variable,
their percentage was less than 5 or nearly equal to 5 percent and thus there seems to be no
inconvenience for replacing the missing values with the series mean value (Tabachnick & Fidell,
2007, p. 63).

pre_ebaps and pre_self were significantly correlated with at least one of the dependent
variables in the study but pre_fci did not show any correlation with at least one of the independent
variables in the study. Because one of the conditions of MANCOVA is that there should be a
linear relationship between the covariates and dependent variables (Stevens, 2009, p.294),
pre_ebaps and pre_mslq can be used as a covariate and it may have significantly adjusted the
posttest scores on the EBAPS and SELF in the MANCOVA.

Table 4. 1 Missing values prior to the analysis

Variable Present Missing Missing
(N) (N) (%)

Pre_ebaps 204 2 1
Pre_self 203 1 0,5
Post_fci 197 9 4,6
Post_ebaps 196 10 51
Post_self 195 11 5,6
Gender 206 0 0
Method 206 0 0

Afterwards, all the students who took posttests were identified and retained for the
analysis. Consequently, 192 cases were used for MANCOVA statistics and their missing pretest
scores were replaced with series means (see Appendix L for the last version of the data).
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4.2 Multivariate Analysis of Covariance

MANCOVA was performed to test the null hypothesis of this study. However, before the
MANCOVA results will be presented, related descriptive statistics and the procedures used to
check the assumptions of MANCOVA will be presented first.

4.2.1 Descriptive Statistics

The descriptive statistics for dependent variables and covariates are computed for each
level of the independent variables and for each level of the interactions among the independent
variables. Because inferential statistics will be performed for main and interaction effects of the
independent variables on the dependent variables, descriptive statistics related to the main and
interaction effects will be presented for the dependent variables as well as the overall descriptive
statistics. For covariates, only the overall descriptive statistics will be presented.

4.2.1.1 Descriptive Statistics for Post FCI Scores

Table 4.2 presents the descriptive statistics for posttest scores on the test items of the FCI.
The highest score the students could take through the items of the FCI was 28. The overall mean of
the post FCI scores for 192 students is 7.53. The minimum and maximum scores range from 1 to
14. The range of the scores is 13 and it can be said to be large. The standard deviations were nearly
2 or above 2 for each groups. Sample size of each cell is equal to or over 20. This is important for
assuring normality assumption (Tabachnick & Fidell, 2007, p. 279). Moreover, skewness and
kurtosis values give information about whether the samples are distributed normally. Because all
of them are between -2 and +2, all distributions in each cell are normal (George & Mallery, 2003,
pp. 98-99).

Associated with the main effects, there is no much difference between mean scores of the
experimental groups with cognitive bridging and cognitive conflict teaching methods (8.83 and
8.88, respectively). There is an important difference between the control group (4.76) and the
experimental groups (8.83 and 8.55, respectively). With respect to gender, there is no much
difference between female and male students (7.43 and 7.63, respectively). Also with respect to
school, there is no much mean difference on the post FCI scores between the Gazigiftlik High
School and Mobil Anatolian High School (7.53 and 7.54, respectively). Therefore, significant
main effects of treatment on understanding force and motion can be expected as a result of
inferential statistics.

Table 4. 2Descriptive Statistics for Post-FCI Scores

Treatment School | Gender | Mean | N SD | Min. | Max. | Skew. | Kurt.
female |512 |17 [193 |2 7 -0,72 |-1,12

gcl male 489 |18 197 |1 8 -0,24 | -0,25

Total 500 |35 193 |1 8 -0,45 |-0,79

Traditional- _ female |454 |13 [120 |2 7 -0,28 | 1,72
lecturing mobil male 4,36 14 1224 |1 10 1,15 2,18
Total 4,44 27 11,78 |1 10 0,93 2,73

female |4,87 |30 [166 |2 7 -0,41 |-0,85

Total male 466 |32 207 |1 10 0,40 0,28

Total 4,76 |62 |[187 |1 10 0,10 -0,07

female [855 |20 |[2,48 |3 13 0,03 0,10

gcl male 9,00 |16 [121 |6 11 -1,03 | 1,76

Total 8,75 |36 [2,01 |3 13 -0,27 10,99

Cognitive _ female | 8,64 14 1237 |3 14 -0,19 |3,35
Bridging mobil male 9,20 15 |251 |5 14 -0,01 |-0,54
Total 893 |29 (242 |3 14 -0,06 |0,71

female 859 |34 (240 |3 14 -0,05 |0,83

Total male 9,10 |31 192 |5 14 -0,03 |0,58

Total 883 |65 (218 |3 14 -0,12 0,78
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Table 4.2 (continued)

female |867 |15 |241 13 -0,15 [-0,39

gcl male 8,77 |22 |154 12 042 [-0,35

Total 873 |37 [191 13 -0,02 0,02

Cognitive . female |863 |16 |131 11 -0,21 |-0,17
Conflict mobil | male 9,67 |12 |137 12 022 [-1,23

Total 907 |28 |141
female |[8,65 |31 (1,89
Total male 909 |34 |152
Total 888 |65 |1,71
female |7,46 |52 |[279
gcl male 759 |56 |246
Total 7,53 |108 | 2,61
female | 7,40 |43 |253
Total mobil male 7,68 |41 |3,20
Total 754 |84 |286
female | 7,43 95 | 2,66
Total male 763 |97 |2,78
Total 753 192 | 2,72

12 0,04 -0,25
13 -0,15 10,33

12 0,22 -0,68
13 -0,09 10,14

13 0,00 -0,27
12 -0,71 10,14

13 -0,31 |-0,14
14 -0,10 |-0,11
14 -0,28 |-0,87
14 -0,18 | -0,58
14 -0,04 |-0,23
14 -0,43 | -0,40
14 -0,24 |-0,37

[l L NSl SN o Ll LS NS Kol {6 ) For) Kocl Kop) o2 ) Ko R N4 ]

Male students’ mean post FCI score is larger than female students’ mean score in the
groups with cognitive bridging teaching method (male: 9.10 and female: 8.59) and cognitive
conflict teaching method (male: 9. 90 and female: 8.65) while female students’ mean post FCI
score is larger than male students’ mean post FCI score in the group with traditional lecturing
(female: 4.87 and male: 4.66). There seems to be an interaction between treatments and gender
which will be revealed with inferential statistics.

4.2.1.2 Descriptive Statistics for the Post EBAPS Scores

Table 4.3 presents the descriptive statistics for student post test scores on the test items of the
EBAPS.

The highest score the students could take through the items was 120. The overall mean of
the post EBAPS scores for 192 students is 64.64. Minimum and maximum scores range from
43.00 to 90.00. All the standard deviations are large with respect to the mean scores. All skewness
and kurtosis values except for three values are in the range of -2 and +2, and the sampling
distributions with desired skewness and kurtosis values are normal (George & Mallery, 2003, pp.
98-99). Thus, the normality assumption is not expected to be seriously violated.

When the descriptive statistics were examined for post test scores, the mean post EBAPS
scores of the female students were larger than males in all groups. There may be a significant
difference between traditional lecturing (62.48) and cognitive bridging and cognitive conflict
teaching methods on the post mean scores on EBAPS (65.65 and 65.68, respectively). If the
difference is significant, it is in favor of the both cognitive bridging and cognitive conflict.
However, there seems to be no much difference between cognitive bridging and cognitive conflict
teaching methods (65.65 and 65.68, respectively).

With respect to gender, an interesting pattern can be seen. When the total mean post
EBAPS scores were compared, in each group females’ mean post EBAPS scores were larger than
males’ mean scores. In the groups with traditional lecturing female students’ mean was 63.77
while the male students” mean was 61.28. Moreover, in the groups with cognitive bridging again
female students” mean was larger than male’s mean (66.76 and 64.42, respectively). Similarly in
groups with cognitive conflict female students’ mean was 67.03 while the male students’ mean
was 64.44.

39



Table 4. 3 Descriptive Statistics for Post-EBAPS Scores

Treatment School Gender Mean N SD Min. | Max. | Skew. | Kurt.
gcl female 64,88 17 11,40 | 50,00 | 86,00 0,28 -1,11

male 58,78 | 18 5,24 | 47,00 | 66,00 | -0,51 0,12

Total 61,74 | 35 9,19 | 47,00 | 86,00 0,82 0,38

Traditional mobil female 62,31 13 8,63 | 49,00 | 77,00 0,00 -0,96
Lrgct'ltj'r‘l’gg male 64,50 | 14 | 10,35 | 50,00 | 90,00 | 0,72 | 1,91
Total 63,44 27 9,44 | 49,00 | 90,00 0,51 0,96

Total female 63,77 | 30 | 10,20 | 49,00 | 86,00 0,31 -0,82

male 61,28 | 32 8,27 | 47,00 | 90,00 1,09 3,44

Total 62,48 62 9,26 | 47,00 | 90,00 0,66 0,43

gcl female 69,10 | 20 9,39 | 51,00 | 85,00 | -0,39 | -0,45

male 65,00 16 7,49 54,00 | 89,00 2,21 7,34

Total 67,28 | 36 8,73 | 51,00 | 89,00 0,46 0,18

Cogpitive mobil female 63,43 | 14 8,52 | 53,00 | 79,00 0,79 -0,34
Bridging male 63,80 | 15 7,42 | 52,00 | 79,00 0,64 -0,07
Total 63,62 | 29 7,83 | 52,00 | 79,00 0,68 -0,39

Total female 66,76 | 34 9,35 | 51,00 | 85,00 0,08 -1,01

male 64,42 | 31 7,36 | 52,00 | 89,00 1,38 3,28

Total 65,65 | 65 8,47 | 51,00 | 89,00 0,56 -0,07

gcl female 66,47 | 15 | 10,95 | 45,00 | 83,00 | -0,22 | -0,64

male 62,55 | 22 8,75 | 47,00 | 78,00 0,02 -0,96

Total 64,14 | 37 9,75 | 45,00 | 83,00 0,03 -0,77

Cognitive mobil female 67,56 | 16 7,64 | 56,00 | 8500 | 0,44 0,54
Conflict male 67,92 | 12 | 12,20 | 43,00 | 84,00 | -0,67 | -0,23
Total 67,71 | 28 9,65 | 43,00 | 85,00 | -0,35 0,21

Total female 67,03 | 31 9,25 | 45,00 | 85,00 | -0,11 | -0,13

male 64,44 | 34 | 10,25 | 43,00 | 84,00 | -0,08 | -0,78

Total 65,68 | 65 9,80 | 43,00 | 85,00 | -0,13 | -0,54

gcl female 66,96 | 52 | 10,48 | 45,00 | 86,00 | -0,14 | -0,94

male 62,04 | 56 7,69 | 47,00 | 89,00 0,69 1,79

Total 64,41 | 108 | 9,43 | 45,00 | 89,00 0,33 -0,36

mobil female 64,63 | 43 8,37 | 49,00 | 85,00 0,27 -0,41

Total male 65,24 | 41 9,91 | 43,00 | 90,00 0,21 0,07
Total 64,93 | 84 9,10 | 43,00 | 90,00 0,25 -0,08

Total female 65,91 | 95 9,60 | 45,00 | 86,00 0,06 -0,79

male 63,39 | 97 8,79 | 43,00 | 90,00 0,52 0,68

Total 64,64 | 192 | 9,26 | 43,00 | 90,00 0,29 -0,27

In other words, this means that female students may have more sophisticated
epistemological beliefs than males for this sample.

Epistemological Belief Assessment for Physical Science scale has five sub-axis which are
structure of scientific knowledge, nature of knowing and learning, real-life applicability, evolving
knowledge and source of ability to learn. As the Table 4.4 shows average gains for five sub-axis
(structure of scientific knowledge, .017, nature of knowing and learning; .135, real-life
applicability; .082, evolving knowledge; .088 and source of ability to learn; .044) is not noticeable.
When the average gain is compared with different treatment groups there is no much difference
either.
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Table 4.4 Descriptive statistics for the average gains on EBAPS

Treatment Gain_axisl Gain_axis2 Gain_axis3 Gain_axis4 Gain_axisb
Mean -,0056 ,0969 ,2205 ,3545 ,0508
N 62 62 62 62 62
ditional SD ,5226 ,6691 ,9780 ,9952 ,9756
}:‘:t&tr'i‘:]ga Minimum 1,00 1,19 2,00 1,67 1,80
Maximum 1,75 1,75 2,50 2,67 2,40
Skewness ,569 ,242 ,056 -,070 ,315
Kurtosis 1,426 -,276 -,254 -,276 -,330
Mean ,0491 ,2438 -,1692 -,0472 -,1292
N 65 65 65 65 65
L. SD ,6324 ,5694 , 7488 9277 ,9756
E?%E.t:ée Minimum -1,90 -94 2,25 -3,00 -2,40
Maximum 1,50 1,56 1,75 2,67 2,00
Skewness -,313 -,029 ,088 ,092 -,122
Kurtosis 474 -,542 ,386 1,676 ,092
Mean ,0074 ,0609 ,2000 -,0312 ,2108
N 65 65 65 65 65
cognitive SD_ _ ,5337 ,5636 ,8627 1,1359 ,9984
conflict Mlnl'mum -1,10 -1,25 -1,75 -3,67 -3,00
Maximum 1,35 1,56 1,75 2,33 2,40
Skewness 411 ,158 -,223 -,320 ,009
Kurtosis ,388 -,157 -,566 ,799 1,028
Mean ,0173 ,1345 ,0816 ,0879 ,0440
N 192 192 192 192 192
SD ,56327 ,60375 ,88049 1,03499 ,98826
Total Minimum -1,90 -1,25 -2,25 -3,67 -3,00
Maximum 1,75 1,75 2,50 2,67 2,40
Skewness ,134 ,120 ,077 -,149 ,067
Kurtosis ,621 -,342 -,221 ,687 ,246

4.2.1.3 Descriptive Statistics for the Posttest Scores on the SELF

The highest average score the students could take on the SELF was 7. The overall mean
of the posttest scores on the SELF for 192 students is 4.97. All the standard deviations are normal
with respect to the mean scores. All skewness and kurtosis values are in the range of -2 and +2,
and the sampling distributions with desired skewness and kurtosis values are normal (George &
Mallery, 2003, pp. 98-99).

The total average post mean score of the control groups (4.76 for traditional lecturing) is
little smaller than the average post mean score of the experimental groups (5.23 for cognitive
bridging, and 4.92 for cognitive conflict) but it seems to be non-significant. The total average post
mean score of cognitive bridging groups is little larger than the post mean score of the cognitive
conflict groups, but again, it does not seem to be significant (5.23 and 4.92, respectively). Also,
there may not be a significant difference between female and male students and male students
seem to have higher self-efficacy levels than female students (5.14 and 4.81, respectively).
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Table 4.5 Descriptive Statistics for Post-SELF scores

Treatment School Gender Mean N SD Min. Max. Skew. Kurt.
female 460 17,00 183 100 7,00 -0,33 -0,97

gl male 468 1800 1,02 260 620 -034 -0,64

Total 464 3500 145 100 7,00 -0,39 -0,31

N female 445 1300 158 220 6,80 -0,16 -1,23
Tl_rsgt'li'r‘:r?g' mobil male 535 1400 129 280 7,00 -0,20 -0,57
Total 492 27,00 148 220 7,00 -032 -0,72

female 454 30,00 1,70 100 7,00 -024 -1,05

Total male 497 3200 1,18 260 7,00 -002 -0,46

Total 4,76 6200 146 100 7,00 -0,34 -0,53

female 568 20,00 113 240 7,00 -1,18 2,31

gol  male 541 1600 131 160 7,00 -174 412

Total 556 3600 120 160 7,00 -145 2,97

female 419 1400 103 220 560 -0,68 -0,09

CB‘;?(;‘;I%E mobil  male 541 1500 097 420 7,00 063 -1,13
Total 482 29,00 116 220 7,00 -011 0,49

female 506 3400 131 220 7,00 -049 -0,14

Total  male 541 31,00 114 1,60 7,00 -107 280

Total 523 6500 123 160 7,00 -0,73 0,67

female 499 1500 145 100 7,00 -1,31 3,28

gl male 490 2200 132 240 700 014 -0,77

Total 494 37,00 135 100 7,00 -050 0,67

female 4,60 16,00 138 240 6,80 004 -1,10

ng:filtii(‘:’te mobil  male 532 12,00 098 300 680 -103 1,97
Total 491 2800 126 240 6,80 -041 -075

female 4,79 31,00 140 100 7,00 -0,58 0,36

Total male 505 3400 121 240 7,00 -0,19 -0,58

Total 492 6500 130 100 7,00 -045 0,09

female 513 5200 152 1,00 7,00 -0,94 0,54

gl male 497 5600 124 160 7,00 -040 -0,14

Total 505 10800 1,38 1,00 7,00 -0,70 0,28

female 442 4300 132 220 680 -0,05 -0,81

Total  mobil male 536 41,00 107 280 7,00 -0,15 -0,22
Total 488 8400 129 220 7,00 -027 -048

female 481 9500 147 100 7,00 -048 -0,40

Total male 514 97,00 118 1,60 7,00 -0,38 -0,03

Total 497 192,00 134 100 7,00 -0,52 -0,08
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4.2.1.4 Overall Descriptive Statistics for the Pretest Scores on the SELF

The highest average score the students could take on the SELF was 7. The overall mean

of the pretest scores on the SELF for 192 students is 4.92. (see Table 4.5). All skewness and

kurtosis values except for two values are in the range of -2 and +2, and the sampling distributions

with desired skewness and kurtosis values are normal (George & Mallery, 2003, pp. 98-99).

Because of the normal distribution, the mean, median, and mod must be very close to each other.
They are very close to the midpoint of the range as well. All the standard deviations are large with
respect to the mean scores. It provides some evidence for the reliability of the scores for each cell.

The total average pre mean score of the control groups (traditional lecturing; 4.81) is
nearly equal to the average pre mean score of the experimental groups (cognitive bridging; 5.07,
and cognitive conflict; 4.89, respectively), thus it seems to be non-significant. The total average
pre mean score of cognitive bridging groups is little higher than the pre mean score of the

cognitive conflict groups, but again, it does not seem to be significant (5.07 and 4.89,

respectively). Also, although male students have higher average scores on pre SELF scores, the
difference between male and female students of pre average mean score on SELF may not be a
significant (5.09 and 4.75, respectively).

When the Pre_SELF scores were examined in all groups students have very similar

pretest mean scores.

Table 4. 6 Descriptive Statistics for Pre-SELF Scores (One of the covariates)

Treatment  School Gender Mean N SD Min. Max. Skew. Kurt.

female 4,76 17,00 166 120 7,00 -0,64 -0,38

gcl  male 510 1800 135 220 7,00 -087 094

Total 494 3500 150 120 7,00 -0,76 0,05

female 4,49 1300 148 100 620 -1,47 1,92

Tl_r:gt'fj'r?r']‘g' obil  male 480 1400 141 260 680 -0,06 -1,15

Total 465 27,00 142 100 680 -0,73 048

female 464 30,00 156 100 7,00 -0,83 0,17

Total male 497 3200 136 220 7,00 -047 -037

Total 481 6200 146 100 7,00 -0,71 0,07

female 536 20,00 089 360 7,00 039 0,07

gol  male 538 1600 100 280 680 -129 236

Total 537 3600 093 280 7,00 -047 0,94

female 424 1400 107 240 640 016 0,02

%‘)r?(;‘;%e mobil  male 513 1500 097 3580 7,00 049 -071

Total 470 29,00 1,10 240 7,00 011 -0,13

female 490 3400 110 240 7,00 -0,10 0,06

Total male 526 31,00 098 280 7,00 -043 0,13

Total 507 6500 1,05 240 7,00 -027 -0,05

female 480 1500 132 240 7,00 -0,40 -0,24

Cognitive o\ male 481 2200 159 140 7,00 -066 -038
Conflict

Total 481 37,00 146 140 7,00 -057 -0,36

43



Table 4.6 (continued)

female 460 16,00 1,40 2,00 620 -059 -1,04

mobil male 552 1200 078 400 680 003 0,26
Total 499 2800 1,25 200 680 -092 0,22
female 470 31,00 134 200 7,00 -050 -073

Total male 506 3400 139 140 7,00 -096 0,63
Total 489 6500 137 140 7,00 -0,70 -0,20
female 500 5200 1,31 120 7,00 -0,71 0,50

gl male 507 5600 1,36 140 7,00 -092 042
Total 504 10800 1,33 120 7,00 -081 0,36
female 445 4300 1,31 100 640 -0,68 -0,08

Total mobil male 513 41,00 111 260 7,00 -0,26 -0,40
Total 478 8400 125 100 7,00 -059 017
female 4,75 9500 1,33 100 7,00 -064 0,13

Total male 509 9700 125 140 7,00 -0,75 0,34
Total 492 192,00 1,30 1,00 7,00 -069 0,19

4.2.1.5 Descriptive Statistics for Pre_EBAPS

The highest average score the students could take on the EBAPS was 120. Minimum and
maximum average pre-test scores range from 33 to 87 (see Table 4.6). All skewness and kurtosis
values except for two values are in the range of -2 and +2, and the sampling distributions with
desired skewness and kurtosis values are normal (George &Mallery, 2003). The overall average
mean of the pretest scores on the EBAPS for 192 students is 62.96. Because of the normal
distribution, the mean, median, and mod must be very close to each other. They are very close to
the midpoint of the range as well. All the standard deviations are large with respect to the mean
scores. It provides some evidence for the reliability of the scores for each cell.

The total average pre mean score of the control groups (traditional lecturing; 60.53) is
slightly lower than the average pre mean score of the experimental groups (cognitive bridging;
64.65, and cognitive conflict; 63.58, respectively), but it seems to be non-significant. The total
average pre mean score of cognitive bridging groups is slightly higher than the pre mean score of
the cognitive conflict groups, but again, it does not seem to be significant (64.65 and 63.58,
respectively). Also, although female students’ pre average mean score is higher than male
students’ scores, there may not be a significant difference between female and male students on
EBAPS (64.11 and 61.83, respectively).
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Table 4. 7 Descriptive Statistics for Pre_ EBAPS Scores (One of the covariates)

Treatment School Gender Mean N  SD Min. Max. Skew. Kurt.
female 59,82 17 7,05 47,50 73,00 -0,35 -0,19

gcl male 60,11 18 9,46 44,00 81,50 0,21 0,14

Total 59,97 35 8,26 44,00 81,50 0,07 0,16

Traditional ' female 58,81 13 10,91 33,00 78,00 -0,66 2,26
Lecturing mobil male 63,54 14 9,58 4850 80,50 0,17 -1,02
Total 61,26 27 10,33 33,00 80,50 -0,35 0,96

female 59,38 30 8,77 33,00 78,00 -0,65 2,04

Total male 61,61 32 9,52 44,00 81,50 0,18 -0,47

Total 60,53 62 9,16 33,00 81,50 -0,13 0,59

female 68,83 20 3,96 63,00 77,00 0,10 -0,77

gcl male 62,38 16 8,77 48,00 81,00 0,59 -0,03

Total 6596 36 7,21 48,00 81,00 -0,38 0,00

Cognitive _ female 63,96 14 7,29 48,00 75,50 -0,57 0,35
Bridging mobil male 62,17 15 10,12 46,50 81,00 0,31 -0,77
Total 63,03 29 8,76 46,50 81,00 -0,02 -0,57

female 66,82 34 5,99 48,00 77,00 -1,00 1,72

Total male 62,27 31 9,29 46,50 81,00 0,40 -0,56

Total 64,65 65 8,01 46,50 81,00 -0,26 -0,39

female 62,63 15 10,03 45,50 82,00 0,01 -0,10

gcl male 59,36 22 7,47 4550 7550 0,35 -0,08

Total 60,69 37 8,62 4550 82,00 0,30 -0,08

Cognitive _ female 6859 16 7,70 51,50 87,00 0,19 2,21
Conflict mobil male 65,79 12 9,48 51,50 8550 0,24 0,59
Total 67,39 28 8,46 51,50 87,00 0,09 0,81

female 65,71 31 9,26 4550 87,00 -0,18 0,47

Total male 61,63 34 8,67 4550 8550 0,47 0,26

Total 63,58 65 9,12 4550 87,00 0,16 -0,03

female 64,10 52 8,03 4550 82,00 -0,51 0,17

gcl male 60,46 56 8,46 44,00 81,50 0,37 0,01

Total 62,21 108 8,42 44,00 82,00 -0,05 -0,33

female 64,13 43 9,38 33,00 87,00 -0,66 2,13

Total mobil male 63,70 41 9,62 46,50 8550 0,19 -0,68
Total 63,92 84 945 33,00 87,00 -0,22 0,54

female 64,11 95 8,62 33,00 87,00 -0,59 1,30

Total male 61,83 97 9,06 44,00 8550 0,33 -0,36

Total 62,96 192 8,90 33,00 87,00 -0,10 0,11
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4.2.1.6 Descriptive Statistics for Pre_FCI

The highest average score the students could take on the FCI was 28. Minimum and
maximum average pre-test scores range from 0 to 10 (see Table 4.7). The overall average mean of
the pretest scores on the FCI for 192 students is 4.06. Because of the normal distribution, the
mean, median, and mod must be very close to each other. They are very close to the midpoint of
the range as well. All the standard deviations are large with respect to the mean scores. It provides
some evidence for the reliability of the scores for each cell.

The total average pre mean score of the control groups (traditional lecturing; 4.11) is
nearly equal to the average pre mean score of the experimental groups (cognitive bridging; 4.32,
and cognitive conflict; 3.74, respectively), but it seems to be non-significant.

Table 4. 8 Descriptive Statistics for Pre_FCI
Treatment School Gender Mean N SD Min. Max. Skew. Kurt.
| female 353 17,00 162 000 600 -051 015
9% male 417 18,00 2,01 0,00 9,00 048 1,38
» Total 3,86 3500 1,83 0,00 9,00 025 1,18
Traditional female 3,69 13,00 210 0,00 7,00 -003 -0,36

Lecturing mobil ' ole 514 1400 244 200 1000 069 -013

Total 4,44 27,00 2,36 0,00 10,00 0,48 0,25

Tota| fEMale 360 3000 181 000 7,00 -0,17 -0.18

male 459 32,00 223 0,00 10,00 0,66 0,53

Total 4,11 62,00 2,08 0,00 10,00 0,49 0,75

, female 350 2000 132 100 7,00 061 162

C male 431 1600 1,89 1,00 7,00 -0,52 -0,82

» Total 3,86 36,00 1,62 1,00 7,00 0,11 -0,55

Cognitive . female 4,71 14,00 1,73 1,00 8,00 -0,32 0,76

Brida mobil ' ole 507 1500 191 200 800 -004 -066
ridging

Total 4,90 29,00 1,80 1,00 8,00 -0,11 -0,24
female 4,00 34,00 1,60 1,00 800 033 021
male 4,68 31,00 1,90 1,00 800 -025 -0,56
Total 4,32 6500 1,77 1,00 800 0,08 -0,46
, female 333 1500 168 0,00 700 023 087
C male 395 2200 1,56 1,00 7,00 -0,08 -0,62

. Total 3,70 37,00 1,61 0,00 7,00 001 -0,24
Cognitive female 3,50 16,00 151 1,00 6,00 020 -0,84

Total

Conflict mobil - ale 417 12,00 147 2,00 600 007 -176
Total 379 28,00 150 100 600 011 -1.12
o Temele 342 31,00 157 000 7,00 0,19 -006

male 4,03 34,00 151 1,00 7,00 -0,05 -0,90
Total 3,74 6500 1,55 0,00 7,00 0,04 -0,58
cl female 3,46 52,00 150 0,00 7,00 0,02 0,44
g male 4,13 56,00 1,78 0,00 9,00 0,07 0,07

Total 3,81 108,00 1,68 0,00 9,00 0,14 0,22

Total mobil female 3,95 43,00 1,81 0,00 8,00 -0,03 -0,38
male 4,83 41,00 2,00 2,00 10,00 0,56 0,01

Total 4,38 84,00 1,94 0,00 10,00 0,34 0,12
female 3,68 9500 1,66 0,00 800 0,08 -0,04
male 4,42 97,00 1,90 0,00 10,00 0,36 0,23
Total 4,06 192,00 1,82 0,00 10,00 0,31 0,28

Total
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4.3 Determination of Covariates

In order to use an independent variable as a covariate, the independent variables which
are desired to be used as covariates should be significantly correlated at least one of the dependent
variables and correlations between the possible covariates should be less than .80 (Stevens, 2009,
p. 292; Tabachnick & Fidell, 2007, p. 211). Correlations among possible covariates and the
dependent variables are given in the Table 4.7 in order to determine if the independent variables
desired to be used as covariates satisfy the requirements to be used as covariates. When the values
are checked, preEBAPSscr and preMSLQscr variables satisfy the requirements to be used as
covariates (Table 4.7). Thus, they are used as covariates in the analysis of this study.

Pre_ebaps and pre_mslqg were significantly correlated with at least one of the dependent
variables in the study but pre_fci did not show a significant correlation with anyof the dependent
variables in the study. Because one of the conditions of MANCOVA is that there should be a
linear relationship between the covariates and dependent variables (Stevens, 2009, p.294),
pre_ebaps and pre_self can be used as a covariate and it may significantly adjust the posttest
scores on the EBAPS and SELF in the MANCOVA.

Table 4. 9 Correlations among possible covariates and the dependent variables

Variables preFClscr preEBAPSscr preSELFscr postFClscr  postEBAPSscr

preEBAPSscr .017
preSELFscr -.017 .336**
postFClscr .031 .188** 121
postEBAPSscr -.040 AL7** .263** .226**
postSELFscr -.056 244%* .626** .186* .362**

*Correlation is significant at .05 alpha level
**Correlation is significant at .01 alpha level

4.4 Evaluation of the Assumptions in MANCOVA

Assumption checks associated to the Multivariate Analysis of Covariance (MANCOVA)
is presented in the following sections.

4.4.1 Univariate and Multivariate Normality

Skewness and kurthosis values can be used for checking univariate normality
(Tabachnick & Fidell, 2007, p.p. 79-83). If they are around zero, the sampling distributions are
expected to be normal. In this study, all values indicate normal sampling distributions for each
dependent variable and the covariates in each cell.

Even though sample sizes are unequal among each cell of the factorial design,
multivariate normality is suggested to be met if there are more than 20 cases in each cell
(Tabachnick & Fidell, 2007, p. 279). Because each cell of this factorial experiment includes more
than 20 cases, multivariate normality assumption seems to be assured.

4.4.2 Linearity

If the dependent variables and the covariates are skewed in the same direction when they
are skewed, the relationships among them are linear (Tabachnick & Fidell, 2007, p. 224). In this
study, linearity assumption is assured because of the similar skewness directions.
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4.3.3 Outliers

Univariate outliers were checked using boxplots as described in Pallant (2007, p. 63).
There were few univariate outliers for each observed variable. Mahalanobis distances method was
used to check multivariate outliers. As explained in Pallant (2011, p. 286), maximum value for the
Mahalanobis distances was calculated as 11.02 where critical value for evaluating Mahalanobis
distances was determined as 16.27 for three dependent variables by Pallant (2011, p. 288).
Because of maximum value for Mahalanobis distances did not exceed the critical value which
means that there was no multivariate outliers in the present study.

4.4.4 Absence of Collinearity and Singularity

When the correlation matrix in Table 4.7 is examined for correlations among the
dependent variables and covariates, there seems to be no problem associated to multicollinearity
and singularity..

4.4.5 Homogeneity of Variance/Covariance

If largest group size/smallest group size proportion is smaller than 1.5, then the F-test is
robust against this assumption (Stevens, 2009, p. 227). When the sample sizes for each cell are
compared (i.e. Table 4.6) they are very close to each other.

4.4.6 Homogeneity of Regression

The syntax in Figure 4.1 below were written to be run on SPSS on basis guidelines
discussed in Stevens (2009, pp. 300-308) and in Tabachnick and Fidell (2007, pp. 281-284) in
order to test the homogeneity of regression assumption for performing MANCOVA and follow-up
ANCOVAs.

MANCVA preEBAPSscr, preSELFscr, postFCIscr, postEBAPSscr, postSELFscr by treatment (0,2), gender(0,1)
/ERINT=SIGNIF (BRIEF)

/ANRLYSIS=postFCIscr, postEBRPSscr, postSELFscr

/DESIGN= preEBAFSscr, preSELFscr, treatment, gender, treatment by gender,
PCCL (preEBAPSscr, preSELFscr) by treatment+

POOL (preEBAPSscr, preSELFscr) by gendert

PCCL (preEBAPSscr, preSELFscr) by treatment by gender
/BNALYSIS=postFCIscr

/DESIGN= preEBAFSscr, preSELFscr, treatment, gender, treatment by gender,
PCCL (preEBAPSscr, preSELFscr) by treatment+

POOL (preEBRPSscr, preSELFscr) by gendert

PCCL (preEBAPSscr, preSELFscr) by treatment by gender
/BNRLYSIS=postEBAPSscr

/DESIGN= preEBRPSscr, preSELFscr, treatment, gender, treatment by gender,
PCCL (preEBAPSscr, preSELFscr) by treatment+

POOL (preEBAPSscr, preSELFscr) by gendert

PCCL (preEBAPSscr, preSELFscr) by treatment by gender
/BNALYSIS=postSELFscr

/DESIGN= preEBAPSscr, preSELFscr, treatment, gender, treatment by gender,
PCCL (preEBAPSscr, preSELFscr) by treatment+

POOL (preEBAPSscr, preSELFscr) by gendert

PCCL (preEBAPSscr, preSELFscr) by treatment by gender.

Figure 4. 1SPSS syntax for checking homogeneity of regression assumption for MANCOVA

In the syntax, the first part starting with /ANALY SIS is written for checking the
homogeneity of regression assumption to perform the MANCOVA desired. The other part is
written for checking the assumption to perform the follow-up ANCOVA in which post FCI,
EBAPS and SELF scores are used as the dependent variable.

As stated in Tabachnick and Fidell (2007, p. 281), alpha is set at .01 level for significance
testing. After running the syntax on SPSS, we explore the values for the source starting with
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“POOL.” Because all the effects by the term starting with “POOL” are non-significant,
homogeneity of regression assumption is said to be met to perform the desired MANCOVA and
the follow-up ANCOVAs. To perform the MANCOVA, F (30,505.53) = .441, p =.996, Wilks’
Lambda = .926, and to perform the follow-up ANCOVAs F (10,174) = 1.34, p = .967, for post FCI
scores.

4.5 MANCOVA Results

Because the MANCOVA related assumptions were met, the researcher could perform the
analysis for testing the null hypothesis about effect of teaching method (cognitive bridging vs.
cognitive conflict), the effect of gender and the interaction effect of teaching method and gender
on the 9th grade students’ achievement in force and motion, epistemologic beliefs about learning
physics, and self-efficacy levels. The dependent variables were the posttest scores on FCI
(postFClscr), the posttest scores on the EBAPS (postEBAPSscr), and the posttest scores on the
SELF (postSELFscr). The independent variables were teaching method (cognitive bridging vs
cognitive conflict vs the non-contextual approach) and gender (males versus females). The
covariates were pretest scores on the EBAPS (preEBAPSscr) and pretest scores on the SELF
(preSELFscr).

As seen in Table 4.9, the covariates contribute significantly to adjust the combined
dependent variables of students’ physics achievement, epistemological and self-efficacy levels
(F(3, 182) =8.537, p = .000; Wilks’ Lambda = .877; partial eta squared = .123 for preEBAPS, and
F(3, 182) = 53.952, p = .000; Wilks’ Lambda = .529; partial eta squared = .471 for pre SELF).

Table 4. 10 MANCOVA Results

Wilks’ r Hypothesis  Error Sig PE:Z?I Observed
Lambda df df ' Power
squared

Intercept 685  27.863 3 182  .000 315 1.000
preEBAPSscr .888 7.662 3 182 .000 112 0.987
preSELFscr 677 28.950 3 182  .000 .323 1.000
Teaching Method 509 24.392 6 364  .000 .287 1.000
Gender .969 1.927 3 182 127 .031 492
T. Method by 985 451 6 364 844 007 185
Gender

When the main effects of teaching method are checked, there is evidence that differences
in the combined dependent variables is statistically significant (F(6, 364) = 24.392, p = .000;
Wilks’ Lambda = .509; partial eta squared = .287). In other words, there is significant difference
between cognitive bridging, cognitive conflict, and control groups on the combined dependent
variables. On the other hand, there is no significant difference between male and female students
on the combined dependent variables (F(3, 182) =1.927, p = .127; Wilks’ Lambda = .969; partial
eta squared = .031 for Gender).

When the interaction effect is checked, there is no evidence that teaching method by
gender interaction is statistically significant (F(6, 364) = .451, p = .844; Wilks’ Lambda = .985;
partial eta squared = .007 for teaching method by gender interaction).

4.6 Follow-up ANCOVA Results
In order to see the roles of each dependent variable on the main effect of teaching method

, univariate ANCOVAs for each dependent variable are necessary. Table 4.10 presents the
univariate ANCOVA results.
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First of all, as described in Tabachnick and Fidell (2007, p. 270), a Bonferroni type
adjustment is required for the inflated Type | error in case of separate univariate tests instead of a
multivariate test. It is simply suggested to divide the alpha, which is usually set at .05 level, by the
number of separate univariate tests, which is the number of dependent variables in this case. As a
result, for the univariate tests, alpha is set at .017 level, which is obtained by dividing .05 alpha
level by 3.

When the contribution of covariates on the adjustments of dependent variable is checked,
preEBAPS is observed to significantly contribute to adjustment of postEBAPS (F(1, 184) =
22.352, p = .000; partial eta squared = .108). Meanwhile, preSELF significantly contributes to the
adjustment of both postEBAPSscr and postSELF (F(1, 184) = 4.949, p = .027; partial eta squared
=.026 for post EBAPS scores; and F(1, 184) = 87.626, p = .000; partial eta squared = .323 for post
SELF scores).

Related to the main effect of teaching method on each dependent variable, there is
evidence that experimental groups (cognitive bridging and cognitive conflict groups) and control
groups (traditional instruction) significantly differ in FCI scores with a large effect size (F(2, 184)
= 87.019, p = .000; partial eta squared = .486). Estimated marginal means of the FCI scores for
experimental groups and control groups are 8.80 (cognitive bridging groups), 8.86 (cognitive
conflict groups) and 4.81 (traditional groups). In brief, the significant difference between
experimental groups and control groups in FCI scores is in favor of the experimental groups
(cognitive bridging and cognitive conflict groups).

Table 4. 11 Univariate ANCOVA Results

Source Dependent df F Sig. Partial Observed
Variable Eta Power
Squared
Intercept postFClscr 1 30.547 .000 142 1.000
postEBAPSscr 1 63.467 .000 .256 1.000
postSELFscr 1 9.056 .000 .047 .849
preEBAPSscr postFClscr 1 975 .325 .005 .166
postEBAPSscr 1 22.352 .000 .108 997
postSELFscr 1 148 .701 .001 .067
preSELFscr postFClscr 1 .959 .329 .005 164
postEBAPSscr 1 4.949 .027 .026 .600
postSELFscr 1 87.626 .000 .323 1.000
Teaching postFClscr 2 87.019 .000 486 1.000
Method postEBAPSscr 2 .897 410 .010 203
postSELFscr 2 1.271 .283 .014 274
Gender postFClscr 1 725 .396 .004 135
postEBAPSscr 1 2.868 .092 .015 .392
postSELFscr 1 .804 371 .004 145
T. Method by postFClscr 2 .863 423 .009 197
Gender postEBAPSscr 5 403 669 004 115
postSELFscr 2 .098 .907 .001 .065

4.7 Post Hoc Analysis

After finding that experimental groups were significantly better than control groups in
terms of conceptual understanding of force and motion topic, then the question of which
experimental group is better, or is there any significant difference between cognitive bridging and
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cognitive conflict groups in terms of conceptual understanding of force and motion. To find the
answer of these questions, the post hoc analysis should be carried out. In order to reveal the
difference if there is any between the cognitive bridging and cognitive conflict groups in terms of
conceptual understanding of force and motion Tukey’s HSD was conducted (Stevens, 2009;
Pallant, 2011).

There was a statistically significant difference at the p< .05 level in terms of conceptual
understanding of force and motion for the experimental groups (cognitive bridging, 8.83 and
cognitive conflict, 8.87) and control groups (traditional instruction, 4.75) F(2, 189) = 94.334, p=
.00. The effect size, calculated using eta squared, was .49, which means large effect size according
to Pallant (2011, p.253). Post-hoc comparisons using the Tukey HSD test indicated that the mean
score for experimental groups (M= 8.83, SD= 2.18; M= 8.87, SD= 1.70 cognitive bridging and
cognitive conflict respectively) was significantly different than control groups (M= 4.76, SD=
1.87), on the other hand, cognitive bridging and cognitive conflict groups did not differ
significantly from each others.

4.8 Summing up the Results

1. There is a significant difference between experimental (cognitive bridging and cognitive
conflict) and control (traditional) groupsin the combined mean scores of dependent
variables . According to follow-up ANCOVAs for each dependent variable, experimental
(cognitive bridging and cognitive conflict) and control (traditional) groups significantly
differ only in the FCI scores with a large effect size in favor of the experimental groups.

2. There is no significant difference between male and female students on the combined
mean scores of dependent variables. Although it is not statistically significant, male and
female students differ in conceptual understanding of physics concepts with a small effect
size. As a result, male students seem to have a little higher level of self-efficacy in
physics, and little less level epistemological sophistications.

3. There is no significant interaction between teaching method and gender on the combined
scores of dependent variables.
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CHAPTER V

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS

This chapter starts with the presentation of the discussion section. After presenting the
internal and external validity issues, conclusions and implications are discussed. Finally,
recommendations for further research are presented.

5.1 Discussion

The purpose of this study was to compare the effects of instructions based on cognitive
bridging and cognitive conflict teaching methods on students’ conceptual understanding in force
and motion, epistemological beliefs and self-efficacy levels. Taking student gender into account,
this intention leaded the researcher to perform a 3x2 factorial design with two independent
variables, teaching method and gender. Thus, main effects of the independent variables and the
interactions among them were investigated.

In the literature, it was argued that with traditional lecturing method little conceptual
understanding of Newtonian mechanics was provided (Hake, 1998) and students’ understanding of
force and motion concepts were significantly improved when traditional instruction was replaced
with more interactive learning strategies which designed to promote conceptual understanding
through activities and discussions (Hake, 1998; Thornton & Skoloff, 1998). The present study
found evidences that the teaching method has a (statistically) significant effect on students’
conceptual understanding of force and motion. As expected, students who were taught with
cognitive bridging and cognitive conflict in experimental groups had statistically significantly
higher scores on FCI than students who were taught with traditional lecturing in control groups.
However, we couldn’t find significant mean difference between cognitive bridging and cognitive
conflict groups in terms of conceptual understanding of force and motion topic. The literature also
argues that male and female students differ in terms of their force and motion achievement scores
in favor of male students (Erickson & Erickson, 1984; Johnson, 1987; Docktor & Heller, 2008).
Nevertheless, the present study couldn’t find any gender differences between and within
experimental and control groups for conceptual understanding of force and motion topic. Also,
there is no interaction between teaching method and gender for the dependent variable of
conceptual understanding of force and motion.

When the second dependent variable of the present study, students’ epistemological
sophistications, is considered, studies showed that epistemological beliefs have effects on
knowledge acquisition and construction process, and students with high level of epistemological
knowledge have a tendency to learn more enthusiastically and develop better conceptual
understanding (Schommer, Crouse, and Rhodes, 1992; Linn and Songer, 1993; Carey and
Smith,1993; Hammer, 1994; Qian & Alverman, 1995; Smith, Maelin, Houghton and Hennessey,
2000; May and Etkina, 2002). Moreover, in literature it was argued that activities that probe and
reveal students’ epistemologies can improve leaning process (Hofer, 2001; Lising & Elby, 2005).
At the beginning of the current study, it was hypothesized that different instructional methods
whose epistemological orientations are different have potential to effect students’ epistemological
beliefs differently. However, no significant difference were observed between cognitive bridging
and cognitive conflict groups in epistemological sophistication levels after the treatments.
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Although experimental groups have slightly better mean scores on EBAPS than control groups,
there is no statistical evidence that teaching method have significant effects on the students’
epistemological sophistications. It seems that implicit epistemologies behind instructional methods
were not recognized by students during the implementations. The relationship between the gender
and the students’ EBAPS scores was also checked.. In all groups, females have better means than
males, but the difference was not statistically significant. In the literature, there is no substantial
evidence either that the gender has an effect on students’ epistemological beliefs. Also, there is no
interaction between teaching method and gender for the dependent variable of epistemological
beliefs.

Finally, the present study compared the effects of cognitive bridging and cognitive
conflict perspectives on students’ self-efficacy levels. In the literature, it was argued that self-
efficacy levels and used learning strategies (Pintrich, Smith, Garcia & McKeachie, 1991, 1993;
Garcia & Pintrich, 1996; Pintrich & De Groot, 1990; Zimmerman & Martinez-Pans, 1990) affect
students’ achievement. According to the literature, students who have high motivation and use
learning strategies are more likely to perform better and can manage their learning process.
Moreover, in the literature there are evidences that teaching method or instruction affect students’
self-efficacy levels. Especially the critiques against the cognitive conflict perspective was based
upon the argument that consisting use of conflict strategies can undermine students’ self-efficacy
beliefs. The present study couldn’t find any significant effect of teaching method on students’ self-
efficacy levels. However, the cognitive bridging groups have slightly higher means than both
traditional groups and cognitive conflict groups in self-efficacy scores. Between the traditional
groups and cognitive conflict groups, the difference is surprisingly in favor of cognitive conflict
groups. In terms of the gender difference, there are evidences about gender differences in
motivational constructs in the literature (Lynch, 2006; 2007). Specifically, gender differences in
self-efficacy were discussed in the literature (Pintrich & DeGroot, 1990; Lynch, 2006; 2007) and it
was shown that male students have significantly higher self-efficacy scores than female students.
Nevertheless, the present study couldn’t find any significant differences in self-efficacy levels
between male and female students. On the other hand, males have higher efficacy scores than
females but it is not statistically significant. Also, there is no interaction between teaching method
and gender for the dependent variable of self-efficacy.

5.2 Internal Validity

Direct dependence of the differences found on the dependent variable by the researcher
on independent variable is defined as internal validity and not due to some other unintended
variables (Fraenkel&Wallen, 2012, p. 166). In other words, there may be some other independent
variables influencing the dependent variable(s) in a study and they must be controlled so that the
internal validity is established. Common threats to internal validity are listed in Fraenkel and
Wallen (2012, p. 180) as subject characteristics, mortality, location, instrumentation, testing,
history, maturation, subject attitude, regression, and implementation.

Subject characteristics:

Although the usage of purposive sampling, the treatments were randomly assigned to the
intact classes. Moreover, covariates were used in the data analysis to adjust the posttest scores. By
means of covariates which means statistical matching, subject characteristics threat is assumed to
have been controlled.

Mortality:

Loss of subjects can be an issue when posttests were being administered. Those students
were removed from the data. However, because percentages of them were equal or less than 12
percent, it was not expected at least a series issue. Thus, mortality threat is assumed not to be a
serious issue.
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Location:

In each school, there were three treatment groups. That is, each treatment was
implemented in three classes in each school. All the classes in both schools had similar conditions.
Thus, the location threat is assumed to be controlled and not to be an issue.

Instrumentation:

The teachers were informed about data collection by the researcher. Also students were
informed about that the tests were for only a research study and their responses were going to be
used only by the researcher and were not going to be shared with anyone else. Pretests and
posttests were administered by the teachers of the classes. That is, for each school, the same
teacher administered the pretests and the posttests. The researcher also participated to the
administration of both pretest and posttests. To control “data collector characteristics” one person
collected data in each school. Because objective test items were used in the instruments,
“instrument decay” is assumed to have been controlled. In addition, in order to control the “data
collector bias”, the teachers were warned about administering the tests in a standard way.

Use of pretests would have influenced the performance on the posttests. This threat seems
to be inevitable. However, this effect is at similar degrees for each group. Thus, this threat is
assumed to have been controlled.

History:

Any events which may have influenced the groups while the treatments were being
implemented were not reported.

Maturation:

Because all the students were about the same ages and the treatments lasted for only four
weeks, “maturation” threat was not a problem for this study.

Attitudinal effect:

Because students from different classes are in contact in break times and they may have
mentioned about what they were doing in their classrooms, their attitudes toward the instruction
can be affected positively or negatively. In order to avoid such an effect some activities designed
to carry out with experimental groups were presented in the form of demonstrations in the groups
with traditional method.

Regression:

Because the study was conducted with intact classes and there were no significant
differences among them with respect to the pretests, regression effect is assumed to be controlled.

Implementation:

Several precautions were taken to avoid implementation related problems. First, all the
treatment groups were instructed by the same teachers. Prior to the treatments, the teachers were
informed about the significance of the study and why they should have implemented the
treatments as they were planned. Second, the teachers were provided with detailed lesson plans
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about how to implement the instruction of each treatment group Finally, classroom observation
checklists were used to verify the treatments.

5.3 External Validity

The study was conducted in two of twenty-four schools in the district of Yenimahalle.
One of the schools, Gazi¢iftligi High School, have students above the average in terms of
achievement. The other school, Mobil Anatolian High School, have students under the average of
the district. Because Yenimahalle is one of the biggest districts, the sample was less than 10
percent of the population. Most of the students in all the schools in this district are low or medium
achievers. In terms of achievement levels, the two schools in which the study was carried out are
similar to other twenty-two schools. Thus, the results of this study may be generalized to the
accessible population who have similar characteristics.

5.4 Conclusions

Related to the study conducted, first of all, instructions based on the cognitive bridging
and cognitive conflict perspective seem to be more effective in developing conceptual
understanding of physics concepts than instructions based on traditional lecturing. When the
cognitive bridging and cognitive conflict perspectives are compared with each other, there is no
significant difference in terms of their effects on conceptual understanding in force and motion
topic. Gender has no statistically significant effect on students’ force and motion achievement
either. Although in the literature there is a tendency in favor of male students’ in physics
achievement, the results of the present study did not support the literature.

The present study also explored and compared the effects of teaching methods on
students’ epistemological beliefs. Cognitive bridging and cognitive conflict perspectives were
expected to trigger students’ epistemological beliefs differently; however, no significant difference
were detected in students’ epistemological beliefs across the control and experimental groups.

Finally, students’ self-efficacy levels were also scrutinized. At the beginning of the study,
the teaching methods based on cognitive bridging and cognitive conflict perspectives were
expected to create a difference in terms of students’ self-efficacy beliefs as discussed in the
literature. However, no statistically significant difference neither between experimental and
control groups nor between the cognitive bridging and cognitive conflict groups were detected.
Especially, when the two perspectives’ approaches to students’ prior knowledge were considered,
it is an unexpected result that there is no significant difference between cognitive bridging and
cognitive conflict groups. Moreover, the evidences cited in the literature about the gender
discrepancy in favor of male students, especially in the self-efficacy sub-domain, could not be
verified.

5.5 Recommendations for Further Study and Implications

The traditional lecturing method seems to be the least effective teaching method on
students most of whom are low or medium achievers. Thus, instead of the traditional method, the
instructions based on cognitive bridging and cognitive conflict perspectives are suggested to be
used in physics instructions. In terms of self-efficacy and epistemological beliefs, the current study
could not detect any differences among the treatment groups. The related literature provides quite
logical and persuasive arguments about the possible differences between the effects of cognitive
bridging and cognitive conflict in terms of self-efficacy and epistemological beliefs. Several
reasons can be attributed to the results of the current students which are not consistent with the
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literature. The first reason can be related to the nature of the theoretical constructs of self-efficacy
and epistemological beliefs both of which are belief-related constructs and needs time to be
changed. Therefore, it would be better if the implementation period of instructional approaches is
extended to a semester or a year in the future studies. Another reason could be related to students’
perceptions or lack of perception about the epistemological signals implicitly transmitted by
different instructional approaches. Future studies are recommended to use explicit discussions
about the epistemological issues focused by the instructions to help students perceive the
epistemologies behind the instructional approaches. Finally, the content and the characteristics of
students focused in an instructional setting can make a big difference on the effects of different
instructional approaches; therefore, the current study is needed to be replicated with different
sample and content areas.
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APPENDIX A

TURKISH VERSION OF THE FORCE CONCEPT INVENTORY (FCI)

1.Ayn1 boyutlardaki iki metal toptan biri digerinin iki kat1 agirhigindadir. Toplar, tek katli bir
binanin ¢atisindan ayn1 anda serbest birakiliyorlar. Toplar yere ulasincaya kadar gecen siire,

1. agir top i¢in, hafif olanin yaris1 kadardir.

2. hafif top i¢in, agir olanin yaris1 kadardir.

3. ikisi i¢in de yaklasik olarak aynidir.

4. agir top igin, hafif olanin yarisi kadar olmasa da belirgin miktarda azdir.

5. hafif top i¢in, agir olanin yaris1 kadar olmasa da belirgin miktarda azdir.

2. Bir dnceki sorudaki metal toplar, yatay bir masada ayni hizla yuvarlanmaktadirlar. Bu durumda
1. ki top da, yaklasik olarak masanin tabanindan e§it uzaklikta bir noktada yere ¢arparlar.

2. agr top, hafif topun carptigi noktanin yaklagik yaris1 kadar uzakliktaki bir noktada yere
carpar.

3. hafif top, agir topun garptigi noktanin yaklagik yarisi kadar uzakliktaki bir noktada yere
carpar.

4. agir top, hafif topun ¢arptigi noktanin yarisi kadar uzakliktaki bir noktaya olmasa da,
belirgin miktarda daha kisa mesafede yere carpar.

5. hafif top, agir topun garptigi noktanin yaris1 kadar uzakliktaki bir noktaya olmasa da,
belirgin miktarda daha kisa mesafede yere ¢arpar.

3. Tek katl1 bir binanin ¢atisindan yere birakilan bir tas,

1. birakildiktan kisa bir siire sonra en yiiksek hizina ulasir ve sonra bu sabit hizladiigmeye
devam eder.

2. Distiikge hizlanir, ¢iinkii tas diinyaya yaklastik¢a yergekimi kuvveti belirgin bir sekilde
artar.

3. hizlanr, ¢linkii neredeyse sabit olan yercekimi kuvvetinin etkisindedir.
4. Diitiin cisimlerde var olan, diinya yiizeyinde durma dogal egilimi nedeniyle diiser.

5. yergekimi ve havanin tas1 asagiya dogru iten kuvvetlerinin birlesik etkisi nedeniyle diser.

4. Biiylik bir kamyon ve kiiciik bir otomobil kafa kafaya carpisirlar. Carpigma sirasinda,

1. kamyon otomobile, otomobilin kamyona uyguladigindan daha biiyiik bir kuvvet uygular.
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otomobil kamyona, kamyonun otomobile uyguladigindan daha biiyiik bir kuvvet uygular.

3. higbiri digerinin iizerine kuvvet uygulamaz, otomobil ezilir ¢iinkii kamyonun yoluna
cikmustir.

4. kamyon otomobile bir kuvvet uygular fakat otomobil kamyona bir kuvvet uygulamaz.

5.

kamyon otomobile, otomobilin kamyona uyguladig: bityiikliikte bir kuvvet uygular.

5. Bir ipe baglanmis ¢elik bir top asagidaki sekilde gosterildigi gibi, yatay bir diizlemde dairesel
bir yoriinge ¢izecek bigimde cevrilmektedir. P noktasinda, ip aniden topa yakin bir noktadan

kopar. Eger bu olaylar kugbakisi olarak izleniyorsa, ip koptuktan sonra topun izleyecegi yola en
yakin yol, 1-5 yollarindan hangisidir?

e
el ol

Sonraki dért soruyu (6-9) cevaplarken, Asagidaki sekil ve aciklamayi kullanin.

Sekil, stirtinmesiz yatay bir yiizey tizerinde sabit Vo hiziyla P noktasindan Q noktasina, diiz bir
cizgide kayan bir hokey diskini gdstermektedir. Hava tarafindan uygulanan kuvvetler ihmal

edilebilir. Diske kusbakig1 bakmaktasiniz. Disk Q noktasina ulagtiginda kalin ok yoniinde ani yatay
bir vurus ile karsilasiyor. Eger disk P noktasinda duruyor olsaydi, vurus
diskin Vyhiziyla vurus dogrultusunda yatay hareketine neden olurdu.

6. Asagidaki 1-5 yollaridan hangisi diskin vurustan sonra izleyecegi yola en yakin yoldur?
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7. Diskin vurustan hemen sonraki hizi,
1 .vurustan dnceki V0 hizina esittir.
2. vurustan kaynaklanan V\, hizina esittir ve V, hizindan bagimsizdir.
3. Vpve Vy hizlarinin aritmetik toplamlarina esittir.
4. V,veya Vy hizindan azdir.

5. Vg veya Vv hizindan biiyiik, fakat bu iki hizin aritmetik toplamlarindan kiigiiktiir.

8. Altinci sorunun cevabi olarak sectiginiz siirtiinmesiz yolda, vurustan sonra diskin hizi,
1. sabittir.

2. sirekli artar.
3. stirekli azalir.
4, Dirsiire artar ve sonra azalir.

5. birsiire sabit kalir ve sonra azalir.

9. Altinct sorunun cevabi olarak sectiginiz siirtiinmesiz yolda, diske etkiyen ana kuvvet(ler),
1. Asagi yonde bir yercekimi kuvvetidir.
2. Asag yonde bir yercekimi kuvveti,ve hareket yoniinde yatay bir kuvvettir.

3. Asagi yonde bir yergekimi kuvveti, ylizeyin uyguladigt yukari yonde bir kuvvet, ve
hareket yoniinde yatay bir kuvvettir.

4. asagiyonde bir yercekimi kuvveti ve yiizeyin uyguladigi yukari yonde bir kuvvettir.

5. yoktur. (Diske etkiyen kuvvet yoktur.)

10. Asagidaki sekilde gosterildigi gibi, bir tepenin kenarindan bir top ateslenir. 1-5 yollarindan
hangisi, merminin/giillenin izleyecegi en yakin yoldur?
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11. Bir ¢ocuk ¢elik bir topu tam yukariya dogru dik olarak atar. Topun, ¢ocugun elinden ¢ikipyere
diisene kadar olan hareketini dikkate alin ve hava tarafindan etkitilen kuvvetlerin ihmal edilebilir
oldugunu diigiiniin. Bu sartlarda topa etkiyen kuvvet(ler),

1. siirekli azalan yukar1 yonde bir kuvvetle birlikte asagiya dogru bir yergekimikuvvetidir.
2. ¢ocugun elinden ¢iktiktan sonra en yliksek noktaya ulasana kadar siirekli azalan
yukariyonde bir kuvvet; asagiya inerken ise, cisim diinyaya yaklastikca siirekli artan

asagiyonde bir yergekimi kuvvetidir.

3. top en yilksek noktaya ulagana kadar yukari1 yonde siirekli azalan bir kuvvetle birlikte,
neredeyse sabit asagiyonde bir yergekimi kuvveti; asagiya inerken ise, sadece sabit
asagiyonde bir yer¢ekimi kuvvetidir.

4. sadece, neredeyse sabit asag1 yonde bir yergekimi kuvvetidir.

5. yukaridakilerden higbiri. Topun diinya {izerinde durma dogal egilimi oldugu igin top yere
diiger.

12. Yatay bir dogrultuda ugmakta olan bir kargo ucagindan, yanlislikla bir bowling topu diistiyor.

Yerde duran bir gézlemci, sekildeki gibi, ugagi goriiyor. Gézlemciye gore, bowling topunun
ucaktan ayrildiktan sonra izleyecegi en yakin yol 1-5 yollarindan hangisidir?

Sonraki iki soruyu (13ve 14) cevaplarken, Asagidaki sekil ve aciklamayr kullanin.

Sekildeki gibi, biiyiik bir kamyon yolda bozulur ve kiigiik bir otomobil tarafindan itilir.

69



——:ﬁ N, @

13. Hizini arttirarak, istenen yol hizina ulagincaya kadar otomobil kamyonu iterken,

1. Otomobilin kamyona uyguladig: itme kuvvetinin bityiikliigii, kamyonun otomobile
uyguladigi geri itme kuvvetinin bilyiikligiine esittir.

2. Otomobilin kamyona uyguladigi itme kuvvetinin biyiikliigii, kamyonun otomobile
uyguladigi geri itme kuvvetinin biiyiikliigiinden azdir.

3. Otomobilin kamyona uyguladigi itme kuvvetinin biiyiikliigii, kKamyonun otomobile
uyguladig1 geri itme kuvvetinin biiyiikliigiinden fazladir.

4. Otomobilin motoru ¢aligmakta oldugu i¢in kamyonu itmektedir, kamyonun motoru
calismadig1 i¢in arabay1 geri itememektedir. Kamyon ise elbette ileriye itilecektir, ¢linkii
otomobilin yolu tizerindedir.

5. Kamyon da otomobil de birbirlerine kuvvet uygulamamaktadir. Kamyon ise elbette
ileriye itilecektir, ¢tinkii otomobilin yolu tizerindedir.

14. Otomobil siiriiciisiiniin istedigi sabit yol hizina ulastiginda,

1. otomobilin kamyona uyguladig: itme kuvvetinin biiyiikliigii, kamyonun otomobile
uyguladigi geri itme kuvvetinin biiyiikliigiine esittir.

2. otomobilin kamyona uyguladig1 itme kuvvetinin biiyiikliigii, kamyonun otomobile
uyguladigi geri itme kuvvetinin biiyiikliigiinden azdir.

3. otomobilin kamyona uyguladig itme kuvvetinin biyiikliigli, kamyonun otomobile
uyguladigi geri itme kuvvetinin biiyiikliigiinden fazladir.

4. otomobilin motoru ¢aligmakta oldugu i¢in kamyonu itmektedir, kamyonun motoru
calismadigi i¢in arabayi geri itememektedir. Kamyon ise elbette ileriye itilecektir, cunku
otomobilin yolu uzerindedir.

5. kamyon da otomobil de birbirlerine kuvvet uygulamamaktadir. Kamyon ise elbette ileriye
itilecektir, cunku otomobilin yolu uzerindedir.

15. Sekilde goriidiigii gibi; bir asansor, ¢elik bir kablo ile asansor boslugunda sabit bir hizlayukari
¢ikariliyor. Biitiin siirtiinmeler ihmal edilebilir. Bu durumda, asansore etkiyen kuvvetler i¢in
denebilir ki;
1. kablonun uyguladigi yukar1 yonde kuvvet asagiyonde yercekimi kuvvetinden biiyiiktiir.
2. kablonun uyguladig: yukar1 yonde kuvvet asagryonde yercekimi kuvvetine esittir.

3. kablonun uyguladigi yukari yonde kuvvet asagiyonde yergekimi kuvvetinden kiigiiktiir.

4. kablonun uyguladig: yukar1 yonde kuvvet, havadan kaynaklanan asagiydndeki kuvvet ile
yercekimi kuvvetinin toplamindan biiyiiktiir.
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5. yukaridakilerden higbiri. (Asansér kablonun uyguladigi kuvvet nedeniyle degil kablo
kisaldigi i¢in yukar1 ¢ikmaktadir).

celik kablo

g

sabit hizla
yukarigikan
asansor

16. Asagidaki sekilde goriildiigii gibi, bir cocuk P noktasindan daha yukaridaki bir
noktadansallanmaya baslamuistir. Diistintilebilecek su kuvvetleri dikkate alin:

A.asag1 yonde bir yer¢ekim kuvveti
B.ip tarafindan P'dan O'ya dogru uygulanan bir kuvvet.
C.cocugun hareketi yoniinde bir kuvvet.

D.O'dan P'ya dogru bir kuvvet.

cocuk P noktasindayken ona etkiyen kuvvet(ler) ne(ler)dir?

1. sadece A
2. AveB

3. AveC

4. AB,veC
5 AC,veD

17. iki cismin 0.20'ser saniye zaman aralikli konumlar1, Asagidaki sekilde numaralanmis
karelerle gosterilmistir. Cisimler saga dogru hareket etmektedirler.

|
1

1 3
| [ |
I .‘

|
|
|
1
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Cisimler hi¢ ayni1 hiza sahip olmuslar midir?
1. Hayir.
2. Evet"2" aninda.
3. Evet"5" aninda.
4. Evet"2" ve "5" anlarinda.

5. Evet, "3" ile "4" arasinda bir anda.

18. iki cismin 0.20'ser saniye zaman aralikli konumlari, Asagidaki sekilde numaralanmisg
karelerle gosterilmistir. Cisimler saga dogru hareket etmektedirler. Cisimlerin ivmeleri i¢in
denilebilir ki:

3
]
| I
| 1
|
3

1. A'nin ivmesi B'nin ivmesinden biiyiiktiir.

2. A'nin ivmesi B'nin ivmesine esittir. ikiside sifirdan biiyiiktiir.
3. B'ninivmesi A'nin ivmesinden biiyiiktiir.

4.  A'nin ivmesi B'nin ivmesine esittir. ikisi de sifirdir.

5. Soruyu cevaplamak i¢in yeterli bilgi verilmemistir.

Sonraki dort soruyu (19-22) cevaplarken, Asagidaki sekil ve aciklamayt kullanin.

Uzayin derinliklerinde bir uzay gemisi P noktasindan Q noktasina, sekilde gosterildigi gibi, yan

olarak siiriiklenmektedir.Gemiye disaridan hi¢cbir kuvvet etkimemektedir.Q noktasindan itibaren,

geminin motorlari ¢alisiyor ve PQ c¢izgisine dik agida bir sabit itme kuvveti gemiye etkimeye
basliyor. Bu sabit itme kuvveti gemi uzayda bir R noktasina ulasincaya kadarona etkiyor.

19. Geminin Q ve R noktalar1 arasinda izleyecegi yolu en yakin gosteren yol, 1-5 yollarindan
hangisidir?
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20. Gemi Q noktasindan R noktasina ilerlerken hizi,
1. sabittir.
2. siirekli artar.
3. stirekli azalir.
4. Dbirsiire artar ve sonra sabit kalir.

5. birsiire sabittir ve sonra azalir.

21.R noktasinda geminin motoru durduruluyor ve itme kuvveti hemen sifira diigiiyor. 1-5
yollarindan hangisi R noktasindan sonra geminin izleyecegi yoldur?

(o]

[ SRR PSR
F N
-

Re--1 -—» @R

22. R noktasindan sonra geminin hizi,

1. sabittir.

2. sirekli artar.

3. siirekli azalir.

4. bir siire artar ve sonra sabit kalir.

5.  bir siire sabittir ve sonra azalir.
23. Bir kadin biiyiik bir kutuya sabit yatay bir kuvvet uyguluyor. Sonug olarak, kutu yatay yiizey

tizerinde sabit Vo hiziyla hareket ediyor. Kadin tarafindan uygulanan sabit yatay kuvvet,

1 kutunun agirhigr ile ayn1 biiyiikliiktedir.

2. kutunun agirhigindan biyiiktiir.

3. kutunun hareketini engellemeye calisan toplam kuvvetle ayni bityikliiktedir.

4. kutunun hareketini engellemeye caligsan toplam kuvvetten bityiiktiir.

5. kutunun hareketini engellemeye calisan toplam kuvvetten yada kutunun agirligindan
biiytiktiir.
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24. Bir onceki sorudaki kadin, kutuyu aymi yatay ylizey iizerinde itmek i¢in uyguladigi yatayn
kuvveti iki katina ¢ikarirsa, kutu

| . bir dnceki sorudaki VO hizinin iki kati sabit bir hizla hareket eder.
2. bir 6nceki sorudaki Vo hizinin iki kat1 kadar olmasa da, Vy'dan biiyiik sabit bir hizla
hareket eder.

3. bir siire i¢in bir 6nceki sorudaki V'dan biiyiik sabit bir hizla hareket eder, sonra
hizlanir.

4. bir siire i¢in artan bir hizla sonra ise sabit bir hizla hareket eder.
5. siirekli artan bir hizla hareket eder.

25. Eger sorudaki kadin cisme uyguladigi yatay kuvveti kaldirirsa, cisim
| . aninda durur.

2. bir siire sabit hizla hareketine devam eder ve sonra yavaslayip durur.
3. aninda yavaslamaya baslar ve durur.

4. sabit bir hizla hareketine devam eder.

5. bir siire hizlanir ve sonra yavaslayip durur.

26. Asagidaki sekilde A 6grencisi 75 kg ve B dgrencisi ise 57 kg kiitlelidir. Birbirinin ayni ofis
sandalyelerinde kars1 karsiya oturmaktadirlar.

A ogrencisi, sekildeki gibi, ¢iplak ayaklarin1 B 6grencisinin dizlerine koymugtur. Sonra Adgrencisi

birden ayaklariyla disariya dogru iterek, her iki sandalyenin de hareket etmesine neden olur.

itme sirasinda ve A'nin ayaklar1 B'nin dizinden ayrilmadan 6nce,
1 . 6grenciler birbirlerine higbir kuvvet uygulamamaktadirlar.

2. A dgrencisi B 6grencisi tizerine bir kuvvet uygulamakta, fakat B A'ya bir kuvvet
uygulamamaktadir.

3. her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat B daha biiyiik bir kuvvet
uygular.

4. her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat A daha biiyiik bir kuvvet
uygular.

5. her iki 6grenci de birbirleri lizerine esit biiyiikliikte kuvvet uygulamaktadirlar.

27. Bos bir ofis sandalyesi hareketsizdir. Diigiiniilebilecek su kuvvetleri dikkate aldigimzda:

A. asag1 yonde bir yercekimi kuvveti
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B. zemin tarafindan uygulanan yukar1 yonde bir kuvvet.

C. hava tarafindan uygulanan agagi yonde net bir kuvvet.
Hangi kuvvet(ler) ofis sandalyesi iizerine etkimektedir(ler)?

1.sadece A
2. AveB
3. BweC
4. AB,veC

5. Higbiri. (Sandalye hareketsiz oldugu i¢in ona etkiyen higbir kuvvet yoktur.)

28. Cok giiclii bir riizgara ragmen, bir tenis oyuncusu raketiyle bir tenis topuna vurur, ve top
ag1 gecip rakip sahaya ulasir. Su kuvvetleri dikkate aldiginizda:

A. asag1 yonde bir yergekimi kuvveti.
B. wvurustan kaynaklanan bir kuvvet.
C. havanin uyguladigi bir kuvvet.
Raketle temasini kesmesinden yere ¢arpmasina kadar, topa hangi

kuvvet(ler)
etkimektedir(ler)?

1.sadece A
2. AveB
3. AveC
4. BveC
5. A B,veC
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APPENDIX C

TURKISH VERSION OF EPISTEMOLOGICAL BELIEFS ASSESSMENT FOR

PHYSICAL SCIENCE (EBAPS)

Béliim 1 Ag¢iklamalar: Asagidaki her ifadeyi okuyunuz ve hangi olgiide katili katiimadiginiz

isaretleyiniz.
a_)g 5 £ Ea_)g
X3 55 |8S BEKE
czZEZ |2 ESE2
s ECE |8 2% [g=
VEFEE S FE KNS
2 | 2 ~

BOLU .

M 1 Ifade A B C D E

Asli fen kitabin1 okurken kendi deneyimleriyle
uyusmayan bir bilgi okur. Ancak feni iyi bir sekilde
o0grenmek icin, kendi deneyimleri {izerinde
distinmeyi bir kenara birakmali ve kitabin ne
sOyledigi iizerinde odaklanmalidir.

Fizigi anlamaya calisirken, yasadigimiz gercekleri
(dogrulari) hatirlamak ¢ok 6nemli degildir.

Bilgisayar simulasyonlar1 agik bir sekilde fiziksel
objelerin (yildizlar gibi) davraniglarini  tahmin
edebilirler. Ayni zamanda simulasyonlar bilim
adamlarma insan davraniglarmi  tahmin  etme
konusundada yardimct olurlar (kag kisi gelecek yil
yeni tv alacak gibi).

Konu fizik olunca, bazi kisiler ¢ok ¢abuk 6grenir
bazilari ise hi¢bir zaman 6grenemez.

Eger bir kisinin bagi fizikle dertteyse, o kisinin daha
iyi bir yoldan fizik ¢aligmasi biiyiik degisiklikler
yaratabilir.

“Yiyecekler kansere sebep olur” gibi tartismali
konular ele alindiginda bilim adamlarinin hangi
bilimsel  g¢alismalarn  daha iyi  oldugunu
degerlendirebilecekleri bir yol yoktur. Hersey havada
astl kalir.

Bazen Ogretmenler “bazi seyleri Ogretene kadar
gercek anlamda anlamamistim” der. Oysa 6gretmek
O0gretmene konuyu daha iyi anlamasina degil sadece
ne kadar biliyorsa onu hatirlamasina yardimci olur.
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Bilim adamlar1 zamanlarinin tamamini veri toplamak
8 icin harcamalilar. Teorilerle ilgilenmek herhangi bir
seyl anlamamiza yaramaz.

Dogustan gelen bir yetenegi olmasa da kisiler en zor
fizik konularini bile iyi bir sekilde 6grenebilirler.

Cogu zaman bilimsel prensipler veya teoriler bir
anlam ifade etmez. Bu gibi durumlarda onlar1 boyle
10 kabul edip yolunuza devam etmek zorundasiniz.
Ciinkii bilimdeki hersey mutlaka bir anlam ifade
edecek diye bir sey yoktur.

Bir fizik sinavindan sonra, bagkalariyla konugmadan
11 da o smavda genel olarak ne kadar iyi yapabildiginizi
tahmin edebilirsiniz.

Kisiler fizik Ogrenirken  Ogretilenleri  kendi
12 diistinceleri  ile  iliskilendirirlerse =~ daha  iyi
anlayabilirler.

Fizik 6gretmenleri giinliik yasamdan bolca drnekler
ve Ornek problemler esliginde agik ve anlagilir
13 sekilde ders anlatirlarsa iyi 6grencilerin ¢ogu kendi
baglarina  birgok  problem  ¢dzmeden  de
konularianlayabilirler.

Bilimi anlamak roket gelistirenler i¢in gercekten

14 onemliyken, politikacilar i¢in degildir.
Problem ¢dzerken 6nemli olan sey her bir degisik
15 Belirleyebilmektir. Biiyiik fikirleri anlamak 6zel y
Fakat normal problemler i¢in degil.
16 Yeterince vakit verildiginde gergekten isteyen herkes

daha bilimsel bir sekilde diisiinmeyi 6grenebilir.

Fizigi anlamak i¢in formiiller temel yapilardir. Diger
17 seyler daha ¢ok hangi formiilii hangi durumlarda
kullanacaginiza karar vermede yardimct olur.

A: Kesinlikle Katilmiyorum B: Kismen Katilmiyorum C: Kararsizim
D: Kismen Katilyyorum E: Kesinlikle Katiliyorum

Béliim 2
Aciklama: Sizin goriigiiniizii en iyi yansitan sikki isaretleyiniz.
18- Fizik 6grenmeye calisan birisi i¢in asagidaki soru iizerinde diisiinmek i¢in iyi bir soru mudur?

iki &grenci bir ipi koparmak istiyorlar. Bunun igin hangisi daha iyi bir yoldur.
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(1) her ikiside bir ucundan tutup ¢ekmeli.

(2) ipi bir duvara baglayip ikiside ayni ugtan ¢gekmeli.

(@)
(b)
(©

(d)
Q)

Evet kesinlikle. Caligmak i¢in en iyi sorulardan birisidir.
Evet, bir yere kadar. Bununla esdeger giizel sorularda vardir

Evet biraz. Bu tarz sorular yardimei olur, ama bundan daha ¢ok yardimci olacak sorularda
var.

Aslinda hayir. Bu tarz sorular temel seyleri 6grenmek igin iyi degildir.

Kesinlikle hayir. Bu tarz sorular hi¢bir zaman yararli olmaz.

19- Bilim adamlar, gokgiiriiltilii sagnak yagislart (yildiriml firtinalarr) tahmin etmekte ve
aciklamakta zorlantyorlar. Bunun nedeni bu gibi olaylarin ¢ok karmagik veya uygulamasi ¢ok zor
kurallar dizisine gére davranmasi olabilir. Veya bu kurallar ne kadar karmasik veya tam bir
kurallar dizisi olsa da bazi gokgiiriiltiilii sagnak yagislarin bu kurallara diizenli olarak uymadigi
i¢in olabilir.

Genel olarak, bilim adamlar1 neden bu gibi olaylar1 a¢iklamakta sorun yasiyorlar. Liitfen

birini segmeden 6nce mutlaka biitiin siklar1 okuyunuz.

(@)

(b)
(©

(d)

(e)

Bu gibi olaylar belli kurallara uymasina ragmen, bu kurallar ¢ogu zaman karmasik ve
uygulanmasi zordur ya da tam anlamryle bilinemezler.

Bazi seyler diizenli bir sekilde kurallar dizisini takip etmezler.

Genelde kurallarin ¢ok karmasik ve uygulanmasinin zorlugundan, bazen de olaylarin
kurallari takip etmemesinden kaynaklanir.

Yiizde ellisi kurallarin ¢ok karmasik ve uygulanmasmin zorlugundan, yiizde elliside
olaylarin kurallar takip etmemesinden kaynaklanir.

Genelde olaylarin kurallari takip etmemesinden bazende kurallarin ¢ok karmasik ve
uygulanmasinin zorlugundan kaynaklanir.

20- Fizikte formiiller ile kavramlar arasindaki iligki nasil a¢iklanabilir. Liitfen birini segmeden
once mutlaka biitiin siklart okuyunuz.

(@)

(b)

(©
(d)

Formiiller temel kavramlar1 6zetler ve aslinda kavramlardan farkli degillerdir. Buna ek
olarak formiiller problem ¢6ziimlerinde yardimci olurlar.

Formiiller ile temel kavramlar birbirlerinden farklidir ¢linkii kavram bir fikirdir, denklem
degil. Formiiller en iyi, fazlaca kavramsal anlami1 olmayan problem ¢6zme araglar1 olarak
tanimlanabilir.

Cogunlukla (a), biraz (b).

Yar1 yartya
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(&) Cogunlukla (b), biraz (a)

21- Hayatta bir¢ok seyde basarili olmak igin;
(a) Cok caligmak dogustan gelen yetenekten ¢cok daha 6nemlidir
(b) Cok calismak dogustan gelen yetenekten biraz daha dnemlidir
(c) Cok ¢alismak ve dogustan gelen yetenek esit derecede dnemlidir.
(d) Dogustan gelen, yetenek cok ¢aligmaktan biraz daha énemlidir

(e) Dogustan gelen yetenek ¢ok caligmaktan ¢ok daha 6nemlidir

22- Bilim de basarili olmak igin;
(a) Cok galigmak, dogustan gelen yetenekten ¢ok daha dnemlidir
(b) Cok calismak dogustan gelen yetenekten biraz daha dnemlidir
(c) Cok ¢alismak ve dogustan gelen yetenek esit derecede dnemlidir.
(d) Dogustan gelen yetenek ¢ok caligmaktan biraz daha 6nemlidir

(e) Dogustan gelen yetenek ¢ok ¢aligsmaktan ¢ok daha 6nemlidir

23- Asagidaki test formatlarindan hangisi 6grencilerin fizigi ne kadar anladiklarin1 daha iyi dlger?
Liitfen birini se¢gmeden 6nce mutlaka biitiin siklart okuyunuz.

(2) Her biri belli bir kavramu igeren ¢ok sayida kisa cevaph veya ¢oktan se¢gmeli sorulardan
olusan bir test.

(b) Herbiri birkag kavrami igeren az sayida uzun sorular ve problemlerden olusan bir test.
(¢) Hem (a) y1 hem de (b) yi iceren, ancak (a) dan daha fazla bulunan testler
(d) Hem (a) y1 hem de (b) yi esit miktarda igeren testler

(e) Hem (a) y1 hemde (b) yi igeren, ancak (b) dan daha fazla bulunan testler
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Béliim-3

Actklama: Asagidaki her soruda iki égrencinin bir konuda anlasamadigi bazi tartisma
diyaloglar: okuyacaksiniz. Bu tartisma konusunda hangi égrenciye katildiginizi belirtiniz.

24-

Ali:

Can:

Iyi bir fen kitab, bir boliimdeki bilgilerin diger boliimdekilerle nasil iliskisi bulundugunu
aciklamalidir. Her bir iiniteyi birbirinden ayr1 olarak ele almamali ¢iinkii ger¢ekte bunlar
birbirinden ayr1 degiller.

Ama ¢ogu zaman her boliim farkli bir konu iizerine ve herzaman birbirleriyle alakali
olmayabilir. Kitaplar her konuyu birbirine karistirmaktansa, hepsini ayr1 tutmali.

Hangisinin goriisiine katiliyorsunuz. Isaretlemeden &nce biitiin segenekleri okuyunuz.

(@)
(b)
(©
(d)
©)

25-
Ayse:

Damla:

Ayse:

@)
(b)
(©
(d)
(e)

26-

Mehmet:

Ali’yle tamamen ayn1 goriisteyim.

Ali’ye daha ¢ok katilmakla beraber, Can da giizel noktalara vurgu yapmis.
Ali’ye de Can’a da esit miktarda katiliyorum ( katilmiyorum).

Can’a daha ¢ok katilmakla beraber, Ali de giizel noktalara vurgu yapmis.

Can’la tamamen ayn1 gériisteyim.

Feza Giirsey hakkinda okuyorum, fizik¢i. Gergekten zeki birisine benziyor.

Belki oyledir. Ancal.< konu bilimde iyi olmaksa ¢ok ¢alismak dogal yenekten
daha ¢ok 6nemlidir. Idda ederim Feza Giirsey de fizigi ¢ok calistig1 i¢in basarili
bir fizik¢i olmustur.
Belkide Oyledir. Ancak sunu kabul etmek gerekir ki bazi insanlar fende
digerlerinden daha zekidirler. Dogal yetenek olmadan ¢ok ¢alismak sizi bilimde
bir yere getirmez.

Ayse’yle tamamen ayni goriisteyim.

Ayse’ye daha ¢ok katilmakla beraber, Damla da giizel noktalara vurgu yapmius.

Ayse’ye de Damla’ya da esit miktarda katiliyorum ( katilmiyorum).

Damla’ya daha ¢ok katilmakla beraber, Ayse de giizel noktalara vurgu yapmus.

Damla’yla tamamen ayn1 goriisteyim.

Sinav i¢in bilimsel kavramlar1 6grenirken, kavramlari kendi kelimelerimle ifade
edince daha iyi anliyorum.
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Akif:

(@)
(b)
(©
(d)
(€)

27-
Pinar:

Canan:

Pinar:

(@)
(b)
(©
(d)
(e)

28-

Leyla:

Kadir:

Leyla:

Kavramlar1 kendi kelimelerinle ifade etmen sana yardimci olmaz. Kitaplar bilimi
gergekten c¢ok iyi bilen kisilerce yazilmistir ve kitaplar kavramlari nasil ifade
ediyorsa o sekilde 6grenmelisin.

Mehmet’le tamamen ayni goriisteyim.

Mehmet’e daha ¢ok katilmakla beraber, Akif de giizel noktalara vurgu yapmus.
Mehmet’e de Akif’e de esit miktarda katiliyorum ( katilmiyorum).

Akif’e daha ¢ok katilmakla beraber, Mehmet de giizel noktalara vurgu yapmis.

Akif’le tamamen ayni goriisteyim.

Bilimin gercek diinyada gérdiigiimiiz olaylar1 agiklama yolunu seviyorum.
Boyle diisiinmemiz gerektigini biliyorumve bir¢cok sey i¢in dogrudur. Fakat
yiizlesmemiz gerekir ki bizim laboratuvarda yaptiklarimizi agiklayan bilim

aslinda bir depremi agiklayamaz. Bilimsel yasalar belli durumlarda iyi calisirlar,
ancak ¢cogu kez ¢aligmazlar.

Ben hala bilimin biitiin ger¢ek diinyadaki deneyimlerimize uygulanabilecegini
distinliyorum. Eger bazi durumlarda nasil oldugunu bulamiyorsak ya da
caligmiyorsa bu o olayin ¢ok karmasik olmasindan ve heniiz yeterince bilimsel
bilgimizin olmamasindan kaynaklantyordur.

Pinar’la tamamen ayni goriisteyim.

Pinar’a daha ¢ok katilmakla beraber, Canan da giizel noktalara vurgu yapmus.
Pinar’a da Canan’a da esit miktarda katiliyorum ( katilmiyorum).

Canan’a daha ¢ok katilmakla beraber, Pinar da giizel noktalara vurgu yapmus.

Canan’la tamamen ayni goriisteyim.

Bazi bilim adamlar1 dinazorlarin volkanik patlamalar sonucu yok olduklarin
diistiniirken, bazilar1 ise diinyaya carpan bir goktasi nedeniyle yok olduklarini
distintiyorlar. Ni¢in bilim adamlari bir fikir izerinde anlagamiyorlar.

Belkide kanitlar her iki teoriyi de destekliyordur. Cogu zaman yasanan gergekleri
degerlendirmenin birden fazla yolu vardir. Bizim yapmamiz gereken gergeklerin
ne anlama geldigini ortaya ¢ikarmak.

Bundan emin degilim. Kisisel iligkilerde, siirde ve bu gibi konularda belirsizlik
olabilir. Ancak bilimde hersey daha net olmalidir.
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(a) Leyla’yla tamamen ayni goriigteyim.

(b) Leyla’ya daha gok katilmakla beraber, Kadir de giizel noktalara vurgu yapmius.
(c) Leyla’ya da Kadir’e de esit miktarda katiliyorum ( katilmiyorum).

(d) Kadir’e daha ¢ok katilmakla beraber, Leyla da giizel noktalara vurgu yapmus.

(e) Kadir’le tamamen ayni goriisteyim.

29-

Yusuf: Bence bilim de modaya benziyor. Bu yil favori olan bir sey gelecek yil eski
kalabiliyor. Bilim adamlar1 diizenli olarak teorilerini geriye ya da ileriye doniik
olarak degistirirler.

Mehmet: Ben farkli diisiinliyorum. Deneyler yapildiktan ve bu deneyleri agiklamak igin

teoriler gelistirildikten sonra ¢ogu sey yerli yerine oturur. Bunun {izerinde artik
¢ok az bir tartigma yapilabilir.

(@) Yusuf’la tamamen aym goriisteyim.

(b) Yusuf’a daha ¢ok katilmakla beraber, Mehmet de giizel noktalara vurgu yapmus.
(¢) Yusuf’a da Mehmet’e de esit miktarda katiliyorum ( katilmiyorum).

(d) Mehmet’e daha ¢ok katilmakla beraber, Yusuf da giizel noktalara vurgu yapmus.

(e) Mehmet’le tamamen aym goriisteyim.

30-Derya ve Niliifer ev ddevlerini beraber yapiyorlar.

Derya: Tamam 1.soruyu bitirdik bence ikinci soruya gecebiliriz.

Niliifer: Hayir bekle. Bence cisimlerin yere ulagsmalarmin nigin bu kadar uzun siirdiigiini

bulmamiz gerekir.

Derya: Niliifer bunun dogru cevap oldugunu kitabin arkasindan da kontrol ettik, daha

niye ugrasalim ki. Eger anlamasaydik dogru cevabi zaten bulamazdik.

Niliifer: Bence dogru cevap, tam olarak bunun ne anlama geldigini bilmeden de

bulunabilir.
(2) Derya’yla tamamen ayn1 goriisteyim.
(b) Derya’ya daha ¢ok katilmakla beraber, Niliifer de giizel noktalara vurgu yapmus.
(c) Derya’ya da Niliifer’e de esit miktarda katiliyorum ( katilmiyorum).
(d) Niliifer’e daha ¢ok katilmakla beraber, Derya da giizel noktalara vurgu yapmus.

(e) Niliifer’le tamamen aym goriisteyim.
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APPENDIX D

SCORE SHEET OF EBAPS

Axis 1: Structure of scientific knowledge
2. A=0,B=15C=25D=35E=4
8. A=4,B=3,C=15D=05E=0
10A=4,B=3,C=2,D=1,E=0
15, A=4,B=3,C=2,D=1,E=0
17. A=4,B=3,C=15D=05E=0
19. A=4,B=0,C=3,D=2,E=1
200 A=4,B=0,C=3,D=2,E=1
23.A=0,B=4,C=1,D=2,E=3
24A=4,B=4,C=2,D=1,E=0

28A=0,B=1,C=2,D=3,E=4

Axis 2: Nature of knowing and learning
1.A=4,B=3,C=1,D=05E=0
7.A=4B=3,C=2,D=1E=0
11.A=0,B=1,C=2,D=3,E=4
12.A=0,B=05,C=1,D=3,E=14
13.A=4,B=3,C=1,D=05E=0
18. A=4,B=35C=15D=05E=0
26A=4,B=4,C=2,D=1,E=0

30A=0,B=1,C=2,D=3,E=4
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Axis 3: Real-life applicability

3.A=0,B=1,C=2,D=35E=4
14.A=4,B=3,C=2,D=1,E=0
19.A=4,B=0,C=3,D=2,E=1

21 A=4,B=4,C=2,D=1E=0

AXis 4: Evolving knowledge

6.A=4,B=4,C=2,D=1,E=0
28A=0,B=1,C=2,D=3,E=4

29A=0,B=2,C=4,D=2,E=0

AXis 5: Source of ability to learn

5.A=0,B=1,C=2,D=3,E=4
9.A=0,B=1,C=2,D=3,E=4
16.A=0,B=1,C=2,D=3,E=4
22.A=4,B=3,C=2,D=1E=0

25A=0,B=1,C=2,D=4,E=4
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APPENDIX E

TURKISH VERSION OF MOTIVATED STRATEGIES FOR LEARNING SCIENCE
(MSLQ)

Sorular1 yamitlamak icin asagidaki olgiitleri kullaniniz. Soruda gecen ifade sizin i¢in kesinlikle
dogru ise (7)"yi; sizinle ilgili kesinlikle yanhssa (1)'i isaretleyin. Eger ifadenin size gore
dogrulugu bunlardan farkl ise sizin icin en uygun diizeyi gosteren (1)'le (7) arasindaki rakam
isaretleyin.

Benim Iging 3 Benim Igin

Soru GUDULENME Yanlis Dogru
Bu derste beni zorlayan, ayn1 zamanda da gelistiren
1| konulart tercih ederim; bdylece yeni seyler “m @ & @ 6 6 O
ogrenebilirim.

Uygun bir sekilde ¢aligirsam, bu dersin tiim
konularini 6grenebilirim.

@@ @ 6 @ 6 6 O

Sinav sirasinda, sorulara verdigim cevaplarin diger

3 | dgrencilerin cevaplarindan daha kotii oldugunu “m» @ 6 @& 6 6 O
diisiniirim.
4| Bu dersten yiiksek bir not alacagima inaniyorum. “w @ & @ 6 © O

Sinav sorularmi ¢ézerken, cevaplayamayacagimi

diistindiigiim diger sorular aklima gelir. W @ 6 6 6 6 0

Bu dersin konularini 6grenmek benim igin
onemlidir.

“» @ 6 @ 6 6 O

Sinav sirasinda, basarisiz olursam bunun getirecegi
sonuglari dislintiriim.

@m @ 6 @6 6 6 O

Bu derste 6gretmenin anlatacagi en karmasik
konular1 bile anlayabilecegime inantyorum.

@ @ 6 @ 6 6 O

Bu derste, 6grenmesi daha zor olsa bile, merak
uyandiran konulari tercih ederim.

@@ @ 6 @ 6 6 O

10 | Cok galisirsam bu dersin tiim konularini anlarim. “v @ & @ 6 6 O

Sinavdayken kendimi huzursuz ve sikintili

11 hissederim.

@ @ 6 @6 6 6 O
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Bu dersin ddevlerini ¢ok giizel yapacagima ve

12 . SR “m @ & @& & 6 O
simavlarimin miitkemmel gececegine inantyorum.
Bu derste beni en ¢gok memnun eden, dersin

13 konularini olabildigince ¢ok anlamaya ¢aligmaktir. @ 6 6 6 6 0O
Bu derste islenen konularin yararli oldugunu

14 diisiiniiyorum. @m @ 6 @ 6 6 O

15 Ehrr}.dve olsa, quse}c bir nOtl?.. garant.llemes.e bile daha W@ e @ 6 6 0
¢ok 6grenmemi saglayacak 6devleri segerim.

16 | Bu derste islenen konular hosuma gidiyor. “w @ & @ 6 6 O

17 ]"3u der.st'e islenen konular1 anlamak benim igin ¢ok W @ @ @ 6 6 0
onemlidir.
Sinav sirasinda kalbimin hizli hizli attigim

181 hissederim. m @ 6 @ 6 6 0

19 Bu de¥ste ovg.retllen bepgrllerl cok iyi D @ 6 @ 6 6 0
yapabilecegimden eminim.
Dersin zorlugunu, 6gretmenini ve becerilerimi

20 | dikkate aldigimda, bu derste basarili olacagimi “w @ & @ 6 6 O
diistiniiyorum.

OGRENME STRATEJILERI Benim I¢in Benim Igin
Yanlig Dogru

Bu derste verilen kaynaklan okurken, diigiincelerimi

21 | diizenlememe yardimc1 olmasi i¢in konularin m @ @B @ G 6 O
bagliklarini ve alt bagliklarin1 ¢ikaririm

29 Ders S}ra51.r}da bgska seyler d}'isﬁndﬁgﬁm i¢in D @ e @ 6 6 0
genellikle 6nemli noktalan gézden kagiririm.

23 Genellikle bu derse, konular1 bir baskasina anlatarak W @ e @ 6 6 0
caligirim.

24 Genellikle dikkatimi toplayabilecegim yerde dersime D @ e @ 6 6 0
caligirim.

>
OGRENME STRATEJILERI Benim Igin Benim Igin
Yanlis Dogru

25 Bu dersle ilgili kaynaklan okurken, kendime konuya O @ 6 W e 6
odaklanmama yardimci olacak sorular sorarim.
Bu derste sdylenen ya da bu dersle ilgili okudugum

26 | bilgilerin, dogru olup olmadigini genellikle “w @ & @ 6 6 O

sorgularim.
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27

Bu derse ¢alisirken konular1 kendi kendime tekrar
ederim.

)

@

®

4

®)

(6)

M

28

Bu dersle ilgili herhangi bir sey okurken kafam
karistiginda, okuduklarima doner ve bu karisikligi
gidermeye ¢aligirim.

@)

@

©)

@

®)

©)

@

29

Bu derse galisirken, okudugum bilgilerin ve derste
tuttugum notlarin {izerinden gegip en énemli
noktalan bulmaya ¢alisirim.

)

@

®

4

®)

(©)

M

30

Bu derse ¢alismak i¢in ayirdigim zaman iyi
degerlendiririm

@)

@

©)

Q)

®)

©®)

@

31

Ders kitaplarini anlamakta zorlandigimda, bu
kitaplar1 okuma yontemimi degistiririm.

)

@

®

4

®)

(©)

M

32

Derste verilen 6devleri bitirmek icin siniftaki diger
arkadaglarimla birlikte ¢aligmay1 denerim.

)

@

®

4

®)

©)

M

33

Bu derse galisirken, derste tuttugum notlari ve
kitaplar1 tekrar tekrar okurum.

@

@

®

©

®)

©®)

@

34

Derste ya da okudugum kitaplarda bir goriis, yorum
ya da sonug verildiginde, bunlarin dogrulugunu
destekleyen yeterli kanit olup olmadigina karar
vermeye g¢aligirim.

)

@

®

4

®)

©

0]

35

Bu derste yaptiklarimizdan hoslanmasam da derste
basarili olmak i¢in ¢ok ¢aligirim.

@

@

®

©

®)

©)

@

36

Bu dersin konularin1 diizenlememe yardimci olmasi
i¢in basit semalar, tablolar ya da sekiller gizerim.

)

@

®

4

®)

©)

M

37

Bu dersi galisirken, ¢alistigim konulari
arkadaglarimla tartismak i¢in genellikle zaman
ayiririm

@

@

®

©

®)

©®)

@

38

Dersin konularini bir baslangi¢ noktasi olarak goriir
ve bu konularla ilgili kendi diisiincelerimi
gelistirmeye ¢aligirim.

)

@

(©)]

Q]

®)

©)

M

39

Bu derse galisirken, ders notlan, kitaplar ve
tartigmalar gibi farkli kaynaklardan edindigim
bilgileri bir araya getiririm.
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Yeni bir konuyu ayrintili ¢aligmadan dnce genellikle
konularin nasil diizenlendigini gézden gegiririm.
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Calistigim konuyu anlayip anlamadigimdan emin
olmak i¢in kendi kendime sorular sorarim.
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Dersin gereklerine ve 6gretmenin 6gretme sekline
uyacak bigimde ders ¢aligma yontemimi ayarlamaya
caligirim.

)

@

©)]

Q)

®)

©)

M

43

Ogretmenden iyi anlamadigim konular1 agiklamasin
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isterim.

Bu dersteki 6nemli kavramlar1 bana hatirlamasi igin

44 anahtar kelimeleri ezberlerim. o @ @ @ & 6 0
Bu derse galisirken yalnizca okuyup gegmek yerine,

45 | neyi 6grenmem gerektigine karar vermeye ve “m» @ 6 & &6 © O
konuyu diigiinmeye ¢aligirim.
Bu derste 6grendigim konuyla diger derslerdeki

46 | konular arasinda olabildigince baglant1 kurmaya “m @ & @ 6 6 O
caligirim.
Bu derse galisirken sinifta tuttugum notlan gdzden

47 | gecirir ve dnemli konularin baglik ve alt bagliklarint |(1) 2 @) @ 6) 6 @)
¢ikaririm

. . . Benim Igin Benim Igin
OGRENME STRATEJILERI —
Yanlis Dogru

48 Bu dersle 11g}11 kitaplar1 okurken, 6nceden bildigim W @ @ @ 6 6 O
konularla baglantisin1 kurmaya caligirim.

49 | Derslerime belli bir yerde ¢alisirim. “v @ & @& 6 6 O

50 Derste ogrefldlglm bilgilerle kendi dusuncelerllm W @ 6 @ 6 © 0
arasinda baglanti kurmaya ¢aligmak hosuma gider.
Bu derse cgalisirken, derste tuttugum notlardan ve

51 | okudugum kaynaklardan konunun ana fikrini “m» @ 6 & 6 © O
¢ikaririm
Bu dersteki herhangi bir konuyu anlamadigim

52 | zaman, sinifimdaki bagka bir 6grenciden yardim “m @ 6 @ 6 6 O
isterim.
Okudugum kitaplarla, derste 6grendigim kavramlar

53 | arasinda baglant1 kurarak bu dersin konularini “m» @ 6 @& 6 © O
anlamaya caligirim.

54 | Bu dersin ddevlerini zamaninda yaparim. m @ & @& &6 6 O

g | Bu dersle ilgili bir gorlis okudugumdayada |y o) @ @ © 0
duydugumda, bu goriisiin alternatiflerini diigiiniiriim.

56 Bu ders igin 6peml.i olabilecgk noktalarin listesini W Qe @ 6 6 0
¢ikarir ve bu listeyi ezberlerim.

57 | Bu derse diizenli olarak devam ederim. m @ & @ 6 6 O
Dersin konulart ilgimi ¢ekmese ve ¢ok anlamli

58 | gelmese bile, bu konularin tamamini bitirinceye m @ & @ &6 6 O
kadar ¢aligirim.

59 Ihtiyacim oldugunda yardim isteyebilecegim D @ @ @ 6 6 0

ogrencileri belirlemeye caligirim.
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Bu derse galisirken iyi anlamadigim kavramlari

60 . “m@ a6 6 6 e 6 O
belirlemeye c¢alisirim.
Bu derse ¢alisirken, her agsamada yapacaklarimi

61 belirlemek i¢in kendime hedefler koyarim. “ @6 a 6 6 6 0
Notlarimu tutarken bir karigiklik olursa daha sonra bu

62 karisikligr mutlaka diizeltirim. “ e 6 6 6 6 0
Kitaplardan edindigim bilgileri, anlatim ve tartisma

63 | gibi diger sinif etkinliklerinde de kullanmaya “m» @ 6 @ 6 6 O

caligirim.
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APPENDIX F

CLASSROOM OBSERVATION CHECKLIST (FOR COGNITIVE BRIDGING)

Sira Madde
Ogretmen derse giinliik yasamdan &grencilerin de tecriibe
1 ettigi ilgi cekici bir drnek olayla basladi m1?
Ogretmenin verdigi 6rnek ogrencilerin iiretken (sunulacak
2 | bilimsel bilginin anlagilmasini saglayacak) on bilgilerini agiga
¢ikaran bir 6rnek mi?
Bu ornek smif igerisinde tartisilarak sunulacak bilimsel
3 | bilginin temelini olusturacak &grencilerin 6n bilgileri ortaya
¢ikarildi m1?
Bu bilgilerden yola ¢ikarak konunun ilgili oldugu Kanun
4 ogrencilere ifade edilerek tartigildi mi1?
5 | Bukanunla ilgili bagka 6rnek olaylartartigildi mi1?
6 Ginliik yasamdan 6rneklerin yaninda sinif i¢inde uygulama
yapildi mi?
7 | Kanunun 6nemli noktalar1 6rnekler esliginde vurgulandi m1?
Ogrencilerin  bu onemli noktalar1 kendilerinin ifade
8 . L
edebilmeleri sagland1 m1?
Ogrencilerden agik bir sekilde yeni 6grendikleri kavramlart
9 kullanmalar1 istenerek Ogrencilerde ¢eligki olusturabilecek
sorular soruldu mu?
10 Ogrencilerde celiski olusturulmadan  bilimsel  bilgiyi

kullanarak bu probleme bir ¢6ziim olusturmalar: saglandi mi1?
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APPENDIX G

CLASSROOM OBSERVATION CHECKLIST (FOR COGNITIVE CONFLICT)

Sira Madde 5
1 Ogretmen derse giinliik yasamdan ilgi ¢ekici bir problem durumu
ile bagladi m1?
Ogretmenin verdigi problem durumu dgrencilerin bilimsel goriisle
2 ¢elisen (conflict) On bilgilerini agiga ¢ikaran bir problem mi?
Problem {izerinde 6grencilere diisiinme ve tartigma firsati verilerek
3 | bilimsel bilgiyle ¢elisen 6n bilgiler ortaya ¢ikarildi mi1?
Verilen problem i¢in bir gosteri veya deney yapilarak dgrencilerde
4 biligsel bir ¢eliski olusturuldu mu?
5 Bu ¢eligki sinif igerisinde tartisilarak derinlestirildi mi?
6 Daha sonra ¢eligkiyi ortadan kaldirmak i¢in bilimsel bilgi (kavram,
kanun vs) sunuldu mu?
Bilimsel bilginin anlagilabilir olmast i¢in bu bilimsel bilgi 6rnek
7 olay veya deneylerle desteklendi mi?
Bu bilimsel bilgiyi 6grencilerin kendilerinin ifade etmesi ve
8 orneklendirme firsati sunuldu mu?
Ogrencinin bu bilimsel bilgiye olan inancini daha da artirmak igin
9 | bu kanunun destekledigi ve dgrenciler tarafindan tecriibe edilmis
olaylar giindeme getirilerek tartigildi mi?
Bu bilimsel bilginin degisik problem durumlarinda nasil ¢alistigint
10 gostermek i¢in etkinlikler yapildi m1 (problem ¢dzme tartisma vs.)
11 | Kanunun 6nemli noktalar1 érnekler esliginde vurgulandi m1?
12 Ogrencilerin bu 6nemli noktalar1 kendilerinin ifade edebilmeleri

sagland1 m1?
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APPENDIX H

LESSON PLANS FOR COGNITIVE BRIDGING CLASSES

Konu: Newton’un 1. Hareket Kanunu
Asama-1 Uretken Kaynak Aktivasyonu

Ogretmen derse girer. Ve dgrencilere konuyla alakali iiretken dnbilgilerini ortaya ¢ikaracak drnek
bir olayla (tercihen giinliik yasamdan olmasi daha iyidir) derse baslar.

Tartisma Sorusu:

Otobiis veya araba ile seyahat ettiginizi diisiiniin. Araba ya da otobiis aniden fren yaparsa
ne olur?

Tartigsma Sorusu:

Ayni sekilde araba ya da otobiis durgun haldeyken aniden hizlanmaya basladiginda ne
olur ne hissedersiniz (6rnegin araba kirmizi 1siktan kalkarken)?

Bu soru sorulduktan sonra grencilerin olay1 diisiinmeleri ve anlamalari igin biraz siire
tammir. Yeterli stire (2-3 dk.) verildikten sonra Ogrencilerin konuya iliskin cevaplart alinir ve
simfca tartismaya baslanir. Ogretmen, o6grencilerin  konuya iliskin fikirlerini rahatca
aciklayabilmeleri igin gerekli kolaylig: saglar.

Tartiyma ortaminda ortaya atilan ortak fikirleri 6gretmen dogru ya da yanlis olarak
degerlendirmeksizin tahtanin bir kdsesine yazar. Ogretmen dgrencilerin fikirlerinden yola ¢ikarak
gerekli noktalar1 yakalamaya calisir. Burada temelde Ogrencilerin sahip olduklar1 6n bilgilerin
aslinda bazi durumlarda galistig1 ve yeni bilgi 6gretilirken kullanilabilecegi diislincesi yatar.

Asama 2: Gosterim ve Edinim (Giinliik Diistince Yapisimin Farkindaligimin Gelistirilmesi —
Demonstration or Inquiry)

Ogrencilere soru sorulduktan ve dgrencilerle tartisildiktan sonra olayin demosu smif icerisinde
gosterilir veya yaptirilir.

wjvw.physicgtutorials.ofg
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Dersin bagindaki soru dgrencilerin konuya iliskin goriislerini ortaya koyma amaglhdir.
Segilen sorular dgrencilerde bulunan tiretken kaynaklari aktive etmek i¢indir. Yani bu iki soruyu
ogrenci giinliik hayatta deneyimledigi icin sorulara verecegi cevaplarda zorlanmayacaktir. Zaten
ogrencinin beklentisiyle sorularin cevaplart uyumlu c¢ikacaktir. Dersin islenis amaci aslinda
6grencinin sinifa gelmeden zihninde zaten bulunan bilgilerin {iretken olanlarini agiga ¢ikarip onlar
iizerinden yeni bilgilerin 6gretilmesi seklindedir. Bu yontemin amact 6grenci Fizik dersinde
gordiigli konularin aslinda giinliik yasamdan uzak olmadiginin ve zaten bildigi ve diisiindiigii yolla
uyumlu oldugunu gostermektir. Miimkiin oldugunca simf ortamimin 6zgirliigiine dikkat
edilmelidir. Ogrenciler konuya iliskin her tiirlii diisiince ve fikirlerini ifade etme noktasinda
kendilerini serbest hissetmelidirler. Tiim ders boyunca 6grencilere onlari ikileme diisiirecek ya da
kafalarinda karisiklik yaratacak yonde sorular sormaktan kaginilmasi gerekmektedir.

Yontemin ana temast “Fizik dersi zaten sizin bildiginiz giinliik yasamda deneyimlediginiz
konulardir” olmalidir.

Asama 3: Uretken Kaynaklart Kuvvetlendirme

Dersin bagindaki soru sorulduktan sonra agiga ¢ikan iiretken kaynaklar1 giiclendirecek bir
ornek olay veya demo daha yaptirilir ve lizerinde tartigilir.

Demo:

Tartisma sorularinda bahsedilen giinlik yasamdan Orneklerin uygulamasini
gostermek icin tekerlekli bir tahta yada kaykay iizerine bir 6grenci ¢ikarilir ve
hareket etmesi saglanir 6grencinin eline su dolu bir kap verilir. Daha sonra kaykay
hareket ederken iki 6grenci tarafindan aniden durdurulmaya ¢aligilir. Ve suyun nasil
hareket ettigi gosterilir.

----Ekstra Ornekler/Simif I¢i Uygulamalar

Olaymn oOgrencilerin kafalarinda daha net olarak yerlesmesini saglamak icin 6rnek olay ve
demostrasyonlarin sayisi artirilmalidir. Asagidaki 6rneklerden bir yada bir kagt simif icerisinde
yaptirilabilir.
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Demo :
Masa Ortiisii Cekme Numarasi

Materyaller: Masa Ortiisii, birka¢ bardak, ya da kitap.

Demo Bozuk Para Numarasi

Materyaller: Su bardagi, karton, bozuk para.

Ornek Olay Sise Numarasi

Asama 4: Teorik Bilginin Sunulmasi
Ogrencilere bu olaylart Newton’un 1. Hareket Kanunu ile agikladiginzi ifade ederiz. Ve

Newton’un 1. Hareket Kanunun bir diger adinin Eylemsizlik Prensibi oldugu ifade edilir ve
Eylemsizlik prensibinin agiklamasi yapilir.
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Newton’un 1.Kareket Kanunu: Her nesne lizerine uygulanan net bir

kuvvetle durumunu degistirmeye zorlanmadigi siirece duruyorsa durmaya,

sabit hizla hareket ediyorsa sabit hizla yéniinii degistirmeden ayni yénde

hareket etmeyi stirdiirtir.

Sinifta tartistlan tiim Ornek olay ve tartisma sorularindan sonra artik Ogrencilere bu
olaylarin hepsinin Newton’un 1.Hareket Kanunu ile agiklandigim ifade edebiliriz. Ogrencilere
ornek uygulamalardaki tiim durumlarda denge faktoriiniin rol oynadigimi bir bagka deyisle
Newton’un 1.Hareket Kanunun aslinda cisimlerin denge durumlarini agikladig: ifade edilir.

Dogadaki her nesnenin denge durumunda olmaya calistifini veya denge durumuna
ulagsmaya ¢abaladigini sdyleyerek, dogada cisimlerin iki sekilde denge durumunda olabileceklerini
ifade edilir. Cisimlerin sadece durgun haldeyken (6rnek masa iistiinde duran cisim) dengede
olmadiklart ayn1 zamanda sabit hizla hareket eden bir aragta bulunan kisinin de dengede oldugu
belirtilir. Buradan yola ¢ikilarak iki ¢esit denge durumundan bahsedebilecegimiz vurgulanarak;
durgun haldeki cisimlerin statik denge de olduklari, sabit hizla hareket eden cisimlerin ise dinamik
denge de olduklari vurgulanir.

Bir cisim ister sabit hizla hareket etsin, ister duruyor olsun bunun anlami cisim iizerine
etkiyen tiim kuvvetlerin dengelendigi yani toplam net kuvvetin sifir oldugu bundan dolay1 da
cisimlerin hareket durumlarinda hizlanma yada yavaslamanin olmadigi ve ilk hareket durumlarin
koruduklart ifade edilerek kanunun agiklamasina gegilir.

Burada cisimler iizerindeki net kuvvet sifir oldugunda cisimler i¢in iki durumun s6z
konusu olabileceginden bahisle;

Dengelenmis

Kuvvetler
Ha re ket Durgun Cisimler Hareketli Cisimler
Statiisii - -
H are ketl n Durmaya devam Hareketine ayni
. ond hizl
Sonucu S " devam eder.

Cisimlerin ilk hareket durumlarinin onlarin denge durumu olduklarini, bu denge
durumunun bozulmasi i¢in bir dis kuvvetin olmasi gerektgi ifade edilerek, cisimlerin denge
durumlarini koruma egilimine EYLEMSIZLIiK prensibi dendigi ifade edilir.
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Burada o&grencilere konunun onemli noktalarini vurgulamak igin yeni uygulamalar
yaptirilir. Burada vurgu yapilmasi gereken nokta, cismin iizerinde net kuvvet yoksa cisim hareket
durumunu korur, hareket halinde ise sabit hizla hareketine yoniinii ve dogrultusunu degistirmeden
sabit hizla devam eder seklinde bu hususun 6zellikle {istiinde durulmasi gerekir. Bu agiklama ve
uygulamadan sonra prensibin hareket halindeki cisimler i¢in gegerli oldugunuda gostermek icin
asagidaki uygulama yaptirilir.

Ornek Olay:
*----- C
Enge l: T _I
! 1

Burada iist iiste duran iki cisime hiz kazandirilarak belli bir siire sonra bir engelle
karsilagsmas1 saglanir ve Gsteki kiigiik cismin engelden sonrada hareketine devam ettigi (ayni fren
yapan arabada bizim 6ne dogru gitmemiz gibi) gosterilir. Bu uygulama igin deney arabasi veya
bagka bir oyuncak araba kullanilabilir.

Burada Ogrencilere iisteki cismin engelden sonrada sahip oldugu hizla 6ne dogru
gitmesini Eylemsizlik prensibinin bir geregi oldugu ifade edilir. Bu uygulamadan sonra bu
durumun farkli ortamlarda da gegerli olup olmadigimi &grencilere gostermek igin farkli bir
uygulama yaptirilir.

Asama 5: Uretken Kaynaklar Uzatma/Genisletme

Ogrencilere cismin hareket ettigi yolun egrisel olmas1 durumunda cismin nasil bir yol izleyecegini
hep beraber gorelim denilerek asagidaki uygulama yaptirilir.

Uygulama yapilmadan énce 6grencilere tiim bu égrendikleri ¢ercevesinde asagidaki uygulama
sorularina cevap vermeleri istenir.

Uygulama :Asagidaki diizenek 6grencilere gosterilir ve bir bilyeyi bu yolun
basindan génderdigimizde yolun bitiminde nasil hareket edecegini gorelim
denilerek uygulama gosterilir yada 6grencilere yaptirilir.

Bu uygulamanin temel amaci 6grenciye Newton’un 1 Kanunu nda ifade edilen Eylemsizlik
prensibinin kaniksanmasini saglamak ve cisimlerin herhangi bir net kuvvet etki etmedigi siirece
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hareketlerine yon ve dogrultularint degistirmeden ayni yonde ve dogrultuda devam
edebileceklerini gdstermektir. Burada uygulamaya baglamadan once ogrencilere tahminleri
sorulabilir. Ancak dogru yada yanlis sekilde degerlendirme yapilmaz. Bu dersin tiimii i¢in gegerli
bir kuraldir. Ogrenciyi yamlgiya diisiirecek, yada kendi bilgilerinde siiphe edecekleri sorular
sorulmamasina dikkat edilir.

Uygulama yapilirken yolun oncelikle ilk bdliimii konulur ve hareketin nasil olacagi
gosterilir. Daha sonra yolun ikinci boliimiide eklenir ve bilye tekrar gonderilir ve yolun bitiminde
hangi yonde ve dogrultuda gittigi gdézlemlenir. Ve daha sonra yolun son bdlimii konulur ve
6grencilere bilyenin nasil hareket edecegi sorulur ve bu uygulamadan sonra cisimlerin her zaman
hareket durumlarini koruma egiliminde olduklar1 ve bunu da o andaki hareket yonii ve
dogrultusunu koruyarak gerceklestirecegi ifade edilir ve bununda Newton’un 1.Hareket Kanunu
olan Eylemsizlik prensibinin bir geregi oldugu soylenir.

Daha onceki derslerde ogrencilerin ¢oklukla giinlik yasamda deneyimledigi ve
soruldugunda genellikle dogru cevap verebilecegi sorular ve demostrasyonlar sorulmustu. Bu
prensibi daha iyi acgiklamak ve &grencilerin prensibi algilayip algilamadigini gérmek igin igin
asagidaki uygulama simif igerisinde yaptirilir. Bu uygulamanin digerlerinden farki 6grencinin
aligkin oldugu kontekstlerde kullandig1 ve ise yarayan kaynaklar: baska kontekstlerde de kullanip
kullanamayacagini géstermesi agisindan onemlidir.

Uygulama: Elinizde bir tenis topu (anahtarlikla) ile diiz bir yolda tempolu
bir sekilde kostugunuzu diistintin. Goéreviniz yerde bulunan isaretlenmis
hedefe elinizde ki topu tam isabetle birakmak. Bunun i¢in;

<

e Tenis topunu (anahtarlig1) hedefe ulasmadan 6nce mi?
e Hedefi gectikten sonra mi1?

e Yoksa tam hedefin lizerindeyken mi birakirsiniz?
Cevabinizi Agiklayiniz?

Bu soru sorulduktan sonra grencilerin olay1 diisiinmeleri ve anlamalari igin biraz siire
taninir. Yeterli siire (2-3 dk.) verildikten sonra ogrencilerin konuya iligskin cevaplart alinir ve
siifca tartigmaya baslanir. Ogretmen, &grencilerin  konuya iliskin fikirlerini rahatca
aciklayabilmeleri igin gerekli kolayligi saglar.

Ogrencilerin goriisleri alindiktan sonra ogrencilere bakalim gergekte ne zaman
birakmamiz gerektigini gérmek i¢in bunu beraber yaparak gorelim denir ve dersin basinda sorulan
sorunun demosu yapilir yada dgrencilere yaptirilir.

Verilen cevaplara gore 6gretmen daha farkli 6rnek veya uygulamalarda yapabilir.
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Asama 6: Sonu¢-Toparlama

Sabit hizla giden cisimlerde denge halindedir. Cisimlerin sabit hizla giderken hizlanmasi
yada yavaslamasi nin cismin iizerine etkiyen net bir kuvvetin varligi ile agiklanabilecegi ifade
edilir ve araba igerisindeyken aniden fren yapilmasi esnasinda 6ne dogru gitmemizinde temel
sebebinin eylemsizlik oldugu sdylenir. Ciinkii arabayla giderken bizde arabayla ayni hiza sahibiz.
Araba aniden durmaya zorlaninca Newton’un 1. Hareket Kanunu geregince ilk hareket
konumumuzu —yani sabit hizla ileri dogru hareket etme- korumak istegimizden dolay1 6ne dogru
bir kuvvet hissederiz ve 6ne dogru gideriz. Hatta emniyet kemeri takilmadigir durumlarda soforiin
yada yolcularin camdan firlamalarina neden olan olayda yine eylemsizliktir.

Bu yasada iki anahtar kelime bulunmaktadir. Birincisi “DEVAM EDER” bunun anlami1
sudur: cisimler iizerlerine net bir kuvvet etki etmedigi siirece ne yapiyorlarsa onu yapmaya devam
ederler. Duruyorsa durmaya, sabit hizla hareket ediyorsa yoniinii veya hizinin siddetini
degistirmeden ayn1 dogrultuda harekete devam eder.

1.Kanundaki ikinci anahtar kelime “DEGISIM-DEGISTIRME”dir. Nesneler harekete
kars1 direng gostermezler. Aslinda burada kastedilen bulundugu hareket konumundaki degisiklige
direng gosterirler. Bu agiklamalardan sonra kuvvetin ivme ile baglantis1 kurulmaya g¢aligilir.

Konu: Newton’un 2. Hareket Kanunu

Kuvvetin harekete degil ivmeye neden oldugu iizerinde durulmalidir. Burada cisimlerin
hareketlerinde kuvvetin rolii oncelikle anlatilir. Bunun igin, smif igerisinde kolaylikla

yapilabilecek bir demo yapilir.

Uygulama:
s Hali
Beton
'
Cam

Yukarda ki 6rnek uygulamalarda araba serbest birakilir ve her durum i¢in arabanin ne kadar
mesafe aldig1 sorulur ve 6grencilerden gézlemlemeleri istenir.

Burada arabanmin her durumda farkli mesafede durmasimin nedeni sorulur. Ogrencilerden gelen
cevaplardan yola ¢ikarak her durum igin fark yaratan faktoriin arabanin hareket ettigi zemin
oldugu ifade edilir.

99



Burada zeminin farkli olmasinin aracin hareketine etkisinin ne oldugu 6grencilerle tartisilir. Bu
siirecte gelinmek istenen yer SURTUNME kavramudir.

Araglarin her durumda farkli mesafeler almasinin arabaya etkiyen siirtiinme kuvvetinin biiytkligi
ile ilintili oldugu ifade edilerek &grencilere dort durumdaki en yiiksek ve diisiik siirtiinme
kuvvetinin oldugu durumlar sorulur.

Ve siirtiinmenin de bir kuvvet oldugu, kuvvetin cisimlerin hizlarina etki ettigi ifade edilir ve
stirtiinme olmasaydi1 arabanin nereye kadar gidebilecegi iizerinde tartigma yapilarak cisimlerin
hizlarimin degisimine etki eden en 6nemli faktoriin net kuvvet oldugu ifade edilir.

Bu calismadan sonra ogrencilere duran cisimleri hareket ettirmek icin neden bir kuvvet
uygulanmasi gerektigi sorulur. Burada Ogrencilere daha once ornek olarak yaptirilan bir egik
diizlemden birakilan bir topun belli bir siire sonra durdugu hatirlatilarak cismin durmasina neden
olan seyin ne oldugu sorulur. Buradaki amag¢ Ogrencinin siirtlinme kavramim bilip bilmedigini
ortaya koymaktir.

Etrafimizdaki hareket eden nesnelerin siirtiinmeyi yenmesi i¢in mutlaka
cisimlerin belirli bir kuvvetle itilmesi ya da ¢ekilmesi gerekir. Siirtinme kuvveti
her zaman cisimlerin siirtiinen kismin hareket dogrultusuna zittir. Eger bir cisim
sabit bir hizla hareket ediyorsa bunun anlamini daha onceden 6grenmistik.
Cismin iizerindeki net kuvvet sifir demekti. Siirtiinmeli bir yilizeyde cisim sabit
hizla hareket ediyorsa mutlaka cisme siirtinme kuvvetine esit biiylikliikte bir
kuvvet etki etmesi gerekir.

Stirtiinme kuvveti cisimlerin yiizeyin cinsine (piiriizlii ya da kaygan yiizeyler) ve
yiizeye etki eden dik kuvvete baglidir.

Soru: Bir jet ugagi 600 km/h sabit hizla ug¢arken ugagin motorlari ugag ileri
yonde hareket ettirmek i¢in 600.000 N luk bir kuvvet iiretiyor. Jet in ivmesi
nedir? Jete etki eden hava direnci ne kadar biiyiikliiktedir?

Cevap: ivme sifirdir ¢linkil jet sabit hizla hareket etmektedir. Yani net kuvvet
sifirdir. Kuvvetin olmadig1 yerde ivmeden sdz edemeyiz. Motorlar ileri dogru
600.000 N luk kuvvet olusturduguna gore ve jetin iizerindeki net kuvvetin 0
oldugunu bildigimize gore hava direncide zit yonde 600000 N olmali ki motorun
kuvvetini dengelesin ve net kuvveti sifir yapsin.

Buradan cisimlerin {izerlerine uygulanan net kuvvetin biiylikliigii ile cisimlerin hizlanmalar1 ya da
yavaslamalar1 arasinda bir iliskin oldugu ifade edilir. Ve Ogrencilere uygulanan kuvvetin
artirtlmasit durumunda cisimlerin hizlanmalarinda ya da yavaglamalarinda ki degisimin nasil
olacagi sorulur. Buradaki amag¢ dgrencinin ivme kavrami hakkinda ne bildigini ortaya koymaktir.
Bu nokta ¢ok énemlidir. Ogrenci ivme kavramimi anlamadan Newton’un 2.Hareket Kanununu
anlamasi kolay olmayacaktir. Bu nedenle ikinci kanuna ge¢ilmeden oOnce mutlaka ivme
kavraminin tam oturmasi saglanmalidir.
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Bu asamada o6grencilerin NET KUVVET tanimini anlamalar1 da biiyiik 6nem arz
etmektedir. Ogrencilere cisimlerin iizerine etkiyen BiR KUVVET YA DA
KUVVETLERIN OLMASI ile NET BiR KUVVETIN olmas1 arasinda ki fark iyice
vurgulanmalidir. Ogrencilerin kuvvet kavramini net kuvvetten ayirabilmesi i¢in net
kuvvet kavrami yerine dengelenmemis kuvvet ifadesi kullanilabilir. Bir bagka
deyisle cisimler denge konumundaysa tizerindeki tiim kuvvetler dengelenmistir. Yani
net kuvvet sifirdir.

Bu yiizdende cisim ister dursun ister sabit hizla hareket etsin cismin iizerinde
herhangi bir dengelenmemis kuvvet olmadigi igin cisimlerin hizlanmasi ya da
yavasglamasinin s6z konusu olmadigi sdylenir.

Eger cisim iizerine etkiyen kuvvetler birbirlerini dengelemiyor ise o zaman cisimler
denge konumunda degillerdir ve bu nedenle ya hizlanacaktirlar ya da ilk hareket
durumlarina gére yavaglayacaklardir.

Ogrencilerden kendilerine verilen deney arabasim &nce az bir kuvvetle itmeleri istenir. Sonra aym
arabayr daha biiyilk bir kuvvetle itmeleri ve bir onceki durum gore arabanin hizlanmasini
karsilastirmalar istenir. Ogrencilere iki durumu karsilastirmalar1 ve farkli olan seyin ne oldugu
sorulur, dgrencilerden gelmesi en muhtemel cevap ise KUVVET olmalidir. ikinci durumda
kuvveti artirdigimizi tiim 6grenciler tarafindan anlasildiktan sonra 6grencilere kuvveti artirmamiz
arabanin hareketinde nasil bir degisiklige yol agt1 diye sorularak tartigma ortami yaratilir. Burada
her sey ayni iken degistirdigimiz tek seyin uyguladigimiz kuvvet oldugu, bu kuvvetin de arabanin
hizinda degisiklik yaptig1 ifade edilir. Iste cisimlerin hizlarinda meydana gelen degisiklige biz
ivme diyoruz siz buna genellikle hizland1 diyorsunuz ya da yavasladi olarak ifade ediyorsunuz.
Iste bu ifadelerinizin fizikteki karsiligina ivme denir.

Ivme: cisimlerin birim zamanda hizlarinda meydana gelen degisime (azalma ya
da artma olabilir) ivme diyoruz.

Burada smif i¢i uygulamalarla drnekler artirilmalidir. Ogrencilerin kafalarinda ki ivme kavraminin
soyut bir kavram olmaktan ¢ikarilarak gézlemlenebilir bir kavram haline getirilmelidir.

Ug grenci simifta yan yana dizilerek, birisine sabit hizla, birisine giderek hizlanarak, birine de
once hizlanarak sonrada yavaglayarak hareket etmesi istenebilir ve bu ii¢ 6grencinin hareketleri
diger sinif arkadaglar tarafindan gézlemlenmeli ve hizlanma ve yavaglama hareketini gdzlemleyip
gozlemleyemedikleri sorularak, sabit hizla hareket eden arkadagin hizinda bir degisiklik olmadigi
hatirlatilarak ivmesinin ne oldugu sorulabilir.

Burada 6grencilere cisimlerin hizlarini degistirebilmek i¢in ne yapilmasi gerektigi tekrar sorularak
ogrencilerden cisimlerin hizlarini artirllmasi ya da yavaslatilmasi i¢in mutlaka net bir kuvvetin etki
etmesi gerektigini ifade etmelerinden sonra;
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Peki, arkadaglar ileri dogru sabit hizla giden bir cismin yoniini degistirmek icin ne yapilmasi
gerekir? Denilerek 6grencilere kuvvetin cisimlerin hareket durumlari tizerindeki etkisi sorulur.

Kuvvet ve harekete etkisi, kiitlenin rolii ve ivme kavramlar1 6grenciler tarafindan tam anlamiyla

ogrenildiginde artik Newton’un 2.Hareket Kanununa gecilebilir.

Asama-1 Uretken Kaynak Aktivasyonu

Bir dnceki derste islenen Newton’un 1. Kanunu ve buna bagl olarak islenen net kuvvet
ve ivme kavramlart dersin basinda 6grencilere hatirlatilir. Derse 6grencilere konuyla alakali
iiretken Onbilgilerini ortaya g¢ikaracak ornek bir olayla (tercihen giinlik yasamdan olmasi daha

iyidir) baslanir.

Tartisma Sorusu-1:

Ogrencilerden grup olarak calismalari istenerek énce deney arabalarini bos olarak
itmeleri istenir. Ve arkadaglari ile bu demoyu gdzlemlemeleri ve not almalari
istenir.

Daha sonra ayni deney arabasini yaklasik yine ayni kuvvetle bu sefer arabanin
igerisine biraz agirlik koyarak tekrarlamalari istenir. Ve gozlemide kaydetmeleri
istenir.

Daha sonra iki gozlemi karsilagtirmalart istenerek iki olay arasindaki farkin ne
oldugu sorulur ve kiitle ile kuvvet arasindaki iligkinin nasil oldugu sorulur.

Burada bu uygulama yapildiktan sonra 6grencilerden iki durumu karsilagtirmalart
istenir. Aradaki farkliliklarin ne oldugu ve neden kaynaklandigi sorulur. Daha
sonra Ogrencilere arabayr hizlandirmak i¢in ne yapilmasi gerektigi sorulur.
Buradaki amag¢ Ogrencinin net kuvvet ile kiitle ve ivme kavramlarini
iliskilendirmesini saglamaktir. Kuvvetlerin aym oldugu ogrenciler tarafindan
belirtildikten sonra farkliligin (iki cisme ayni kuvvet uygulamamiza ragmen neden
farkli mesafeler katettiler)sebebi Ogrencilere sorulur.Bu konu {istiinde simif¢a
tartigilir.
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Asama 2: Gosterim ve Edinim (Giinliik Diisiince Yapisimin Farkindaliginin Gelistirilmesi -
Demonstrationorlnquiry)

Asagidaki soruda 6grencilere {i¢ durumda tuglanin hareketini tanimlamalari ve ii¢ durumu
birbirleriyle karsilastirmalart istenir. Burada Ogrencilerden uygulanan kuvvet, kuvvetin

uygulandig: kiitle ve kazanacagi ivme arasinda bir bag kurmasi beklenir.

Tartisma Sorusu: Asagidaki durumlarda kiitlelerin hareketlerini
karsilastirin.

103



Asama 3: Uretken Kaynaklari Kuvvetlendirme

Tartisma Sorusu- 2:

Ogrencilerden grup olarak calismalar1 istenerek once siralarinin iizerinde duran bir
kitabin ucuna dinamometre baglanarak siranin iistiinde ¢ekmeleri istenir.

KiTAP ) Dinamometre

Sonra diger ilk kitabin iizerine bir kitap daha eklenir ve yine yaklasik ayni kuvvetle
cekmeleri istenir. Burada 6grencilerin ayni kuvveti uygulamalarini saglamak icin
kitaplar1 dinamometre baglayarak ¢ekmeleri istenir. Boylece uyguladigi kuvvetin

ayni olarak ayarlamalar1 saglanmis olur.

KITAP

Dinamometre

Y

KiTAP

Ayni sekilde daha sonra bir kitap daha eklenerek ayni gekme islemi tekrarlanir.

. Dinamometre
>

Burada bu uygulama yapildiktan sonra 6grencilerden durumlar1 karsilastirmalar
istenir. Aradaki farkliliklarin ne oldugu ve neden kaynaklandig: sorulur. Daha sonra
ogrencilere kitaplar1 hizlandirmak i¢in ne yapilmasi gerektigi sorulur. Buradaki amag
6grencinin net kuvvet ile kiitle ve ivme kavramlarini iligskilendirmesini saglamaktir.

Burada ki en 6nemli noktalardan birisi de ivme ile kiitle arasinda ki iligkinin anlasilmasidir.

Ogrencilere kafalarinda canlandirmalari igin gesitli drnekler yaptirilabilir.

Dersin iglenme siiresince derse katilim 6zendirilmeli ve yanlig cevaplar bile diglanmamali ve
Ogrenci katilim sagladigi igin oOdiillendirilmelidir. Tiim ders boyunca sinif igerisinde 6zgiir,
demokratik ve dgrencilerin yanlis olup olmadigi korkusunu yasamadan, arkadaglari ne diisiiniir
kaygist olmadan fikirlerini beyan edebilecegini bildigi bir sinif ortami rutin hale getirilmelidir. Ve

ogrencilerden bunun takipgileri olmalari istenmelidir.
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Daha onceki konularda hareketi kuvvetlerden bagimsiz olarak inceledik (buna
fizikte Kinematik diyoruz). Bu boliimde ise hareketi ve harekete neden olan
kuvvetleri inceliyoruz. (Buna ise fizikte Dinamik denir) Cevremizde
gozlemledigimiz hareketlerin ¢ogu degisen hareketlerdir-yani ivmeli hareketlerdir.
Diger bir ifade ile kaynagi tek bir kuvvet ya da birden fazla kuvvetin bileskesi olan
net kuvvet her zaman bir ivme dogurur. Kuvvet ile ivme arasindaki iligkiyi Newton
2.Hareket Kanununda belirtmistir.

Asama 4: Teorik Bilgilerin Sunulmasi

Newton’un 2.Hareket Kanunu: Bir cismin ivmesi o cisme hareket dogrultusunda

etki eden net kuvvetle dogru orantili, o cismin kiitlesi ile ters orantilidir.

F = m.a

Bu bilgi verildikten sonra 6grencilerden formiilii yorumlamalari istenir. Formulde ki degiskenlerin
neler oldugu, birbirleri arasindaki iligkinin ne oldugunun o6grencilerden agiklamalar1 beklenir.
Buna ek olarak dgrenciler formulu yorumlarken bunu uygulamali olarakta gostermeleri istenir.
Boylece Ogrencilerin bilimsel bir formulu ve formulun igerisinde yer alan degiskenleri
yorumlamalar1 saglanmis olur, bu noktada &grencilere formullerin aslinda teorik bilgilerin
matematiksellestirilmis hali olduklari, derinlemesine yorumlandiginda iki {i¢ paragrafta kelimelerle

ifade edilebilecek fiziksel olaylar1 agikladig1 vurgulanir.

Bu formiiliin anlam1 eger net kuvvet artarsa ayni oranda cismin ivmesi de artar. Ayni orandan

kastimiz eger kuvveti 2 katina ¢ikarirsak cismin ivmesi de 2 katina ¢ikacaktir.
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Asama 5: Uretken Kaynaklari Uzatma Gelistirme

Bu agiklamalardan sonra &grencilerin bunu daha iyi gézlemlemeleri i¢in konuya iligkin deney

yapilir.

Deney:Asagidaki diizenek kurulur.

Yukaridaki diizenek kurulduktan sonra dgrencilerden 6nce 1 birim agirlik asmalari
istenir. Daha sonra araba serbest birakilarak hareketi gozlemlemeleri istenir. Daha
sonra agirhk iki katina ¢ikarillarak uygulama tekrarlanir ve hareketin
gbzlemlenmesi ve not alinmasi talep edilir. Buradaki ama¢ kuvvetin cisimlerin
hareketlerine etkisini gostermektir.

Daha sonra bu sefer agirlik tekrar bir birime diigiiriilerek araba nin kiitlesi iki
katina ¢ikarilir (iki araba baglanir)boylece hareket tekrarlanir. Bundan sonra asili
agirhik tekrar iki katina ¢ikarilir ve iki araba serbest birakilir. Boylece cismin
hizlanmasi (ivmesi)nin kiitle ve kuvvetle iligkisini gostermek amaglanmigtir. Tiim
bu uygulamalar sonucunda Ogrencilerden durumlarin karsilastirilmas: istenir.
Farklilik yada benzerlikler sorulur.

Bu diizenekle ilgili olarak arabaya telem seridi baglanarak hareket esnasinda birakilan noktalarin
cismin hareketine iliskin yorum yapilirken (ivmesiyle ve aldig1 yolla ilgili olarak) kullanilmasi

saglanabilir.
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Asama 6: Sonu¢ Toparlama

Ham Hareket icin
kuvvet
Cisimlerin Cisimlere ilk hareketi vermek ya
Yeniden hareketlerini da hizini degistirmek icin net
Di 1 . K . bi kuvvete ihtiyag
uzenlenmis orumasl I¢in net bir vardir.hareketlerini korumasi
kuvvete ihtiyag vardir. icin net bir kuvvete ihtiyag¢
vardir.
----------- 1 ders bitimi-----------

Konu: Newton’un 3. Hareket Kanunu (Deney Grubu)

Asama-1 Uretken Kaynak Aktivasyonu

Derse diger derslerde oldugu gibi yine giinliik hayattan 6grencilerin daha 6nce deneyimledigi

ornek bir olay ile baglanir.

Tartisma Sorusu:

Yatay bir zeminde duran bir yayi elinizle istten sikistirdiginizda ne
hissedersiniz. Yay size bir kuvvet uygular mi?

Burada bu soru sorulduktan sonra 6grencilerden gelen cevaplar genel hatlariyla 6zetlenir.
Daha sonra gelen cevaplar alindiktan sonra Ogrencilere niye bdyle diigiindiikleri, onlara bunu
diistindiiren seyin ne oldugu sorulur. Dersin iglenisi agisindan hi¢bir noktada dgrencilerden gelen
yorum veya diislinceler iizerine olumsuz yorum yapilmaz aksine dgrencilere bu yonde onlari
distindiiren seyin ne oldugu sorularak bu kaniya varmalarinda neyin etkli oldugu anlagilmaya
caligilir. Burada ki temel varsayim 6grencilerin aslinda onbilgilerinde etki-tepki prensibine iliskin

kaynaklarin oldugu ortaya konulmaya caligilir.

Asama 2: Gosterim ve Edinim (Giinliik Diisiince Yapisinin Farkindaliginin Gelistirilmesi —

Demonstration or Inquiry)
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Dersin basinda sorulan tartisma sorusu ile ilgili olarak yapilan kisa tartigmadan sonra dgrencilerin

tahminlerinin dogru oldugunu gostermek i¢in sorudaki durumun demosu smifta Ggrencilere

yaptirlir.

Demo:

Ogrencilerden serbest halde duran bir yayr iizerine elleriyle bask1
uygulayarak sikistirmalari istenir. Ve yayi sikistirdiklarinda ne hissettikleri
sorulur. Burada ki amag yaya elin uyguladigi kuvvete karsilik elimizede yay
tarafindan bir kuvvetin uygulandiginin gosterilmesidir.

Asama 3: Uretken Kaynaklari Kuvvetlendirme

Bu sorudan sonra yine dgrencilerin giinliik yasantilarinda deneyimledikleri (karsilastiklari) baska

bir uygulama ile devam edilir.

Derste amaglanan 6grencilerin giinlitk yasamda karsilastiklari ve bildikleri olaylardan yola ¢ikarak
6grencilerin konuyu daha iyi anlamalarini saglamaktir. Bu sekilde dersin islenmesi durumunda

6grencilerin 6z yeterliklerinde pozitif anlamda degisiklik olmasi beklenmelidir.

Uygulama 1:

action: reaction:
air balloon
rushes goes up
down

Ogrencilere birer balon verilir ve sisirmeleri istenir. Daha sonra her Sgrenciden
balonun ucunu serbest biraktiklarinda balonun igerisinde gazin yonii ve balonun

hareket yoniinii sdylemeleri istenir.
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Ogrencilerin balon uygulamasia yonelik olarak balonun hareketine neden olan seyin ne oldugu
konusunda tahmini cevaplar vermeleri beklenir. Balonla ilgili olarak daha ilerideki asamada daha
ayrintili bir 6rnek yapilacagindan burada sadece 6grencilere balonun hareketine icerisindeki gazin
basingla disart ¢ikmasi sonucu bir tepki kuvvetini olusturdugu ve balonunda hareket etmesini

sagladig1 ifade edilirek bir sonraki tartisma sorusuna gegilir.

Uygulama 2: Ogrencilerden olusturulacak gruplar araciligiyla havanin itme giiciiyle
calisan bir araba yapmalar: istenir. Bunun i¢in gerekli olan malzemeler oyuncak
araba ya da deney arabasi, yapistirici, balon ve ip olacaktir.

D D

@) @)

Gruplarca yapilan araglar bittikten sonra sinifta bunlari hareket ettirmeleri istenir
(araba iizerindeki balonun ipi ¢oziildiigiinde araba ileri dogru hareket edecektir).
Burada 6grencilere arabay1 hareket ettiren faktdriin ne oldugu sorulur.

Smuf igerisinde araglarin hareket ettirilmesi gosterildikten sonra bu harekete neden olanin ne
oldugu sorusu ile tartigma ortami yaratilir. Projeyi hazirlayan gruplardan aracin nasil hareket
ettigine dair yazili cevap istendikten sonra her grubun olaya bakis agisi tiim sinifla paylasilir.
Tartigma gruplardan gelen cevaplar iizerinde yogunlastirilarak 6grencilerden bir sonuca varmalart
istenir. Bu siirecin sonunda Ogrencilerin arabanin hareketine sebep olan faktoriin balonun
icerisinde sikismig bulunan gazin balonu iterek disari ¢ikmasi oldugu, balonunda gazi ittigi bu
yiizden gaz ¢ikisinin geri yondeyken arabanin ileri dogru hareketinin sebebinin etki-tepki
kuvvetleri oldugunu ifade edebilmeleri ya da buna yakin ifadelerde bulunmalari beklenmelidir.

Bu konuya iliskin giinliik yasamdan &rneklerin sayis1 artirilabilir. Ogrencilerin konuya iliskin
verilen bilgilerle ilgili giinlik yasamda ki pratik olaylarla baglantilar1 daha kolay yapabilmeleri
igin glinliik yasamdan 6rneklerin sinif igerisinde sayisinin artirilmasi gerekmektedir. Bu anlamda
asagidaki basit ve zaman almayan Ornekler smif icerisinde uygulanabilir ve iizerinde sinif¢a

tartigilarak 6grencilerin 6rnekler hakkindaki goriislerini sinifla paylagmalari saglanabilir.
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Ekstra Ornekler/Sumif ici Uygulamalar

Uygulama 3:

Uygulama 4:

‘ 3

Asama 4: Teorik Bilginin Sunulmasi

Bu asamada ogrencilere ders basinda verilen Orneklerdeki durumun fiziksel agilamasinin

Newton’un 3.Hareket Kanunu ile yapildigi ifade edilerek bilimsel bilgi 6grencilere sunulur.

Newton’un 3.Hareket Kanunu: Ne zaman bir cisim ikinci bir cisme kuvvet uygulasa, ikinci cisim
de birinci cisme esit biiyiikliikte fakat zit yonde bir kuvvet uygular. Bu prensibin en yaygin ve

bilinen ifadesi “her etki kuvvetine karsi esit biiyiikliikte ve zit yonde bir tepki kuvveti vardir”.

Bu kanunu bir diger ismi ise Etkilesim Yasasi ya da Etki-Tepki Prensibi olarak ifade edilir.

Calisma Sorusu:Bir araba yol boyunca ivmelenmektedir. Arabay1 gercekte hareket
ettiren kuvvet nedir?

Cevap: Yol arabayr gercekte ivmelendiren kuvvetin kaynagidir. Gergekten!
Lastikler yolu geriye dogru iterler, yolda arabay1 ayn1 kuvvetle ileri dogru iter (Etki-
Tepki). Lastiklerde arabaya bagli oldugu icin araba hizlanir.

—
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Tartiyma Sorusu:halat gekme oyununda kim kazanir ipi daha kuvvetli ¢geken mi
yoksa yeri daha biiyiik bir kuvvetle iten mi?

Bu ¢aligsma sorusu i¢in 6grencilerden iki grup olusturlmak suretiyle sinif i¢i bir
demo yapilmalidir.

Yolda yiiriiken etkilesim halindesinizdir. Yiiriiyebilmeniz i¢in yolu geriye dogru itmeniz gerekir.
Siz yolu geriye dogru ittiginizde yolda sizi ileri dogru itecektir. Bu iki kuvvetin olusumu es
zamanlidir. Yiizerken de ayni sey gegerlidir. Siz duyu geriye dogru itersiniz suda sizi ileri dogru
iter boylece ileri dogru hareket edersiniz. Biitiin bu yukardaki durumlarda her etkiye karsi es

zamanli bir tepki kuvveti olusur, bu kuvvet giftleri tek bir etkilesimin sonucudur.

Yukardaki tiim durumlarda tepki kuvveti bizim hareketimize neden olan kuvvettir. Buz bir
zeminin iizerinde etki kuvvetini olusturmamiz nerdeyse imkansizdir. Bu nedenlede tepki kuvveti
olmadigi i¢in buz zemin {lizerinde ne araba nede yayalar hareket edebilir. Burda sununda
algilamamiz gerekiyor, buz zemin tizerinde siirtiinme neredeyse olmadigi i¢in etki kuvvetini

olusturamadik, etki olmayinca tepkide olusmaz.

Asama 5: Uretken Kaynaklar Uzatma/Genisletme

Daha sonra bu siire¢ sonunda konu toparlandiktan sonra Newton’un 3.Hareket Kanunun
ogrencilerin Onsezileriyle aslinda uyumlu oldugunu gosterecek bir baska ¢alisma yapilir.

Bu calismanin ardindan O6grencilerde uygulanan her kuvvete karsi bir kuvvettin olustugu
diistincesini daha da belirgin hale getirmek i¢in 6grencilere yeni bir etkinlik yaptirilir.
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Etkinlik Cahismasi:Ogrencilere iki ucunda birer dinamometre olan bir ip verilir. Ve
ogrencilerden once birisinin durup digerinin ¢ekmesi istenir. Daha sonra diger 6grenci durmasi
istenir ve bu sefer daha once ¢gekmeyen Ogrencinin ipi ¢ekmesi istenir. Her iki durumdada iki
dinamometrede okunan degerler gézlemlenir.

Bu uygulamadaki amag 6grencilerin uyguladiklar: kuvvetin aslinda ayni oldugunun gésterilmesidir.
Bunun daha iyi anlagilabilmesi igin dnce bir 6grenci ipi ¢eker diger 6grenci sabit durur ve her iki
dinamometrede okunan degerlerin ayni oldugu gosterilir. Daha sonra roller degistirilerek, daha once
sabit duran 6grenci ipi ¢eker bu sefer diger 6grenci sabit durur. Boylece her iki durumdada kisilerin
uyguladiklari kuvvetler ne olursa olsun dinamometrede okunan degerler ayni oldugu gésterilir.

Bu uygulama ile amaglanan uygulanan kuvvetlerin birbirinden bagimsiz olmadigi ve etki tepki
kuvvetlerinin mutlaka esit oldugunun vurgulanmasidir. Bu uygulama esnasinda {izerinde
durulmasi gereken olugan etki tepki kuvvetlerinin esit oldugudur.

Dersin ana temasi olan Newton’un 3.Hareket Kanununa iligkin olarak giinliik yasamda
kargilagtiklar1 ornekler artirilarak 6grencilerin kafalarinda konuya iligskin var olan diisiinceleri
ortaya cikarilir. Bu uygulamada ama¢ 6grencinin zihninde sinifa getirdikleri bilgilerin dogrulugu
ya da yanlislig1 iizerinde durmak degil, bilimsel olarak kabul edilen kavramlarin dgretilmesinde
ogrencinin kaynaklarinin kullanimidir.

Bu nedenle miimkiin oldugunca ¢ok sayida giinliik yasamdan 6rnekler verilerek dgrencinin giinliik
yasamda kullandig1 biligsel kaynaklarin bilimsel kavramlarin 6gretilmesinde kolaylastirici olarak
kullanilmasinin saglanmasidir.

Burada en 6nemli konu etki ve tepki kuvvetlerinin farkli cisimler iizerinde oldugunun 6grencilere
iyi vurgulanmasi gerektigidir. Etki tepki kuvvet ¢ifti es zamanli olustugu, birbirine biiytikliikce esit
yonce zit oldugu zaten vurgulanmisti. Ancak burada 6grenciye bu iki kuvvetin farkli cisimlere etki

ettigi vurgulanmalidir.
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Verilebilecek Ornekler:

Acceleration, @
—_—

Each force in the action/reaction
pair acts on a different object:

Reaction,
) - s 3 3 force of the
This is a force This is a force floor ov er Pl
on the hammer. on the nail...,  Vertical component
K ",  ofthe force ofthe fI

= "._ floor over player, V.

Horizontal component of the force
of the flocr over the player, H
Player pushing the ground, action

The members of the e L S Reaction to Earth attraction
¢ memobers of the pair point in opposite over player, force of player
directions, but are of equal magnitude. over Earth

Comvaps © 157 P (s e o P A ey

Action, Woman push
on block

Reaction, Block push
Woman back

Static Friction, between Shoes
00T

Tartisma Sorusu:

Ogrencilerden once duvari itmeleri istenir.(Sekil 1) Daha sonra dgrencilerden duvari
itme uygulamasini birde altlarinda kaykay olacak sekilde tekrarlamalari istenir. Bu
durumda ortaya ¢ikan sonucu ogrencilerden yorumlamalari istenir. Duvari itmeye
calistiklarinda neden geri dogru gittikleri sorulur. ilk duvar itme uygulamasiyla
kaykayl1 olanin farkinin ne oldugu sorulur. Konu sinifga tartigilir.

Bu uygulamanin temel amaci, 6grencinin ilk durumda duvara uyguladig1 kuvvetin esit biiytikliikte

ve zit yonde olaninin aslinda elimize duvar tarafindan uygulandiginin gosterilmesidir.
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1. Durumda &grenciler duvara kuvvet uyguladiklarinda ne hissettikleri sorulur. Duvar tarafindan
kendilerine bir kuvvet uygulanip uygulanmadigi sorulur. Ogrencilerden cevaplar alindiktan sonra
2.duruma gegilir ve O6grencilerden ilk durumdaki gibi duvari itmeleri istenir. Ve yine duvar

tarafindan bir kuvvet uygulanip uygulanmadig: sorulur.

Burada her iki durumda gosterildikten sonra dgrencilere uygulanan her kuvvete (etki) karst buna

esit ve zit bityiikliikte bagka bir kuvvetin (tepki) olustugu vurgulanir.
Asama 6: Sonug¢- Toparlama
Dersin sonunda Newton’un 3.Hareket Kanununa iliskin 6nemli hususlar tekrar edilerek;

Ne zaman bir cisim ikinci bir cisme kuvvet uygulasa, ikinci cisim de birinci cisme esit bityiikliikte

fakat zit yonde bir kuvvet uyguladigi,

Bu kanunu bir diger isminin ise Etkilesim Yasasi ya da Etki-Tepki Prensibi oldugu;

Etki ve tepki kuvvetlerinin farkli cisimler {izerinde oldugu ifade edilerek ders tamamlanir.
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APPENDIX I

LESSON PLANS FOR COGNITIVE CONFLICT CLASSES

Konu: Newton’un 1. Hareket Kanunu
Asama-1 Kavram Yanilgisinin Aktivasyonu
Ogretmen derse girer. Derse dgrencilere konuyla alakali bilimsel goriisle ¢atisan/uyumlu olmayan

Onbilgilerini ortaya cikaracak ornek bir olayla (tercihen giinlilk yasamdan olmasi daha iyidir)
baglar.

Uygulama: Elinizde bir tenis topu (anahtarlikla) ile diiz bir yolda tempolu
bir sekilde kostugunuzu diisiiniin. Goéreviniz yerde bulunan isaretlenmis
hedefe elinizde ki topu tam isabetle birakmak. Bunun i¢in;

P

e Tenis topunu (anahtarligi) hedefe ulasmadan 6nce mi?
e Hedefi gectikten sonra mi?

e Yoksa tam hedefin tizerindeyken mi birakirsiniz?
Cevabinizi Agiklayimiz?

Bu soru sorulduktan sonra ogrencilerin olayr diistinmeleri ve anlamalari i¢in biraz siire
taninir. Yeterli stire (2-3 dk.) verildikten sonra ogrencilerin konuya iliskin cevaplart alinir ve
smifca tartigmaya baslanir. Ogretmen, &grencilerin  konuya iliskin fikirlerini rahatca
aciklayabilmeleri i¢in gerekli kolaylig1 saglar.

Secilen soru dgrencilerin konu ile ilgili kavram yanilgilarini ortaya ¢ikarmayr ve bir geliski
olusturmayr amaglamaktadir. Ogrencilerin soru sorulduktan sonra sini¢ i¢i tartismasi saglanir.
Burada 6gretmen pek fazla miidahil olmaz.

Asama 2: Gosterim ve Edinim

Ogrencilere soru sorulduktan ve dgrencilerle tartisildiktan sonra olayin demosu sinif icerisinde
gosterilir veya yaptirilir. Demonun amaci greniclerin soruya verdikleri cevabin aslinda dyle

olmadigin1 gostermek ve sahip olduklar1 dnbilgilerin demonun sonucu ile ¢elistigini gostermektir.

Asama 3: Celigkinin Derinlestirilmesi
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Bu asamada dersin basinda ki soruyla olusturulan c¢eliskinin derinlestirilmesi ve boylece
ogrencinin kendi 6nbilgisinin yetersiz kaldigini hissetmesi saglanir.

Uygulama: Asagidaki diizenek 6grencilere gosterilir ve bir bilyeyi bu yolun
basindan génderdigimizde yolun bitiminde nasil hareket edecegi sorulur.

7

Soru sorulduktan sonra tekrar Ogrencilerin  soru {izerinde diigiinmeleri istenir ve
diistincelerini paylagmalar1 istenerek sinif ici tartisma ortamu yaratilir. Tartisma tamamlandiktan
sonra Ogrencilerin tahminlerinin dogru olup olmadigini gostermek i¢in s6z konusu soruya iliskin
diizenek {izerinde demo yaptirilir. Uygulama yapilirken yolun 6ncelikle ilk boliimii konulur ve
hareketin nasil olacagi gosterilir. Daha sonra yolun ikinci boliimiide eklenir ve bilye tekrar
gonderilir ve yolun bitiminde hangi yonde ve dogrultuda gittigi gdzlemlenir. Ve daha sonra yolun
son boliimii konulur ve 6grencilere bilyenin nasil hareket edecegi sorulur. Bu iki soru ve demodan
sonra bu olaylarin Newton’un 1.Hareket Yasasi ile agiklandigi belirtilerek konuya iligkin teorik
bilgilerin verilmesine gegilir.

Asama 4: Teorik Bilginin Sunulmasi

Ogrencilere bu olaylart Newton’un 1. Hareket Kanunu ile acikladiginz ifade ederiz. Ve
Newton’un 1. Hareket Kanunun bir diger adinin Eylemsizlik Prensibi oldugu ifade edilir ve
Eylemsizlik prensibinin agiklamasi yapilir.

Newton’un 1.Kareket Kanunu: Her nesne lizerine uyqulanan net bir

kuvvetle durumunu degistirmeye zorlanmadigi stirece duruyorsa

durmaya, sabit hizla hareket ediyorsa sabit hizla yéniinti

dedistirmeden avni vénde hareket etmevi stirdiiriir.

Sinifta tartigilan 6rnek olay ve tartigma sorularindan sonra artik dgrencilere bu olaylarin
hepsinin Newton’un 1.Hareket Kanunu ile aciklandigini ifade edebiliriz. Ogrencilere ornek
uygulamalardaki tiim durumlarda denge faktoriinlin rol oynadigimi1 bir bagka deyisle Newton’un
1.Hareket Kanunun aslinda cisimlerin denge durumlarini agikladigi ifade edilir.

Dogadaki her nesnenin denge durumunda olmaya calistigini veya denge durumuna
ulagsmaya ¢abaladigini sdyleyerek, dogada cisimlerin iki sekilde denge durumunda olabileceklerini
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ifade edilir. Cisimlerin sadece durgun haldeyken (6rnek masa iistiinde duran cisim) dengede
olmadiklart ayn1 zamanda sabit hizla hareket eden bir aragta bulunan kisinin de dengede oldugu
belirtilir. Buradan yola ¢ikilarak iki ¢esit denge durumundan bahsedebilecegimiz vurgulanarak;
durgun haldeki cisimlerin statik denge de olduklari, sabit hizla hareket eden cisimlerin ise dinamik
denge de olduklar1 vurgulanir.

Bir cisim ister sabit hizla hareket etsin, ister duruyor olsun bunun anlami cisim iizerine
etkiyen tiim kuvvetlerin dengelendigi yani toplam net kuvvetin sifir oldugu bundan dolay1 da
cisimlerin hareket durumlarinda hizlanma yada yavaslamanin olmadig: ve ilk hareket durumlarini
koruduklar ifade edilerek kanunun agiklamasina gegilir.

Burada cisimler iizerindeki net kuvvet sifir oldugunda cisimler i¢in iki durumun soz
konusu olabileceginden bahisle;

Dengelenmis

Kuvvetler
H are ket Durgun Cisimler Hareketli Cisimler
Statiisi = W
a=0m/s’ |_I
H are ket| n Durmaya devam Hareketine ayni
6nd hizl
Sonucu eden Y devam eder.

Cisimlerin ilk hareket durumlarinin onlarin denge durumu olduklarini, bu denge
durumunun bozulmasi i¢in bir dig kuvvetin olmas1 gerektgi ifade edilerek, cisimlerin denge
durumlarmi koruma egilimine EYLEMSIZLIK prensibi dendigi ifade edilir.

Asama 5: Kavramin Uzatilmasi/Genisletmesi

Bu asamada ogrencilerin dersin basinda sorulan ve kendi Onbilgileri ile gelisen duruma iliskin
verilen teorik bilgilerde yeralan kavramin ¢alisip ¢alismadigini géstermek igin farkli uygulama ve
orneklere gecilir.

Tartigsma Sorusu:

Otobiis veya araba ile seyahat ettiginizi diigiiniin. Araba ya da otobiis aniden
fren yaparsa ne olur?
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Tartisma Sorusu:

Ayni sekilde araba ya da otobiis durgun haldeyken aniden hizlanmaya
bagladiginda ne olur ne hissedersiniz (6rnegin araba kirmizi 1siktan
kalkarken)?

wivw.physicgtutorials.ofjg

Demo:

Tartisma sorularinda bahsedilen giinliik yasamdan Orneklerin uygulamasinm
gostermek igin tekerlekli bir tahta yada kaykay {izerine bir 6grenci ¢ikarilir ve
hareket etmesi saglanir 6grencinin eline su dolu bir kap verilir. Daha sonra kaykay
hareket ederken iki 6grenci tarafindan aniden durdurulmaya calisilir. Ve suyun nasil
hareket ettigi gosterilir.

Burada o&grencilere konunun onemli noktalarini vurgulamak i¢in yeni uygulamalar
yaptirilir. Burada vurgu yapilmasi gereken nokta, cismin iizerinde net kuvvet yoksa cisim hareket
durumunu korur, hareket halinde ise sabit hizla hareketine yoniinii ve dogrultusunu degistirmeden
sabit hizla devam eder seklinde bu hususun 6zellikle {istiinde durulmasi gerekir. Bu agiklama ve
uygulamadan sonra prensibin hareket halindeki cisimler i¢in gegerli oldugunuda gostermek icin
asagidaki uygulama yaptirilir.
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Ornek Olay:

Burada iist iiste duran iki cisime hiz kazandirilarak belli bir siire sonra bir engelle
karsilagsmas1 saglanir ve {steki kiigiik cismin engelden sonrada hareketine devam ettigi (ayni fren
yapan arabada bizim 6ne dogru gitmemiz gibi) gosterilir. Bu uygulama i¢in deney arabasi veya
bagka bir oyuncak araba kullanilabilir.

Burada oOgrencilere isteki cismin engelden sonrada sahip oldugu hizla 6ne dogru
gitmesini Eylemsizlik prensibinin bir geregi oldugu ifade edilir. Bu uygulamadan sonra bu
durumun farkli ortamlarda da gecerli olup olmadigimi 6grencilere gostermek igin farkli bir
uygulama yaptirilir.

Ekstra Ornekler/Simif Ici Uygulamalay---------------------

Olayin oOgrencilerin kafalarinda daha net olarak yerlesmesini saglamak i¢in 6rnek olay ve
demostrasyonlarin sayisi artirilmalidir. Asagidaki 6rneklerden bir yada bir kagt simuf icerisinde
yaptirilabilir.

Demo :
Masa Ortiisii Cekme Numarasi

Materyaller: Masa Ortiisii, birkag bardak, ya da kitap.

Demo Bozuk Para Numarasi

Materyaller: Su bardagi, karton, bozuk para.
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Ornek Olay Sapindan ¢ikan gekicin tekrar takilmasi.

Ornek Olay Sise Numarasi

Asama 6: Sonu¢-Toparlama

Sabit hizla giden cisimlerde denge halindedir. Cisimlerin sabit hizla giderken hizlanmasi
yada yavaglamasi nin cismin iizerine etkiyen net bir kuvvetin varligi ile agiklanabilecegi ifade
edilir ve araba igerisindeyken aniden fren yapilmasi esnasinda 6ne dogru gitmemizinde temel
sebebinin eylemsizlik oldugu sdylenir. Ciinkii arabayla giderken bizde arabayla ayni hiza sahibiz.
Araba aniden durmaya zorlamnca Newton’un 1. Hareket Kanunu geregince ilk hareket
konumumuzu —yani sabit hizla ileri dogru hareket etme- korumak istegimizden dolay1 6ne dogru
bir kuvvet hissederiz ve 6ne dogru gideriz. Hatta emniyet kemeri takilmadigi durumlarda soforiin
yada yolcularin camdan firlamalarina neden olan olayda yine eylemsizliktir.

Bu yasada iki anahtar kelime bulunmaktadir. Birincisi “DEVAM EDER” bunun anlami
sudur: cisimler {izerlerine net bir kuvvet etki etmedigi siirece ne yapiyorlarsa onu yapmaya devam
ederler. Duruyorsa durmaya, sabit hizla hareket ediyorsa yoniinii veya hizinin siddetini
degistirmeden ayn1 dogrultuda harekete devam eder.

1.Kanundaki ikinci anahtar kelime “DEGISIM-DEGISTIRME”dir. Nesneler harekete
kars1 direng gostermezler. Aslinda burada kastedilen bulundugu hareket konumundaki degisiklige
direng gosterirler. Bu agiklamalardan sonra kuvvetin ivme ile baglantist kurulmaya ¢alistlir.
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Konu: Newton’un 2. Hareket Kanunu

Kuvvetin harekete degil ivmeye neden oldugu fiizerinde durulmalidir. Burada cisimlerin
hareketlerinde kuvvetin rolii oncelikle anlatilir. Bunun igin, sif icerisinde kolaylikla
yapilabilecek bir demo yapilir.

Uygulama:
~ Hali
~ Tahta
seton
'
Cam

Yukarda ki 6rnek uygulamalarda araba serbest birakilir ve her durum i¢in arabanin ne kadar
mesafe aldig1 sorulur ve dgrencilerden gézlemlemeleri istenir.

Burada arabanin her durumda farkli mesafede durmasmin nedeni sorulur. Ogrencilerden gelen
cevaplardan yola ¢ikarak her durum igin fark yaratan faktoriin arabanin hareket ettigi zemin
oldugu ifade edilir.

Burada zeminin farkli olmasinin aracin hareketine etkisinin ne oldugu 6grencilerle tartigilir. Bu
siiregte gelinmek istenen yer SURTUNME kavranudir.

Araglarin her durumda farkli mesafeler almasinin arabaya etkiyen siirtinme kuvvetinin biiyiikligi
ile ilintili oldugu ifade edilerek Ogrencilere dort durumdaki en yiiksek ve disiik siirtiinme
kuvvetinin oldugu durumlar sorulur.

Ve siirtiinmenin de bir kuvvet oldugu, kuvvetin cisimlerin hizlarina etki ettigi ifade edilir ve
stirtiinme olmasaydi arabanin nereye kadar gidebilecegi lizerinde tartigma yapilarak cisimlerin
hizlarinin degisimine etki eden en 6nemli faktoriin net kuvvet oldugu ifade edilir.

Bu calismadan sonra ogrencilere duran cisimleri hareket ettirmek icin neden bir kuvvet
uygulanmasi gerektigi sorulur. Burada Ogrencilere daha Once ornek olarak yaptirilan bir egik
diizlemden birakilan bir topun belli bir siire sonra durdugu hatirlatilarak cismin durmasina neden
olan seyin ne oldugu sorulur. Buradaki amag¢ &grencinin siirtiinme kavramini bilip bilmedigini
ortaya koymaktir.

Etrafimizdaki hareket eden nesnelerin siirtiinmeyi yenmesi i¢in mutlaka cisimlerin
belirli bir kuvvetle itilmesi ya da g¢ekilmesi gerekir. Sirtinme kuvveti her zaman
cisimlerin siirtinen kismin hareket dogrultusuna zittir. Eger bir cisim sabit bir hizla
hareket ediyorsa bunun anlamini daha onceden dgrenmistik. Cismin iizerindeki net
kuvvet sifir demekti. Siirtiinmeli bir yiizeyde cisim sabit hizla hareket ediyorsa
mutlaka cisme siirtiinme kuvvetine esit biiyiikliikte bir kuvvet etki etmesi gerekir.

Siirtiinme kuvveti cisimlerin ylizeyin cinsine (piiriizlii ya da kaygan yiizeyler) ve
ylizeye etki eden dik kuvvete baghidir.
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Buradan cisimlerin tizerlerine uygulanan net kuvvetin biiylikliigii ile cisimlerin hizlanmalar1 ya da
yavaslamalar1 arasinda bir iliskin oldugu ifade edilir. Ve Ogrencilere uygulanan kuvvetin
artirtlmas1 durumunda cisimlerin hizlanmalarinda ya da yavaglamalarinda ki degisimin nasil
olacag sorulur. Buradaki ama¢ dgrencinin ivme kavrami hakkinda ne bildigini ortaya koymaktir.
Bu nokta ¢ok énemlidir. Ogrenci ivme kavramini anlamadan Newton’un

Soru: Bir jet ugagi 600 km/h sabit hizla ugarken ugagin motorlart ugagi ileri yonde
hareket ettirmek i¢in 600.000 N luk bir kuvvet iiretiyor. Jet in ivmesi nedir? Jete etki
eden hava direnci ne kadar biiyiikliiktedir?

Cevap: ivme sifirdir ¢iinkd jet sabit hizla hareket etmektedir. Yani net kuvvet sifirdir.
Kuvvetin olmadig1 yerde ivmeden s6z edemeyiz. Motorlar ileri dogru 600.000 N Iuk
kuvvet olusturduguna gore ve jetin iizerindeki net kuvvetin 0 oldugunu bildigimize
gore hava direncide zit yonde 600000 N olmali ki motorun kuvvetini dengelesin ve
net kuvveti sifir yapsin.

2.Hareket Kanununu anlamas: kolay olmayacaktir. Bu nedenle ikinci kanuna gecilmeden once
mutlaka ivme kavraminin tam oturmasi saglanmalidir.

Bu agamada 6grencilerin NET KUVVET tanimini anlamalar1 da biiylik 6nem arz
etmektedir. Ogrencilere cisimlerin iizerine etkiyen BIR KUVVET YA DA
KUVVETLERIN OLMASI ile NET BiR KUVVETIN olmas1 arasinda ki fark iyice
vurgulanmalidir. Ogrencilerin kuvvet kavranuni net kuvvetten ayirabilmesi icin net
kuvvet kavrami yerine dengelenmemis kuvvet ifadesi kullamlabilir. Bir bagka
deyisle cisimler denge konumundaysa iizerindeki tim kuvvetler dengelenmistir.

Yani net kuvvet sifirdir.

Bu yiizdende cisim ister dursun ister sabit hizla hareket etsin cismin tizerinde
herhangi bir dengelenmemis kuvvet olmadigi igin cisimlerin hizlanmasi ya da
yavaglamasinin s6z konusu olmadig1 sdylenir.

Eger cisim iizerine etkiyen kuvvetler birbirlerini dengelemiyor ise 0 zaman cisimler
denge konumunda degillerdir ve bu nedenle ya hizlanacaktirlar ya da ilk hareket
durumlarina gore yavaslayacaklardir.

Ogrencilerden kendilerine verilen deney arabasimi dnce az bir kuvvetle itmeleri istenir. Sonra aym
arabayr daha biiyilk bir kuvvetle itmeleri ve bir Onceki durum goére arabanin hizlanmasini
karsilastirmalart istenir. Ogrencilere iki durumu karsilastirmalar1 ve farkli olan seyin ne oldugu
sorulur, 6grencilerden gelmesi en muhtemel cevap ise KUVVET olmalidir. kinci durumda
kuvveti artirdigimizi tiim 6grenciler tarafindan anlagildiktan sonra dgrencilere kuvveti artirmamiz
arabanin hareketinde nasil bir degisiklige yol agt1 diye sorularak tartigma ortami yaratilir. Burada
her sey ayni iken degistirdigimiz tek seyin uyguladigimiz kuvvet oldugu, bu kuvvetin de arabanin
hizinda degisiklik yaptig1 ifade edilir. Iste cisimlerin hizlarinda meydana gelen degisiklige biz
ivme diyoruz siz buna genellikle hizland1 diyorsunuz ya da yavasladi olarak ifade ediyorsunuz.
Iste bu ifadelerinizin fizikteki karsiligina ivme denir.
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Ivme: cisimlerin birim zamanda hizlarinda meydana gelen degisime (azalma ya
da artma olabilir) ivme diyoruz.

Burada smif i¢i uygulamalarla &rnekler artirilmalidir. Ogrencilerin kafalarinda ki ivme kavraminin
soyut bir kavram olmaktan ¢ikarilarak gozlemlenebilir bir kavram haline getirilmelidir.
Ug 6grenci smifta yan yana dizilerek, birisine sabit hizla, birisine giderek hizlanarak, birine de
once hizlanarak sonrada yavaglayarak hareket etmesi istenebilir ve bu ti¢ 6grencinin hareketleri
diger siif arkadaglari tarafindan gézlemlenmeli ve hizlanma ve yavasglama hareketini gézlemleyip
gozlemleyemedikleri sorularak, sabit hizla hareket eden arkadasin hizinda bir degisiklik olmadigt
hatirlatilarak ivmesinin ne oldugu sorulabilir.
Burada 6grencilere cisimlerin hizlarini degistirebilmek icin ne yapilmasi gerektigi tekrar sorularak
ogrencilerden cisimlerin hizlarini artirilmasi ya da yavaslatilmasi i¢in mutlaka net bir kuvvetin etki
etmesi gerektigini ifade etmelerinden sonra;
Peki, arkadaslar ileri dogru sabit hizla giden bir cismin yoniinii degistirmek i¢in ne yapilmasi
gerekir? Denilerek dgrencilere kuvvetin cisimlerin hareket durumlari iizerindeki etkisi sorulur.
Kuvvet ve harekete etkisi, kiitlenin rolii ve ivime kavramlar1 6grenciler tarafindan tam anlamiyla
6grenildiginde artik Newton’un 2.Hareket Kanununa gegilebilir.

——————————— 1 ders bitimi-----------

Asama 1: Kavram Yanilgisinin Aktivasyonu
Bu aciklamalardan sonra konuya iligkin deney yapilir.

Deney:Asagidaki diizenek kurulur.

Yukaridaki diizenek kurulduktan sonra 6grencilerden 6nce 1 birim agirlik asmalari
istenir. Daha sonra araba serbest birakilarak hareketi gézlemlemeleri istenir. Daha
sonra agirlik iki katina ¢ikarilarak uygulama tekrarlanir ve hareketin gozlemlenmesi
ve not alinmasi talep edilir. Buradaki amag¢ kuvvetin cisimlerin hareketlerine etkisini
gostermektir.

Daha sonra bu sefer agirlik tekrar bir birime diisiiriilerek araba nin kiitlesi iki katina
cikarilir (iki araba baglanir)bdylece hareket tekrarlanir. Bundan sonra asili agirhik
tekrar iki katina ¢ikarilir ve iki araba serbest birakilir. Boylece cismin hizlanmasi
(ivmesi)nin kiitle ve kuvvetle iliskisini gdstermek amaglanmistir. Tim bu uygulamalar
sonucunda Ogrencilerden durumlarin  karsilagtirilmas:  istenir. Farklihik yada
benzerlikler sorulur.
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Bu diizenekle ilgili olarak arabaya telem seridi baglanarak hareket esnasinda birakilan noktalarin
cismin hareketine iliskin yorum yapilirken (ivmesiyle ve aldig1 yolla ilgili olarak) kullanilmasi
saglanabilir.

Asama 2: Gosterim ve Edinim

Ogrencilere soru/deney sorulduktan/gosterildikten ve dgrencilerle tartisildiktan sonra olayimn
demosu sinif igerisinde gosterilir veya yaptirilir. Demonun amaci 6greniclerin soruya verdikleri

cevabin aslinda 6yle olmadigini géstermek ve sahip olduklar1 6nbilgilerin demonun sonucu ile
celistigini gdstermektir.

Asama 3: Celigkinin Derinlestirilmesi

Asagidaki soruda 6grencilere {i¢ durumda tuglanin hareketini tanimlamalart ve {i¢ durumu

birbirleriyle karsilastirmalar1 istenir. Burada Ogrencilerden uygulanan kuvvet, kuvvetin

uygulandig kiitle ve kazanacagi ivme arasinda bir bag kurmasi beklenir.

Tartisma Sorusu: Asagidaki durumlarda kiitlelerin hareketlerini karsilastirin.
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Asama 4: Teorik Bilgilerin Sunulmasi

Newton’un 2.Hareket Kanunu: Bir cismin ivmesi o cisme hareket dogrultusunda

etki eden net kuvvetle dogru orantili, o cismin kiitlesi ile ters orantilidir.

F =m.a

Bu bilgi verildikten sonra 6grencilerden formiilii yorumlamalart istenir. Formulde ki degiskenlerin
neler oldugu, birbirleri arasindaki iligkinin ne oldugunun &grencilerden agiklamalar1 beklenir.
Buna ek olarak dgrenciler formulu yorumlarken bunu uygulamali olarakta gdstermeleri istenir.
Boylece ogrencilerin bilimsel bir formulu ve formulun igerisinde yer alan degiskenleri
yorumlamalar1 saglanmis olur, bu noktada &grencilere formullerin aslinda teorik bilgilerin
matematiksellestirilmis hali olduklari, derinlemesine yorumlandiginda iki {i¢ paragrafta kelimelerle

ifade edilebilecek fiziksel olaylar1 agikladig1 vurgulanir.

Bu formiiliin anlam1 eger net kuvvet artarsa ayni oranda cismin ivmesi de artar. Ayni orandan

kastimiz eger kuvveti 2 katina ¢ikarirsak cismin ivmesi de 2 katina ¢ikacaktir.
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Tartisma Sorusu:

Ogrencilerden grup olarak ¢aligmalar istenerek once siralarinin iizerinde duran bir
kitabin ucuna dinamometre baglanarak siranin iistiinde ¢ekmeleri istenir.

KlTAP > Dinamometre

Sonra diger ilk kitabin {izerine bir kitap daha eklenir ve yine yaklasik ayni kuvvetle
cekmeleri istenir. Burada 6grencilerin ayni kuvveti uygulamalarini saglamak igin
kitaplar1 dinamometre baglayarak ¢ekmeleri istenir. Boylece uyguladigi kuvvetin ayni
olarak ayarlamalar1 saglanmis olur.

KITAP

Dinamometre

KITAP

Y

Auyni sekilde daha sonra bir kitap daha eklenerek ayni ¢ekme islemi tekrarlanir.

o Dinamometre
>

Burada bu uygulama yapildiktan sonra Ogrencilerden durumlart karsilagtirmalari
istenir. Aradaki farkliliklarin ne oldugu ve neden kaynaklandigi sorulur. Daha sonra
ogrencilere kitaplar1 hizlandirmak i¢in ne yapilmasi gerektigi sorulur. Buradaki amag
Ogrencinin net kuvvet ile kiitle ve ivme kavramlarimni iligkilendirmesini saglamaktir.

Burada ki en 6nemli noktalardan birisi de ivme ile kiitle arasinda ki iligkinin anlasilmasidir.

Ogrencilere kafalarinda canlandirmalari igin gesitli drnekler yaptirilabilir.

Dersin iglenme siiresince derse katilim 6zendirilmeli ve yanlig cevaplar bile dislanmamali ve
Ogrenci katilim sagladigi igin oOdiillendirilmelidir. Tiim ders boyunca sinif igerisinde 6zgiir,
demokratik ve dgrencilerin yanlis olup olmadigi korkusunu yasamadan, arkadaslart ne disiiniir
kaygist olmadan fikirlerini beyan edebilecegini bildigi bir sinif ortamu rutin hale getirilmelidir. Ve

ogrencilerden bunun takipgileri olmalari istenmelidir.
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Daha 6nceki konularda hareketi kuvvetlerden bagimsiz olarak inceledik (buna
fizikte Kinematik diyoruz). Bu boliimde ise hareketi ve harekete neden olan
kuvvetleri inceliyoruz. (Buna ise fizikte Dinamik denir) Cevremizde
gozlemledigimiz hareketlerin ¢ogu degisen hareketlerdir-yani ivmeli
hareketlerdir. Diger bir ifade ile kaynag: tek bir kuvvet ya da birden fazla
kuvvetin bilegkesi olan net kuvvet her zaman bir ivme dogurur. Kuvvet ile
ivme arasindaki iligkiyi Newton 2.Hareket Kanununda belirtmistir.

Asama 5: Kavramin Uzatmasy/ Genisletilmesi

Bir onceki derste islenen Newton’un 1. Kanunu ve buna bagl olarak islenen net kuvvet
ve ivme kavramlart dersin basinda 6grencilere hatirlatilir. Derse 6grencilere konuyla alakali
iiretken Onbilgilerini ortaya ¢ikaracak ornek bir olayla (tercihen giinlilkk yasamdan olmasi daha

iyidir) baglanir.

Tartisma Sorusu-1:

Ogrencilerden grup olarak calismalar1 istenerek once deney arabalarmi bos olarak
itmeleri istenir. Ve arkadaslari ile bu demoyu gézlemlemeleri ve not almalart istenir.

Daha sonra ayni deney arabasini yaklagik yine ayni kuvvetle bu sefer arabanin igerisine
biraz agirlik koyarak tekrarlamalar1 istenir. Ve gozlemide kaydetmeleri istenir.

Daha sonra iki gozlemi karsilastirmalart istenerek iki olay arasindaki farkin ne oldugu
sorulur ve kiitle ile kuvvet arasindaki iliskinin nasil oldugu sorulur.

Burada bu uygulama yapildiktan sonra ogrencilerden iki durumu karsilastirmalar
istenir. Aradaki farkliliklarin ne oldugu ve neden kaynaklandigi sorulur. Daha sonra
ogrencilere arabayr hizlandirmak icin ne yapilmast gerektigi sorulur. Buradaki amag
ogrencinin net kuvvet ile kiitle ve ivme kavramlarmi iligkilendirmesini saglamaktir.
Kuvvetlerin ayni oldugu dgrenciler tarafindan belirtildikten sonra farkliligin (iki cisme
ayni kuvvet uygulamamiza ragmen neden farkli mesafeler katettiler)sebebi dgrencilere
sorulur.Bu konu {iistiinde sinifca tartigilir.
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Asama 6: Sonu¢ Toparlama

Ham Hareket icin
kuvvet
Cisimlerin Cisimlere ilk hareketi vermek ya
Yeniden hareketlerini da hizin1 degistirmek i¢in net

kuvvete ihtiyac

Diizenlenmis korumasi i¢in net bir vardir.hareketlerini korumasi
kuvvete ihtiya¢ vardir. icin net bir kuvvete ihtiya¢
vardir.
——————————— 1 ders bitimi----------

Konu: Newton’un 3. Hareket Kanunu (Deney Grubu)

Asama-1 Kavram Yanilgisinin Aktivasyonu

Derse diger derslerde oldugu gibi 6gretmen derse 0grencilere konuyla alakali bilimsel goriisle
catisan/uyumlu olmayan dnbilgilerini ortaya ¢ikaracak drnek bir olayla (tercihen giinliik yasamdan

olmasi1 daha iyidir) baslar.

Tartisma Sorusu:

Ogrencilerden 6nce duvar itmeleri istenir. Ve duvara bir kuvvet uyguladiklari
ifade edilerek duvarin da onlara bir kuvvet uygulayip uygulamadigi sorulur.

Bu soru sorulduktan sonra 6grencilerin olay1 diisiinmeleri ve anlamalar1 igin biraz siire
taninir. Yeterli stire (2-3 dk.) verildikten sonra Ogrencilerin konuya iliskin cevaplart almir ve
simfca tartismaya baslanir. Ogretmen, ogrencilerin  konuya iliskin fikirlerini rahatca
aciklayabilmeleri igin gerekli kolaylig: saglar.
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Segilen soru dgrencilerin konu ile ilgili kavram yanilgilarini ortaya g¢ikarmayr ve bir
celiski olusturmayr amaglamaktadir. Ogrencilerin soru sorulduktan sonra sini¢ igi tartigmasi

saglanir. Burada 6gretmen pek fazla miidahil olmaz.
Asama 2: Gosterim ve Edinim

Ogrencilere soru sorulduktan ve dgrencilerle tartisildiktan sonra olayin demosu sinif icerisinde
gosterilir veya yaptirilir. Demonun amaci 6greniclerin soruya verdikleri cevabin aslinda dyle

olmadigint gostermek ve sahip olduklari 6nbilgilerin demonun sonucu ile gelistigini gostermektir.

Demo:

Daha sonra dgrencilerden duvari itme uygulamasini birde altlarinda kaykay
olacak sekilde tekrarlamalari istenir. Bu durumda ortaya ¢ikan sonucu
ogrencilerden yorumlamalart istenir.

wala Sorce 4
% 20500

E ™ Tiuam

Demo o6grencilere yaptirildiktan sonra duvari itmeye c¢alistiklarinda neden geri dogru
gittikleri sorulur. Ik duvar itme uygulamasiyla kaykayli olanin farkinin ne oldugu sorulur. Konu
smifca tartigilir.

Bu uygulamanin temel amaci, 6grencinin ilk durumda duvara uyguladigi kuvvetin esit biiyiikliikte
ve zit yonde olaninin aslinda elimize duvar tarafindan uygulandiginin gosterilmesidir.

1. Durumda 6grenciler duvara kuvvet uyguladiklarinda ne hissettikleri sorulur. Duvar tarafindan
kendilerine bir kuvvet uygulanip uygulanmadig: sorulur. Ogrencilerden cevaplar alindiktan sonra
2.duruma gegilir ve Ogrencilerden ilk durumdaki gibi duvari itmeleri istenir. Ve yine duvar
tarafindan bir kuvvet uygulanip uygulanmadig: sorulur.

Burada her iki durumda gosterildikten sonra dgrencilere uygulanan her kuvvete (etki) karsi buna
esit ve zit bilyiikliikte bagka bir kuvvetin (tepki) olustugu vurgulanir.

Asama 3: Celiskinin Derinlestirilmesi

Bu asamada dersin basinda ki soruyla olusturulan celiskinin derinlestirilmesi ve boylece

6grencinin kendi dnbilgisinin yetersiz kaldigin1 hissetmesi saglanir.
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Etkinlik Calismasi:Ogrencilere iki ucunda birer dinamometre olan bir ip verilir. Ve
ogrencilerden 6nce birisinin durup digerinin ¢ekmesi istenir. Daha sonra diger 6grenci durmasi
istenir ve bu sefer daha 6nce ¢ekmeyen Ogrencinin ipi ¢ekmesi istenir. Her iki durumdada iki
dinamometrede okunan degerler gézlemlenir.

O

Bu uygulamadaki amag¢ Ogrencilerin uyguladiklar1 kuvvetin aslinda aym oldugunun
gosterilmesidir. Bunun daha iyi anlagilabilmesi i¢in 6nce bir 6grenci ipi ¢eker diger 6grenci sabit
durur ve her iki dinamometrede okunan degerlerin ayni oldugu gosterilir. Daha sonra roller
degistirilerek, daha 6nce sabit duran 6grenci ipi ¢eker bu sefer diger 6grenci sabit durur. Boylece
her iki durumdada kisilerin uyguladiklari kuvvetler ne olursa olsun dinamometrede okunan
degerler aym oldugu gosterilir.

Asama 4: Teorik Bilginin Sunulmasi

Bu asamada oOgrencilere ders baginda verilen orneklerdeki durumun fiziksel agilamasinin
Newton’un 3.Hareket Kanunu ile yapildigi ifade edilerek bilimsel bilgi 6grencilere sunulur.
Newton’un 3.Hareket Kanunu: Ne zaman bir cisim ikinci bir cisme kuvvet uygulasa, ikinci cisim
de birinci cisme esit biiylikliikte fakat zit yonde bir kuvvet uygular. Bu prensibin en yaygin ve
bilinen ifadesi “her etki kuvvetine kars1 esit bitylikliikkte ve zit yonde bir tepki kuvveti vardir”.

Bu kanunu bir diger ismi ise Etkilesim Yasasi ya da Etki-Tepki Prensibi olarak ifade edilir.

Calisma Sorusu:Bir araba yol boyunca ivmelenmektedir. Arabay1 gergekte hareket
ettiren kuvvet nedir?

Cevap: Yol arabay1 gercekte ivmelendiren kuvvetin kaynagidir. Gergekten! Lastikler

yolu geriye dogru iterler, yolda arabayi ayni kuvvetle ileri dogru iter (Etki-Tepki).
Lastiklerde arabaya bagli oldugu igin araba hizlanir.
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Tartisma Sorusu:halat cekme oyununda kim kazanir ipi daha kuvvetli ¢eken mi
yoksa yeri daha biiyiik bir kuvvetle iten mi?

Bu calisma sorusu i¢in 6grencilerden iki grup olusturlmak suretiyle sinif i¢i bir
demo yapilmalidir.

Yolda yiiriiken etkilesim halindesinizdir. Yiiriiyebilmeniz i¢in yolu geriye dogru itmeniz gerekir.
Siz yolu geriye dogru ittiginizde yolda sizi ileri dogru itecektir. Bu iki kuvvetin olusumu es
zamanlidir. Yiizerken de aynmi sey gegerlidir. Siz duyu geriye dogru itersiniz suda sizi ileri dogru
iter boylece ileri dogru hareket edersiniz. Biitiin bu yukardaki durumlarda her etkiye karsi es
zamanli bir tepki kuvveti olusur, bu kuvvet giftleri tek bir etkilesimin sonucudur.

Yukardaki tiim durumlarda tepki kuvveti bizim hareketimize neden olan kuvvettir. Buz bir
zeminin iizerinde etki kuvvetini olusturmamiz nerdeyse imkénsizdir. Bu nedenlede tepki kuvveti
olmadigi i¢in buz zemin {lizerinde ne araba nede yayalar hareket edebilir. Burda sununda
algilamamiz gerekiyor, buz zemin iizerinde siirtiinme neredeyse olmadig icin etki kuvvetini
olusturamadik, etki olmayinca tepkide olusmaz.

Bu uygulama ile amaglanan uygulanan kuvvetlerin birbirinden bagimsiz olmadig1 ve etki tepki
kuvvetlerinin mutlaka esit oldugunun vurgulanmasidir. Bu uygulama esnasinda iizerinde
durulmasi gereken olusan etki tepki kuvvetlerinin esit oldugudur.

Dersin ana temasi olan Newton’un 3.Hareket Kanununa iligkin olarak giinliik yasamda
karsilagtiklart 6rnekler artirllarak Ggrencilerin kafalarinda konuya iligkin var olan disiinceleri
ortaya c¢ikarilir. Bu uygulamada amag¢ 6grencinin zihninde sinifa getirdikleri bilgilerin dogrulugu
ya da yanlislig1 iizerinde durmak degil, bilimsel olarak kabul edilen kavramlarin dgretilmesinde
ogrencinin kaynaklariin kullanimidir.

Bu nedenle miimkiin oldugunca ¢ok sayida giinliik yasamdan ornekler verilerek dgrencinin giinliik
yasamda kullandig1 biligsel kaynaklarin bilimsel kavramlarin 6gretilmesinde kolaylastirici olarak
kullanilmasinin saglanmasidir.

Burada en 6nemli konu etki ve tepki kuvvetlerinin farkli cisimler lizerinde oldugunun 6grencilere
iyi vurgulanmasi gerektigidir. Etki tepki kuvvet ¢ifti es zamanli olustugu, birbirine biiyiikliikge esit
yonce zit oldugu zaten vurgulanmisti. Ancak burada 6grenciye bu iki kuvvetin farkli cisimlere etki
ettigi vurgulanmalidir.

Ekstra Ornekler/Sunif Ici Uygulamalar
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Uygulama 3:

Uygulama 4:

. 3

Asama 5: Kavramin Uzatilmasi/Genisletmesi

Daha sonra bu siire¢ sonunda konu toparlandiktan sonra Newton’un 3.Hareket Kanunun
6grencilerin 6nsezileriyle aslinda uyumlu oldugunu gosterecek bir baska ¢alisma yapilir.

Bu calismanin ardindan O6grencilerde uygulanan her kuvvete karsi bir kuvvettin olustugu
diislincesini daha da belirgin hale getirmek i¢in 6grencilere yeni bir etkinlik yaptirtlir.

Tartigsma Sorusu:

Yatay bir zeminde duran bir yay: elinizle Gistten sikigtirdiginizda ne hissedersiniz.
Yay size bir kuvvet uygular mi1?

Burada bu soru sorulduktan sonra 6grencilerden gelen cevaplar genel hatlariyla 6zetlenir.
Daha sonra gelen cevaplar alindiktan sonra Ggrencilere niye boyle diistindiikleri, onlara bunu
diisindiiren seyin ne oldugu sorulur. Dersin islenisi agisindan higbir noktada dgrencilerden gelen
yorum veya disiinceler lizerine olumsuz yorum yapilmaz aksine 6grencilere bu yonde onlari

diislindiiren seyin ne oldugu sorularak bu kaniya varmalarinda neyin etkli oldugu anlasiimaya
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calisilir. Burada ki temel varsayim dgrencilerin aslinda onbilgilerinde etki-tepki prensibine iliskin

kaynaklarin oldugu ortaya konulmaya caligilir.

Demo:

Ogrencilerden serbest halde duran bir yay iizerine elleriyle baski uygulayarak
sikigtirmalart istenir. Ve yayr sikistirdiklarinda ne hissettikleri sorulur. Burada ki
amag yaya elin uyguladigi kuvvete karsilik elimizede yay tarafindan bir kuvvetin
uygulandigimin gosterilmesidir.

Derste amaclanan 6grencilerin giinliik yasamda karsilastiklari ve bildikleri olaylardan yola ¢ikarak
6grencilerin konuyu daha iyi anlamalarini saglamaktir. Bu sekilde dersin islenmesi durumunda

ogrencilerin 6z yeterliklerinde pozitif anlamda degisiklik olmasi beklenmelidir.

Uygulama 1:

action: reaction:
air balloon
rushes goes up
down

Ogrencilere birer balon verilir ve sisirmeleri istenir. Daha sonra her dgrenciden
balonun ucunu serbest biraktiklarinda balonun igerisinde gazin yonii ve balonun

hareket yoniinii sdylemeleri istenir.

Ogrencilerin balon uygulamasina yonelik olarak balonun hareketine neden olan seyin ne oldugu
konusunda tahmini cevaplar vermeleri beklenir. Balonla ilgili olarak daha ilerideki asamada daha

ayrintili bir 6rnek yapilacagindan burada sadece 6grencilere balonun hareketine igerisindeki gazin
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basingla disart ¢ikmast sonucu bir tepki kuvvetini olusturdugu ve balonunda hareket etmesini

sagladig1 ifade edilirek bir sonraki tartisma sorusuna gegilir.

Uygulama 2: Ogrencilerden olusturulacak gruplar araciligiyla havanin itme giiciiyle
caligan bir araba yapmalart istenir. Bunun i¢in gerekli olan malzemeler oyuncak
araba ya da deney arabasi, yapistirici, balon ve ip olacaktir.

s>

O @)

Gruplarca yapilan araclar bittikten sonra sinifta bunlart hareket ettirmeleri istenir
(araba iizerindeki balonun ipi ¢oziildiigiinde araba ileri dogru hareket edecektir).

Burada 6grencilere arabayi hareket ettiren faktdriin ne oldugu sorulur.

Smuf igerisinde araglarin hareket ettirilmesi gosterildikten sonra bu harekete neden olanin ne
oldugu sorusu ile tartigma ortami yaratilir. Projeyi hazirlayan gruplardan aracin nasil hareket
ettigine dair yazili cevap istendikten sonra her grubun olaya bakis agisi tiim sinifla paylasilir.
Tartisma gruplardan gelen cevaplar iizerinde yogunlastirilarak 6grencilerden bir sonuca varmalari
istenir. Bu siirecin sonunda Ogrencilerin arabanin hareketine sebep olan faktoriin balonun
igerisinde sikismis bulunan gazin balonu iterek disari ¢ikmasi oldugu, balonunda gazi ittigi bu
yiizden gaz ¢ikisinin geri yondeyken arabanin ileri dogru hareketinin sebebinin etki-tepki
kuvvetleri oldugunu ifade edebilmeleri ya da buna yakin ifadelerde bulunmalari beklenmelidir.

Bu konuya iliskin giinliik yasamdan orneklerin sayisi artirilabilir. Ogrencilerin konuya iliskin
verilen bilgilerle ilgili giinlik yasamda ki pratik olaylarla baglantilar1 daha kolay yapabilmeleri
icin giinliikk yasamdan 6rneklerin sinif igerisinde sayisinin artirilmasi gerekmektedir. Bu anlamda
asagidaki basit ve zaman almayan Ornekler smif icerisinde uygulanabilir ve tlizerinde sinifga
tartigilarak 6grencilerin 6rnekler hakkindaki goriislerini sinifla paylagmalari saglanabilir.

Asama 6: Sonug- Toparlama

Dersin sonunda Newton’un 3.Hareket Kanununa iligkin 6nemli hususlar tekrar edilerek;

Ne zaman bir cisim ikinci bir cisme kuvvet uygulasa, ikinci cisim de birinci cisme esit biiyiikliikte
fakat zit yonde bir kuvvet uyguladigi,

Bu kanunu bir diger isminin ise Etkilesim Yasasi ya da Etki-Tepki Prensibi oldugu;

Etki ve tepki kuvvetlerinin farkli cisimler lizerinde oldugu ifade edilerek ders tamamlanr.
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Verilebilecek Ornekler:

Acceleration, @
—_—

Each force in the action/reaction
pair acts on a different object:

Reacticn,
G e force of the
This is a force This is a force floor over Blayer
on the hammer. on the nail.-.,  Vertical component

s . of the force of the

floor over player, V.

Mona\t of the force
of the flocr over the player, H

Player pshing the ground, action.

Reaction to Earth attraction
over player, force of player

The members of the pair point in opposite
directions, but are of equal magnitude. over Earth

o © S P s v b 1 e A

Action, Woman push
ok

Static Friction, between Shoes
and Floor.
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APPENDIXJ

KEY WORDS USED IN THE LITERATURE REVIEW

Conceptual Change+physics
Conceptual Change+force+motion
Epistemology+ physics
Epistemological Beliefs+physics
Misconceptions+ force+motion
Cognitive Resources+ physics
Cognitive Resources + force+motion
Cognitive Conflict+physics
Cognitive Conflict+ force+motion

Bridging Analogies+physics

Motivational constructs+physics
Motivational constructs+science
Motivational constructs+gender
Self-efficacy+science
Self-efficacy+physics
Self-efficacy+gender

Science teaching + gender
Physics teaching + gender
Gender difference + physics

Gender difference + science
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APPENDIX K
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6,20
4,60
5,00
5,20
4,00
5,80
6,58
6,00
5,20
4,40
4,60
4,40
3,20
2,60
5,00
4,00
5,20
6,60
4,28
4,60
1,00
5,40
4,20
6,80
6,00
2,80
2,00
5,20
5,60
5,40
4,20

5
4
2
5

hhw(ﬂw(ﬂ(ﬂwbl\)m\lwbldmmbb(ﬂ\l@g

e e
R O O

77
52
62
69
68
59
63
70
71
66
61
54
50
70
60
71
64
63
70
69
51
54
62
90
68
50
49
61
66
66
62

6,80
4,80
2,40
5,20
4,80
6,60
7,00
5,80
5,80
4,20
3,60
3,60
4,00
4,20
6,40
4,40
5,20
5,40
4,94
7,00
2,20
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6,60
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5,40
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