THE EFFECT OF THE INSTRUCTION BASED ON THE EPISTEMOLOGICALLY AND
METACOGNITIVELY IMPROVED 7E LEARNING CYCLE ON TENTH GRADE STUDENTS’
ACHIEVEMENT AND EPISTEMOLOGICAL UNDERSTANDINGS IN PHYSICS

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

SEVDA YERDELEN DAMAR

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
IN
SECONDARY SCIENCE AND MATHEMATICS EDUCATION

JANUARY 2013






Approval of the thesis:

THE EFFECT OF THE INSTRUCTION BASED ON THE EPISTEMOLOGICALLY AND
METACOGNITIVELY IMPROVED 7E LEARNING CYCLE ON TENTH GRADE
STUDENTS’ ACHIEVEMENT AND EPISTEMOLOGICAL UNDERSTANDINGS IN
PHYSICS

submitted by SEVDA YERDELEN DAMAR in partial fulfillment of the requirements for the degree
of Doctor of Philosophy in Secondary Science and Mathematics Education Department, Middle
East Technical University by,

Prof. Dr. Canan Ozgen
Dean, Graduate School of Natural and Applied Sciences

Prof. Dr. Omer Geban
Head of Department, Secondary Science and Mathematics Education

Assoc. Prof. Dr. Ali Eryilmaz
Supervisor, Secondary Science and Math. Edu. Dept., METU

Examining Committee Members:

Assoc. Prof. Dr. Yezdan Boz
Secondary Science and Mathematics Education Dept., METU

Assoc. Prof. Dr. Ali Eryilmaz
Secondary Science and Mathematics Education Dept., METU

Assoc. Prof. Dr. Andrew Elby
Teaching, Learning, Policy, and Leadership Dept.,
University of Maryland, MD, USA

Assoc. Prof. Dr. Esen Uzuntiryaki Kondakg1
Secondary Science and Mathematics Education Dept., METU

Assist. Prof. Dr. Omer Faruk Ozdemir
Secondary Science and Mathematics Education Dept., METU

Date: 23.01.2013



I hereby declare that all information in this document has been obtained and presented in
accordance with academic rules and ethical conduct. | also declare that, as required by these
rules and conduct, I have fully cited and referenced all material and results that are not original
to this work.

Name, Last name: Sevda Yerdelen Damar

Signature



ABSTRACT

THE EFFECT OF THE INSTRUCTION BASED ON THE EPISTEMOLOGICALLY AND
METACOGNITIVELY IMPROVED 7E LEARNING CYCLE ON TENTH GRADE
STUDENTS’ ACHIEVEMENT AND EPISTEMOLOGICAL UNDERSTANDINGS IN
PHYSICS

Yerdelen Damar, Sevda
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Ali Eryillmaz

January, 2013, 342 pages

This study investigated the effect of the epistemologically and metacognitively stimulated 7E learning
cycle (EM-7ELC) on tenth grade students’ physics achievement and epistemological understandings
in physics. The participants of the study included 107 (49 Female, 58 Male) tenth grade students at
two Anatolian teacher training high schools in Ankara. A quasi-experimental with matching-only
pretest-posttest control group design was employed. Two intact classes of each school were randomly
assigned to the experimental and control group. The experimental group was instructed based on the
EM-7ELC while the control group was taught with the traditional instruction. The study was
conducted in 2009-2010 academic year. The Force and Motion Achievement Test-1 and Il were
administered to assess the students’ achievement in force and motion unit. The Turkish Physics
Expectation Survey was applied to probe the students’ epistemological understandings in physics.
Analysis of Covariance (ANCOVA) was employed to examine the effect of the instruction relied on
the EM-7ELC on the students’ epistemological understandings when their pre-epistemological
understandings were controlled. The result indicated that there was a significant difference between
two groups’ post epistemological understandings in favor of the EM-7ELC group. In this study, a
statistically significant interaction between the mode of instruction and the students’ pre-
epistemological understandings was observed. Aptitude treatment interaction (AT]I) analysis was used
to figure out the nature of this interaction. The result of the analysis demonstrated that the traditional
instruction was more effective for promoting physics achievement for the students’ indicating very
low epistemological stance. However, the EM-7ELC was more effective for the other types of the
students.

Keywords: Physics Education, Personal Epistemology, Metacogniton, Scientific Inquiry, 7E Learning
Cycle, Force and Motion



Oz

EPISTEMOLOJIK VE UST-BILISSEL OLARAK iYiLESTIRiLMiS 7E OGRENME
DONGUSUNE DAYALI OGRETIiMIN ONUNCU SINIF OGRENCILERININ FiZiKTEKI
BASARISINA VE EPISTEMOLOJiK ANLAYISLARINA ETKIiSi

Yerdelen Damar, Sevda
Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi: Dog. Dr. Ali Eryilmaz
Ocak, 2013, 342 sayfa

Bu caligmanin amaci, epistemolojik ve iist-bilissel olarak iyilestirilmis 7E 6grenme dongiisiiniin
onuncu sinif 6grencilerinin fizik basarisina ve epistemolojik anlayislarina etkisini arastirmaktir.
Calismaya, Ankara’da bulunan iki Anadolu dgretmen lisesindeki 107 (49 Kiz, 58 Erkek) onuncu simif
Ogrencisi katilmigtir. Calismada yar1 deneysel dizayn kullanmilmistir. Her bir okuldan iki siif, kontrol
ve deney gruplarina rastgele atanmustir. Kontrol grubu geleneksel d6gretimle 6gretilirken, deney grubu
epistemolojik ve ist-biligsel olarak iyilestirilmis 7E 6grenme dongiisii ile dgretilmigtir. Caligma,
2009-2010 akademik yilinda yapilmistir. Kuvvet ve Hareket Basar1 Testi-l ve 11, 6grencilerin kuvvet
ve hareket tinitesindeki basarisini 6lgmek igin uygulanmistir. Fizik Beklentileri Anketi, dgrencilerin
epistemolojik anlayiglarm  degerlendirmek icin kulamilmustir. Ogrencilerin  dn-epistemolojik
anlayislarinin kontrol edildikten sonra, epistemolojik ve iist-biligsel olarak iyilestirilmis 7E 6grenme
dongiistiniin 6grencilerinin epistemolojik anlayislarina etkisini test etmek icin Kovaryans Analizi
(ANCOVA) kullamlmistir. Analiz sonucu, deney ve kontrol grubu Ogrencilerinin epistemolojik
anlayis puanlarinin ortalamasi arasinda deney grubu lehinde anlamli bir farkin oldugunu géstermistir.
Fizik basarilarini a¢iklamada, 6gretim yontemi ve 6grencilerin 6n-epistemolojik anlayislari arasinda
istatistiksel olarak anlamli bir etkilesim gozlenmistir. Bu etkilesimin nasil oldugunu anlamak igin
yetenek-6gretim yontemi etkilesim analizi yapilmigtir. Analiz sonucu, geleneksel yontemin gok diisiik
epistemolojik anlayis gosteren ¢ocuklarin fizik basarilarmni artirmada daha etkili oldugunu; diger
taraftan epistemolojik ve iist-bilissel olarak iyilestirilmis 7E dgrenme dongiisiiniin diger 6grenciler
icin daha yararli oldugunu gostermistir.

Anahtar Kelimeler: Fizik Egitimi, Kisisel Epistemoloji, Ust-Bilis, 7E Ogrenme Déngiisii, Bilimsel
Sorgulama, Kuvvet ve Hareket
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CHAPTER 1

INTRODUCTION

Recent educational documents in Turkey (Turkish physics curriculum development commission,
2007) and overseas (National Research Council, 1996) pointed out the importance of inquiry-based
learning for students. For example, according to National Science Education Standards,

Inquiry is central to science learning. When engaging in inquiry, students describe objects
and events, ask questions, construct explanations, test those explanations against current
scientific knowledge, and communicate their ideas to others. They identify their
assumptions, use critical and logical thinking, and consider alternative explanations. In this
way, students actively develop their understanding of science by combining scientific
knowledge with reasoning and thinking skills (p. 2).

Inquiry-based learning creates a learning environment where students define and investigate
problems, formulating hypotheses, designing experiments, gathering data, and driving conclusions
about problems. Inquiry-based learning has several advantages. Some of them are improving
intellectual power and intrinsic motivation, helping to learn how to investigate, enhancing memory
retention, leading student-centered instruction, contributing self-concept and allowing more time for
assimilation and accommodation of information (Trowbridge, Bybee, & Powell, 2004).

There are several kinds of inquiry-based learning methodologies used in science education. The
learning cycle is one of them (Abraham, 2003; Marek & Cavallo, 1997). Research studies found that
the learning cycle has been more effective than traditional instruction for enhancing students’
achievement and conceptual understandings in physics (A¢islt & Turgut, 2011; Agisli, Altun-Yalgin,
& Turgut, 2011; Ates, 2005a; 2005b; Ates & Polat, 2005; Barman, Barman, & Miller, 1996; Cherry,
2011; Cobern et al., 2010; Ergin, Kanli, & Unsal, 2008; Hussain, Azeem, & Shakoor, 2011; Kanli &
Yagbasan, 2008; Nuhoglu & Yal¢in 2006; Turgut & Gurbuz, 2011; Yilmaz & Huyugiizel Cavas,
2006; Zolman, 1990), in chemistry (Aggiil-Yal¢in & Bayrakceken, 2010; Akar, 2005; Bektas, 2011;
Ceylan & Geban, 2009; Ekici, 2007; Kilavuz, 2005; Koseoglu & Tiimay, 2010; Pabugcu, 2008;
Seving, 2008; Siribunnam & Tayraukham, 2009), and in biology (Atilboz, 2007; Balci, 2009; Balci,
Cakiroglu, & Tekkaya, 2006; Budprom, Suksringam, & Singsriwo, 2010; Cakiroglu, 2006; Dogru-
Atay & Tekkaya, 2008; Ebrahim, 2004; Ercan, 2009; Harurluoglu & Kaya, 2011; Kaynar, Tekkaya,
& Cakiroglu, 2009; Lord, 1999; Marek, Cruse, Cowan, & Cavallo, 1994; Musheno & Lawson, 1999;
Oren & Tezcan, 2008; Sadi & Cakiroglu, 2010; Saygin, 2009; Saygin, Atilboz, & Salman, 2006).

Moreover several studies indicated the positive effects of the learning cycle on retention of learning
(Harurluoglu & Kaya, 2011; Kiigiikyilmaz, 2003; Sriwattanarothai, Jittam, Ruenwongsa, & Panijpan,
2009; Turgut & Gurbuz, 2011), on students’ attitudes in physics, chemistry and biology (Agish &
Turgut, 2011; Balci, 2009; Billings, 2001; Brown, 2000; Ebrahim, 2004; Ergin et al., 2008; Farrell,
Moog, &. Spencer, 1999; Hokkanen, 2011; Kaynar, 2007; Lord,1999; Oren & Tezcan, 2009; Parker
& Gerber, 2000; Siribunnam & Tayraukham, 2009; Thien Huong, 1997; Yilmaz & Huyugiizel Cavas,
2006), on science process skills (Agishh & Turgut, 2011; Budprom et al., 2010; Campbell, 1977;
Cumo, 1991; Kanli & Yagbasan, 2008; Polyiem, Nuangchalerm, & Wongchantra, 2011; Seving,
2008), on thinking skills (Budprom et al., 2010; Mecit, 2006; Oren & Tezcan, 2008; Siribunnam &
Tayraukham, 2009; Temel, Dincol-Ozgur, & Yilmaz, 2012), on their science perceptions (Campbell,
2006; Koseoglu & Timay, 2010; Liu, Peng, Wu, & Lin, 2009; Sriwattanarothai et al., 2009), and
epistemological understandings (Bektas, 2011; Kaynar et al., 2009). However, when the outcomes of
instructions relied on the learning cycle are considered, few studies explored the influence of the
learning cycle on students’ epistemological understandings.

The learning cycle first was introduced by Karplus and Thier (1967). It consists of three phases,
namely, the exploration, invention, and discovery. The initial learning cycle was enhanced into five



phases and named as the 5E learning cycle (Bybee, 1997). Finally, the 5E learning cycle was
expanded into the 7E learning cycle by Eisenkraft (2003). This learning cycle differs from other
learning cycles with more emphasis on eliciting prior knowledge and transfer of knowledge. Both
abroad and in Turkey, most of the learning cycle studies explored the effectiveness of the 3E and 5E
learning cycle. On the other hand, the effectiveness of the 7E learning cycle has been examined in a
few studies. Thus, there is a need to study further the effect of the 7E learning cycle in science
education. According to the studies investigating the effect of the 7E learning cycle experimentally,
the 7E learning cycle promoted students’ achievement and conceptual understandings (Bulbul, 2010;
Kanli & Yagbasan, 2008; Polyiem et al., 2011; Siribunnam & Tayraukham, 2009), their attitudes
(Bulbul, 2010; Siribunnam & Tayraukham, 2009), their science process skills (Kanli & Yagbasan,
2008; Polyiem et al., 2011) and their thinking skills (Mecit, 2006; Siribunnam & Tayraukham, 2009).

On the other hand, even with the use of the best teaching method, the result might be unsatisfactory.
Additional variables related to students’ learning might influence effectiveness of learning activities.
For instance, research showed students’ epistemological understandings affect their responses to
learning activities (Hammer, 1994; Hogan, 1999; Rosenberg, Hammer, & Phelan, 2006; Sandoval,
2005; Tsai, 1998) in science and mathematics. Hogan (1999) investigated how middle school
students’ epistemological views were related with their approaches to constructing knowledge with
their friends. The researcher found the association between students’ personal frameworks for science
learning and their participation in collaborative knowledge-building tasks. Therefore, science
instruction should take into account students’ personal epistemologies as well. However, most of
physics curricula which have been proved to improve students’ conceptual understandings do not
influence their epistemological understandings in similar way (Elby, 2001; Redish, Saul, & Steinberg,
1998). Put in different terms, the implicit instructions focusing on students’ conceptual development
and assuming their epistemological understandings would improve in the same way are not so
effective compared to the instruction explicitly focusing on their epistemological development (Elby,
2001; Redish & Hammer, 2009; Sandoval & Morrison, 2003) in terms of promoting their
epistemological understandings. However, the limited number of studies inspected the effectiveness
of epistemological instructions in which students’ personal epistemologies were explicitly
emphasized in science and other domains. Furthermore, although the studies did not explicitly declare
the theoretical frameworks underlying their research, their approaches to instruction design provided
clues about what theoretical frameworks they supported. Most of these studies employed the idea that
students’ epistemologies are made of coherent, stable, and context-independent epistemological
beliefs the student either has or does not have (Hammer & Elby, 2002) to design their instructions.
Relying on this view, they implemented strategies similar to ones used in traditional conceptual
change approach to change students’ naive beliefs with more sophisticated beliefs. However, many
studies provided supporting evidences that students’ personal epistemologies are context-dependent
rather than coherent, context-independent stable beliefs (Leach, Millar, Ryder, & Sere, 2000; Lising
& Elby, 2005; Louca, Elby, Hammer, & Kagey, 2004; Rosenberg, Hammer, & Phelan, 2006; Roth &
Roychoudhury, 1994; Sandoval & Morrison, 2003; Songer & Linn, 1991). In other words, the results
of these studies supported the resources framework for personal epistemology. This personal
epistemology framework argues that students have a set of fine grained resources related to their
views about the nature of knowledge, knowing, and learning. The activation of these resources is
context-dependent. Therefore, epistemological instructions should aim to co-activate and stabilize
epistemological resources the individual already has rather than removal of old beliefs for
development of their epistemological understandings (Elby & Hammer, 2010). Furthermore, except
for the study of Elby (2001), all of the studies emphasizing explicit epistemological instruction
conducted their research for university students. Unlike Elby’s (2001) and Redish and Hammer’s
(2009) studies, other personal epistemology studies tested their instructions in educational psychology
or similar courses and aimed mainly to change students’ epistemological beliefs. Thus, more research
is needed for exploring the impact of explicitly epistemological instruction in science and in lower
grade levels. In addition, the researcher of the current study could not reach any study testing the
effectiveness of the explicit epistemological instruction focusing on students’ personal epistemologies
in Turkey.

Moreover, both scientific inquiry and epistemology researchers emphasize the importance of
metacogntion for students’ learning. Several researchers claimed the necessity of metacognitive skills
for scientific inquiry (Baker, 1991; Schraw, Crippen, & Hartley, 2006; White & Frederiksen, 1998,
2000). For instance, according to Schraw, Crippen, and Hartley (2006), scientific inquiry requires
metacognitive skills such as planning, monitoring, reflection, and self-evaluation of learning.



Furthermore, Baker (1991) suggested that using metacognition enables science educators to provide
better ways for their students to learn from text materials and to promote independence in learning
through lectures, discussion, laboratory work, and hands-on activities. White and Frederiksen (1998)
pointed out the importance of metacognitive reflection in inquiry processes. Furthermore, Weaver
(1998) summarizes the successful and unsuccessful teaching practices. The study indicated that
laboratory activities can improve conceptual change when discussion and reflection are integrated
into them. A number of studies in science provided evidence that metacognitive instruction had
positive impact on students’ conceptual understandings and achievement (Akgiil, 2010; Alemdar,
2009; Bianchi, 2007; Hoffmann, 2010; Koch, 2001; Michalsky, Mevarech, & Haibi, 2009;
Mittlefehldt & Grotzer, 2003; Peters & Kitsantas, 2010; Polat, 2010; Saribas, 2009; Sbhatu, 2006;
Tien, 1998; Viko, 2010; Yildiz, 2008; White & Frederiksen, 1998; Yuruk, Beeth, & Andersen, 2009),
on the retention of learning (Adey & Shayer, 1993; Akgiil, 2010; Alemdar, 2009; Bianchi, 2007;
Blank, 2000; Georghiades, 2004; Yuruk et al 2009), on the transfer of learning (Alemdar, 2009;
Georghiades, 2006; Lin & Lehman, 1999; Mittlefehldt & Grotzer, 2003; Sbhatu, 2006), students’
metacognition (Abd-El-Khalick & Akerson, 2009; Baird & White, 1984; Butterfield, 2012; Cakir,
2011; Hennessey, 1999; Larkin, 2006; Michalsky et al., 2009; Yildiz, 2008) attitudes towards science
and learning (Akgiil, 2010, Baird & White, 1984; Tien, 1998) and scientific inquiry skills
(Dejonckheere, de Keere, & Tallir, 2011; Lin & Lehman, 1999; Saribas, 2009; Tien, 1998; White &
Frederiksen, 1998). Studies exploring the usefulness of metacognitive inquiry-based instruction in
which scientific inquiry was incorporated with metacognitive activities (e.g., Saribas, 2009; Tien,
1998; White & Frederiksen, 1998) included very small portion of the metacognitive studies conducted
in science. In Turkey, compared to the number of studies employing the learning cycle, there were
few studies testing metacognitive instruction in science (Akgiil, 2010; Alemdar, 2009; Cakir, 2011;
Saribas, 2009; Kirbulut, 2012; Polat, 2010; Yildiz, 2008). Only three of them were metacognitive
inquiry studies whose participants included pre-service teachers or elementary students (Cakir, 2011;
Saribas, 2009, Yildiz, 2008).

In addition, there are few studies integrated metacognition into the learning cycle (Blank, 2000;
Appamaraka, Suksringarm, & Singseewo, 2009; Sornsakda, Suksringarm, & Singseewo, 2009;
Yildiz, 2008). However, all used the same integration following Blank’s study. Therefore,
investigating different integrations using different metacognitive strategies are needed.

Similarly, metacognition is a significant factor for personal epistemology researchers as well
(Bendixen & Rule, 2004; Bendixen & Feucht, 2010; Elby & Hammer, 2010; Rule & Bendixen,
2010). According to Bendixen and Rule (2004), metacognition is very crucial for the effectiveness
and durability of personal epistemology development. They proposed an integrated model framework
for explaining the development of personal epistemologies. Metacognition is one of main elements
for this model. Likewise, according to Elby and Hammer (2010), metacognitive monitoring is needed
for the co-activation and stabilization of epistemological resources. There is no study explicitly
addressing on the personal epistemology in the learning cycle instruction.

In conclusion, in the light of above discussion, the purpose of this study is to investigate the effect of
the epistemologically and metacognitively improved 7E learning cycle (EM-7ELC) on tenth grade
students’ physics achievement and epistemological understandings in physics.

1.1 The Main Problem

The main problem of this study is:

What is the effect of the EM-7ELC as compared to the traditional instruction (TI) on tenth grade
Anatolian teacher training high school (ATTHS) students’ physics achievement on force and motion
unit and epistemological understandings in physics in Ankara?

1.1.1 The Sub-Problems

The sub-problems of the study are as follows;

SP1: What are the effects of the EM-7ELC and the Tl on tenth grade ATTHS students’ physics
achievement on force and motion unit in Ankara?



SP2: What are the effects of the EM-7ELC and the TI on tenth grade ATTHS students’
epistemological understandings in physics in Ankara?

1.2 Hypotheses
The research problem is tested with the following null hypotheses.

Hol: There is no significant overall effect of the EM-7ELC and the T1 on the population means of the
collective dependent variables of tenth grade ATTHS students’ post-test scores of physics
achievement in force and motion unit and epistemological understandings in physics when the effect
of students’ pre-test scores of physics achievement in force and motion unit and epistemological
understandings in physics are controlled.

Hol.1: There is no significant effect of the EM-7ELC and the TI on the population means of tenth
grade ATTHS students’ post-test scores of physics achievement in force and motion unit when the
effect of students’ pre-test scores of physics achievement in force and motion unit and
epistemological understandings in physics are controlled.

Hyl.2: There is no significant effect of the EM-7ELC and the TI on the population means of tenth
grade ATTHS students’ post-test scores of epistemological understandings in physics when the effect
of students’ pre-test scores of physics achievement in force and motion unit and epistemological
understandings in physics are controlled.

1.3 Definition of Important Terms

The important terms used in the study can be defined as follows;
The 7E learning cycle is an inquiry based learning strategy that requires dividing instruction into
seven phases which are named as the elicit, engage, explore, explain, evaluate, elaborate, and extend

phases (Eisenkraft, 2003). The main distinction of the7E learning cycle from the 5E learning cycle is
putting more emphasis on eliciting students’ prior understandings and transfer of learning.

Metacognitive activities are the activities prompting students to engage in metacognitive thinking.

Epistemological activities are activities prompting students to thinking about the nature of
knowledge, knowing, and learning. In this study, epistemological activities were used for promoting
students’ understandings of nature of physics knowledge and learning in physics.

The instruction based on the epistemologically and metacognitively stimulated 7E learning cycle
(EM-7ELC) is an instruction in which metacognitive and epistemological activities were integrated
into seven phases of the 7E learning cycle.

Traditional physics instruction is an instruction in which students are mostly in the passive listener
role and teachers are in the knowledge transmitter role. First, teachers explain topics, then, solve a
few example questions and have students solve similar questions on the board.

Physics achievement in force and motion unit is a measurement of what students know about force
and motion unit according to pre-specified learning objectives. In this study, Force and Motion
Achievement Test-I and Il (see Appendix E4 and E5) were administered to measure students’
achievement in force and motion unit.

Epistemological understanding is individuals’ views of the nature of knowledge, knowing, and
learning (Hofer & Pintrich, 1997; Elby & Hammer, 2010). In the present study, the Turkish
Maryland Physics Expectation-11 survey given in Appendix A was used to probe students’
epistemological understandings in physics.




1.4 Significance of the Study

Based on discussion conducted at the beginning of this chapter, many studies indicate that the
instruction relied on the learning cycle has been effective for improving students’ achievement in
science. On the other hand, a great deal research also shows that students’ epistemological
understandings influence their approaches to learning activities. The research also demonstrates
explicitly epistemological instructions are more effective than implicit epistemological instructions.
Therefore, the instruction relied on the learning cycle should explicitly take into account students’
epistemological understandings. However, the researcher could not find any learning cycle study
explicitly focusing on students’ personal epistemologies.

Furthermore, scientific inquiry and personal epistemology researchers strongly suggest the explicit
integration of metacogniton into inquiry-based instructions or epistemological instructions. However,
this incorporation is rarely studied. Furthermore, there was no research investigating effectiveness of
an inquiry based teaching strategy which explicitly emphasizes both metacognition and the personal
epistemology. Therefore, this study will fill the gaps mentioned above by investigating the
effectiveness of the 7E learning cycle as an inquiry based teaching strategy in which both
metacognition and the personal epistemology are explicitly integrated.

Furthermore, most of epistemological studies exploring the effect of explicitly epistemological
instruction designed their instruction by viewing students’ personal epistemologies as context-free,
stable, and coherent and made research at undergraduate or graduate levels. However, this study
advocates that students’ epistemologies include various resources whose activations depend on
contexts. Therefore, instead of aiming to change old naive beliefs, the instruction aimed the activation
of the productive resources students already had. The current study makes contribution to personal
epistemology literature by exploring effectiveness of this type of epistemological instruction for high
school students.

In particular, in Turkey, this study is the first research in science in which students’ personal
epistemologies were explicitly considered in the instruction and in which the 7E learning cycle was
integrated with metacognitive instruction.

In conclusion, this study contributes to science education by providing evidences for the effectiveness
of the 7E learning cycle combined with metacognitive and epistemological activities with respect to
high school students’ achievement and epistemological understandings. Moreover, this study provides
a sample of instructional activities relied on the 7E learning cycle, metacognition, and the personal
epistemology all together for teachers, researchers, curriculum developers, and textbook writers.

The new Turkish high school physics curriculum recommends teachers use more student-centered
instruction. Teachers can apply the instructional materials of this study, entirely or partly in their
instruction for this purpose. They can also design their own instructional materials similar to those of
this study for other topics or other subject domains. Curriculum developers can benefit from results
and instructional materials of this study to revise or develop their curriculum to integrate scientific
inquiry with metacognition and the personal epistemology. Likewise, the textbook writers can adapt
the instructional materials of this study into their textbooks and write the teacher guide books using
the teacher guides developed in this study.






CHAPTER 2

LITERATURE REVIEW OF RELATED STUDIES

This chapter is comprised of the review of the related literature for this study. In the first section, the
discussion on the conceptualization of scientific inquiry is presented to show how the present study
approaches to scientific inquiry. The rest of this chapter is divided to three parts corresponding to the
reviews of studies focusing on the learning cycle, which is an inquiry-based teaching strategy, the
personal epistemology, and metacognition. The structures of these parts are similar. In each part, first,
the respective theoretical studies are summarized; then, the related experimental research studies are
reviewed. The experimental studies investigating the effect of the learning cycle and metacognition
are tabulated and discussed in terms of sample size, the length of the studies, grade levels of
participants, outcomes of studies, and effect sizes of studies. Some of these studies which are more
similar to the present study are discussed in detail and compared to the current study. In the last
section of this chapter, the summary of the literature review is presented.

2.1. Scientific Inquiry

The term of inquiry has an important position in most of recent educational reform documents, such
as National Science Education Standards, AAAS Benchmarks for Science Literacy and Turkish high
school physics curriculum. On the other hand, there is lack of agreement on what inquiry means for
science educators and researchers. Terms associated with scientific inquiry in the research studies
have wide spectrum. Abd-El-Khalick, et al (2004, pp. 411-412) provided a list for terms and phrases
used to characterize the role of inquiry in science education in their study emerged from an
international symposium about scientific inquiry. The list contains scientific processes, scientific
method, experimental approach, problem solving, conceiving problems, formulating hypotheses,
designing experiments, gathering and analyzing data, and drawing conclusions, deriving conceptual
understandings, examining the limitations of scientific explanations, methodological strategies,
knowledge as “temporary truths”, practical work, finding and exploring questions, independent
thinking, creative inventing abilities, and hands-on activities.

Grandy and Duschl (2007) suggested a general summary of the consensus on inquiry that obtained
through the papers, comments and discussions at another conference related to scientific inquiry.
Based on this conference, they suggested the practices of scientific inquiry including conceptual,
epistemic and social dimensions. They provided a current list of aspects of scientific inquiry to clarify
what inquiry includes. These involve posing questions, refining questions, evaluating questions,
designing experiments, refining experiments, interpreting experiments, making observations,
collecting data, representing data, analyzing data, relating data to hypotheses/models/theories,
formulating hypotheses, learning theories, learning models, refining theories, refining models,
comparing alternative theories/models with data, providing explanations, giving arguments
for/against models and theories, comparing alternative models, making predictions, recording data,
organizing data, discussing data, discussing theories/models, explaining theories/models writing about
data, writing about theories/models, reading about data, and reading about theories/models.

Hammer, Russ, Mikeska, and Sherr (2005) agreed with Grandy and Duschl’s (2007) suggestion that
scientific inquiry involves some form of dialogue among evidence, theory, and models. They provide
a working definition of inquiry built on some examples of scientific inquiry performed by students.

The examples Hammer et al (2005, p. 12) suggested were;

arguing from a sense of mechanism to explain a prediction,
arguing from a sense of mechanism to explain a result,
drawing connections to other observations,

asking for precision and clarity in their explanations,



e valuing replication, in emphasizing repeated results,
e drawing distinctions between two similar ideas,
e checking for consistency among lines of reasoning.

Based on these examples, they defined “inquiry in science is the pursuit of coherent, mechanistic
accounts of natural phenomena” (p. 13). Mechanistic is clarified as students’ sense of causes and
effects emerged from their experiences or inferences. Coherent is described as internally-consistent
and stable. In other words, different parts of the account are consistent each other, and the account is
consistent over time. In the present study, the definition of scientific inquiry provided by Hammer et
al (2005) was taken into account to design the inquiry activities. In the the next section, the learning
cycle in which inquiry is embodied is explained.

2.2. The Learning Cycle

The learning cycle is one of inquiry-based teaching methodologies used in science education
(Abraham, 2003; Marek & Cavallo, 1997). Learning cycle is useful model for instruction and
curriculum development (Cavallo & Laubach, 2001; Lawson, Abraham, & Renner, 1989; Musheno &
Lawson, 1999). It is a teaching approach in which the teacher can employ to diagnose students’
conception about scientific principles (Lawson et al., 1989). In addition, students experience a part of
science in the learning cycle (Colburn & Clough, 1997).

Lawson et al. (1989) proposed objectives for educational system; namely, to obtain set of meaningful
and useful concepts and conceptual systems, to acquire skills in using the thinking patterns necessary
for independent creative and critical thought and to gain confidence in their ability to apply their
knowledge to learn, to solve problems, and make carefully reasoned decisions. To succeed these
objectives, students should reveal their prior conceptions and test them in a learning environment
where ideas are openly created, discussed and tested. The learning cycle lets this to happen. Similarly,
Odom and Kelly (2001) claimed that main idea underlying the learning cycle is that it provides
opportunities for students to explore their belief systems which might result in argumentation,
prediction, hypothesis testing, self-regulation, and knowledge construction.

To the best of the researcher’s knowledge, there is only one meta-analysis study on the learning cycle
to date. This meta-analysis was conducted by Guzzetti, Snyder, Glass, and Gamas (1993) to show
effectiveness of the 3E learning cycle for eliminating misconceptions. They indicated that when the
lecture, teacher-led discussion, non-refutational text, and audiovisuals were incorporated in the
learning cycle, the average effect size resulted in about 1/4 standard deviation unit. Guzzetti et al.
(1993) also concluded that the inclusion of additional strategies produced larger effects. The inclusion
of a traditional laboratory into the learning cycle led to larger effects compared to the approach
without a laboratory. For instance, the differential effect become about 1.5 standard deviations when
the addition of instructional modeling, peer discussion, non-refutational text, Socratic teaching, the
laboratory into the learning cycle and this was contrasted to a learning cycle that contained peer
discussion, non-refutational text, and no laboratory. However, when the same comparison was
conducted without the laboratory component, the effect was only about 1/3 standard deviation.
Moreover, they concluded that a laboratory combined with other forms of traditional instructional
such as, lecture, demonstration, and non-refutational text was much less effective compared to the
learning cycle combined with the traditional instruction. As Guzzetti et al. pointed in this meta-
analysis study, the effect of the learning cycle was evaluated by conjunction with other included
strategies. Therefore, based on these comparisons, it is hard to argue that the observed differences
between groups are because of the learning cycle or the integrated strategies such as teacher-led
discussion, non-refutational text, and audiovisuals.

In the next section, the evolution of the learning cycle is shortly explained. Then, the research studies
on the learning cycle are discussed.

2.2.1 The History of the Learning Cycle

The learning cycle was first developed by Karplus and Thier (1967). This learning cycle consisted of
Exploration, Invention and Discovery phases. Later, the phases were referred to as Exploration, Term
introduction and Concept Application by Lawson (1988 as cited in Lawson et al., 1989). According to
Lawson et al. (1989), the exploration phase guides students to explore new materials and/or ideas,



which helps students to discover patterns of regularity and raise questions that students then attempt
to answer. In the term introduction phase, the teacher introduces terms to label the patterns and to
explain the newly invented concepts. The concept application prompts students to search the patterns
elsewhere and to apply the new concepts to additional examples. The three-phase learning cycle was
originated from Piaget’s model of mental functioning. The exploration phase of the learning cycle
leads learners to assimilate the science concepts. That is, to develop concept understanding, students
gather the related data via direct experiences and do so until they meet disequilibrium. The concept
introduction phase guides students in the interpretation of their data and experiences which results in
re-equilibrium and the accommodation of the science concept. The concept application phase supplies
opportunities for learners to relate the newly developed science concept to everyday examples and to
other concepts via a cognitive process called organization (Marek, Laubach, & Pedersen, 2003).

The 5E learning cycle developed from the three-phase learning cycle demands instruction to contain
five discrete elements: the engage, explore, explain, elaborate, and evaluate (Bybee, 1997). Finally,
the proposed 7E learning cycle expands the engage element into two components; the elicits and
engage. Similarly, it expands the two stages of the elaborate and evaluate into three components, the
elaborate, evaluate, and extend. According to Eisenkraft (2003), these changes do not imply adding
complexity, but rather to ensure instructors not to omit crucial elements for learning from their
lessons while under the incorrect assumption they are meeting the requirements of the learning cycle.

According to Settlage (2000), every learning cycle has the same inductive instructional sequence
irrespective of the different number of phases at the center. The learning cycle starts to engage
students in investigating the selected natural phenomena. When the students explore, the teacher
facilitate, guide them but not direct them as they work. After the exploration phase, the teacher directs
a discussion period in which students share their observations with their classmates. Through the
classroom discussion the teacher links student experiences to the target science concepts. After the
concept has been identified students participate in additional activities to apply their recently formed
conceptions to new situations.

The 7E learning cycle has seven phases which are called as the elicit, engage, explore, explain,
elaborate, evaluation and extend. Eisenkraft (2003) describes these phases as follows;

The elicit phase involves taking into account students’ prior knowledge and conceptions. The engage
phase includes triggering students’ attention, getting students to think about the subject matter, raising
questions in students’ minds. The explore phase of the learning cycle engages students in observing,
recording data, isolating variables, designing and planning experiments, creating graphs, interpreting
results, developing hypotheses, and organizing their findings. In this phase, teachers may formulate
questions, recommend approaches, give feedback, and evaluate understandings. In the explain phase,
students are presented to models, laws, and theories. In the elaborate phase of the learning cycle,
students apply their knowledge to new situations, which may involve raising new questions and
hypotheses to explore. The inclusion of the extend phase to the elaborate phase is aimed to clearly
remind teachers the importance of practicing the transfer of learning for students. Students need to
apply their knowledge into a new context and is not limited to simple elaboration. The evaluate phase
of the learning cycle involves both formative and summative evaluations of students’ understandings.
Formative evaluation should not be restricted to a specific phase of the learning cycle. Formative
evaluation should happen during all interactions with students.

2.2.2 Research Studies on the Learning Cycle

In this section, first, the general synthesis of research studies exploring the effectiveness of the
learning cycle in science is conducted. Then, the studies addressing on the 7E learning cycle are
discussed deeply.

In the current study, 96 research studies published between 1977 and 2012 in science and assessing
treatment effect of the learning cycle either between-groups or within-group were reviewed. The
selection procedure of the studies was explained in Section 3.6 further. The studies are categorized in
Table 2.1, 2.2, 2.3, and 2.4 in terms of the subject domain. Table 2.1 shows the summary of studies
carried out abroad and investigating the effect of the learning cycle in physics while Table 2.2
presents the summary of studies made inTurkey. Furthermore, the studies conducted in chemistry
domain are summarized in Table 2.3, and the studies investigating the effect of the learning cycle in
biology are recapped in Table 2.4. The numbers of studies for each subject domain were 40 for



physics, 15 for chemistry and 41 for biology. The abbreviations used for the tables are given at the
bottom of each table. The studies in physics were divided into two groups which were conducted
abroad and in Turkey. Separately, Table 2.5 contains 16 studies in which the learning cycle was
enriched with other teaching activities, such as computer simulations, concept maps, metacognitive
activities, and conceptual change texts. The tables include the reference of the study, the topic study
covered, which type of learning cycle was implemented in the study, the treatment the learning cycle
compared to, the participants, length and outcomes of the study. Moreover, the tables show effect
sizes (ES) for relative magnitude of the treatment effect on related dependent variables and ESs which
were calculated by the researcher of the present study. Specifically, the tables have eight columns
which are named as (1) study, (2) type of the learning cycle, (3)sample, (4)comparison to, (5) length,
(6)outcomes, (7)practical importance (ES), and (8)Calculated Cohen’s d. The study column indicates
the reference of the study and topic covered in the study. The type column shows type of learning
cycle, such as the 3E learning cycle and the 5E learning cycle, implemented in the study. The sample
column indicates the number of participants and grade level of the participants included in the study.
The compared to column demonstrates comparison treatments. The length column presents the
durations of the studies. The outcomes column shows the variables addressed in the learning cycle
studies. The practical importance indicates the values of effect sizes reported in the studies. Finally,
the calculated Cohen’s d column shows Cohen’s d values which were calculated by the researcher of
the current study for the studies not reporting any effect sizes or for the studies reporting effect sizes
using different indices instead of Cohen’s d. These columns are explained further at the followings.

According to Table 2.1, 2.2, 2.3, and 2.4, over 80 studies excluding the modified learning cycle
studies, 43 studies focused on the 5E learning cycle, 29 studies applied the 3E learning cycle , five
studies employed the 7E learning cycle and three studies implemented the 4E learning cycle. It can be
seen that compared to the 3E and 5E learning cycle, the effectiveness of the 7E learning cycle was
investigated in limited number of studies.

10
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Table 2.1 Summary of studies conducted abroad and investigating the effect of the learning cycle in physics

o
- @ M
& B 8 =& g
> 22 8 £ £ S £ ki
S 8 EBE 2 £ : 8 =5
& F 860 3 o) = 0T
1.Campbell (1977) 3E 55 TL 1S Similar physics achievement & formal reasoning, NR 0.38 for achievement
& Better attitude toward science, 0.85 for variable identification
Introductory UG Similar content learning related to laboratory, NED for attitude
Physics-1 Higher scores on variable identification, 0.11 for self-directedness
Less attrition rate NED for attrition
Similar self-directedness.
2.Zollman (1990) 3E NR TI  15We Similar attitudes toward courses NR NED
Introductory & Higher score in all topics
Physics UG Higher score on conceptual explanation and calculation ability
Lower score on recall
3. Gang (1995) 3E 35 NC. NR Good conceptual understanding (ISNM) NR
Archimedes’ principles & )
7 tl
4.Barman, et al (1996) 3E 34 TI 2 We  Better conceptual understanding NR 0.18
Sound &
Slh
5. Thien Huong (1997) 3E 120 W 2M Improvement in scientific knowledge & technological NR
Electromagnetism uG applications,
Positive attitude (ISNM)
6.Rutherford (1999 ) 3 77 TI NR Similar conceptual understanding NR NED
Newton’s laws of motion o  CAT
7.Parker & Gerber (2000) 3E 11 W  20H  Higher achievement & attitude towards science NR
Matter 5" &
6th
8.Billings (2001) 3E 28 W 5We Improvement in conceptual understanding, NR

States of matter gt Positive attitude & interest towards treatment, (ISNM)
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Table 2.1 (continued)

9.Campbell (2006) 5E 22 W 4We Improvement in conceptual understanding & science NR NED

Force & motion 5t perception. (ISNM)

10.Slone (2007) 3E 26 W 4We Improvement in conceptual understanding NR

Magnet & magnetic 6"

phenomena

11.Cobern et al. (2010) 3E 180 TI 2We  Higher conceptual understanding d =0.12. for light

Dynamic & Light 8th d = 0.11 for dynamic

12. Soomro, Qaisrani, 5B 40 TI NR Higher achievement NR 0.76

Rawat, & Mughal (2010) 10"

Simple machine

13.Cherry (2011) 5E 260 TI  6We Similar negative & positive attitude towards science, n2 = 0.12 for recognize 0.74 for recognize

Force and motion 5th Higher achievement on the recognize, recall understand & n2 = 0.34 for recall 1.44 for recall
apply levels of Bloom taxonomy n2 = 0.26 for understand 1.19 for understand

14.Hokkanen (2011) 5E 141 TI 7M Improvement in achievement NR NED

Genetics, earth’s structures, mw Modest improvement in student achievement & students’ self-

& space science, atoms, expressed interest and confidence in science,

force and motion Greater gains in student interest in science as a career (ISNM)

15. Hussain, etal. (2011) 3E 120 TI 3M Higher achievement, NR 5.73 for achievement

NR 10" Better application of the concepts of physics to real life
situations

“In the Calculated Cohen’s d column, Cohen’s ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle, 5E learning
cycle, 7E: 7E learning cycle, EL: laboratory based on the learning cycle, TI: Traditional Instruction, TL: Traditional laboratory (Verification laboratory), NC: No
comparison, CAT, Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-down structure, CCT:
Conceptual change text, W:Within, S: Semester, M: Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not made, NED: Not enough data to

calculate effect size.
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Table 2.2 Summary of studies conducted in Turkey and investigating the effect of the learning cycle in physics
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1 Kiigiiky1lmaz (2003) 3E 44 TI 6 We Similar conceptual understandings, NR 0.20 for conceptual understanding
Sound & Light 5th Higher retention 0.59 for retention
2.Ates ( 2005a) 3E 152 Tl  2.5We Higher conceptual understandings 0.90
Electric Circuit PST
3.Ates (2005b) 3E 120 Tl  2.5We Higher conceptual understandings NED
Electric circuit PST
4. Ates & Polat (2005) 3E 76 Tl 2,5We Higher conceptual understandings NR NED
Electric circuit PST
5.Gonen, Kocakaya, & Inan 7E 33 CAT 3 We Slightly less achievement in knowledge &  NR -1.04 for knowledge
(2006) oth comprehension levels of Bloom Taxonomy, -1.15 for comprehension
Electrostatics Similar achievement on application level, 0.31 for application

Similar attitude toward physics courses -2.09 for total achievement
0.19 for attitude
6.Nuhoglu & Yal¢in (2006) 3EL 69 TL NR Similar attitude towards science, NR NED
Electricity & Magnetism PST Higher achievement
7.Yilmaz & Huyugiizel Cavas 4E 79 Tl NR Higher conceptual understanding & NR 1.75 for achievement.
(2006) 6th W attitude towards science and technology
Electricity
8.Kanli & Yagbasan (2008) 7TEL 81 TL 8We Higher conceptual understandings science  n2 =0.17 for conceptual 0.91 for conceptual understandings
Force & motion PST process skills understandings 1.34 for science process skills
12 =0.31 for science process
skills

9.Ergin et al. (2008) 5E 84 Tl NR Higher Achievement and attitude NR 2.17 for achievement
Inclined Projectile Motion ot 0.52 for attitude
10. Keskin (2008) 5E 36 Tl 5We Similar achievement & attitude towards NR -0.19 for achievement
Simple Pendulum 1w physics 0.17 for attitude

Improvement in achievement no
improvement on attitude
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Table 2.2 (continued)

11.Tiirker (2009) S5E 100 W 4 We Higher conceptual understanding, NR

Force & motion 6" Unsatisfactory meaningful learning

12. Dikici, Tiirker, & 5E 100 W 4 We Improvement in conceptual understanding, NR

Ozdemir (2010) 6" Not complete meaningful learning

Force & motion

13. Agish & Turgut SEL 82 TL 7 We Higher achievement, NR 2.32 for achievement

(2011) PST Slightly higher physics laboratory attitude, 1.64 for process skills

Electrics Higher scientific process skills 0.89 for attitude

14. Agisli et al. (2011) 5E 60 TL 7We Higher achievement NR 1.31

Force & motion PST

15. Turgut & Gurbuz 5 37 Tl 3We Higher conceptual understanding & retention, NR 1.58 for conceptual understanding
(2011) g Similar attitude towards science & technology 0.07 for attitude

Heat & temperature

16. Pesman (2012) 5E 194 Tl  4We Similar quantitative achievement conceptual NR -0.10 for quantitative achievement
Impluse & momentum 11t understandings & attitude -0.18 for conceptual understandings

-0.11 for attitude

“In the Calculated Cohen’s d column, Cohen’s ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle,
5E learning cycle, 7E: 7E learning cycle, EL: laboratory based on the learning cycle, TI: Traditional Instruction, TL: Traditional laboratory (Verification
laboratory), NC: No comparison, CAT, Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-
down structure, CCT: Conceptual change text, W:Within, S: Semester, M: Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not
made, NED: Not enough data to calculate effect size.
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Table 2.3 Summary of studies investigating the effect of the learning cycle in chemistry

8
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1. Wulfsberg (1983) 3EL 40 w 1S  Higher achievement, NR
Inorganic Chemistry UG Satisfactory improvement

(ISNM)
2.Goh & Chia (1989) 3E 122 NC NR  Satisfactory understanding (ISNM)  NR
Periodicity ot
3.Farrell et al.(1999) 3E 438 w 1S  Similar achievement NR NED
General Chemistry UG TI Positive attitude

(ISNM)
4.Cavallo et al (2003) 3E 60 w NR  Improvement in conceptual NR
Chemical reaction oth understandings
5.Akar (2005) 5E 56 TI 4W  Higher conceptual understandings, NR NED
Acid-base 10" Similar attitudes toward chemistry
6.Kilavuz ( 2005) 5E 60 Tl 4W  Higher conceptual understandings, NR NED for conceptual understandings
Acid-base 10t Similar attitudes toward chemistry 0.06 for attitude
7.Ekici (2007) 5E 49 TI 6 W  Higher conceptual understandings, NED
Redox reactions & 11t Similar attitudes toward chemistry
Electrochemistry
8.Pabuccu (2008) 5E 130 TI 7W  Higher conceptual understandings, NR 1.57 for conceptual understandings
Acid-base 11" Similar attitudes toward chemistry 0.20 for attitude
9.Seving (2008) 5EL 30 TI 5W  Higher conceptual understandings & NR 0.91 for conceptual understandings
Organic chemistry laboratory PST W science process skills, 0.83 for attitude

Higher attitude toward chemistry 1.08 for science process skills

laboratory

No improvement in attitude toward

chemistry laboratory
10.Ceylan & Geban (2009) 5E 119 TI 6 W  Higher conceptual understandings NR NED
State of matter and solubility 10t




Table 2.3 (continued)

11.Siribunnam & TE 154 KWL 18 H Higher analytical thinking, science NR NED
Tayraukham (2009) 11t TI achievement &
Acid-base attitudes toward chemistry than the TI

students,

Higher science achievement than the
students who learned with KWL
learning method

97

12.Aggiil-Yal¢in & 5E 43 TI 4W  Higher achievement NR 1.31

Bayrakgeken (2010) PST

Acids-bases

13.K6seoglu & Tiimay 40 TL 16 H Higher conceptual understandings, NR 1.62 for achievement

(2010) 3EL UG Similar attitudes toward science, 0.05 for attitude

General chemistry laboratory chemistry and laboratory & science 0.23 for perception
perception

14.Bektas (2011) 5E 113 TI 5W  Higher conceptual & n2 =0.14 for conceptual 0.81 for conceptual understandings

The particulate nature of 10t epistemological understandings understandings 0.59 for epistemological

matter n2 =0.08 for epistemological understandings

understandings.
15.Temel et al. (2012) 5E 30 W 5W  Improvement in conceptual NR
Oxidation reduction PST understandings & lower and higher

order thinking skills

“In the Calculated Cohen’s d column, Cohen’s ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle,
5E learning cycle, 7E: 7E learning cycle, EL: laboratory based on the learning cycle, TI: Traditional Instruction, TL: Traditional laboratory (Verification
laboratory), NC: No comparison, CAT, Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-
down structure, CCT: Conceptual change text, W:Within, S: Semester, M: Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not
made, NED: Not enough data to calculate effect size.
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Table 2.4 Summary of studies investigating the effect of the learning cycle in biology
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1.Cumo (1991) 3E 153 TI  NR Similar cognitive development, content NR 0.45 for cognitive development
Osmosis 7" achievement, retention, & attitude toward 0.30 for content achievement

science, 0.16 for retention

Higher science process skills 0.41 for attitude

0.87 for science process skills
2.Marek et al. (1994) 3E 35 Tl NR Higher Conceptual Understanding (ISNM) ~ NR NED
Diffusion 9"
3.Lord (1999) BE 181 TI 1S Higher conceptual understandings, NR 0.75 for natural system
Natural system, uG More positive attitude toward approach 0.82 for population
Population (ISNM) 0.86 for resources
Resources NED for attitude
4.Musheno & Lawson (1999) 3EP 123 TP NR Higher concept comprehension for all NR 0.88 for empirical-inductive students
Symbiosis, mutualism, oth reasoning levels, 0.74 for transitional students
commensalism parasitism & " Similar retention 0.59 for hypothetical-deductive students
10

5.Brown, (2000) 5E PST W 1S Improvement about social implications of NR
Environment & science and attitudes to scientific inquiry
Resources No improvement in perception of normality of

scientists, adoption of science attitudes,

enjoyment of science lessons, leisure interests

in science, & career interest in science.
6.Ewers (2001) 3E 57 Tl 16  Similar science process skills, personal n’ = 0.02 for process skills, 0.29 for process skills,
Science teaching method PST W science teaching self-efficacy n? = 0.04 for self-efficacy 0.42 for self-efficacy
course
7.Cavallo, Miller, & 3E 45 NC 2W Satisfactory motivational & affective NR
Saunders (2002) PST dispositions (ISNM)
Science teaching method
8.Ebrahim (2004) 4E 111 TI 1M Higher achievement & 1° = 0.27 for achievement 1.22 for achievement.

Man and plants 4t attitude toward science n %= 0.11 for attitude. 0.70 for attitude
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Table 2.4 (continued)

9.Tweedy (2005) 3EL 229 TL 4 W Similar conceptual understandings NR NED

Osmosis & diffusion uG

10.Balci (2005) BE 101 CCT 4H Similar attitudes towards science NR NED

Photosynthesis & respiration g TI

in plants

11.Garcia( 2005) BE 160 TI 4W Similar conceptual understandings & NR 0.06 for attitude

Evolution 7" attitude toward science

12.Balci, et al., (2006) 5E 101 CCT 4H Higher conceptual understandings than those NR NED

Photosynthesis & respiration gth TI of Tl group,

in plants Similar conceptual understandings with those
of CCT groups

13.Mecit (2006) TE 46 Tl  4W Greater critical thinking skills n?=0.46 1.84

Water cycle 5t

14.Atilboz (2007) 5E 33 TI 4 W Higher conceptual understandings, NR 0.88 for conceptual understandings

Diffusion & osmosis PST Similar attitude towards biology & -0.11 for self-efficacy
Similar biology teaching self-efficacy 0.30 for outcome expectation.

-0.40 for attitude

15.Kaynar (2007) 5E 153 Tl 3W Better attitude toward science n?=0.12 0.74

Cell concepts 6th

16.Dogru-Atay & Tekkaya 5E 213 Tl 16 H Higher conceptual understandings n?=0.24 1.12

(2008) 8th

Genetics

17.0ren & Tezcan (2008) 5E 56 Tl 21 H Higher achievement and logical thinking =023 1.09 for achievement

Environment 7 ability n®=0.46 1.85 for logical thinking

18.Balci (2009) 5EL. 29 TL 8 W Higher achievement, NR NED

Vertebrate PST W Positive attitude toward approach-(ISNM)

19.Cakiroglu (2006) 5E 67 Tl 4H Higher conceptual understandings n?=0.10 0.67

Photosynthesis & respiration gt

20.Ercan (2009) 5E 50 Tl 4 W Higher achievement, NR 1.11

The material cycle 0" w Improvement in achievement
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Table 2.4 (continued)

21.Kaynar et al. (2009) BE 153 Tl  3W Higher conceptual understandings & n = 0.12 for conceptual 0.74 for conceptual understandings
Cell concepts 6" scientific epistemological beliefs understandings 1.47 for epistemological beliefs
n? = 0.35 epistemological
beliefs

22. Liu, et al. (2009) 5E 46 W 14 W Improvement in knowledge and NR
Aquatic plants 4t understanding tests,

Positive perception about learning

environment-(ISNM).
23.0ren & Tezcan (2009) 5E 56 Tl 21 H Higher attitude towards science n?=0.37 1.53
Environment 7
24.Sikes & Schwartz-Bloom 5 47 W  3W Improvement understandings about basic NR
(2009) 10" biology and chemistry concepts.
Disease & Medicine 12t No improvement in self-efficacy
25.Saygim ( 2009) 3E 105 TI  4W Higher conceptual understandings NR NED
Nucleic Acids & Protein 11"
Synthesis
26.Sriwattanarothai et 3E 152 W 6 H. Better conceptual understanding & NR
al.(2009) UG retention for both units,
Seaweeds’ Enzyme & Better perception about intervention as
Fighting Fish constructivist learning environment
27.Budprom, Suksringam, & 5E 80 Tl 1M Higher achievement, science process & NR NED
Singsriwo (2010) 9th critical thinking skills
Environment
28.Sadi & Cakiroglu (2010) 5E 60 Tl NR Higher achievement NR 1.87
Human Circulatory System 11t
29.Saygin et al. (2006) 5E 47 Tl 8 W Higher achievement NR 1.21
Cell ot
30.Harurluoglu & Kaya 4E 38 Tl 4 W Higher conceptual understanding & NR 1.97 for conceptual understandings
(2011) PST retention 1.45 for retention
Seed-Fruit-Flower
31.Keles (2011) BE 124 W NR Decrease in ecological footprint NR
Ecological footprint 4t gth
32. Munmai et al.(2011) 5E 24 W  8H Improvement in conceptual understandings  NR
Color of pigments PST
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Table 2.4 (continued)

33.Polyiem et al. (2011)
Heredity

7TE 33 W 18 H Improvement in achievement, science process

gth

skills & moral reasoning

34.Hagerman ( 2012)
Cellular structure, genetics,
& evolution

5E 42 W 8M

10th _
12th

Improvement in content comprehension- NR

(ISNM)

“In the Calculated Cohen’s d column, Cohen’s ds were calculated for between-group comparisons but not for within-group comparisons.3E: 3E learning cycle,
5E learning cycle, 7E: 7E learning cycle, EL: laboratory based on the learning cycle, TI: Traditional Instruction, TL: Traditional laboratory (Verification
laboratory), NC: No comparison, CAT, Computer assisted teaching, UG: Undergraduate, PST: Pre-service teacher, TP: traditional passage is written with a top-
down structure, CCT: Conceptual change text, W:Within, S: Semester, M: Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not

made, NED: Not enough data to calculate effect size.

Table 2.5 Summary of studies investigating the effect of the modified learning cycle which was enriched with other teaching activities
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1.Wells (1987) 3E-Modelling 72 Tl 6 Higher conceptual understanding from those of NR. 1.38 for the 3E- Tl comparison.
Mechanics HSH 3E M  both groups.
Better problem solving
2.Lavoie (1999) 3E enriched prediction- 250 3E 3 Higher conceptual understandings NR 0.62 for conceptual understandings
Genetics & inheritance  discussion phase 0" w Higher logical thinking skills 0.48 for higher logical thinking
Similar science process skills. 0.42 for science process skills
Improvement in conceptual understanding and
process skills
Improvement in logical thinking skills
3.Blank (2000) Metacognitive-4E 46 Non- 3 Similar conceptual understandings, 0.18 for conceptual understandings
7" metacognitive M Higher retention

Ecology

3E

0.62 for retention
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Table 2.5 (continued)

4.0dom & Kelly (2001) 3E with concept mapping 108 3E NR  Similar conceptual understandings with those NR NED
Diffusion and osmosis 0" & in the learning cycle
& Expository Higher retention than that gained at the
11" instruction expository treatment
Similar retention with those at concept map and
learning cycle group
5.Yildiz (2008) Metacognitive 5E 52 TI 15H Higher conceptual understandings, knowledge NR 0.91 for conceptual understandings
Force & motion 7" w of cognition, & deep learning approaches, 0.68 for knowledge of cognition
Similar regulation of cognition, 0.53 for regulation of cognition
Slightly less surface learning approaches, 0.65 for deep learning approaches
Improvement in conceptual understandings, 0.30 for surface level approaches
metacognition & learning approaches.
6.Appamaraka, et al., Metacognitive 5E 82 TI 18 H Higher achievement, integrated science process NR NED
(2009) oth & critical thinking skills
Environment
7.Sornsakda, et al. (2009) Metacognitive7E 93 TI 10 H Higher achievement, integrated science process NR NED
Life & environment 11" Within and critical thinking skills
Improvement in all constructs.
8.Cepni, Sahin & Ipek, 5E 48 5E 4 H Higher Conceptual Understandings and NR NED
(2010) enriched with gt Retention
Floating & sinking POE, Worksheets, CCT,
Concept cartoons, &
Animation
9.Biilbiil (2010) 7E with Computer 66 TI 4 W  Higher conceptual understandings, NR 1.80 for conceptual understandings
Diffusion &0Osmosis animations oth achievement & 1.79 for achievement
attitude toward biology 1.57 for attitude
10.Yilmaz, Tekkaya &  Prediction/ 81 TI 10 H Improvement on posttest and delayed test NED
Sungur (2010) Discussion-Based 3E g CCT Greater conceptual understandings & retention
Genetics w than those in Tl
11.Hirga, Calik, & Seven 5E combined with 42 TI NR  Higher conceptual understanding, 1.06 for conceptual understandings
(2011) Computer animations, 10" Better attitude 0.96 for attitude

Work, power & energy

CCT & Worksheets




Table 2.5 (continued)

12.Cepni & Sahin (2012) 5E enriched with 48 5E 6H Higher conceptual understandings NR NED
Buoyancy Force POE, Worksheets, CCT, gh & Retention
Concept cartoons &
Animation
13.Demir & Maskan, Web Supported 3E 52 TI NR Slightly higher achievement on knowledge NR 0.68 for knowledge
(2011) 11" level of Bloom Taxonomy. 0.28 for understandings
The Motion on the Earth Similar achievement on understanding level. -0.62 for application
Less achievement on metacognitive and -1.11 for metacognitive
application levels
14.Demir & Maskan Web Supported 3E 52 TI 36 No improvement in physics self-efficacy NR 0.23
(2012) 1w H beliefs
The Motion on the Earth Similar physics self-efficacy beliefs
15.Sahin, Akbulut & 5E enriched with 48 5E 2 H Higher conceptual understandings & NR NED
Cepni (2012) Animations, Analogy & 8" Retention
Solid Pressure Worksheets
16.Sahin, & Cepni 5E enriched with 48 5E 80 Higher conceptual understandings & NR NED
(2012) POE, Worksheets, CCT, 8" H Retention

Gas Pressure

Concept cartoons &
Animation

44

“In the Calculated Cohen’s d column, Cohen’s ds were calculated for between-group comparisons but not for within-group comparisons. 3E: 3E learning cycle,
4E:4E Learning cycle 5E learning cycle, 7E: 7E learning cycle, EL: laboratory based on the learning cycle, TI: Traditional Instruction, TL: Traditional
laboratory (Verification laboratory), NC: No comparison, HSH: High school honors. UG: Undergraduate, PST: Pre-service teacher, POE: Predict-Observe-
Explain, CCT: Conceptual change text, W: Within, S: Semester, M: Month, H: Hour, We: Week, NR: Not reported, ISNM: Inferential Statistics not made,
NED: Not enough data to calculate effect size.



Sample. The sample sizes of 96 studies can be categorized as in Table 2.6. The table also shows the
percentages of studies falling to respective sample size ranges. Two studies did not report the sample
size. For experimental studies, Fraenkel, Wallen, and Hyu (2012) recommended that the minimum
sample size be at least 30 participants per group. They also argued that “sometimes experimental
studies with only 15 individuals in each group can be defended if they are very tightly controlled”
(Fraenkel, Wallen, & Hyu, 2012, p. 103). According to the Table 2.6, seven percent of studies
included less than 30 students and 38.5 of studies contained less than 60 students, although they were
not firmly controlled. This limits generalizability of the results to the population.

Table 2.6 Sample size ranges, the percentages of studies falling to the related sample size ranges.

Sample size Percentage
0-29 73
30-59 38,5
60-89 16,7
90-120 13,5
120+ 21,9

Grade levels of participants included in 96 studies and the percentages of studies assigned to each
grade level are presented in Table 2.7. One study did not mention which grade level was considered.
According to the table, the percentages of studies assigned to each grade levels are close to one
another.

Table 2.7 Grade levels and the percentages of studies assigned to each grade level.

Grade level Percentages
Elementary (Kindergarten- Grade 8) 35.4
High school (Grade 9-12) 375
Undergraduate 26.0

Length. The lengths of the studies range from one hour to one semester. Although there is no clear
threshold for treatment time, to observe valid change in achievement, the length of the treatment
period should be at least three weeks. For affective variables, the time period should be much longer.
The testing threat might be possible if the length of time between pre-tests and post-tests was less
than three weeks. Similarly, novelty might be potential threat for observed outcomes for short term
studies.

Outcomes. The outcomes of studies in which means of groups were compared were evaluated using
inferential statistic results in Table 2.1-2.5. “Higher”, “less” and “similar” words were utilized as
indicator for relative magnitude of the treatment. Indeed, using effect size (ES) is more appropriate
for this type of categorization; however, some studies did not provide enough statistics to calculate
the ES. Furthermore, some studies assessed students’ progress across treatment within group. The
outcomes of these studies were categorized using “improvement” word. The outcomes were
addressed in the learning cycle studies are given as follows.

Conceptual understandings and achievement
Attitude, interest, self-efficacy

Nature of science, science perception
Cogpnitive development

Learning style

Attrition
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Transfer of learning
Retention of learning
Science processes skills
Problem solving
Thinking skills
Epistemological beliefs
Motivation
Metacognition

Practical Importance. Effect size (ES) is a statistics used for assessing the strength of relation between
the independent variable and dependent variable; the magnitude of proportion of the variance of the
dependent variable explained by variance of the independent variable or used for assessing magnitude
of the treatment; the differences between standardized means of groups (Tabachnick & Fidell 2007).
Most of studies reviewed in the current study did not report ESs for dependent variables on which the
effects of the learning cycle were investigated. Therefore, the researcher calculated ESs for related
dependent variables using the respective statistics, mostly group means and standard deviations on
post-test scores. In this study, Cohen’s d (Cohen, 1988) was employed to estimate the standardized
magnitude of mean differences between groups. The software developed by Wilson (2012) was used
to calculate ESs. Some studies reported ESs as “eta squared (n?)” which is proportion of the variance
in the dependent variable explained by variance of the independent variable. These effect size values
were converted to Cohen’s d by using software developed by DeCoster (2012) to include them in
calculation of overall average ES for achievement. Some of studies did not report enough statistics for
calculating ES. These studies were not included in average ES calculation for achievement. The ESs
of 35 studies comparing the effectiveness of the learning cycle to the effectiveness of the traditional
instruction were used to estimate average ES for achievement. Average ES was calculated as 1.15
which is a large effect size according to Cohen (1988) guidelines (small= 0.20; medium= 0.5; large
=0.80). Table 2.8 indicates the number of studies, mean, standard deviation of ESs and minimum and
maximum ES in chemistry, physics, and biology and in total when the learning cycle was compared
to the traditional instruction. The ESs range from -0.19 to 5.13.

Table 2.8 Descriptive statistics of ESs of studies comparing the learning cycle to the traditional
instruction in chemistry, physics, and biology and in total

Area N Mean SD Min Max
Chemistry 5 1.24 0.37 0.80 1.62
Biology 14 1.10 0.46 0.30 1.97
Physics 16 1.16 1.32 -0.19 5.13
Total 35 1.15 0.93 -0.19 5.13

Table 2.9 shows the mean, standard deviation and maximum and minimum values of ES studies
comparing the learning cycle to the traditional instruction on physics achievement in Turkey and
abroad. Both average ESs can be considered as large.

Table 2.9 Descriptive statistics of ESs of studies comparing the learning cycle to the traditional
instruction on physics achievement in Turkey and abroad.

Country N Mean SD Min Max
Abroad 6 1.28 1.92 0.12 5.13
Turkey 10 1.08 0.91 -0.19 2.32
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2.2.2.1 Research Studies on the 7E Learning cycle model.

Mecit (2006) investigated the effect of the 7E learning cycle as an inquiry-based learning strategy on
the improvement of fifth grade students’ critical thinking skills when their gender, family income and
prior critical thinking skills were controlled. Forty six fifth grade students from two different classes
in a private primary school in Sakarya were involved in the study. The intact classes were randomly
assigned into the experimental and control group. In the experimental group, the instruction relied on
the 7E learning cycle was utilized while in the control group, traditional instruction was employed.
The same science teacher taught both groups. The study was made for water cycle unit and took four
weeks during 2005-2006 spring semester. A reasoning test was administered to probe students’
critical thinking skills before and after the treatment. Analysis of covariance (ANCOVA) was made
for the purpose of the study. The analysis results indicated that the mean of post-test scores of
students in 7E learning cycle group was significantly higher than that of students in traditional
method group on critical thinking skills test when their gender, family income and prior critical
thinking skills were controlled, [F(1, 41) = 35.03, p = 0.00, n> = 0.46]. This result indicated that the
treatment had both statistical significance and practical importance. This study provided evidence that
the instruction based on the 7E learning cycle is more effective for improving students’ critical
thinking skills. On the other hand, the study had some limitations. The first one is that sample size
was not adequate for being able to do experimental study, which was a problem for generalizability of
the result of the study to the population. Although the researcher controlled the effects of some
confounding variables, students’ prior achievement which might have been a significant covariate was
not controlled. Furthermore, the researcher could have investigated the effect of 7E learning cycle on
students’ achievement in water cycle unit.

Kanli and Yagbasan (2008) conducted a study to compare the effect of a verification laboratory
approach with the effect of a laboratory approach based on the 7E learning cycle on improvement of
university students’ science process skills and conceptual understandings in the general physics
laboratory course. The experimental group included 43 night class students while control group was
38 day class students. The study took almost one semester. In the experimental class, the general
physics laboratory course was taught based on the 7E learning cycle whereas the control class was
instructed being used the verification laboratory approach. A conceptual test aiming probe students’
understandings in force and motion and a science process skill test were administered both as pre-
tests and post-tests. The researchers employed the ANCOVA for testing the hypotheses of the study.
The result of the study indicated that there was a significant difference between the effects of the
traditional laboratory approach and the 7E learning cycle based laboratory approach on development
of science process skills and conceptual achievement. Students in laboratory approach based on the
7E learning cycle gained more success in development of science process skills than those in
verification laboratory approach when their university entrance examination scores and prior science
processes skill scores were controlled [F(1,77) = 34.35, p < 0.05]. The large ES was obtained for this
comparison (n* =0.31). In addition, students in the laboratory approach based on the 7E learning cycle
had higher conceptual understandings of force and motion than those in the verification laboratory
approach when their university entrance examination scores and pre- conceptual understandingsof
force and motion were controlled [F(1, 77) = 15.270, p < 0.05]. The large ES was found for this
comparison (n? = 0. 17). Considering these results, it can be said the laboratory based on the 7E
learning cycle was more effective than the verification laboratory with respect to promoting students’
science process skills and conceptual understandings. On the other hand, the researchers did not
provide enough information on who implemented the treatment, how they trained the implementers
and what they did for treatment verification. Furthermore, instead of running two distinct ANCOVA,
they could have run the MANCOVA for control the probability of making type one error.

Gonen et al. (2006) compared the effectiveness of the 7E learning cycle to the Computer Assisted
instruction in terms of promoting students’ attitudes and achievement in physics. The study conducted
in electrostatic topic over 3 weeks. Sample of the study included 33 ninth grade students at a private
high school in Diyarbakir. Two classes were randomly assigned to the experimental and control
conditions. The experimental group was instructed using the computer assisted instruction in which
electrostatics were given employing java scripts and animations and presentation programs whereas
the control group was instructed by the 7E learning cycle. The same teacher taught both groups. The
achievement test and attitude survey were applied to collect data. The achievement test scores were
divided into sub-parts corresponding to the level of Bloom Taxonomy. Independent t-test was used to
test hypotheses. The results indicated there were significant group differences in knowledge
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(Calculated Cohen’s d = 1.04) and comprehension levels (Calculated Cohen’s d = 1.15) and total
achievement scores (Calculated Cohen’s d =2.09) in favor of the computer-assisted instruction. There
was no group differences in application level (Calculated Cohen’s d = 0.31) and attitude towards
physics (Calculated = 0.19). Based on these results, it can be concluded that the computer assisted
instruction was more effective than the 7E learning cycle for improving students’ achievement.
However, the study had some deficiencies. That there was no information about treatment verification
for both instruction limited results of the study. Another limitation is that sample size was too small
for experimental study. Moreover, the researchers could have used the MANOVA for all dependent
variables instead of using five different independent t-tests to decrease the probability of making type
one error.

Siribunnam and Tayraukham (2009) compared the effectiveness of the 7E learning cycle, the KWL
learning method, and the traditional instruction for promoting students’ analytical thinking skills,
science achievement and attitudes toward chemistry. The participants of the study were 154 eleventh
grade students in Thailand. The study was made in acid- base topic over 18 hours in 2008. Three
different groups were formed using cluster random sampling technique for the purpose of the study.
In the first group, the 7E learning cycle was implemented while in the second group, the KWL
method was applied to teach the topic. The control group was instructed using the traditional
instruction. An analytical thinking, achievement, and attitude test were applied at the end of study as
post-tests. The MANOVA was conducted to analyze the data. The main and post-hoc analyses
indicated significant group differences among the groups. The 7E learning cycle group students
outperformed the traditional group students in terms of analytical thinking, science achievement, and
attitudes toward chemistry. Furthermore the 7E learning cycle group students had significantly higher
achievement than those of the students in KWL group. The researchers did not give the value of ES
and enough statistics for being able to calculate. The study had some limitations as well. One
limitation of the study is that the researcher did not mention whether students’ pre-test scores on all
instruments were considered. Moreover, there was no information about teacher characteristics
applied the treatments and about treatment verification.

Bulbul (2010) investigated the impact of the instruction based on the 7E learning cycle accompanied
with computer animations compared to the effect of traditionally designed biology instruction on
ninth grade students’ understandings and achievement related to diffusion and osmosis concepts and
their attitudes toward biology as a school subject. Sample of the study included 66 ninth grade
students from four intact classes of a biology course in a private high school in Istanbul. The study
was carried out for four weeks during spring semester of 2008-2009 academic year. Quasi
experimental design was employed. Both the experimental group and control group had two classes
taught by the same biology teacher. The classes were randomly assigned into the experiment and
control groups. In the control group, traditional biology instruction (TDBI) was utilized while in the
experimental group, the 7E learning cycle based instruction accompanied with computer animations
(7ELCBI) was employed. A conceptual test and an achievement test were applied to assess students’
conceptual understandings and achievement of diffusion and osmosis concepts, respectively. A
science process skill test and an attitude toward biology test were applied to probe students’ science
processes skills and attitude toward biology, respectively. All instruments were applied as pre and
post tests before and after treatment, respectively. The ANCOVA was made to compare two groups’
conceptual understandings when science process skill was controlled. The result of this analysis
showed students instructed with the 7ELCBI got significantly higher score than students instructed
with the TDBI on the conceptual test when their science process skills were controlled as a covariate
[(F (1, 61) = 26.086, p< 0.05)]. The second ANCOVA results indicated that the students instructed
with the 7ELCBI demonstrated significantly higher scores on the achievement test than those
instructed with TDBI when students’ science process skill were controlled [ (F(1, 61) = 10.043, p
<0.05)]. Moreover, Analysis of Variance (ANOVO) results indicated that students in the experimental
group had significantly higher attitudes toward biology as a school subject compared to those of in the
control group (F(1, 62) = 62.829, p < 0.05). In this study, no ES was reported for treatment effect.
The researcher of the current study calculated ESs to show the relative magnitude of the treatment for
all dependent variables. The calculated Cohen’s ds were 1.80 for conceptual understandings, 1.79 for
achievement and 1.87 for attitude towards biology. All ESs were large. In brief, based on these results
the researcher claimed the 7ELCBI affected positively students’ conceptual understandings and
achievement in biology and attitudes toward biology as a school subject. The main deficiency of this
study is the statistical analysis methods employed in the study. The study had three dependent
variables, and the researcher run different analyses for each dependent variable. This inflates the
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probability making type one error, which is rejecting a true null hypothesis. Thus, the researcher
could have used Multivariate Analysis of Covariance (MANCOVA) or Multivariate Analysis of
Variance (MANOVA) to control increase of the probability of making type one error.

Polyiem, Nuangchalerm, and Wongchantra (2011) designed the instruction based on the 7E learning
cycle to investigate the effectiveness of the instruction for improving students’ achievement, science
process skills and moral reasoning in heredity topic. The participants included 33 ninth grade
students. The length of study was 18 hours. An achievement test and a moral reasoning test, science
process skills test were administered as pre and post-tests at the beginning and end of the study. The
paired t-test was used to test the effect of the intervention. The result showed that students’
achievement, science process skills and moral reasoning significantly improved after instruction. Like
previous study, there was not any information about teacher characteristics applied the treatment, and
about treatment verification. Moreover, that there was no experimental control in the study weakened
the conclusion of the study that observed improvements due to the instruction based on the 7E
learning cycle.

2.3. Personal Epistemologies

A personal epistemology is defined as individuals’ understanding of the nature of knowledge,
knowing and learning (Hofer & Pintrich, 1997; Elby, 2009). There are four different frameworks
providing different ontological explanations for the form of the personal epistemology. These are
epistemologies as developmental stages, beliefs, theories, and resources. This section includes a
theoretical discussion of these frameworks.

2.3.1. Epistemologies as Developmental Stages

Developmental stage theorists describe the development of people’s epistemologies as progressing in
a predetermined order through unidimensional developmental stages (King & Kitchener, 1994), levels
(Kuhn & Weinstock, 2002) or positions (Baxter Magolda, 1992, Perry, 1970). According to these
theorists, the epistemological understanding has holistic nature; therefore it can’t be coherently
divided into independent dimensions (Pintrich, 2002). Each stage reflects qualitatively different
interrelated clusters of epistemological assumptions about knowledge and knowing (King &
Kitchener, 2004). They built their theoretical models on traditional cognitive developmental model
pioneered by Piaget. They explain the way to mature epistemological understandings using Piagetian
terms assimilation, accommodation and (dis)equilibrium.

Although stage theorists do not explicitly describe how classroom practices can be for fostering
students’ epistemological understandings, they seem to be compatible with belief theorists by
accepting Piagetian disequilibrium (Bendixen & Rule, 2004).

2.3.1.1 Perry’s scheme

Perry (1970) made interviews with the students during their four years in a liberal art college to
determine the evolution in their interpretation of their lives. According to this scheme, students’ views
about knowledge and values progress by proceeding nine successive positions. These nine positions
were labeled under four structures: dualism, multiplicity, relativism, and commitment in relativism.
This developmental scheme is summarized below.

Dualism (Position 1 and Position 2).In Position 1, the student has dualistic view of the world (e. i.,
right versus wrong, we versus others). That is, the student has absolutistic right-wrong view of the
world. Every problem has one right answer. Multiplicity is not on the stage. Authority knows
everything. Knowledge is absolute and the quantitative collection of discrete items acquired by hard
work and obedience. In position 2, the student recognizes multiplicity and uncertainty. However, she
considers it as the impediment to dealing with a problem and finding an answer. Since the plurality in
opinions is quite temporary, and resolvable, it is finally unreal. That is, multiplicity in this position
does not have the legitimate epistemological status. The perceiving multiplicity does not change the
authority figure in Position 1.

Multiplicity (Position 3 and Position 4). In position 3, the student has legitimate perception of
multiplicity and uncertainty but they are still temporary in areas in which the answer has not been
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known yet by authority. In Position 4, the legitimate uncertainty and diversity of opinion get the
unstructured epistemological status where the student considers that everyone has a right to his own
opinion, a status he creates against absolutistic authority view. The student starts to recognize
qualitative contextual relativistic reasoning in multiplicity by assimilating it within authority’s realm.
Absulute answers are known by authorities.

Relativism (Position 5 and Position 6). In Position 5, all knowledge is viewed as relative and
contextual. The student considers relativism as a way of seeing, thinking, valuing and knowing.
Authority’s knowledge is relative as well. In position 6: the student perceives the necessity of
orienting himself in relativism via personal commitment.

Commitment in relativism.

In Position 7, the student takes an initial responsibility within relativistic world. In position 8, the
student realized the implications of personal commitment and searches subjective and stylistic issues
of commitment. In Position 9, the affirmation of identity among multiple responsibilities is
experienced and commitment is viewed as ongoing and unfolding activity.

2.3.1.2 The reflective judgment model

King and Kitchener (1993) proposed another framework for epistemological development; the
reflective judgment model. They extended study sample to include adolescent (high school students)
in addition to college students. Reflective judgment model explains individuals’ developmental
progression in their epistemic cognition, assumptions about nature of knowledge and justification of
knowledge as they respond to ill-structured problems and justify their beliefs about these problems.
They divide the development period into 7 sequential stages similar to Perry’s model. They have
labeled the stages into three categories; pre-reflective thinking, quasi- reflective thinking, and
reflective thinking to describe the reasoning of stages. These categories are explained as follows;

Pre-Reflective thinking (Stage 1, 2, 3). Pre-reflective thinking includes the reasoning associated with
Stage 1, 2 and 3. Individuals having assumptions of these stages perceive knowledge certain.
Knowledge is acquired either by direct observation or from authority figures. They do not
discriminate well and ill structured problems thus they consider all problems have absolutely right
answers. Specifically, in stage 1, individuals view knowledge as absolute and concrete. Knowledge is
gained through direct observation. Knowledge does not need justification. Existence of alternative
views is not perceived. In stage 2, knowledge is perceived as absolutely certain but not known by
everyone. Certainty can be found in the domain of authorities. Individuals start to perceive alternative
views in absolutistic knowledge view. That is, one’s own views accounted as correct while others’ as
wrong. This view is similar to Perry’s dualistic epistemology. In stage 3, individuals start to
acknowledge that knowledge can be temporary uncertain in some areas. Certain knowledge can be
acquired from authorities.

Quasi- Reflective thinking (Stage 4 and 5). King and Kitchener called the reasoning displayed by
stage 4 and 5 students as Quasi- Reflective Thinking. In these stages, knowledge is viewed as
uncertain. However, there is the difficulty in making justification and a reasoned conclusion in the
domain of uncertainty. Although individuals supported evidence-based judgment, they claimed
evaluation is individualistic and idiosyncratic. In stage 4, knowledge is perceived as uncertain and
knowing is viewed as individualistic. Knowing carries ambiguity because of situational variables in
knowledge acquisition. Knowledge claims are justified through evidence; however, the arguments and
evidence choice are idiosyncratic. In stage 5, knowledge is perceived as contextual and subjective
since knowledge is acquired in the light of one’s perceptions and criteria for a judgment. Knowledge
claims can be justified in the specific context through the rules of inquiry for that context and context-
dependent interpretation of evidence. However, individuals are not capable to compare and contrast
across context.

Reflective thinking (Stage 6 and 7). Reflective thinking demonstrated in stage 6 and 7 was labeled as
reflective thinking. Individuals in these stages think knowledge is actively constructed and knowledge
claims should be evaluated considering the context, they were generated. Knowledge justification
should be based on relevant data and reevaluation of conclusions should be considered. In stage 6,
knowledge is constructed using information from different sources. Reasoned conclusions can be
generated making comparison and observing relationships across contexts but conclusions are limited
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and situational because of inability to understand the larger system of knowing. Finally, in stage 7,
individuals view knowledge as the outcome of reasonable inquiry. Knowledge claims are evaluated as
most reasonable or probable based on the current evidence and they are always subject to reevaluation
by taking into account the availability of new evidence, perspectives, or tools.

2.3.1.3 Epistemological development as levels

Kuhn and Weinstock (2002) define epistemological development as the coordination of the objective
and subjective dimension of knowing. At the beginning (Absolutist level), the objective aspect of
knowing is completely ascendant and the subjective dimensions is excluded. In this level, knowledge
is viewed as certain and coming from external source. Then, (Multiplist level), the subjective
dimension dominates and the objective is forsaken. In this level, with radical shift, individuals see
knowledge as uncertain and generated by human minds. Since all knowledge claims are subjective,
every person has his or her opinions and every opinion is equally right. Finally, in the evaluativist
level, the objective and subjective dimensions are coordinated with a balance without dominating
each other. In this stage, individuals see knowledge as uncertain and generated by human minds as in
the multiplist level. However, with reintegration of objectivity, two opinions can be right but one is
more right to the extent which that opinion is better backed by argument and evidence.

2.3.2 Epistemologies as Beliefs

Rather than considering personal epistemologies as unidimensional and developing in sequential
stages, Schommer proposed a different framework for personal epistemology. In this framework,
personal epistemology is defined as a belief system consisting of several more or less independent
dimensions (Schommer, 1990; Schommer-Aikins, 2002). The use of the system of beliefs implies that
personal epistemology consists of more than one belief (Schommer-Aikins, 2002). Shommer (1990)
hypothesized five dimensions (five epistemological beliefs): (1) the structure of knowledge, (2)
certainty of knowledge, (3) source of knowledge, (4) the control knowledge acquisition and (5) speed
of knowledge acquisition. Shommer (1990) developed a questionnaire including these five
dimensions based on previous research Using exploratory factor analysis, four dimensions except for
source of knowledge were acquired as result of the analysis.

2.3.3 Epistemologies as Theories

Hofer and Pintrich (1997) proposed a different approach in which stage theorists’ coherent
organization view of epistemological understanding and belief theorists’ multidimensionality view of
epistemological understanding were integrated. They concurred with Schommer’s view that personal
epistemology consist of more than one dimension; however, rather than independent positions,
according to this view, epistemological beliefs are formed into personal theories as structures of
interrelated propositions which interconnected and coherent (Hofer & Pintrich, 1997, Hofer, 2001).
Their model conceptualizes personal epistemology into two dimensions of epistemological theories
which are the nature of knowledge and knowing. The nature of knowledge is subdivided into the
certainty of knowledge and simplicity of knowledge. The nature of knowing is subdivided into the
source of knowledge and justification for knowing.

2.3.4 Epistemologies as Resources

Hammer and Elby (2002) suggested a different framework to explain the variability in students’
personal epistemologies across contexts. In terms of this framework, the “atoms” of students’ naive
epistemologies are epistemological resources similar to diSessa’s (1993) phenomenological
primitives (p-prims) in intuitive physics. The activation of the epistemological resources depends on
contexts. For instance, a child might answer differently to the question “how do you know that?”
according to the context the question is formed. When it is asked how the child knows what they are
going to eat in the dinner, she might answer that her mother told her. This response shows that the
child has resources for treating knowledge as a kind of “stuff” that can be passed from one person to
the next. However, when it is asked how the child knows 3 x 5 = 15, she can respond that she added 5
+ 5 + 5. This answer indicates the child has resources for treating knowledge as created from other
knowledge. The child’s ability of giving epistemologically different answers to the same question in
different contexts show the existence of various different epistemological resources for understanding
the source of knowledge (Hammer & Elby, 2002).
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The resource framework contains four categories for epistemological resources. The first category
involves resources for understanding the nature and sources of knowledge, such as knowledge as
propagated stuff, knowledge as free creation, and knowledge as fabricated stuff. The second category
includes resources for understanding epistemological activities, such as accumulation, formation, and
checking. The third category contains resources for understanding epistemological forms, such as
stories, songs, and lists. The last category is made of resources for understanding epistemological
stances such as doubting, understanding, and acceptance (Hammer & Elby, 2002).

2.3.5. What the Epistemological Frameworks Suggest About Epistemological Development

In the light of above discussion, what do the epistemological frameworks suggest about the
acquisition of more sophisticated epistemological understandings? As discussed before, the four
epistemological frameworks differ in how they define personal epistemologies. However, three
frameworks which are epistemologies as stages, beliefs and theories all support the idea that
individuals’ personal epistemologies are stable cognitive structures that an individual either does or
does not have (Hammer & Elby, 2002) similar to the “conceptions” and “misconceptions” discussed
in the literature . In the line of this idea, they explain the mechanism of epistemological development
in similar manner. Although some of them are implicit about how personal epistemology changes, all
seems to endorse Piagetian cognitive (dis)equilibrium, assimilation and accommodation for the
necessary condition of epistemological development. They suggest “belief change” similar to
conceptual change for misconceptions (Bendixen & Rule, 2004, Hofer & Pintrich, 1997; Hofer, 2001;
Pintrich, 2002).

However, many research studies question the idea that individuals’ epistemologies are coherent stable
beliefs across contexts within a domain (Leach et al., 2000; Lising & Elby, 2005; Louca et al, 2004;
Rosenberg et al. 2006; Roth & Roychoudhury, 1994; Sandoval & Morrison, 2003; Songer & Linn,
1991). For instance, Sandoval and Morrison (2003) made interviews with eight high school students
on natural selection and evolution before and after a technology-supported inquiry unit lasting four
weeks. They observed, even within a particular interview, individual students’ answers to different
questions differed across epistemological levels. Likewise, Leach et al. (2000) contrasted students’
answers across two kinds of diagnostic questions that investigate students’ views about the role of
theory on the collection and interpretation of experimental data. Responding decontextualized Likert
scale items, most students showed a different epistemological stance than when they talked about a
concrete example of the same data being interpreted in two different ways.

Based on empirical evidences, therefore, the resources framework suggests different explanation for
the mechanism of epistemological development. According to this framework, epistemological
development and change includes the co-activation and stabilization of epistemological resources the
individual already has rather than removal of old belief (EIby & Hammer, 2010).

This study endorses the resources framework to help students think physics as a coherent system of
ideas and physics learning as a refinement of one’s current understanding (Hammer & Elby, 2003). In
the following section, the experimental studies explicitly focusing on students’ personal
epistemologies are summarized. Since this study was interested in personal epistemologies, the
research studying development of students’ views about the nature of science, epistemology of
science, were not included into the following review.

2.3.6. Research Studies on the Personal Epistemology

Regardless of what theoretical framework the researchers support, in general, there is not much study
investigating the effectiveness of epistemological instruction in the literature. Because there was the
limited number of studies investigating effectiveness of explicit epistemological instruction, the
studies were not summarized on tables. They are discussed in detail in this section.

Brownlee et al. (2001) explored the effect of the year-long teaching programme in which the pre-
service teachers explicitly reflect on their epistemological beliefs on such beliefs. Fifty pre-service
teachers at the Queensland University of Technology in Queensland, Australia were participated in
the study. The study took place in an educational psychology course. The experimental group students
made explicit reflections about the content concerning literature of the epistemological beliefs and
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their own epistemological beliefs in classroom discussions and in their journals when they learnt a
long year educational psychology unit. The comparison group did not engage in such reflections. The
questionnaire and interview were used as data collection tools. Students were surveyed and
interviewed twice at the beginning and at the end of the study. The repeated measured ANOVA was
applied to test the effect of the intervention. The result of analysis indicated that there was a
significant group difference on the quick learning (Calculated Cohen’s d = 0.61) and certain
knowledge dimensions of epistemology (Calculated Cohen’s d = 0.12) while no significant group
differences were observed in innate ability and simple knowledge dimensions. The qualitative data
analysis indicated the experimental group students expressed more sophisticated epistemological
beliefs than the control group students at the end of study. These results support the importance of
explicit epistemology instruction for promoting students, epistemological understandings. However,
as statistical results indicated the intervention was not so effective for promoting all aspects of beliefs.
The ESs for significant differences was small for certainty knowledge and medium for quick learning.
This means practical significance of the study was not satisfactory level as well. Sample size was
small. This limited the generalizability of the results. ..

Gill, Ashton, and Algina (2004) adopted two conceptual change models which were a refutational text
and an augmented activation to change pre-service teachers’ epistemological beliefs about teaching
and learning in mathematics. The participants included 161 pre-service teachers at a child
development course. A random assignment method was employed to form the experimental and
control group. The control group used a traditional expository text while the intervention group read a
text relied on the augmented activation and refutational text. The researchers measured students’
explicit epistemological beliefs in mathematics using a survey and their implicit epistemological
using the teaching scenarios. At the beginning of the study, the students’ explicit and implicit
epistemological beliefs in mathematics were probed. After that, in the following week, the treatment
was conducted in 15 minutes. In the experimental group, at first, students read an augmented
activation text aiming to trigger and challenge students’ epistemological beliefs influencing how they
responding the survey items at the beginning of the study. The passage focused on two survey item
and pointed common responses to these and prompted students to focus on the explanations, which
conflicting their own beliefs, given in the following refutational text. Then, the students read the
refutational text including a rationale for scientifically accepted epistemologies and teaching methods
and directions for questioning their naive beliefs. However, in the comparison group, a brief word
scramble related to the traditional passage was used. The purpose of this activity was not to activate
students’ own beliefs rather than to occupy students while the treatment group studied on the
augmented activation message. After this, students read a traditional expository passage including
only a rationale for scientifically accepted epistemology and teaching methods. After students read
the texts, the post-tests were applied to assess the effectiveness of the treatment. One-way ANOVA
was employed to check the effectiveness of the experimental manipulation. According to the analysis,
there were significant differences between the experimental and control group in terms of rating the
text as more challenging to their beliefs (Cohen’s d = 0.84), rating the text as making a clearer
distinction between constructivist and procedural instruction (Cohen’s d = 0.45). However, there was
no significant difference in their perceptions of the usefulness of mathematics (Calculated Cohen’s d
= 0.16). The researchers utilized path analysis to test the treatment effect on students’ explicit,
implicit epistemological beliefs in mathematics. With respect to the implicit epistemological belief
change assessed using the constructivist and procedural scenarios, the treatment had significant direct
effects (Cohen’s d= 0.36 for the constructivist scenarios and 0.27 for procedural scenarios). With
respect to explicit epistemological belief change, the significant direct effect of the treatment was
observed (Cohen’s d = 0.31). These results support the effectiveness of the epistemological
instruction explicitly emphasizing on students’ epistemological beliefs although effect sizes were
small. However, the study had some limitations. One of them, as researchers reported, the reliabilities
of the instruments were very low. The second one, in the experimental group two survey items were
addressed in the augmented activation passage. This might affect the students’ responses to these
items in the post-test. The researchers did not provide any information about this threat. The other
limitation is that the duration of the intervention was very short and therefore the time between post-
test and pre-test was not enough. We cannot assure these results were because of the novelty of the
treatment and whether this result would long-lasting or not.

Kienhues, Bromme, and Stahl (2008) investigated the effect of the refutational epistemological

instruction on students’ epistemological beliefs in a short-term intervention. The participants of the
study were 58 university students at a German university. They were from various subject areas such
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as psychology and education. The treatment was conducted in genetic topic related to DNA
fingerprinting. The participants were randomly assigned to the experimental and control groups
according to their pre-epistemological beliefs so that both groups could be comparable in terms of
naive and sophisticated epistemological stance. The experimental group was instructed based on a
refutational text whereas control group was taught being used a traditional text which was in narrative
form like textbook passage. This text did not imply any controversy. However, refutational text
attacked on the belief that knowledge was stable and certain. This text included information about the
uncertainties and difficulties in DNA fingerprinting to address this epistemological view. The
treatment was made on-line. The MANOVA for repeated measures was employed with the mode of
instruction and the prior epistemological beliefs as independent variables and stability, simplicity and
certainty, texture and variability dimension of epistemological beliefs as dependent variables. The
significant main effect for prior epistemological beliefs was observed [F(6,49) = 32.91, p < 0.01, eta
squared = 0.80] while significant main effect was not observed for the mode of instruction. Similarly,
the interaction effect between two independent variables did not reach statistical significance. To test
change pre and post instructional beliefs, paired t-tests were carried out for each group d formed
according to students’ prior epistemological beliefs. Four groups were the sophisticated refutational
group, sophisticated informational group, naive refutational group, and naive informational group. In
terms of stability, simplicity and certainty dimensions, the researchers found similar differences
between pre and post epistemological understandings. Only naive refutational group did not
significantly change their beliefs. However, other groups changed their beliefs to more naive view. In
terms of texture aspect and variability of knowledge, the naive refutational students’ beliefs
significantly changed to more sophisticated view while the sophisticated refutational group and naive
informational group did not change their beliefs, and the sophisticated informational group changed
their beliefs to more naive view. According to these results, the researchers concluded that the
refutational text instruction had positive effect for changing students’ epistemological beliefs towards
more sophisticated view for naive groups. However, for the sophisticated group, the refutational
instruction had negative effect. However, considering all dimensions, there was no clear picture of
epistemological development. The main limitation of this study was sample size. The researchers
made a factorial design with 58 students. This number was not enough for the factorial design.
Another limitation was that the intervention period was too short to make valid interpretation about
epistemological development.

Brownlee et al. (2011) made a study similar to the study of Browlee et al. 2001 to explore the impact
of an integrated teaching program on pre-service teachers’ personal epistemologies. The participants
of the students were 73 pre-service teachers at early childhood education. The integrated teaching
program included explicit weekly reflections on students’ personal epistemology and implicit weekly
authentic modeling of personal epistemology with collaborative reflection across four related unit.
The study was completed in one semester. The students’ personal epistemologies were probed at the
beginning and end of the study using quantitative and qualitative measures. Repeated measures t-tests
were used to analyze the quantitative data. The researchers observed significant improvements in the
structure and integration of knowledge (Cohen’s d = 0.53), speed of knowledge acquisition, and
knowledge as the construction of personal meaning while no significant improvements were observed
on the certainty and attainability of truth. The qualitative data also showed that students moved to a
more sophisticated epistemological stance. The main limitation of the study is that there is no
experimental control, which limited cause and effect relationship between teaching intervention and
change in students’ epistemological beliefs.

Muis and Duffy (2012) investigated how the instruction relied on constructivist approach and
employing epistemological prompts affected students’ domain specific epistemic beliefs over time in
a social sciences statistics course. The participants of the study were 63 graduate university students
(46 female, 17 male) from two classes. The length of the study was one semester. The control group
was instructed with traditional statistic instruction while the constructivist oriented instruction was
employed in the experimental group. The first author instructed the experimental groups while the
comparison group was taught by a different professor. Both professors got similar student evaluation
for their course and had three years teaching experience. The same content, assignments, lectures,
laboratories, midterm and final exams were employed in the groups. The differences were
epistemological prompts used for promoting change in four dimensions of epistemological beliefs;
namely the certainty and simplicity of knowledge, attainability of truth, source, and justification of
knowledge. The researchers applied two surveys to probe students’ epistemic beliefs, learning
strategies, and level of motivation. The surveys were applied in the 2nd, 4th, 8th, 12th week of the
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intervention and 3 weeks after the intervention. The repeated measures ANOVA was carried out to
test research hypotheses. In terms of justification of knowledge dimension, the analysis indicated that
there was no main effect for time while significant main effect for treatment was observed [F(1, 61)=
4.97, p < 0.01, eta-squared = 0.06]. The group differed significantly only in Week 12 and 15, p <
0.01. Muis and Duffy (2012) did not report effect sizes for the comparisons. The researcher of this
study calculated Cohen’s ds using groups’ mean and standard deviation scores. Cohen’s ds were
estimated as 0.68 for Week 12 and 0.76 for Week 15. For attainability of truth, there was significant
differences between groups in Week 8, 12 and 15. Cohen’s ds were calculated as 0.61 for Week 8,
0.90 for Week 12, and 1.01 for Week 15. For source of knowledge, the experimental and control
groups were not significantly different from each other. In terms of certainty and simplicity, the
significant main effect for treatment was seen in the analysis. The groups differed in Week 8, 12, and
15. The effect sizes were estimated as 1.43 for Week 8 and 0.77 for week 12 and 0.67 for Week 15.
With respect to within-group differences, the experimental group students’ epistemological beliefs
changed midway through the semester; however, the comparison group students’ epistemological
beliefs stayed constant across the semester. The other findings related to this study were that the
epistemology-oriented constructivist approach was more effective for promoting students’
performance, critical thinking and elaboration strategies, self-efficacy for learning statistics. The
effect size for achievement was calculated as 1.09 considered large effect size. All these results
support the effectiveness of using explicit epistemological prompts for improving students’
epistemological understandings. One limitation of this study is that one of the researchers
implemented the treatment. This might lead a problem to internal validity of the study with respect to
researcher bias.

Elby (2001) developed instructional practices and curricular materials whose purpose is explicitly to
foster students’ epistemological development. He applied his curriculum to two different samples of
high school students. The first group consisted of 27 physics students (43% were female.) who were
12th, 11th, and 10th graders from a small, comprehensive high school in the San Francisco, USA. The
study was applied to this sample in the 1997-98 academic year by the researcher. The second group
contained 55 gifted and talented students (50 percent of students were female) from a large magnet
high school in Virginia. The curriculum was implemented for these students during the 1998-99
academic year by the researcher. He used two epistemological surveys, The Maryland Physics
Expectations Survey (MPEX) developed by Redish et al. (1998) and the Epistemological Beliefs
Assessment for Physical Science (EBAPS), developed by White, Elby, Frederiksen, and Schwarz
(1999) to probe students’ epistemological understandings. The first sample took only EBAPS while
the second sample took both surveys. The surveys were given as homework assignment in the
beginning and at the end of the treatment. The result of study indicated that both sample demonstrated
significant gains in epistemological understandings about structure of physics knowledge (coherent
versus pieces), the content of physics knowledge and ways of physics learning after they were
exposed to epistemological curricula. Hence, the result proved the importance of the targeting
epistemology in the instruction for improving students’ epistemological understandings in physics.
On the other hand, the study had some shortcomings. The first one is the researcher employed one
group experimental design. This weakened the study claiming that the observed change in students’
epistemological understandings due to the treatment rather than anything else. The second one was
that the researcher implemented the treatment which might be a problem for the internal validity of
the study with regard to researcher bias.

Redish and Hammer (2009) designed an introductory algebra-based physics course using resources
framework to activate students’ productive conceptual and epistemological resources. They focused
explicitly students’ epistemological understandings in lectures, tutorials and laboratories. In the
lecture part of the course, explicit epistemological discussions, epistemologically modified Peer
Instruction materials and Interactive Lecture Demonstrations were employed. In the tutorial part of
the study, students were encouraged to think learning physics is the reconciliation of everyday,
intuitive thinking and experience with formal scientific thinking and engaged in explicit
epistemological discussions about the learning process. The reformed labs aimed to help students
understand the construction of knowledge through measurement and analysis. Students were
responsible for designing their own experiments to answer empirically the given a one- sentence
research questions. To evaluate students’ conceptual understanding, the Force Concept Inventory
(FCI) and the Force Motion Conceptual Evaluation (FMCE) were applied as pre and post tests.
MPEX was applied as a pre and post test to probe epistemological understandings. The result of the
study indicated that students demonstrated significant gains on both the conceptual test and the
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epistemological survey. Therefore, the researchers concluded that epistemologically improved physic
instruction was useful for both conceptual and epistemological understanding. On the other hand, like
Elby’s (2001) study, this study had a lack of experimental control although researcher made
comparison previous classes’ performance on FCI.

In sum, the studies reviewed above in general showed that explicitly focusing personal epistemologies
in the instruction enhanced students’ epistemological understandings. The studies conducted in
phyisics supported this argument as well. Redish et al. (1998) applied the original MPEX survey to
1500 students in introductory calculus-based physics courses at six universities and colleges to
investigate the effect of the physics instruction on students’ epistemological understandings. Some of
these institutions employed interactive engagement methods which were proved to be more effective
for improving students’ conceptual understandings compared to traditional physics instruction (Hake,
1998). The MPEX was administered at the beginning and end of the first term of the course. The pre
and post survey results showed that after one semester physics instruction, students’ epistemologies
deteriorated. In other words, the instruction had negative effect on students’ epistemologies.
Following studies proving the effectiveness of research-based reformed curricula for promoting
students’ conceptual understandings in physics observed negative or no shift on students’
epistemological understanding as result of the instructions based on these curricula (Finkelstein &
Pollock, 2005; McKagan, Perkins, & Wieman, 2006; McKagan, et al., 2007, Moll & McKagan,2009).
For example, Finkelstein and Pollock (2005) tested the effectiveness of “Tutorials in Introductory
Physics” developed by University of Washington Physics Education Research Group with respect to
conceptual and epistemological understandings in physics. The researchers observed gains on force
and motion conceptual tests. However, they observed no significant change on students’
epistemological understandings as measured on the Colorado Learning Attitudes about Science
Survey. In brief, the results of these studies implied that even research-proved teaching methodologies
which significantly promoted students’ conceptual understandings in physics did not in general
improve students’ epistemological understandings in physics. Therefore, to promote students’
epistemological understandings, the physics instruction should explicitly target their epistemologies.

2.4. Metacognition

The term of metacognition was first introduced by John Flavell a couple of decades ago. After his
contribution, metacogntion became the subject of the study in a wide range research area such as
reading, writing, mathematics. Like the personal epistemology, different theorists provide different
definitions of metacognition. This section summarizes some of leading theorists’ conceptualizations
of metacognition.

2.4.1. Flavell’s Conceptualization of Metacognition

According to Flavell (1981), metacognition is “probably best defined loosely and broadly, namely, as
knowledge or cognition that takes as its objects or regulates any aspect of any cognitive endeavor” (p.
37). Flavell (1987, p. 21) argued that although metacognition generally defined as “knowledge and
cognition about cognitive object, that is, about anything cognitive”, the notion of metacognition could
include anything psychological such as emotions or motives. Similarly, any kind of monitoring could
be also regarded as a metacognitive activity.

Flavell (1979, 1981, 1985, & 1987) conceptualized metacognition into two components,
metacognitive knowledge and metacognitive experiences. Metacognitive knowledge includes one’s
stored knowledge or beliefs about what factors or variables operate and interact and how, to influence
the process and outcome of cognitive or psychological endeavor (Flavell, 1979, 1987). It is divided
into three categories: knowledge about person, task, and strategy. The person category refers to any
knowledge that one might acquire about the nature of oneself and other people as cognitive
(psychological such as affective, motivational) processors (Flavell, 1979, 1987). This category is
subdivided into cognitive differences within individuals (intraindividual differences), cognitive
differences between individuals (interindividual) and cognitive similarities (universal) among all
individuals (Flavell, 1979, 1985). For example, someone believes that she learns something better by
taking notes than by listening or she believes that her physics teacher is more capable in electricity
than in mechanics or people might feel sad in one day but they can feel happy in other days. The task
category includes two subcategories. One subcategory is related to the nature of the information that
an individual meets and copes with in any cognitive enterprise. The learner knows that the nature of
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this information affects how the learner approaches to the task. For instance, the individual might get
experience that unfamiliar information is difficult and time-consuming for her to understand. The
second subcategory is related to the nature of task demands. For example, the learners know that
some tasks are more difficult and they demand more time and attentions (Flavell, 1985). The strategy
category refers to knowing that what strategies are useful for certain goals or sub-goals (Flavell,
1979).

Metacognitive experiences were described by Flavell (1979) as ‘any conscious or affective
experiences that accompany and pertained to any intellectual enterprise’ (p. 906). These experiences
can happen before, during and after cognitive enterprise. Metacognitive experiences have important
influence on goals or tasks, metacognitive knowledge and cognition. For example, you feel that you
do not understand adequately the text after you read first time (metacognitive experience). Then, you
decide to read once more to understand deeply (cognitive strategy). Finally, you wonder
(metacognitive experience) whether you understand the text deeply, for this purpose, you ask yourself
certain questions about the text (metacognitive strategy). Flavell (1979) distinguish metacognitive
strategies from cognitive strategies. According to him, cognitive strategies are employed for making
cognitive process; however, metacognitive strategies are used for monitoring that process.

2.4.2. Brown’s Conceptualization of Metacognition

After Flavell’s contribution, Brown, Bransford, Ferrara, and Campoine (1983) and Brown (1987)
defined metacognition, similarly. According to them, metacognition is knowledge and control of
one’s own cognition. Brown (1987) subcategorized metacognition into knowledge about cognition
and regulation of cognition. Knowledge about cognition involves the information about someone’s
own cognitive processes while regulation of cognition includes regulating and supervising someone’s
own learning (Brown, 1987). Regulation of cognition includes planning before learning, monitoring
activities during learning and evaluation activities.

2.4.3. Kluwe’s Conceptualization of Metacognition

Another conceptualization of metacognition was introduced by Kluwe (1982). According to Kluwe,
metacognition is a process; it is cognitive activity directed at the individual’s own cognitive
enterprise. Put it differently, metacognition is an individual’s stored knowledge about thinking and
cognitive activity directed at acquisition of information one’s own cognitive endeavor and efficient
regulation of one’s own information processing in terms of the perceived demands. Metacognition
includes two components: cognitive knowledge and executive control. Cognitive knowledge is
individuals’ stored knowledge about thinking. Kluwe proposed “executive control” corresponds to
Flavell’s metacognitive experience and Brown’s regulation of cognition to emphasize procedural
aspect of metacogntion. Kluwe divided this component into executive monitoring process and
executive regulation process. Executive monitoring is executive activity directed at the acquisition of
information about the person’s thinking process and executive regulation is executive activity directed
at the regulation of one’s own thinking.

2.4.4. Jacobs and Paris’s Conceptualization of Metacognition

Jacobs and Paris (1987) defined metacognition as any shared knowledge about cognitive states or
processes. They classified metacognition into two classes of metacognition: self-appraisal of
cognition and self-management of thinking. Self- appraisal involves the static evaluation of one’s
knowledge about a particular task. It includes three subcategories. Declarative knowledge refers to
knowing that related to any cognitive activity. For instance, a learner might know that solving
complex problems is difficult. Procedural knowledge includes knowing how to do. For example, a
learner might know how to use problem solving strategies to solve an unfamiliar problem. And
finally, conditional knowledge refers to knowing of the conditions affecting learning. For instance,
knowing why and when a specific cognitive strategy should be used for a particular task. Self-
management of thinking includes executive decisions about cognitive processes. It is subdivided into
three categories: planning, evaluation and regulation. Planning refers to the selection and arrangement
of specific cognitive means for particular tasks and goals. Evaluation refers to an ongoing process of
the assessment of one’s own understanding in a task. Regulation refers to revising and modifying
plans and strategies considering how well they work.
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In conclusion, considering above discussion about metacognition, it seems they all agreed on some
aspects of metacognition. Briefly, metacognition can be defined as knowledge and awareness of one’s
own cognition and monitoring, regulating, and evaluating of one’s own cognition. The metacognitive
prompts used in the present study were developed to engage students in these aspects of
metacognition during the course of the instruction.

2.4.6 The research studies on metacognition in Science Education

In this section, first, the general review of 36 experimental studies investigating the effectiveness of
incorporating metacognitive activities in science and published between 1984 and 2012 is presented.
Then, the studies exploring the effectiveness of metacognitive inquiry-based teaching strategies are
discussed in detail.

The reviewed metacognitive studies conducted in science are presented in Table 2.10. The integration
of metacognitive activities into instruction differs among 36 studies. Some of studies used
metacognition in the traditional instruction (e.g., Alemdar, 2009; Georghiades, 2004); some integrated
it with inquiry (e.g., Blank, 2000; White & Frederiksen, 1998) or with other student-centered
instructions. The studies also differ in the length of time allocated for metacognition or the number of
different metacognitive activities employed in the instruction. Some of the studies used only one type
of the metacognitive strategy while some applied different types of metacognitive activities together.

Table 2.10 summarizes these studies in terms of the type of metacognitive instruction, sample size,

grade levels of the participants, comparison instructions, and practical importance. The table also
includes the calculated ES for the studies not reporting the ES, relative magnitude of treatment effect.
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Table 2.10 Summary of the metacognitive studies conducted in science
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Table 2.10 (continued)
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Sample. Of 36 studies conducted in science, only six studies, whose participants included pre-service
teachers or elementary students, were made in Turkey. Grade levels of students participating in the
metacognitive studies and the percentages of the studies categorized into the grade level are
demonstrated in Table 2.11. As seen from the table, most researches were carried out for elementary
students while only 21.6 % of studies addressed on high school students.

Table 2.11 Grade levels of participants included in the metacognitive studies and the percentages of
the studies categorized into the grade level

Grade level Percentages
Elementary (Kindergarten- grade 8) 51.4
High school (grade 9-12) 21.6
Undergraduate 24.3

Table 2.12 indicates sample size intervals and the percentages of the studies assigned to these
intervals. Like the sample sizes of the studies investigating the impact of the learning cycle,
approximately 30 percent of the studies’ sample sizes were not adequate for experimental study.

Table 2.12 Sample size intervals and the percentages of the studies falling into these intervals.

Sample size Percentage
0-29 11.1
30-59 19.4
60-89 27.8
90-120 13.9
120+ 25.0

Length. The length of treatment time ranged from one hour to 3 years. As explained before, for
achievement, the time period less than 3 weeks was not enough for observing valid change in
achievement.

Outcomes. The studies aimed to get improvement in various dependent variables as a result of adding
metacognitive activities into science instruction. The outcomes of studies are as follows;

Conceptual understandings and achievement
Retention of learning

Transfer of learning

Metacognitive awareness and skills
Nature of science, scientific literacy
Problem solving

Question asking skills

Inquiry skills

Attitude

Self-efficacy

Cogpnitive development

Learning approaches

Reading comprehension

Thinking skills

Class participation
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Practical Importance. Most studies did not report the value of the ES for differences of group means.
The researcher of the present study calculated ESs for studies who reported adequate statistics for
estimating the ES of the study. For achievement, only 13 studies had enough statistics for calculation
of the ES.

Mean, standard deviation of ESs of 13 studies and minimum and maximum ES observed in the
studies are given in Table 2.13. The average ES was obtained as 1.14; however, as seen from the
table, one study had a very large ES. Since the number of ESs was small, this outlier drastically
affected the value of the mean. Therefore, this study was excluded from average ES computation.
After this exclusion, the mean of ESs was found as 0.75 which is medium (see Table 2.14).

Table 2.13 Descriptive statistics of ESs of 13 research studies investigating influence of
metacognitive instruction on students’ achievement.

N Mean SD Min Max
13 1.14 1.47 0.18 5.82

Table 2.14 Descriptive statistics of ESs of 12 research studies excluding the outlier study.

N Mean SD Min Max
12 0.75 0.43 0.18 1.40

It should be noted that the average ES was acquired by considering all studies having ES for
achievement regardless of type of the instruction in which metacognitive activities were added or the
type of comparison instruction. Thus, this average ES should be interpreted with caution.

2.4.6.1 Research on Metacognitive Inquiry-Based Instructions

White and Frederiksen (1998) developed a metacognitive curriculum in which students participated in
scaffolding scientific inquiry using prompts. They engaged in reflective assessment in which they
monitored and reflected on their own and each other’s inquiry process and products (the limitations of
what they have learned). To investigate the effect of reflective assessment, White and Frederiksen
included a controlled comparison classes in which reflective assessment was not employed. The study
was implemented in spring 1995 in force and motion unit, and was completed in 10.5 weeks by a 45-
minute class in each day. Two teachers, who had worked with researchers for 1 month in developing
the materials and who had piloted the developed materials in their classes and recommended
necessary revisions and one teacher who only implemented the curriculum, applied the curriculum
into 12 urban classes (grades 7 to 9) in two schools. The size of classes averaged about 30 students.
The classes were randomly assigned into experimental and control groups. Students’ average scores
on Comprehensive test of Basics Skills (CTBS) indicating achievement did not differ significantly for
the classes (grade 7 to 9). There was no significant difference between female and male students’
CTBS scores. Students’ inquiry skills and physics knowledge and attitudes about learning science
were assessed by pre and post-tests. The quality of students’ research projects which they developed
during the course of the curriculum implementation was evaluated as well. The ANOVA with four
between subject factors which were (1) treatment (reflective assessment and control), (2) gender
(male and female), (3) CTBS achievement level (low [ < 60] and high [> 60]) and (4) grade level (7
and 8/9) was run for analyzing students’ understanding of inquiry and physics. One —tailed test was
used to test the hypothesis that metacognitive instruction would be useful especially for low achieving
students. The result of analysis indicated that experimental group students’ understandings of physics
and inquiry were significantly higher than those of comparison group students. The results also
showed the interaction between treatment and achievement level of students. Including reflective
assessment into scientific inquiry was especially useful low- achieving students. Their successes on
their inquiry tests and research projects were significantly closer to those of high achieving students
than the case in the control groups. The researchers concluded that metacognitively enhanced inquiry-
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based curricula can help low achieving students reduce their educational disadvantages and also be
useful for high-achieving students.

Tien (1998) explored the effect of metacognitive inquiry laboratory course called MORE (Model-
Observe-Reflect- Explain) on students’ attitudes towards chemistry and inquiry skills, beliefs about
science and nature of research, and achievement. The participants were 77 college students at
university of California, Berkeley. The study was completed in one semester in Chemistry course.
The students were randomly assigned into the experimental and control groups. The experimental
group was participated in the MORE project while the traditional laboratory was applied in the
control group. On the reflect part of MORE cycle, students were stimulated to monitor and evaluate
what they did in the experiment, to think and make sense the data they collected by using written
prompts in their lab manual as well as the prompts provided by the instructor. Students also reflected
on their learning in the lab in their written reports and oral presentations. Two experimental classes
were instructed by the researcher while two control classes were instructed by different instructors.
Both qualitative and quantitative data were collected. The result of the study indicated that the
experimental group students got significantly higher scores in terms of achievement (reported
Cohen’s d = 0.53), attitudes towards chemistry and inquiry skills, beliefs about science and nature of
research. Qualitative data analysis also indicated that students in the experimental group improve their
inquiry skills and attitude towards chemistry. These results supported the effectiveness of the inquiry
instruction in which metacognitive prompts were employed in terms of improving students,
achievement although the ES was medium. The main limitation of the study that the control and
experimental groups were instructed by different teachers and the researcher implemented the
treatment. That difference in teachers’ characteristics and researcher bias might be threats to observed
differences on the dependent variables.

Mittlefehldt and Grotzer (2003) investigated the effect of metacognitive instruction on transfer of
causal models used in learning of density and pressure units. The participants were 182 eight grade
students from six eighth grade science classes in the Boston. Two teachers applied the intervention,
which was inquiry-based instruction enriched with metacognitive moves. Metacognitive moves
included using question prompts when students constructed the causal models to help them be aware
of their own and friends’ conceptions and thinking processes, and to help think about applicability of
their and friends’ ideas to other situations. The metacognitive strategies used by the students were
evaluated employing class discussions, semi-structured interviews, samples of student writings. The
effect of metacognition use on students’ transfer of causal models between learning of density and
pressure and on learning in overall was assessed by comparing students’ use of metacognition and
students’ understandings in both units. The results indicated that the intervention improved
significantly students’ understandings in density unit. Students’ metacognitive statements
significantly predicted the post-test score. Students’ performance with respect to causality, also
improved in density unit. In terms of transfer of causal models, the analysis showed that
metacognitive statements were significant predictors of transfer scores in pressure unit. In conclusion,
these results provided evidence that engaging in metacognitive activities improved students’
understandings of causality and transfer of causal models as well as achievement. This study was a
good example of the integration metacognitive prompts into most parts of the instruction rather than
using metacognitive activities in a specific part of the instruction. The researchers employed question
prompts both in written and verbally in the instruction. Students also evaluated their learning in their
homework. However, lack of experimental control in this study produced a threat for claiming
observed change on the dependent variables because of treatment rather than anything else.

Saribas (2009) investigated the impact of metacognitive chemistry laboratory on students’ procedural
and declarative knowledge, conceptual understandings, science process skills, attitude, motivational
beliefs and cognitive and metacognitive strategies. Fifty four pre-service science teachers participated
in the study conducted in general chemistry laboratory. The study was conducted for one semester
over ten experiments. Students were randomly assigned to the control and experimental group. The
experimental group made experiments designed to promote students metacognition and motivation
while the control group conducted traditional verification experiments. In the experimental group,
students mainly engaged in metacognitive activity as self-assessment at the end of experimentation
processes. The researcher instructed both group. The researcher collected both qualitative and
quantitative data. All instruments were applied as post and pre-tests. Independent t—tests were
employed to test the effect of the intervention on the related variables. The results of the analysis
indicated that there was no significant group differences for procedural and declarative knowledge
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(Calculated Cohen’s d= - 0.07), for attitude (Calculated Cohen’s d = -0.32), motivational beliefs and
cognitive and metacognitive strategies (Calculated Cohen’s d = 0.45). However, significant group
differences were observed in favor of the experimental group for conceptual understandings
(Calculated Cohen’s d = 0.55), and science process skills (Calculated Cohen’s d = 0.63). The ESs for
conceptual understandings and science process skills were medium. Although researcher of this study
was designed the instruction based on self-regulated learning in which metacognition only one aspect
of self-regulated learning, the explicit metacognitive activities involved small part of instruction.
Furthermore, the researcher used several t-tests instead of the MANOVA. This inflates the probability
of making type one error. Sample size of the study was small for experimental study. The researcher
implemented the treatment, which might be a threat with respect to the researcher bias. Finally, there
was no information for treatment verification.

A few studies investigating the effect of the instruction based on the learning cycle in which
metacognitive activities were incorporated (Appamaraka et al., 2009; Blank, 2000; Sornsakda et al.,
2009; Yildiz, 2008). These studies are discussed as follows.

Blank (2000) compared the effect of the Science Curriculum Improvement Study (SCIS) learning
cycle to the effect of metacognitive learning cycle on students’ achievement in ecology unit. Sample
of study included 44 seventh grade students in a junior high school in a suburban school district of a
large, midwestern metropolitan area. Students were randomly assigned to a control and experimental
class. The control class consisted of 22 (10 males and 12 females) students whereas the experimental
class included 24 (12 male and 12 female) students. True experimental design was used in this study.
The study was conducted in a 3-month ecology unit. The same teacher taught both treatment groups.
The control class was taught with SCIS 3E learning cycle while experimental class was instructed
metacognitive learning cycle in which students were urged to reveal their science ideas and reflect on
the status of their conceptions throughout the instruction. Blank integrated Hennessey’s (1993)
approach requiring students to engage in the status check of their conceptions by reflecting on the
intelligibility, plausibility, and fruitfulness of their conceptions into Barman’s four phases learning
cycle (1997 as cited in Blank, 2000). Except for exploration phase, in other three phases of the
learning cycle, students explicitly discussed the status of their science ideas using intelligibility,
plausibility, and fruitfulness terms used in classical conceptual change approach. Specifically,
students used intelligibility term to evaluate whether they could explain the conception or they can
provide examples for it. When reflecting on whether their conceptions were plausible or not, they
checked the consistency between their conceptions and the other experiences. Using fruitfulness term,
students decided on whether their conceptions accounted for other experiences or events and
facilitated solving of problems. Each student had a concept journal including her conceptions and
reflections on the status of their conceptions. The assessment instrument used to measure students’
understanding of the ecology concepts was administered to all students as a pre- test at the beginning
of the study and as a post test at the end of study. The same instrument was also applied one and 6
months later the treatment. The ANOVA was employed to compare the means of scores on the
ecology test. In this study, the researcher did not observed a statistically significant difference
between either the pre or posttest mean scores across the two treatment groups (pretest: F =3.36; p
=0.07; posttest: F = 0.348; p = 0.56). However, the experimental class significantly outperformed on
both of delayed tests (for the first delayed test, F = 3.99, p = 0.05; for the second delayed test, F =
4.42, p = 0.04). The researcher did not provide ESs for the comparisons. In the immediate test
comparison, the ES was calculated as 0.18 which is considered as small and for retention, ES was
obtained as 0.62 which was medium. That means the study did not have a practical importance on
improving students’ conceptual understanding in biology as well but it had on promoting durability of
students’ conceptual understanding. Although Blank randomly assigned students to experimental and
control conditions, the researcher did not assess the equivalence of the groups on other confounding
variables which might explain the outcomes of the study. The sample size was less than 60. This
limited the generalizability of the results to the population. In addition, Blank employed similar
metacognitive prompts throughout the phases of the learning cycle. This might prevent students from
engaging in different types of metacognitive thinking processes.

Blank’s study is important for science education since it was the first study integrated the learning
cycle with explicit metacognitive prompts. Following Blank (2000) study, Yildiz (2008), Appamaraka
et al. (2009), and Sornsakda et al. (2009) designed similar instructions based on the metacognitive
learning cycle.
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Yildiz (2008) investigated the impact of the 5E learning cycle, which was based on conceptual change
model and in which metacognitive prompts were incorporated into each stage, on students’
conceptual understandings of force and motion concepts, learning approaches, metacognition and
perceptions about metacognitive orientation of classroom learning environments. Sample of study
were 52 seventh grade students in elementary school in Izmir. Two classes were randomly assigned
into experimental and control conditions. There were 25 students (15 female, 10 male) in the
experimental class and 27 students (11 female, 15 male) in the control class. The study included both
qualitative and quantitative parts. A quasi experimental design with pre-test post-test control group
was used. In the experimental group, students reflected on their conceptions using the intelligibility
and plausibility terms like Blank’s study. In addition, students produced journals and posters as
metacognitive activity. In the control group, traditional instruction was applied. The researcher taught
both groups. The independent t- test and the MANOVA was conduct to analyze the treatment effect.
The independent t-test was employed to compare groups’ pre test scores on force and motion test. The
result of analysis indicated there was no mean differences between two groups (t = -0.66, p = 0.51).
Independent-t test also was used for post force and motion concept test. The result revealed that
experimental group students significantly got lower score on the concept test (t = -3.29, p = 0.002).
The lower scores on the concept test indicated having less misconception. This result showed that the
5E learning cycle prompted by metacognition was effective to improve students’ conceptual
understanding in force and motion. The researcher compared pre metacognition inventory scores
(knowledge of cognition and regulation of cognition) of students in experimental and control group
using the MANOVA. There was no significant differences between experimental and control group
students’ scores on both parts of metacognitive inventory. However, the researcher observed
significant difference between two groups on post scores on knowledge of cognition (t = 2.51, p =
0.01) in favor of experimental group. Moreover, using the independent t-test, the researcher found
that there was no significant difference between two groups’ scores on pre Deep Learning Approach
Scale and Surface Learning Approach Scale while experimental group students got higher score on
post Deep Learning Approach Scale (t = 2.38, p = 0.02) and got less score on Surface Learning
Approach although the difference was not significant. Finally, the researcher observed significant
differences between groups on all parts of Metacognitive Orientation of Learning Environment Scale-
Science except Shared Control parts in favor of experimental group. This result indicated that the
students’ experimental group viewed classroom learning environment more metacognitive than those
in control group students. The analyses of qualitative data also pointed out the positive effect of
treatment on students’ conceptual understandings of force and motion and metacognitive
development, and learning approaches. The researcher did not report any ESs. The calculated effect
sizes were as 0.91, large ES for conceptual understandings, as 0.68, medium ES, for knowledge of
cognition, 0.53, medium ES, for regulation of cognition, 0.65, medium effect size for deep learning
approach 0.30, small ES, for surface level approaches. According to these ES values, it can be said
that the study had practical significance as well. On the other hand, the stud y had some deficiencies,
as well. The first one is that the researcher implemented the treatment which might be a threat for
internal validity of the study. The sample size was too small for experimental study. The researcher
made individual statistical analysis for each dependent variable, which increased the probability of
making type one error.

Appamaraka et al. (2009) explored the effect of the metacognitive 5E learning cycle on students’
achievement, integrated science process and critical thinking skills. The participants were 82 ninth
grade students in Thailand. The length of the study was 18 hours. The experimental and control
groups were formed using cluster random sampling. The metacognitive learning cycle was applied in
the experimental group while the traditional instruction was implemented in the control group.
Metacognitive 5E learning cycle involved the integration of metacognitive technique namely the
intelligibility, plausibility and wide applicability, similar to Blank’s study. The achievement,
integrated science process and critical thinking skills tests were applied as pre and post tests at the
outset of the study and end of study, respectively. The MANCOVA was used to analyze the data.
Results indicated that the experimental group students’ achievement, critical thinking and integrated
science process scores were greater than those of the control group students. There was no
information about who implemented the treatments. The researchers did not provide enough statistics
for being able to calculate the ES.

Sornsakda et al. (2009) investigated the impact of the metacognitive 7E learning cycle on students’

achievement, integrated science process and critical thinking skills. The sample of the study included
93 eleventh grade students in Thailand. The students were assigned to experimental and control

47



conditions by cluster random sampling method. This metacognitive learning cycle was developed in
similar manner to the study of Appamaraka et al. (2009). The intelligibility, plausibility and wide-
applicability metacognitive moves were integrated into the 7E learning cycle. The control group was
instructed with the traditional instruction. The study was completed in 10 hours. The researcher
implemented the treatment. Three tests which were an achievement, integrated science process and a
critical thinking skills test were applied as pre and posttests. The paired t test and the MANCOVA
were used for analysis of the data. The significant group differences were observed for all constructs.
Paired t test also indicated significant improvement in achievement, integrated science process and
critical thinking skills. There were not adequate statistics to calculate ESs. The main limitation of the
study was that the researcher taught the experimental group, which might cause a problem with
respect to researcher bias.

2.5. Summary of the Literature Review

e The learning cycle is an useful model for instruction and curriculum development (Cavallo
& Laubach, 2001; Lawson, Abraham, & Renner, 1989; Musheno & Lawson, 1999).

e The studies comparing the effectiveness of the learning cycle with that of the traditional
instruction gave evidences in favor of the learning cycle for development of students’
achievement and conceptual understandings in physics (Ag¢isli & Turgut, 2011; Agish et al.,
2011; Ates, 2005a ; 2005b; Ates & Polat, 2005; Barman et al., 1996; Cherry, 2011; Cobern
et al., 2010; Ergin et al., 2008; Hussain et al., 2011; Kanli & Yagbasan, 2008; Nuhoglu &
Yalgin, 2006; Turgut & Gurbuz, 2011; Yilmaz & Huyugiizel Cavas, 2006; Zolman, 1990), in
chemistry (Aggiil-Yalgin & Bayrakgeken, 2010; Akar, 2005; Bektag, 2011; Cavallo et al.,
2003; Ceylan & Geban, 2009; Ekici, 2007; Kilavuz, 2005; Késeoglu & Tiimay, 2010;
Pabugcu, 2008; Seving, 2008; Siribunnam & Tayraukham, 2009), and in biology (Atilboz,
2007; Balci, 2009; Balci et al., 2006; Budprom et al., 2010; Cakiroglu, 2006; Dogru-Atay &
Tekkaya, 2008; Ebrahim, 2004; Ercan, 2009; Harurluoglu & Kaya, 2011; Kaynar et al.,
2009; Marek et al., 1994, Lord, 1999; Musheno & Lawson, 1999; Oren & Tezcan, 2008;
Sadi & Cakiroglu, 2010; Saygin, 2009; Saygin et al., 2006).

e The average (Cohen’s d) of the ESs of 35 studies contrasting the learning cycle to the
traditional instruction for promoting students’ achievement was estimated as 1.15 which is a
large ES according to the threshold proposed by Cohen (1988). The average ESs of the
learning cycle studies conducted in physics was 1.16 which is also a large ES.

e The learning cycle studies were also effective for retention of learning (Harurluoglu & Kaya,
2011; Kiigiikyilmaz, 2003; Sriwattanarothai et al., 2009; Turgut & Gurbuz, 2011), students’
attitudes in physics, chemistry and biology (Ac¢ish & Turgut, 2011; Balci, 2009; Billings,
2001; Brown, 2000; Ebrahim, 2004; Ergin et al., 2008; Farrell et al., 1999; Hokkanen, 2011;
Kaynar, 2007; Lord, 1999; Oren & Tezcan, 2009; Parker & Gerber, 2000; Siribunnam &
Tayraukham, 2009; Thien Huong, 1997; Yilmaz & Huyugiizel Cavas, 2006), for science
process skills (A¢ish & Turgut, 2011; Budprom et al., 2010; Campbell, 1977; Cumo, 1991,
Kanli & Yagbasan, 2008; Polyiem et al., 2011; Seving, 2008), for thinking skills (Budprom
et al., 2010; Mecit, 2006; Oren & Tezcan, 2008; Siribunnam & Tayraukham, 2009; Temel et
al., 2012), for science perceptions (Campbell, 2006; Koseoglu & Tiimay, 2010; Liu et al.,
2009; Sriwattanarothai et al., 2009), and for epistemological understandings (Bektas, 2011;
Kaynar et al., 2009).

e According to the meta-analysis conducted by Guzzetti et al. (1993), the inclusion of a
laboratory in the learning cycle resulted in larger effects when compared to the approach
without a laboratory.

e Extension from the 5E learning cycle to 7E learning cycle ensures that eliciting prior
understandings and opportunities for transfer of learning are not neglected (Eisenkraft,
2003).

e Compared to the number of studies investigating the effectiveness of the 3E and 5E learning
cycle, the limited number of study investigated the effectiveness of the 7E learning cycle.

e  Almost half of the learning cycle studies’ sample sizes were not adequate for experimental
studies.

e The instruction based on the 7E learning cycle increased students’ achievement and
conceptual understandings (Bulbul, 2010; Kanli & Yagbasan, 2008; Polyiem et al., 2011;
Siribunnam & Tayraukham, 2009), their attitudes (Bulbul, 2010; Siribunnam &
Tayraukham, 2009), their science process skills (Kanli & Yagbasan, 2008; Polyiem et al.,
2011) and their thinking skills (Mecit, 2006; Siribunnam & Tayraukham, 2009).

48



Students’ epistemological understandings affect their responses to learning activities,
approaches to learning (Hammer, 1994; Hogan, 1999; Rosenberg et al., 2006; Sandoval,
2005; Tsai, 1998) in science and mathematics.

Several research studies supported the idea that students’ personal epistemologies context
dependent rather than coherent, context-independent stable beliefs (Leach et al., 2000; Lising
& Elby, 2005; Louca et al., 2004; Rosenberg et al. 2006; Roth & Roychoudhury, 1994;
Sandoval & Morrison, 2003; Songer & Linn, 1991). Put it differently, the results of these
studies supported the resources framework’s claim that students’ epistemologies consist of
fine grained context dependent resources. Therefore, epistemological development and
change include the co-activation and stabilization of epistemological resources the individual
already has rather than removal of old belief (EIby & Hammer, 2010).

The implicit instruction focusing on students’ conceptual development and assuming their
epistemological understandings would improve in the same way are not so effective
compared to the instruction focusing explicitly on their epistemological development (Elby,
2001; Redish & Hammer, 2009; Sandoval & Morrison, 2003) in terms of promoting their
epistemological understandings.

There were few studies exploring the effectiveness of the explicit epistemological
instruction. Most of them endorsed beliefs perspective and applied strategies used in
traditional conceptual change approaches to change students’ naive beliefs towards more
sophisticated beliefs. Only two studies developed their epistemological instructions based on
the resources framework (Elby, 2001; Redish & Hammer, 2009). Moreover, all studies
except for the study of Elby (2001) were conducted with university students. Furthermore,
except for Elby (2001), and Redish and Hammer (2009), they made studies in their
educational psychology or related courses and their main concern was students’
epistemological development rather than other educational variables.

Furthermore, to the best knowledge of the researcher of the present study, there was no
research studying the effectiveness of the epistemological instruction explicitly emphasizing
students’ personal epistemologies in Turkey to date.

Compared to reading and mathematics, there was not much research addressing
metacognition in science. Thus, the number of studies evaluating the effectiveness of the
metacognitive inquiry was less in science although it has been pointed the importance of
metacognition for scientific inquiry skills (Baker, 1991; Blank, 2000; Schraw, et al., 2006;
White & Frederiksen, 2000). Metacognition is also important for development of students’
personal epistemologies. (Bendixen & Rule, 2004; Bendixen & Feucht, 2010; Elby &
Hammer, 2010; Rule & Bendixen, 2010).

Few studies integrated the learning cycle with metacognitive activities. However, they made
similar integration by using Hennesey’s (1993) status check approaches.

Most of metacognitive studies in science were conducted for the elementary students.
Almost 30 percent of research probing the effectiveness of metacognitive instruction in
science had too small sample size for an experimental study.

A great deal of research demonstrated metacognitive science instruction improved students’
conceptual understandings and achievement (Akgiil, 2010; Alemdar, 2009; Bianchi, 2007,
Hoffmann, 2010; Koch, 2001; Michalsky et al., 2009; Mittlefehldt & Grotzer, 2003; Peters
& Kitsantas, 2010; Polat, 2010; Saribas, 2009; Sbhatu, 2006; Tien, 1998; Viko, 2010; Yildiz,
2008; White & Frederiksen, 1998; Yuruk et al., 2009), the retention of learning (Adey &
Shayer; 1993; Akgiil, 2010; Alemdar, 2009; Bianchi, 2007; Blank , 2000; Georghiades,
2004; Yuruk et al., 2009), the transfer of learning (Alemdar, 2009; Georghiades, 2006; Lin &
Lehman, 1999; Mittlefehldt & Grotzer, 2003; Sbhatu, 2006), metacognition (Abd-El-Khalick
& Akerson, 2009; Baird & White, 1984; Butterfield, 2012; Cakir, 2011; Hennessey, 1999;
Larkin, 2006; Michalsky et al., 2009; Yildiz, 2008) attitudes towards science and learning
(Akgiil, 2010, Baird & White, 1984; Tien, 1998) and scientific inquiry skills (Dejonckheere
etal.,, 2011; Lin & Lehman, 1999; Saribas, 2009; Tien, 1998; White & Frederiksen, 1998).
The average of ESs of 12 research studies investigating the influence of metacognitive
instruction on students’ achievement in science was estimated 0.75 which is a medium ES.
Specifically, the result of metacognitive inquiry studies showed this type of instruction
improved students’ achievement (Appamaraka et al., 2009; Saribas, 2009; Sornsakda et al.,
2009; Yildiz, 2008; Tien, 1998), science process skills (Appamaraka et al., 2009; Saribas,
2009; Sornsakda et al., 2009; Tien, 1998; White & Frederiksen, 1998), and their critical
thinking skills (Appamaraka et al., 2009; Sornsakda et al., 2009).
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In conclusion, according to the literature review conducted in this study, the learning cycle is an
effective teaching strategy for improving students’ achievement and conceptual understandings.
However, there is little known about the effectiveness of the 7E learning cycle compared to the other
types of the learning cycle. Similarly, the limited number of studies investigated the explicit
epistemological instruction and most of them accepted the beliefs framework although many research
studies gave supporting evidence for resources framework. There has been a great deal of research in
reading and mathematics proving the effectiveness of metacognitive instruction while this number is
limited for science. Both scientific inquiry and personal epistemology researchers pointed the
importance of metacognition; however, few studies explored the integration of metacognition to
inquiry-based or epistemological instruction. There is no study probing the effectiveness of the
instruction based on the 7E learning cycle integrated with metacognition and personal instruction.
Thus, the present study was conducted to fill these gaps in the literature.
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CHAPTER 3

METHOD

Population and sample of the study are described in the first section of this chapter. The variables and
instruments used in this study are introduced in the following sections. In the fourth section, the
instructional materials developed and employed in the study are discussed. The treatments given in
the experimental and control groups are explained in the fifth section. Finally, the analysis of the data,
power and unit analysis, and assumptions and limitations of the study are presented in the following
sections

3.1 Population and Sample

The target population of this study is all tenth grade students at Anatolian teacher training high
schools (ATTHS) in the Central Anatolia Region of Turkey. On the other hand, because too much
time and effort are needed to deal with the target population, the researcher narrowed the population
to the accessible population. The accessible population is the population to whom the researcher is
entitled to generalize (Fraenkel & Wallen, 2000). The accessible population is all tenth grade students
at ATTHSs in Ankara. The developed treatment in this study involved using micro-computer
laboratory tools. When the treatment was made, only the ATTHSs had these tools, in Ankara. Thus,
the ATTHSs were selected as study schools for the present study. There were nine ATTHSs in 2009-
2010 academic year in Ankara. The number of all tenth grade students in accessible population was
approximately 750 and there were about 17 tenth grade science classes and 13 physics teachers. Only
four schools had more than one tenth grade science class. Two of these nine schools were selected
conveniently by considering the number of science classes in the tenth grade and their distances to the
center of Ankara. One of these two schools had two science classes taught by the same teacher. These
two classes were selected for the current study. The other school had three classes. In this second
school, two classes instructed by the same teacher were selected for the present study. In sum, four
classes from two schools participated in the study. The students including in this study had achieved
the high school entrance examination to be able to enroll at the ATTHSs, thus, it can be said that the
sample of the study included high achieving students. The intact classes in each school were
randomly assigned into the experimental and control groups. The experimental classes were instructed
using the epistemologically and metacognitively stimulated 7E learning cycle (EM-7ELC) while the
comparison classes were taught based on the traditional instruction. The numbers of students in
experimental and control groups according to schools, classes and gender are given in Table 3.1.Two
physics teachers, one is male, and the other is female, participated in the current study. The same
teachers had taught both the experimental and control group in each school.

Table 3.1 Sample of the study in terms of the school, group and gender

Schools Experimental Group Control Group Total

School 1 28 (12 Female, 16 Male) 29 (12 Female, 17 Male) 57 (24 Female, 33 Male)
School 2 24 (12 Female, 12 Male) 26 (13 Female, 13 Male) 50 (25 Female, 25 Male)
Total 52 (24 Female, 28 Male) 55 (25 Female, 30 Male) 107 (49 Female, 58 Male)

The total number of the students in the selected sample was 107, which was approximately 14 percent
of the accessible population. This sample size was also larger than the value of 59 obtained using
Cohen’s tables for power analysis (Cohen & Cohen, 1983). The number of classes included about 23
percent of tenth grade science classes in the accessible population.
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3.2 Variables

There are three dependent variables (DV) and five independent variables (IV) in this study. The
dependent variables are students’ Post-Test Scores on the Maryland Physics Expectations survey
(POMPEX), and students' Post-Test Scores on Force and Motion Achievement Test- | (POFMAT-I)
and students' Post-Test Scores on Force and Motion Achievement Test- I (POFMAT-II) in this study.
The independent variables are divided in two groups as covariates and group membership variables.
Covariate variables are students’ Pre-Test Scores on the MPEX (PREMPEX), students’ Pre-Test
Scores on Force and Motion Achievement Test-1 (PREFMAT-I), and teacher-made physics
achievement test (TMT) scores acquired before treatment and students' gender. Group membership
variable is Instructional Method (IM) which has two levels: the EM-7ELC and the traditional
instruction (T1). Table 3.2 indicates the name, type, nature and scale of the variables in this study.

Table 3.2 The name, type, nature and scale of the variables in this study.

Name Type Nature Scale
POMPEX DV Continuous Interval
POFMAT-I DV Continuous Interval
POFMAT-II DV Continuous Interval
PREMPEX v Continuous Interval
PREFMAT-I v Continuous Interval
T™MT v Continuous Interval
Gender v Categorical Nominal
IM v Categorical Nominal

3.3 Instruments

Four instruments: Force and Motion Achievement Test-I, |1 and the Maryland Physics Expectations-II
survey, and Classroom Observation Checklist were employed in this study. In the next sections, these
instruments are explained further.

3.3.1 The Maryland Physics Expectations Survey-11|

The Maryland Physics Expectations Survey-1I (MPEX-1I) was developed by Elby, McCaskey,
Lippmann, and Redish (2001) to investigate students’ epistemological stance in physics. They
generated the survey from the Epistemological Beliefs Assessment for Physical Sciences (Elby et al.,
1999) and the original Maryland Physics Expectations (MPEX) survey (Redish et al., 1998).

The intended population of the MPEX-II is high school and university students who take physics
courses. It is a multi-dimensional survey relied on Hammer’s (1994) epistemological dimensions:
pieces versus coherence, formulas versus concepts, and authority versus independence. For the
MPEX-II, these dimensions were called as Coherence, Concepts, and Independence. Redish and
Hammer (2009) describe these dimensions as follows;

Coherence. The degree to which the student considers physics knowledge as coherent and sensible
rather than as a bunch of disconnected pieces.

Concepts. The extent to which the student considers concepts as the substance of physics rather than
as considering them as mere cues for which formulas to employ. That is, it is associated with the
student’s understanding about the content of physics knowledge as formulas or as concepts
underlying the formulas.

Independence. The extent to which the student considers learning physics as a matter of constructing
her own understanding as opposed to absorbing knowledge from authority.

There are two groups of items in the MPEX-II. The first group includes 25 Likert-type of items, the

score of which ranges from 1 point (strongly disagree) to 5 points (strongly agree). The second group
includes multiple-choice items (26-32), whose score ranges from 1 point (a) to 5 points (e). Items 1
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and 26 were not categorized into any dimension, although researchers might decide to include these
items for collecting further information about students’ epistemological understandings, such as
understandings about group working. The dimensions, sub-dimensions of the MPEX-II, the items
assigned into sub-dimensions, and favorable responses in parenthesis are presented in Table 3.3.

Table 3.3 Items falling into each dimension and sub-dimension of MPEX-II

Dimensions Items (Favorable Responses)

Coherence 3(D) 7, 4(A), 6(D), 8(D), 10(D), 13(D), 15(D), 19(D), 21(D), 23(D),
27(AB), 28(A,C)

Concepts 5(D), 9(D), 16(D), 18(D), 19(D), 23(D), 24(D), 28(A,C) 30(D,E)

Independence 2(D), 7(A), 11(D), 12(D), 14(D), 17(A), 20(D), 22(D), 25(D),

29(D,E), 31(D,E), 32(A,B)

Note: “Abbreviations: A: Agree for 2-25 items, D: Disagree for 2-25 items. For 27-32 items, A, B, C,
D, and E indicate item alternative choices. This table is taken from Yerdelen-Damar, Elby, &
Eryilmaz (2012).

In this study, the Turkish version of the MPEX-II validated by Yerdelen-Damar, Elby, and Eryilmaz
(2012) was used. The MPEX-II was adapted into Turkish, in four steps. First, it was translated into
Turkish by the first author. Then, an instructor from the Basic English Department at Middle East
Technical University reviewed the translated MPEX-II, and according to the instructor’s corrections,
the necessary revisions were made. Third, three instructors from the Faculty of Education who know
the English version of the MPEX-I1 examined the corrected translation. They evaluated the translated
survey whether the items were translated correctly and the translated items carried the same meanings
as the English items did. The first instructor suggested corrections on 15 items, the second instructor
recommended editing 18 items and the third instructor proposed suggestions on 25 items. Twelve
items were common items on which all instructors asked corrections. The researcher synthesized all
common recommendations and the survey was edited further considering the instructors’ all
suggestions. Finally, a teacher teaching Turkish in a high school reviewed the Turkish version to
correct grammatical errors and check whether the statements would be clear to high school students.

The Turkish version of the MPEX-Il was administered to 505 (270 female, 235 male) tenth grade
students at four public high schools in Etimesgut, a district of Ankara. This sample included 270
females and 235 males whose ages ranged from 15 to 17. The survey was further revised in terms of
structure and grammatical errors according to responses of students in the pilot study to improve
clarity of the items. The final version of the Turkish MPEX-II was given in Appendix A. Yerdelen-
Damar et al. (2012) applied the resources and beliefs frameworks to the psychometric analyses of the
Turkish MPEX-II to describe how researchers’ understandings of the form of students’
epistemologies affect the researchers’ decisions about development and refinement of surveys.
Current psychometric analyses based on the idea that the good item should be well correlated with the
other items hypothesized to be assessing the same construct. In other words, it endorses the beliefs
framework’s idea that the students’ epistemological understandings are consistent across contexts in a
domain. Therefore, low-correlated items should be excluded from the survey. However, if the results
of psychometric analyses are interpreted in the resources framework, items weakly correlated to other
items might be used as indicators that different contextual cues embedded into different items might
trigger different nets of epistemological resources. The psychometric analyses of the Turkish MPEX-
Il indicated that some items were poorly correlated with the other items in the same construct. These
were Items 10, 19, 23, 27, and 28, which are the coherence items, Item 28, which is also the concepts
item, and Item 32, which is the independence item. According to Yerdelen-Damar et al. (2012), if the
resources framework is taken very seriously, carrying out the psychometric analyses for instruments
is not necessary. Since the present study endorses the resources framework, instead of excluding the
uncorrelated items from the survey, these items were kept in the survey. However, the researcher of
present study provided Cronbach’s alphas for each instruments to reach as wide an audience as
possible. In other words, the researcher tried to make the results of the present study acceptable to
other researchers who do not advocate the resources framework. Only Items 1, 26 and 32 were not
used in this study to short survey for saving completion time. In addition, for three multiple choice
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items, 27, 28, and 31, students were asked to explain their choices. Students’ explanations were used
to test whether students’ reasons for selecting a particular choice support that selected choice. In this
study, it was observed that all explanations supported their respective choices. The possible maximum
score which students can obtain was 145 while they can get 29 as the possible minimum score on the
short form of the MPEX-Il used in this study. The higher scores imply more sophisticated
epistemological stance in physics. Cronbach’s alphas were estimated as 0.64 for the PREMPEX and
0.72 for the POMPEX.

3.3.2 Force and Motion Achievement Test

The Force and Motion achievement Test-1 (FMAT-1) and Force and Motion achievement Test-Il
(FMAT-II) were developed using the existing measuring tools in the literature. First, the objective list
in Turkish high school physic curriculum (THSPC) was revised considering Bloom taxonomy,
limitations and explanations suggested by the THSPC commission. The first version of objective list
for the FMAT-I and Il are given in Appendix B1. Second, the existing conceptual measuring tools are
the Force Concept Inventory, FCI, (Hestenes, Wells, & Swackhamer, 1992), the Force and Motion
Conceptual Evaluation, FMCE, (Thornton & Sokoloff, 1998), the Test of Understanding Graphs-
Kinematics, TUG-K (Beichner, 1994) and the Mechanics Baseline Test, MBT (Hestenes & Wells,
1992). These tools were examined and some of the questions were selected according to the objective
list. The researcher searched the Turkish version of these conceptual measuring tools. The Turkish
FCI adapted by Temizkan (2003), the Turkish TUG-K adapted by Delialioglu (2003) were used. The
questions from the FMCE were translated into Turkish by the researcher of this study. Third, physics
education research groups’ web pages were searched to reach the questions they developed for their
research studies. Finally, the researcher wrote questions for the rest of objectives. In the developed
test, different types of questions including multiple-choice, true false, matching, and open-ended type
of questions were used to improve the reliability and validity of test results.

Since the force and motion unit is quite long, the test was divided into two comparable parts as the
FMAT-I and Il according to the number of objectives. The first versions of the FMAT-I and Il are
given in Appendix B2 and B3, respectively. To check the content and face validity, two tests were
examined by three Ph.D students and one instructor in physics education at the Middle East Technical
University by using the tables of test specification (see Appendix B4 and B5) and evaluation criteria
developed by the researcher. The evaluation criteria are presented in Appendix B6. The evaluators
were asked to respond to four questions to assess whether the questions were properly matched with
objectives; the levels of objectives were correct in terms of the Bloom taxonomy, and the levels of
questions were appropriate for tenth grade students. Moreover, the last question of the criteria asked
whether the researchers wanted to add additional information related to the tests and objective lists.
The suggestions of the evaluators for the FMAT-I are summarized as follows;

e  Question-objective matching. No evaluators mentioned a problem in the matching of
questions to the objectives.

o Levels of objectives. The evaluators suggested changes on the levels of some objectives
(Objectives 1.3, 2.2, and 2.3) with respect to the Bloom taxonomy. The researcher examined
these objectives again and edited them considering suggested modifications. The second
version of objective list for the FMAT-I1 is given in Appendix C1.

o Difficulty level of the questions. According to all evaluators, the difficulty level of the
questions is appropriate for tenth grade students.

e Other suggestions. The evaluators made suggestions for the directions of each section of the
test, punctuations, and grammatical errors. They also made recommendations to improve the
clarity of the questions (Questions 6-12, 22, 23, 27, 28, 31, and 32). All suggestions were
applied to the test. The second version of the FMAT-I is given in Appendix C2.

At the following recommendations were made by the evaluators for the FMAT-II;

e  Question-objective matching. Questions 12, 13, 14, 15, and 16 had been matched with
Objective 1.1. However, one evaluator suggested they should have matched to Objective 1.3.
Moreover, Questions 9 and 10 had been matched with Objective 2.4 but they were suggested
being matched with Objective 2.1. The researcher made suggested changes in the table of
test specification (see Appendix C3 for the second version of the table of test specification
for the FMAT-II).
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e Levels of objectives. Taking into account evaluators’ remarks, the researcher modified the
levels Objectives 1.10 and 3.3. The second version of the objective list for the FMAT-II was
presented in Appendix C4.

o Difficulty level of questions. All evaluators claimed that tenth grade students were able to
answer the questions.

e  Other suggestions. Some punctuation and grammatical errors were noticed by the evaluators.
They made suggestions about the directions of each section in the FMAT-Il. To promote
clearness of the questions, one evaluator suggested modifications on Questions 12-21, and
31. All suggestions of the researchers were evaluated and necessary changes were carried out
the questions. The second version of the FMAT-II is given in Appendix C5.

3.3.2.1 Pilot Study

The both achievement tests had not been piloted to tenth grade students since the treatment was
conducted the force and motion unit which new THSPC included. Put it differently, this new unit was
taught at the first time when the treatment of the study was implemented. Thus, there was no tenth
grade students who had been taught all concepts covered in the new force and motion unit. Therefore,
12" grade students who had been instructed all concepts when the pilot study was conducted were
selected for the pilot study. As mentioned before, the present study was conducted at two ATTHSs in
Ankara. These schools accept the students who succeed a very competitive high school entrance
exam. That means the FMAT-I and Il were supposed to be administered in the main study to the
successful students. The students in the pilot study are expected to be comparable to the students in
the main study in terms of success. Hence, two Anatolian high schools whose successes were similar
to success of the main study schools were chosen, conveniently. The FMAT-1 was piloted to 84 (36
Female, 48 Male) 12" grade students from one Anatolian high school at Diskapi, a district of Ankara
while the FMAT-II was piloted into 83 12" grade students from an Anatolian high school at Cankaya,
a district of Ankara. The followings explain what the researcher carried out to get more reliable and
valid tests.

e The FMAT-I and Il were administered to students by the researcher. The researcher
determined the questions not understandable to students and checked whether students could
complete the test in one-hour class time (45 minutes). It was observed that some questions
were not clear for the students and the time was not enough for both tests. The researcher
edited these questions in terms of format and grammar considering the reactions of the
students.

e Overall descriptive statistics for true-false questions in both tests indicated these questions
were answered by most of students. Therefore, the researcher changed the format of some of
these questions into multiple- choice.

e The researcher ran the ITEMAN statistical data analysis program for multiple-choice and
matching type of questions in both tests. The ITEMAN results are given in Appendix D. The
questions were evaluated in terms of item difficulty index (p), the proportion of examinees
who answered item correctly and discrimination index (Point biserial correlation index)
indicating how effectively the item discriminates between examinees that are relatively high
on the criterion of interest and those who are relatively low (Crocker & Algina, 1986).

e Using the ITEMAN results for multiple-choice and matching type of questions and overall
answering rate for true-false and open-ended type questions, the researcher edited or
removed some questions from both tests.

Results of the ITEMAN for the FMAT-I. The FMAT-I applied in the pilot study included the
questions (Questions 1, 34, and 36) related to “the vector topic” covered in the force and motion unit;
however, according to the ITEMAN, the difficulty index and the point- biserial index of Question 1
were not in the acceptable range. Most of students correctly answered this question, which means this
question was not good for discriminating students. Question 34 and 36 were true- false type of
questions and these questions were answered correctly most of students as well. After discussing
these questions to a high school physics teacher, the teacher claimed that this result was reasonable
since the vector questions are generally solved by most of students. Since the 45 minute-time also was
not enough for the FMAT-I, the researcher decided not to include the vector topic in the scope of the
present study. The main study was conducted after the teachers taught the vector topic.
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After excluding Question 1, the ITEMAN results for the FMAT-I indicated that the item difficulty
and discrimination indices were in the acceptable level. All alternatives worked well except for those
of Question 11. In this question, one distracter was selected similar rate as the correct alternative was.
The distracter was examined again and it was observed that it did not contain any information that
might lead students to select the distracter for Question 11. Therefore, it was decided to keep this
distracter among the alternatives of Question 11. Table 3.4 indicates the number of students taking the
FMAT-I in the pilot study, the number of multiple-choice and matching type of questions entering the
ITEMAN, the values of item difficulty, discrimination indices, and alpha and descriptive statistics of
test scores.

Table 3.4 Summary statistics related to the ITEMAN for multiple-choice and matching type of
questions of the FMAT-I in the pilot study

N of Items 18

N of Examinees 84

Mean 6.440
Std. Dev. 3.472
Skewness 0.879
Kurtosis 0.490
Alpha 0.765
SEM 1.683
Mean P 0.358
Mean Biserial 0.632

Results of the ITEMAN for the FMAT-II. The difficulty and discrimination indices were at the
acceptable level for the questions in the FMAT-II according to the item analysis. Only in Question 19,
one distracter had a high rate selection. However, since any problem was not observed in the
distracter, it was kept in Question 19. The number of students taking the FMAT-II in the pilot study,
the number of multiple-choice and matching type of questions entering the ITEMAN, the values of
item difficulty, discrimination indices, and alpha and descriptive statistics of test scores are presented
in Table 3.5

Table 3.5 Summary statistics related to the ITEMAN for multiple-choice and matching type of
questions of the FMAT-II in the pilot study.

N of Items 21

N of Examinees 84
Mean 13.476
Std. Dev. 4.148
Skewness -1.397
Kurtosis 1.653
Alpha 0.824
SEM 1.741
Mean P 0.642
Mean Biserial 0.688

Cronbach’s alphas were calculated for the objective-type questions in the FMAT-I and FMAT-II.
Cronbach’s alpha was estimated as 0.76 for the FMAT-I and 0.82 for the FMAT-II. As said above,
because of time limitation, some questions were excluded from both tests considering balance of the
number of question for each objective. (see Appendix E1 for the final version of the objective list and
Appendix E2 and E3 for final version of the tables of test specification for FMAT-I and FMAT-II,
respectively). Finally, the FMAT-I includes 27 questions which are 3 multiple-choice, 13 matching,
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and 11 open-ended type questions while the FMAT-II is comprised of 31 questions which are 10
multiple choice, 10 matching and 11 open-ended type of questions. The final version of FMAT-I and
Il are given in Appendix E4 and E5, respectively.

Table 3.6 indicates the source of the question of the FMAT-I used in the main study. As mentioned
before, some questions were taken from the studies conducted by the physics education research
groups (PERG). Questions 17-20 were adapted from the Tutorials in Introductory Physics
(McDermott, Shaffer, & the Physics Education Group, 2002) and Questions 21 and 24 were taken
from the Open-Source Tutorials (OST), developed by University of Maryland Physics Education
Research Group. Similarly, Questions 22 and 23 were adapted from the achievement tests developed
by the Colorado Physics Education Research Group.

Table 3.6 The source of the questions in the FMAT-I

Source Questions
FCI 1,3

MBL 2

FCME 4-16
PERG-Developed 17-24
Bowden, Dall’Alba, & Martin (1992) 25, 26
Researcher-Developed 27

The sources of the questions in the FMAT-II are presented in Table 3.7. Questions 2 and 16-28 were
adapted from the studies conducted by the physics education research groups (PERG). Question 2
was adapted from the Peer instruction book (Mazur, 1997). Questions 16-20 were adapted from
Teaching Physics with the Physics Suite (Redish, 2003). Questions 21-26 were adapted from the
achievement tests developed by the Colorado Physics Education Research Group. Questions 27 and
28 were taken from the OST.

Table 3.7 The sources of the questions in the FMAT-II

Source Questions

FCI 6,8

TUG-K 1,3,4,5
FCME 11-15
PERG-Developed 2, 16-28

0SS Exam 7
Researcher-Developed 30, 9, 10, 29, 31

3.3.2.2. Main Study

The ITEMAN results for the POFMAT-I and Il. The ITEMAN analysis was carried out for the
objective type of questions in the POFMAT-I and POFMAT-II as well. The results are given in
Appendix F. The number of students taking the tests , the number of objective type of questions
entering the ITEMAN, the values of item difficulty, discrimination indices, and alpha, and descriptive
statistics of test scores of the POFMAT-I and POFMAT-I are given in Table 3.8 and Table 3.9,
respectively. All difficulty and discrimination indices were at acceptable levels and all alternatives
worked well. Cronbach’s alphas estimated for multiple- choice questions in the FMAT-I and the
FMAT-II were 0.77 and 0.87, respectively. Cronbach’s alphas were calculated for all questions in the
FMAT- | and Il as well. The alphas are 0.90 for the FMAT-I and 0.88 for the FMAT-II.
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Table 3.8 Summary Statistics related to the ITEMAN for objective type of questions of the FMAT-I
in the main study

N of Items 16

N of Examinees 105
Mean 4.810
Std. Dev. 3.269
Skewness 0.662
Kurtosis -0.478
Alpha 0.772
Mean P 0.301
Mean Biserial 0.673

Table 3.9 Summary Statistics related to the ITEMAN for objective type of questions of the FMAT-II
in the main study

N of Items 20

N of Examinees 107
Mean 12.318
Std. Dev. 4.854
Skewness -0.448
Kurtosis -0.606
Alpha 0.866
Mean P 0.616
Mean Biserial 0.701

The keys for objective type of questions are given in Appendix G. The correct choices were coded as
one and the distracters were scored as zero on these types of questions in the analyses of the study.

The open-ended questions in the FMAT-1 and Il were graded by applying analytic and holistic
scoring rubrics. The analytic scoring is “the assignments of scores to individual components of a
performance or product” while the holistic scoring “the assignment of a score based on an overall
impression of a performance or product rather than consideration of individual elements” (Gronlund
& Waugh, 2009, p. 227). In this study, most of open-ended questions consisted of two parts. The first
part involved providing a short answer to the question while the second part requested students to
explain their reasoning for the short answer. Considering these parts, the general analytic scoring
framework was generated (see Appendix H1). This framework included the categories and sub-
categories formed employing different combination of short answers and explanations. For example,
the students’ responses having both a correct short answer and an explanation were assigned to the
first category (Code A) while the responses having both a short answer and an explanation but both or
one of them were not completely correct were assigned to the second category (Code B). Moreover,
the specific analytic scoring rubrics were created for each question relied on this framework.
Questions 22, 23 and 24 in the FMAT-I and Questions 24, 29, and 30 in the FMAT-II were graded
using holistic scoring rubrics because the answer patterns of these questions were different from the
other questions scored with the general analytic scoring framework. Both analytic and holistic scoring
rubrics were revised after examining all students’ answers to open-ended questions in the PREFMAT -
I, POFMAT-1 and POFMAT-II so that all possible responses could be taken into account before the
questions were graded. The scoring rubrics for all open ended questions in the FMAT-I and 1l are
given in Appendix H2 and H3, respectively. On the rubrics, the possible maximum score was three
and the possible minimum score was zero for the categories. Each rubric consisted of the categories
and subcategories, the scores of the sub-categories. Students’ answers exemplifying each category in
the scoring rubrics are given in Appendix H4. The frequencies and the percentages of students’
responses which were assigned to each subcategory are presented for the experimental and control
groups in Appendix H5 for the PREFMAT-I, in Appendix H6 for POFMAT-I and in Appendix H7
for POFMAT-II.
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3.3.3 Classroom Observation Checklist

The researcher developed a classroom observation checklist relied on the accepted theories of
metacognition, epistemology and the learning cycle to control whether the EM-7ELC was properly
implemented in the experimental classes and the TI was applied in the control classes. In other words,
the classroom observation checklist was used for treatment verification. As seen in Appendix I, the
observation checklist was developed considering the whole parts of the instruction based on the EM-
7TELC. Since all parts of the EM-7ELC cannot be completed in one class hour, for being able to fill a
checklist as a whole, the observer should participate in all classes in which a particular activity based
on the EM-7ELC is completed.

The classroom observation checklist, presented in Appendix |, includes 23 items. The researcher
benefited from the study of Keser (2003) when wrote Item 12 and 22. The other items were developed
by the researcher. There are three answering options as “yes”, “partially” and “no” in the checklist.
Some of items are intended for both instructions while some are developed for only the experimental
or comparison instruction. Item 13 and 14 can be observed in both experimental and control group.
Moreover, Items 7 and 23 are designed only for the comparison instruction while the rest of other

items are aimed for only the treatment instruction.

Several lessons in both experimental and control groups were observed by using this checklist. Some
of observations were conducted by two observers (one is the researcher and the other is a Ph.D
student in the department of Secondary Science and Mathematics Education at METU) to calculate
the inter-rater reliability coefficient which was used as an indicator for whether researcher alone can
make the reliable classroom observations. The correlation coefficients between the observation
checklist data of two observers were calculated (r=0.96 for the control group and r=0.82 for the
experimental group). Because correlations between two observers’ data were at acceptable levels, the
researcher conducted other observations, individually.

During treatment, force and motion unit was completed in 36 class hours in the experimental and
control groups. Since there were four classes, two experimental classes and two control classes, the
total instruction time of four classes was 144 class hours. In the experimental classes, seven
observation checklists were completed in 30 hours and control classes were observed using five
observation checklists in 21 hours. Considering these time periods, approximately, 35 percent of 144
class hours were observed by the researcher.

To support treatment verification, the researcher explored how the teachers and the students
differentiated the instruction based on the EM- 7ELC from the TI. Specifically, the researcher asked
both teachers and the students to answer the question of “How does the learning method used in force
and motion unit differ from the methods used in the previous units?”. Furthermore, the researcher
asked the teachers “What main difficulties they met in the implementation of the EM-7ELC?”. These
two questions were adapted from the study of Serin (2009). Thirty six students in the experimental
group reported their perceptions about the EM-7ELC, in written. The perceptions of two teachers who
implemented the EM-7ELC were taken with interview. The researcher interviewed the teachers at the
end of the treatment for 10- 20 minutes in their schools.

3.4 Instructional Materials

Instructional materials including, activity sheets, teacher guides, homework sheets and the concept
map drawing guide are discussed in this section.

3.4.1 Activity sheets

The researcher developed activity sheets for the implementation of the EM-7ELC (see Appendix J,
for the activity sheets). The activity sheets were the main instructional materials on which students
worked as a group of four or five in whole class time. They consisted of seven main parts
corresponding to seven phases of the 7E learning cycle. Each part was integrated with metacognitive
and epistemological components.
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For epistemological activities, the Open-Source Tutorials (OST), developed by University of
Maryland Physics Education Research Group, were mainly utilized. The OSTs were incorporated into
the treatment in different ways. One way is to use tutorial sheets with minor changes (e.g., changing
their order, excluding some parts, or rewording in terms of a particular topic). Another use is to
develop epistemological activities similar to the activities used in the OST. The strategies used in this
study and their short descriptions are as follows;

Mistake catching lessons. This strategy helps students realize the importance of thinking their own
mistakes. It is a metacognitive tool because students explicitly think their own thinking processes. In
this study, students employed this strategy when their predictions about a physical phenomenon did
not match their observations. Student used this strategy to reconcile their intuitive knowledge to their
observations. Specifically, using this strategy, students who made a mistake in their predictions wrote
what they were thinking before experiment and how they could modify their thinking to avoid the
mistake in the future.

Checking for consistency. Checking for consistency is used to lead students to realize that physics
knowledge as a coherent system of ideas rather than unrelated bits of facts. Using this strategy
students used the idea which she knows it is correct to check the other knowledge which she is not
sure (Hammer & Elby, 2003; Redish & Hammer, 2009). For example, the student is sure that her
velocity versus time graph is correct but she is not sure about her position versus time graph. When
she is aware of physics knowledge is consistent with one another, she might use velocity versus time
graph to check the correctness of the position graph.

The implication game. In the implication game, for instance, we have the idea that we are not sure it
is true or not. Then, we consider its implications. If its implication lead us to something conflicting
with other physics knowledge, we cannot accept it. If its implication leads us to something compatible
with other physics knowledge, we can accept it (Redish & Hammer, 2009).

Refinement lessons. Another strategy used in this study is “Refinement lesson”. This strategy is
developed by Elby (2001) to guide students to understand that learning physic involves refining one’s
intuitive ideas in order to reconcile them with the physics rather than putting them aside. In this
strategy, students are provided two groups of questions. In the first group of questions, students’
intuitions lead them wrong answer while in the second group of questions, the same intuitions lead
them to correct answer. Then, students are guided by using refinement diagrams to discuss what
makes these situations different to come up with the idea that the reason of their wrong answer is not
because of incorrect raw intuition; instead, it is because of incorrect refinement of a useful raw
intuition. For example, in the Newton’s second law topic a refinement diagram (see Figure 3.1)
indicates an example of these refinement diagrams used in Tutorials in Physics Sense-Making
developed the University of Maryland Physics Education Research Group.

Raw intuition A forceis needed for

motion
Anetforceisneeded to A net force is needed to
Refined muitions maintain an object’s motion initiate or change an object’s
(velocity) motion (velocity)

1. Which of those two refinements were you using (perhaps unconsciously!) in part B 7

2. Which of those two refinements agrees with Newton's second law?

3. Which of those two refinements were you using (perhaps unconsciously) back in part IBand IC ?

Figure 3.1 A refinement diagram is used in Tutorials in Physics Sense-Making
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Epistemologically prompted small and whole group discussions. In these discussions, students
prompted to discuss explicitly epistemological issues related to physics knowledge and learning. For
example, in the present study, after students got “ F= ma” the mathematical expression of Newton’s
second law by making an experiment, they discussed the following question;

(Work individually) Which of the following best expresses your view about the relationship
between physics formulas and common sense? (You can choose more than one.)
e  Many physics concepts make a lot of sense and connect to everyday experience; but
formulas are more of a problem-solving tool than a sense-making tool.
e It really depends on the formula. Some of them make sense, but you shouldn’t
expect them to make sense as a general rule.
e Ingeneral, physics formulas express some kind of common-sense ideas.
Compare your answers with the rest of your group. If there was disagreement, have a
debate—not to convince each other, but to understand each others’ views. If someone makes
a good point that disagrees with what you initially thought, summarize that point here.

Metacognitive strategies are the strategies which direct or stimulate students to engage in
metacognitive thinking processes. Metacognitive strategies employed in the present study are
summarized as follows:

Metacognitive prompts. They are used to encourage students to engage in metacognitive processes
such as planning, reflection, monitoring, evaluation of their own learning, or providing self-
explanation. Prompts can be employed as scaffold to direct students’ metacognitive thinking. One
advantage of prompts is that they can stimulate students make their own thinking explicit, which can
lead students to evaluate and revise their own thought processes, further (Lin & Lehman, 1999). Self-
monitoring and reflection prompts might provide conceptual guidance, help students to produce self-
explanation, and enhance reflection that students usually disregard (Chin & Brown, 2000).
Researchers have used prompts in different formats. They can be in questions or question stems and
starters (King, 1989, 1990, 1992, 1994), and sentence starters (Conner & Gunstone, 2004; Davis,
2003, Scardamalia, Bereiter, & Steinbach, 1984). An example of the questions prompt can be “what
do | know about this topic?”. An example of sentence starter can be “My difficulties in this topic
are...” Students can be exposed to prompts verbally or in written in different periods of lesson by
teachers or their friends. In the present study, the question and sentence starter prompts were
employed. Students were prompted verbally or in written.

Concept mapping. Graphic organizer is a visual representations used in instructional materials to
communicate logical structure of the instructional material (Jonessen, Beissner, & Yacci, 1993 as
cited in Trowbridge & Wandersee, 1998). Some examples of graphic organizers are fishbone
diagram, concept map, flow chart and Vee diagram (Trowbridge &Wandersee, 1998). Concept map is
the most used graphic organizer. It is “a knowledge representation tool showing concepts and explicit
prepositions forming a hierarchical structure” (Novak, 2002, p. 552). Trowbridge and Wandersee
(1998) defined concept map as a metacognitive tool to help learners restructure their cognitive
frameworks into more powerful integrated patterns. Many researchers indicated effectiveness of
concept mapping (e.g. Chang, Sung, & Chen, 2002; Guastello, Beasley, & Sinatra, 2000). Concept
mapping was used only in Activity 1 although it had been planned to be used in more than one
activity sheet. However, it was observed that constructing concept map with group discussion took
more time than planned. Therefore, the researcher used small group discussions in which question
prompts were utilized instead of concept map applications.

Some experiments in activity sheets were adapted from the experiments in the book, RealTime
Physics Active Learning Laboratories Module 1: Mechanics (Sokoloff, Thornton, & Laws, 2004).
The others were obtained from previous research on force and motion. But before and after these
experiments some metacognitive and epistemological activities were added considering the
commitment to the accepted theoretical frameworks.

The researcher of the present study mostly benefited from well-known curricular documents in physic
education such as the University of Washington tutorials and Eric Mazur’s peer instruction book for
the conceptual questions which are used in the activity sheets and homework. In addition, the
researcher made internet search on physic education research group websites to find out whether they
provide any conceptual questions developed and used in their research studies. In that time, only two
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research groups provided access to their materials: University of Maryland Physics Education
Research group and The Physics Education Research Group at Colorado. All conceptual questions
were modified considering resources framework.

The format of sheets was created to guide students what they were expected to do individually or in
small or whole group without so much intervention of a teacher. The sheets were organized in such a
manner that students could take notes and solve questions on them.

3.4.2 Teacher Guides

Two types of the teacher guide were developed for this study. The first one is the general guide which
contains general information about the EM-7ELC and how the teacher implements this learning
strategy. The general teacher guide is given in Appendix K. In this guide, first, how metacognitive
and epistemological activities are integrated with the 7E learning cycle stages is summarized in a
table. Second, the 7E learning cycle model and the expected activities in seven phases are explained.
Then, metacognition, the characteristics of metacognitive students and the metacognitive activities
used in the current study are summarized. Finally, epistemology in physics and what epistemological
activities would be employed in this study are summarized.

To train teachers how to implement the treatment, the researcher met each teacher individually two
weeks before the treatment. The general guide was sent to the teachers by e-mail one week before the
meeting so that they could study on the guide for discussion. In the meeting, the researcher and the
teacher discussed about implementation for about 2 hours using general teacher guide.

The second type of teacher guides were developed for each activity sheet to help teacher implement
the activity-sheet as intended. The teacher activity guides are given in Appendix L. They include the
objectives covered on each activity sheet and the important points for each section of the sheet. The
researcher sent each guide and the related activity sheet to the teachers by e-mail one week before the
application of the activity sheet. Before each lecture in the experimental group, the researcher and
teachers met and discussed related activities carried out in that lecture. These meetings were held in
the physics laboratory and they took approximately 20-30 minutes.

3.4.3 Homework Sheets

Each activity sheet had homework including two sections. The first section included conceptual
questions having three parts, the aim of which is to activate students’ intuitive physics knowledge and
direct students to reconcile their everyday intuitive knowledge to formal physics knowledge. The idea
behind this section of homework comes from David Hammer who used this type of strategy in his
epistemologically oriented course (Hammer & Elby, 2003). The second section included some
metacognitive prompts to guide students to think their own conceptual and epistemological
understandings. Homework sheets are given in Appendix M.

3.4.4 Concept Map Drawing Guide

The present study required students to draw concept maps as a metacognitive tool in Activity 1.
Specifically, they drew concept maps at the beginning and at the end of the activity. However, the
students in this study had not known so much how to draw the concept map. Thus, before the
treatment started, the students in the experimental groups were trained about the concept map using
the concept map drawing guide for one class hour. This training was conducted in students’
counseling course. The purpose of this training was to teach students how to draw a concept map
before the treatment so that the problems related to concept map drawing could be decreased in the
implementation of the EM-7ELC. This guide includes the information about what the concept map
and its elements are, how it is drawn, and the importance of concept mapping (see Appendix N).

3.5 Research Design
As it is not possible to randomly assign subjects to the experimental and control groups, a quasi-
experimental design (non-equivalent control group design) was used in this study. The intact classes

were randomly assigned into the experimental and control groups. The groups were statistically
matched on some related variables using the covariance analysis. Therefore, the matching-only
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pretest-posttest control group design was employed (Fraenkel & Wallen, 2000). Table 3.10 indicates
the research design of the study. According to this design, first, the FMAT-I and MPEX were applied
into the experimental and control groups as pre-tests one week before the treatment at the first week
of November. Then, the experimental group was instructed by the EM-7ELC while the control group
was taught by the TI until the last week of January. In the same week, the FMAT-I was administered
into both groups as a posttest. In this treatment period, force concept, the Newton’s first and second
laws, relative motion topics were covered. At the beginning of the second semester, the treatment of
the study started again and it continued until the last week of March. Finally, the FMAT-II and
MPEX were applied as post-tests immediately after the treatment in the same week. The topics
covered in the second treatment period included motion in one and two dimensions, Newton’s third
law and inertia.

Table 3.10 Research design of the study

Group Pretes Matching Treatment Posttest Treatment Posttest

EM-7ELC Group FMAT Statistical Instruction based on  FMAT-I Instruction based FMAT-II
MPEX matching the EM-7ELC on the EM-7ELC MPEX

Control Group FMAT Statistical Tl FMAT-I TI. FMAT-II
MPEX matching MPEX

3.6 Procedure

First of all, the research problem of the study was determined. A detailed review of the literature was
conducted using the key words given in Appendix O and different combination of these keywords.
After the keywords were determined, Educational Resources Information Center (ERIC), ProQuest
Dissertations and Theses, the METU Library Theses and Dissertations Archive, METUnique search,
Google Scholar which are general resources, were searched systematically. MS and PhD thesis made
in Turkey were also searched using Turkish Council of Higher Education National Thesis
Center/Database. The related studies were read and summarized. For literature review for research
studies investigating the effectiveness of the learning cycle, metacognitive or epistemological
instruction, the only experimental studies and the studies providing full-text access were taken into
account in the present study.

The population and sample of the study were determined in terms of having micro-computer based
laboratory tools. Since all schools do not have this opportunity, the schools having these materials
were searched. It was found that the ATTHSs had these laboratory tools. Then, population of the
study was decided to be tenth grade students at the ATTHSs in Ankara. According to the population
of the study, the necessary permissions from the Ethics Committee in Middle East Technical
University and Ankara Directorate of National Education were taken for the all ATTHSs in Ankara.
Two schools were selected out of nine ATTHSs in Ankara in terms of having two science tenth grade
classes.

To probe students’ epistemological understandings in physics, the epistemological surveys were
searched. The MPEX-Il was decided by considering the accepted theoretical framework of
epistemology for this study and the grade level of sample of the study.

After force and motion unit was decided, the researcher revised the objective list for this unit, then,
the FMAT-I and Il were developed. The both tests were piloted and revised before the main study.

The activity sheets, homework for each activity sheet, the general teacher guide, and the teacher
guides for each activity sheet, the concept map drawing guide were developed.

Since micro-computer based laboratory materials are used in this study, the researcher spent almost
two weeks to learn these tools, individually. After learning how to use these materials, the researcher
took part in two workshops to train teachers from Anatolian teacher training high schools how to use
these tools. One of the teachers in the present study had participated in one of these workshops;
therefore, the researcher did not train this teacher again how to use the materials. However, the other
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teacher had not taken part in the workshops, hence, the researcher trained this teacher how to use
computer based laboratory tools before the treatment. Both teachers were trained how to implement
the treatment as well. Furthermore, because students of the study had not used computer based
laboratory tools, they were also given information about how to use these tools two weeks before the
treatment.

The treatment of the study was conducted in 2009-2010 academic year at two ATTHSs. First, the
FMAT-I and MPEX were administered as pre-tests by the researcher one week before the treatment at
the beginning of November. Then, the treatment was implemented until the end of the first semester
of the academic year. The FMAT-I was employed as a posttest at the end of the semester. The
implementation of the treatment was resumed in the beginning of the second semester and ended at
the last week of March. After the treatment ended, in the same week, the FMAT-Il and MPEX were
administered as post-tests. The study took about four months excluding the pre and post-test
administrations.

The analytic and holistic scoring rubrics were formed to assess the open-ended questions in the
FMAT-I and II. The data obtained by administration of the all instruments were entered into the Excel
office program, then, they were analyzed using Statistical Package for Social Studies (SPSS) data
analysis program. The results of the study were interpreted. The writing of the thesis was completed
at the end of January.

3.7 The Implementation of the Treatment

First, the treatment implemented in the experimental classes is summarized; then the treatment in the
control classes is explained in this section.

3.7.1 Treatment in the Experimental Group

As mentioned before, in the present study, epistemological and metacognitive activities were
incorporated in the seven phases of the learning cycle. The integration of these activities is presented
in Table 3.11. This table also demonstrates the phases of the 7E learning cycle, the other activities
employed in each phase and the overall purposes of each phase of the EM-7ELC. It should be noted
that the aims presented in the table indicate collective purposes of the activities used in each phase
rather than indicating the purpose of a specific activity in each phase.

Table 3.11 The phases of the 7E learning cycle, epistemological and metacognitive and other
activities used in the each phase and the aims of each phase of the EM-7ELC.

Phases Metacognitive, Epistemological and Aim
Other Activities
Elicit Concept Mapping To help students be aware of their and their
Group Discussion led by metacognitive friends’ intuitive knowledge/ ideas about the
and epistemological prompts topic.
To have students support their reasoning.
Engage Watching an animation To attract students’ attention to the topic.
Discussing on an cartoon To have students make predictions.
Reading a scientific story To have students support their reasoning.
Group Discussion led by metacognitive
and epistemological prompts
Explore Experiments were done with To have students test their ideas
microcomputer-based laboratory tools
and were directed by prompts
Explain Group Discussion led by metacognitive To have students discuss their findings and

and epistemological prompts
Classroom Discussion led by
metacognitive and epistemological
prompts

Mistake-catching strategy

reach a conclusion.

To have students compare their findings with
predictions and in case of differences to have
them provide an explanation why they are
wrong in their predictions.

To have students support their reasoning.

To help students refine their own
understanding.
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Table 3.11(continued)

Phases Metacognitive, Epistemological and Aim
Other Activities
Elaborate Group Discussion led by metacognitive To have students apply their knowledge
and epistemological prompts obtained previous stages.
To have students support their reasoning.
Extend Group Discussion led by metacognitive To help students refine their intuitive physic
and epistemological prompts knowledge for reconciliation.
Mistake-catching strategy To have students support their reasoning.
Refinement diagrams
Checking for Consistency
Implication Game
Evaluate Concept Mapping To help students to evaluate their own

Group Discussion led by metacognitive
and epistemological prompts
Mistake-catching strategy

Homework including metacognitive and
epistemological prompts.

learning.
To help students to reconcile their prior and
current understanding.

Some students’ products are demonstrated in Appendix P. They exemplify some of activities
explained above, such as their homework, concept maps, mistake catching strategy applications, and
refinement diagrams.

Table 3.12 shows metacognitive and epistemological activities employed in the present study and the
activity sheets in which they were included. According to the table, the prompted small and whole
group discussions were the most frequent activities whereas the concept mapping and implication
game were the least frequent activities.

Table 3.12 Metacognitive and epistemological activities and their occurrence in the activity sheets

— N MmO < 1O © N~
>N 2 2> 2 > >N
Metacognitive and Epistemological Activities T T T % % % % I
< < < < < <KL
Group Discussion led by metacognitive and epistemological X X X X X X X X
prompts
Concept Mapping X
Classroom Discussion led by metacognitive and epistemological X X X X X X X X
prompts
Mistake-catching strategy X X X X X X X
Refinement Diagrams X X X
Checking for Consistency X X X X X X
Implication Game X
Homework including metacognitive and epistemological prompts. X X X X X X

At the outset of the treatment, the researcher and teachers constructed five heterogeneous groups of
six or five students according to their previous physics achievement. The students were informed
about whom they worked in the group at the first class of the treatment.

In both experimental and control classes, the medium of the instruction was Turkish. For describing
how the EM-7ELC to be implemented in the experimental classes, the application of Activity 2 in one
of the experimental classes are explained in this section. Activity 2 is given in Appendix J and an
example of Activity 2 sheet of a student is presented in Appendix P. Figure 3.2 shows the seating
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arrangement of this class when they started Activity 2. The activity is related to “relative motion”
topic lasted four 45-minute lessons.

¢)

I I9
0 )
®

Teacher's t2blz

Figure 3.2 The seating arrangement of one of the experimental classes when they started Activity 2.

In the beginning of Activity 2, the students entered to the physics laboratory and sat down around
their group tables. The teacher distributed activity sheets to the students. The activity sheet included
mainly seven parts corresponding to seven stages of the 7E learning cycle. The first part named “Let’s
show what we know” consisted of two sub-parts: work individually and work together. In the work
individually sub- part, the teacher asked the students to explain their reasoning on two questions. The
first question was a conceptual question which is “Can the velocity of a moving object be zero
relative to another object? If so, give everyday examples and explain your reasoning”. The second
question was an epistemological question aiming to help students think about the importance of
thinking about their errors in learning processes. This question was “Is important to think about our
errors? Explain your answer.”. After the students responded two questions, individually, the teacher
requested the students to perform small group discussions in work together sub-part. The teacher
urged them to discuss their answers to previous questions as a group. The students were prompted to
explain why they think such a way and support their answers. In other words, the students were
encouraged to explain their thoughts to provide causal explanations about the phenomenon. The
teacher walked among five groups to guide all students to participate in discussion and to explain
their reasoning using metacognitive prompts such as “Do you agree with your friends”, “Does your
friend’s explanation make sense to you”. The teacher also warned the students not to change their
previous answers they wrote in the work individually part. After they discussed the questions, some
students wanted to learn answers of the questions. To respond them, the teacher said they would
return these questions at the end of the activity and would discuss these questions again. The teacher
also added that the important thing here was supporting their thoughts and sharing their ideas.

The teacher asked the students if they finished their group discussion, they could started the second
part called “Let’s compare the velocities of Car A relative to Car B” led the students to work
individually and to make prediction about the detected motion of a car (Car A) relative to another car
(Car B). In this part, the teacher asked the students “Consider Car A and Car B with motion detector.
In first situation, Car A moves and Car B is at rest. In the second situation, Car A moves toward Car
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B and Car B moves toward Car A. The last situation, Car B moves toward Car A and Car A moves
away from Car B. Every time, you give Car A the same brief push and Car B has constant velocity.
Can you compare the velocity of Car A measured by the motion detector in three occasions.” Some
students wanted the teacher to explain three situations further. The teacher clarified what the
questions asked and how motion detector worked. Then, the teacher again requested the students to
compare the observed motion of Car A in the three different occasions and explain their reasoning.
After students made predictions, the teacher said “In the next lesson, we will test our predictions” and
the first lesson for Activity 2 ended.

The second lesson of Activity 2 conducted two days later. Since set up of microcomputer-based
laboratory tools takes time, before the lesson, related tools were put on the students’ tables. After the
students arrived at their classroom, the teacher said “in the previous lesson, we made predictions.
Let’s test our predictions. Set up the experiments by following the set-up instruction in the activity
sheet to test your predictions”. The teacher helped them follow the instruction for the experiment.
Some students had difficulty in getting clear velocity versus time graphs because of inappropriate use
of the motion detector. The teacher helped these students how to get clear data by using motion
detector. The students made the experiment to find out the measured velocities of Car A in three
occasions. Using Car B with motion detector, they got velocity versus time graph for motion of Car A
in each situation. The students used three different velocity versus time graphs to calculate average
velocities of Car A and compared these velocities. The teacher checked whether all groups completed
all parts of the experiment. After this, the second class was completed.

In the beginning of the third class, the teacher requested groups to report their findings in the “Let’s
share our thoughts” part. One student of each group shared their experiment results with classroom.
The teacher directed the classroom discussion. After this discussion, the teacher explained relative
motion using the students’ expressions. At the end of this part, the teacher informed the students
about a metacognitive strategy, mistake catching strategy. The students applied this strategy under
sub-title “Let’s Understand Our Mistakes”, to compare their predictions and the experiment results.
And in case of differences, some students provided an explanation why they were wrong in their
predictions. Then, the students started the “Let’s elaborate what we have learned” part to apply
relative motion concepts. They worked on two questions in group. Similar to the other parts, the
teacher guided the students to explain and support their reasoning in this process as well. The teacher
walked around all groups and checked their answers. The teacher warned some students who did not
participate in group discussions as well. After this part, the teacher said they would apply relative
motion into two-dimension. Then, the students started the “Let’s extend what we have learned” part
in which they worked on conceptual questions which required the students to work on situations
different from the situations in the “Let’s explore” and “Let’s elaborate what we have learned” parts.
The students first worked in group on conceptual questions which asked to apply the relative motion
concept into the motion with two-dimension. The teacher directed the students in group works and
ensured all groups solved the questions. Finally, teacher asked whether all students finished solving
questions. This was the end of third lesson of Activity 2.

Two days later, the students went on the second sub-parts of “Let’s elaborate what we have learned”.
This part addressed explicitly the students’ epistemological understandings in physics. The refinement
strategy was employed. In this strategy, the students were provided two groups of questions. In the
first group of questions, students’ intuition that being ahead implies gone faster led most of them to
wrong answers while in the second group of questions, the same intuition lead them to correct
answers. More specifically, first, the teacher explained the students what intuitively answering
questions meant. The teacher said “when you intuitively answer a question, you do not use the
physics knowledge you learn in the school. You use your intuition to answer questions”. Some
students said they could solve the question by using relative motion formula but teacher said for the
first question (see Activity 2 in Appendix J), they were requested to answer, intuitively. The students
responded the other related questions using formal physics knowledge. In the last question, they
found out the motion of Car A to Car B using relative motion formula, and they were asked whether
their response found in this question was compatible with the response they found intuitively. After
all students individually answered all of three questions, the classroom discussion was carried for the
first group of questions. The teacher asked the students to share their responses to three questions.
Almost all students answered the first question wrong. They claimed that intuitively, Car A went to
the east relative to Car B since Car A was ahead. However, they provided correct answer that the
velocity of Car A was zero relative to Car B. In other words, most of students had contradiction
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between the intuitive response and the response reached using the relative motion formula. After this,
the students were requested to discuss what they do with the contradiction between common sense
and scientific knowledge. The students were asked to explain their responses as well.

Then, in “the refinement of intuitive knowledge” sub-part, the students worked on the second group
of questions. In the classroom discussion, it was seen that most of students did not have contradictions
between common sense and scientific knowledge for the second group of questions. After students
shared their answers, they were asked to think about two different results of use of their intuition
(being ahead implies gone faster) in two different situations. Students were urged to discuss in group
and in whole-class whether their intuition was correct, wrong or something else. After the classroom
discussion, the teacher asked students to compare the displacement of Car A in two situations and to
relate these displacements to the velocity of Car A. Students worked on this question in group.
Finally, in the classroom discussion, the teacher summarized what students did and discussed
everything from the beginning of the fourth lesson and to that time. Then, by using the refinement
diagram (see Figure 3.3), the teacher guided students to discuss what made these situations different
to come up with the idea that the reason of their wrong answer is not because of incorrect raw
intuition (being ahead implies gone faster); instead, it is because of incorrect refinement of a useful
raw intuition.

Raw intuition The object ahead moves faster

As long as the object ahead has a The object ahead always
Refined intuition greater displacement than the moves faster.

following object for the same time
interval, it moves faster.

Figure 3.3 The refinement diagram for “the object ahead moves faster” intuitive knowledge

Finally, in the “Lets evaluate ourselves” part, the same procedures in the “Let’s show what we know”
part were followed by the students, but, in addition, they applied the mistake catching strategy after
small group discussions. That is, the students worked on the same questions asked in the “let’s show
what we know” part. After applying the mistake catching strategy, the teacher gave a homework
which included two parts (see Appendix N for homework sheets). This is the time for the end of the
relative motion topic. In the first part of the homework, students responded to a problem, then, they
were asked how other people who don’t know physics might answer to this question and why they
might respond like that. Finally, they answered whether there was a way to reconcile the common-
sense idea underlying others’ reasoning with their own reasoning in this case. In the second part,
students were prompted to think about their own learning during relative motion unit. For example,
they were requested to compare what they had known with what they knew in relative motion after
Activity 2. In Appendix P, two students’ homework sheets for Activitiy 2 are given to exemplify the
students’ answers in the homework.

In general, in this activity, the students learned to interpret the motion of an object relative to another
object and solved questions related to relative motion. Furthermore, students learned the application
of the mistake catching strategy. They carried out discussions regarding thinking about their own
errors, the cases in which their common senses (intuitive knowledge) contradict with formal physics
knowledge, how incorrect refinements of raw intuitions lead students to making errors.
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3.7.2 Treatment in the Control Group

Control group was taught by the traditional physics instruction in which the teacher was firstly
explained the topic by lecture and then, teacher solved some example questions and asked the
additional questions to students. Students were mostly in listener role, took note what the teacher said
and writings in the blackboard. At the end of lessons, the teacher gave homework to students.

Since this study did not investigate the effect of the microcomputer laboratory tools (MBL), to control
the effect of use of these tools, the students in the control groups were made experiments for some
topics using these tools as well. At the beginning of the study, the researcher requested the teachers to
conduct at least one experiment for each topic using the MBL tools. Moreover, the teachers discussed
how they would use experiments in the control groups. However, the researcher did not give any
written documents to the teachers related to these experimentation processes or other activities carried
out in the TI. By taking into account the researcher’s request, the teachers had the students in the
control groups make experiments after they explained the topic. The students did not make any
predictions and the application of the mistake catching strategy. For example, for relative motion
topic, the same experiment discussed above was conducted in the control groups after the teacher
explained the relative motion and solved some examples. The teacher helped the students set up their
experiments. After they finished the experiment, the teacher asked students their results and to write a
report explaining what they did and found in the experiment. The students did not participate in
prompted group and classroom discussions which were seen in the experimental groups.

3.8 Analyses of Data

First, the data gathered by the applications of the FMAT-1, FMAT-II and the MPEX as pre and post-
tests were entered to the Microsoft Excel file. The raw data are presented in Appendix Q. Then, the
data were transferred to SPSS. Finally, the related variables were formed and analyses of the data
were conducted.

3.8.1 Missing Data Analysis

According to George and Mallery (2003), if a particular subject or a certain variable has more than 15
% missing data, it is recommended dropping that subject or variable from the analysis, entirely. If
missing data proportion is less than 5 % of the whole data, they can easily replaced with the mean
scores of the entire subjects for respective variables. The percentages for missing values were
determined before starting analyses.

The statistical analyses were done by using SPSS. The data were analyzed in two parts. Descriptive
statistics were employed in the first part while inferential statistics were employed in the second part.

3.8.2 Descriptive Statistics

Descriptive statistics were utilized to summarize the data and to check the assumptions of the
inferential statistics. The mean, standard deviation, skewness and kurtosis values for each variable
which are the POMPEX, POFMAT-I, POFMAT-Il, PREMPEX, PREFMAT-I, and TMT were
created for all groups. Skewness and kurtosis values for each variable were employed to test
normality assumptions of the inferential statistics. The mean and standard deviation were calculated
to summarize the data and obtain overall information about the data.

3.8.3 Inferential Statistics

Inferential statistics were employed to generalize results from the sample to the population. Since
intact classes participated in the study, Multivariate Analysis of Covariance (MANCOVA) would
have used statistically to equate groups on covariates (gender, the PREMPEX, PREFMAT-I, and
TMT). However, the homogeneity of regression assumption was not met for the achievement
variable. Therefore, the multiple linear regression analysis was used to examine the influence of the
instructional method (IM) on students’ achievement in case of the interaction between the covariate
and the IM. In other words, aptitude treatment interaction (ATI) analysis was conducted to get
understanding about the nature of the interaction effect. ANCOVA was run to investigate the
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effectiveness of the IM on students’ POMPEX score when their gender, PREFMAT-I, TMT, and
PREMPEX scores were controlled.

3.8.4 Power Analysis

Power analysis was made at the beginning of the study to determine the required sample size to reach
the desired power. To find out the needed sample size, the procedures suggested by Cohen and Cohen
(1983, p. 155) were utilized. First, they suggest setting the level of significance (a); the probability of
making a Type I error, that is, the probability of rejecting true null hypothesis. The value of o was set
to 0.05. Power, “the probability of rejecting the null hypothesis when it is false” (Hinkle, Wiersma, &
Jurs, 1998, p. 120.) was set to 0.80. After that, kg, the number of Vs in set B, group membership
variables, was determined. The number of IVs is equal to “g-1”, g the number of levels of the group
membership variables. In this study, group membership variable is the IM having two levels. Thus, kg
was equal to one. Then the value of L was found as 7.85 using a (0.05) and power (0.80) and kg
(1.00). Finally the pre-set f°, index of effect size, was set to 0.15, medium effect size (Cohen &
Cohen, 1983, p. 161) based on literature review.

Cohen and Cohen (1983, p. 155) provided the following formula for determining sample size (n) ;
n=( L/f?) +ka +kg +1, Ka. the number of variables in set A, e.i., the number of covariates.

In this study, the number of covariates was four. Using this formula, the required sample size for the
desired power was equal to 59. On the other hand, the sample size used in the analysis of the study
was 103. When this sample size was assigned to above formula, L was found as 14.55. According to
L tables (Cohen & Cohen, p. 527), the calculated power was between 0.95 and 0.99 and close to 0.95.

3.8.5 Unit of Analysis

In this study, the unit of analysis was each student while experimental unit was each class in the
study. For independence of observation, these two units should have been the same (Peckham, Galss,
& Hopkins, 1969). Therefore, independence of observation was not met completely. On the other
hand, independence of observation for data collection was tried to meet by not allowing students to
interact with each other when they were tested. The researcher applied all instruments into groups in
each school at successive class hours.

3.9 Assumptions and Limitations
The assumption of this study is:
e All instruments of the study were seriously, consciously and truthfully completed by the

students.

The limitations of this study are:
e  The results of the study are limited to tenth grade students at ATTHSs.
e  The results of the study are limited to “force and motion unit” in tenth grade.
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CHAPTER 4

RESULTS

This chapter is made of five sections related to the result of the study. In the first section, the data
cleaning and missing data analysis of the study are summarized. The second section includes the
discussion on the descriptive statistics of the scores on the variables in this study. Then, the results of
the inferential statistics are presented in the third section. In the fourth section, the result of the
observation checklist and the teachers’ and the students’ perceptions about the instruction relied on
the EM-7ELC are discussed. Finally, the summary of results is given in the last section.

4.1 Data Cleaning and Missing Data Analysis

Before forming variables of the present study, the frequency tables were produced for each question
or item in the instruments of the study to check whether all data were within the range of minimum
and maximum scores. Examining of the tables indicated that there was no value outside of the ranges
being considered in the study. The score of questions in the FMAT-I and FMAT-II changes between
zero and three. The score of the items in the MPEX ranges from one to five. All frequency tables are
presented in Appendix R. After the data cleaning, the variables of the study, namely, the PREFMAT-
I, POFMAT-I, POFMAT-II, PREMPEX, and POMPEX were computed. Moreover, missing data
analysis was conducted on the variables of the present study. It is suggested dropping subjects or
variables having missing data from the analysis, entirely if missing data are on the dependent variable.
Therefore, the subjects who took all post-tests were included in the analyses of the study. Table 4.1
indicates the variables of the study and their missing values.

Table 4.1 Variables in the study, the values of missing in these variables and percentage of missing
values

Variables Present(N) Missing Missing %
POMPEX 106 1 0.93
POFMAT-I 105 2 1.87
POFMAT-II 105 2 1.87
PREMPEX 102 5 4.67
PREFMAT-I 101 6 5.60
T™MT 107 0 0
Gender 107 0 0

As seen from the table, all post tests have missing subjects. These absent students were removed from
other tests as well. Table 4.2 presents the missing values of the variables after excluding the students
who did not have test scores on all the post-tests.

Table 4.2 Variables in the study, the values of missing in these variables and percentage of missing
values after excluding missing subjects in the post-tests

Variables Present(N) Missing Missing %
POMPEX 103 0 0
POFMAT-I 103 0 0
POFMAT-II 103 0 0
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Table 4.2 (continued)

Variables Present(N) Missing Missing %
PREMPEX 100 3 2.91
PREFMAT-I 99 4 3.88
T™MT 103 0 0
Gender 103 0 0

Tabachnick and Fidell (2007) claimed that when the percentage of missing values was 5% or less, any
missing data handling method produces similar results. Since the percentages for missing values for
the PREMPEX and PREFMAT-I were less than 5 %, missing values in those variables were replaced
with mean of the corresponding variables.

4.2 Descriptive Statistics

Males included 45.6 % of the sample while females did 54.4 % after missing data analysis.
Descriptive statistics of the continuous variables of the study are presented in Table 4.3. The possible
maximum score students can acquire is 47 whereas the possible minimum score is zero on the FMAT -
. In this study, the maximum score was 26.50 and the minimum score was three on the PREFMAT-I.
The EM-7ELC and control group students obtained similar mean scores. The minimum score was
2.75 while the maximum score was 43 on the POFMAT-I. The mean score of the EM-7ELC was
higher than that of the control group on the POFMAT-I.

On the FMAT-II, the possible maximum score students can get is 57 while the minimum possible
score is zero. In this study, the minimum score was 5.75 whereas the maximum score was 53 on the
POFMAT-II. Similarly, the EM-7ELC group got a higher mean score than the control group did on
the POFMAT-I1I. On the MPEX, students can get 145 as the maximum possible score while they can
obtain 29 as the minimum possible score. The maximum score was 121 while the minimum was 55
on the PREMPEX. The EM-7ELC group had slightly higher mean score than the control group had.
On the other hand, the maximum score on the POMPEX was 128 and the minimum score was 54. The
mean scores of the groups differed from each other. The EM-7ELC group had a higher mean score
than the control group had. Finally, on the TMT, the possible maximum score is 100 and the possible
minimum score is zero. The maximum score in this study was 100 while the minimum score was 42
on the TMT. The control group had a higher mean score than the EM-7ELC group had on the TMT.
The skewness and kurtosis values of the variables were within the range of -2 and 2 except for the
PREFMAT-I.

The value of kurtosis of the PREFMAT-I scores in control group was 3.17 which is not drastically
bigger than 2. Moreover, as explained in later sections, the PREFMAT-I would have been used for a
covariate; however, it was not significantly correlated with the post-achievement variable. Therefore,
it was not used in the analyses of this study. Thus, it can be said that the scores on the all variables
used in the study were normally distributed.

Table 4.3 Descriptive statistics for the continuous variables of the study

N Mean SD Skewness Kurtosis Min Max
PREFMAT-I
Control 51 10.04 4.68 1.61 3.17 3.00 26.50
EM-7ELC 52 9.57 3.60 0.71 0.67 4 21
Total 103 9.81 4.15 1.38 2.87 3 26.50
PREMPEX
Control 51 83.45 14.45 0.32 0.32 55 121
EM-7ELC 52 85.90 9.80 0.18 0.30 60 110
Total 103 84.69 12.33 0.18 0.60 55 121
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Table 4.3 (continued)

N Mean SD Skewness  Kurtosis Min Max
TMT
Control 51 81.67 12.35 -0.88 0.75 45 100
EM-7ELC 52 75.77 12.92 -0.04 0.38 42 100
Total 103 78.69 12.92 -0.42 -0.07 42 100
POFMAT-I
Control 51 12.25 5.55 0.63 0.24 2.75 27.25
EM-7ELC 52 29.48 7.93 -0.48 -0.47 10 43
Total 103 20.95 10.02 0.25 -1.18 2.75 43
POFMAT-II
Control 51 18.83 6.81 0.45 -0.09 5.75 35.75
EM-7ELC 52 33.45 9.30 0.02 -0.06 10.75 53
Total 103 26.21 10.95 0.39 0.48 5.75 53
POMPEX
Control 51 87.23 13.14 0.18 0.15 54 119
EM-7ELC 52 99.91 14.70 -0.41 0.12 61 128
Total 103 93.63 15.27 -0.01 -0.38 54 128

Cohen’s d, which is one of effect size (ES) indices, was calculated for post-test scores on the FMAT-
I, FMAT-1I and MPEX (see Table 4.4). All ESs are large according to the threshold values proposed
by Cohen (1988). The biggest ES was obtained on the POFMAT-I scores.

Table 4.4 The ESs calculated on the POFMAT-I, POFMAT-II, and POMPEX

Test Effect Size (Cohen’s d)
POFMAT-I 251
POFMAT-II 1.79
POMPEX 0.90

Correlations among all variables in the study were calculated (see Table 4.5). It was observed that the
POFMAT-I scores were highly correlated with POFMAT-II scores. Therefore, the researcher
combined these variables under the total achievement variable, labeled as POTFMAT to increase
power of the study. On the calculated POTFMAT, the possible maximum score is 100 while the
possible minimum score is zero. The descriptive statistics for the POTFMAT are given in Table 4.6.

Table 4.5 Correlations among the variables in the study

Variables POFMAT-1 POFMAT- POMPEX PREFMAT-I PREMPEX TMT

POFMAT-II 0.80*

POMPEX 0.51* 0.47*
PREFMAT-I 0.23* 0.11 0.11
PREMPEX 0.19 0.19 0.30*
TMT -0.07 0.03 0.13
GENDER 0.01 -0.05 -0.17

0.05
0.04
0.27*

0.10

-0.20*

-0.13

" Correlation significant at the 0.05 level
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Table 4.6 Descriptive statistics for the POTFMAT

Groups N Mean SD Skewness Kurtosis Min Max
Control 51 31.08 10.40 0.35 -0.38 11.75 57.50
EM-7ELC 52 62.93 15.89 -0.36 -0.32 20.75 92.50
Total 103  47.16 20.86 0.32 -0.99 11.75 92.50

4.3 Inferential Statistics

Multivariate Analysis of Covariance (MANCOVA) was used to analyze the data of the study since
there were covariates and more than one dependent variable in this study. The assumptions of the
MANCOVA were tested before starting the analysis.

4.3.1 Selecting Covariates

Tabachnick and Fidell (2007) argue that selecting a set of covariates relies on two conditions. The
first one is a theory explaining the relation of the covariate to the dependent variable. The theory can
be obtained from literature regarding the variables in the particular study. The second condition is
statistically determining the set of covariates. That is, selecting IVs low correlated with one another
and high correlated with dependent variables. In this study, gender, the students’ prior understandings
about force and motion unit (PREFMAT-I and TMT) and the students’ prior epistemological
understandings in physics (PREMPEX) were considered as the covariates based on the literature.
Correlations among variables including the POTFMAT and excluding the POFMAT-I and 1l were
estimated again. Table 4.7 shows the correlations among variables including the POTFMAT.
However, according to Table 4.7, only the PREMPEX variable was significantly correlated with the
dependent variables. Therefore, PREMPEX was identified as the covariate of this study, and the
PREFMAT-I, TMT and gender were excluded from the covariates.

Table 4.7 The correlations among the variables including the POTFMAT and excluding the
POFMAT-I and POFMAT-II

Variables POTFMAT POMPEX PREFMAT-I PREMPEX TMT

POMPEX 0.52

PREFMAT- 0.18 0.11

PREMPEX 0.20° 0.30* 0.05

T™MT -0.02 0.13 0.04 0.10

GENDER -0.02 -0.17 0.27* -0.20* -0.13

" Correlation significant at the 0.05 level

4.3.2 Homogeneity of Regression Assumption

After deciding the covariate, whether the required assumptions for the MANCOVA would be met
was checked. Homogeneity of regression assumption is that the regression slope between the
dependent variable and the covariates in each group are equal to each other. If this assumption is not
met, there is an interaction between independent variables and covariates. In other words, the relation
of covariates to the dependent variable is not same at different levels of the independent variables
(Tabachnick & Fidell, 2007). In this study, the independent variable was the IM carrying group
membership and had two levels.

To test this assumption for the POTFMAT, the hierarchical multiple regression was employed for
each dependent variable. First, the categorical treatment variable (IM) was transformed to a
dichotomous variable using dummy coding. In this variable, the value of one represents the EM-
7ELC group while the value of zero refers to the control group. Then, the variable used to test the
interaction effect was generated by multiplying the covariate (PREMPEX) with the dichotomous IM.
This variable was labeled as the PREMPEX*IM. After preparation of the variables, the hierarchical
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multiple regression was run. First of all, the PREMPEX was entered into the model as Set A. Then,
the IM was included in the model as Set B. Finally, the PREMPEX*IM was entered into the model as
Set C. The result of this multiple regression correlation (MRC) analysis is presented in Table 4.8.
According to this result, the inclusion of the interaction variable significantly changed the explained
variance of the POTFMAT scores. That is, there was a statistically significant interaction between the
covariate and treatment variable. Put it differently, the differences in the POTFMAT scores between
the EM-7ELC and the control group were not same throughout the range of the PREMPEX scores.
Therefore, it can be said that the homogeneity of regression assumption was violated for the
POTFMAT dependent variable.

Table 4. 8 The result of the MRC for the POTFMAT

Model R R’ Adjusted Change Statistics
R? R’ F dfl df2 Sig. F
Change Change Change
Set A 0.20 0.04 0.030 0.04 4.17 1 101 0.04
Set B 0.78 0.60 0.60 0.56 142.02 1 100 0.00
Set C 0.81 0.65 0.64 0.05 12.80 1 99 0.00

Similar procedures were carried out for the POMPEX for checking the homogeneity of regression.
Set A, B, and C variables were same as the variables used in the previous analysis. The only
difference was the dependent variable; the POMPEX. The result of the hierarchical MRC is given in
Table 4.9. The addition of the PREMPEX*IM did not significantly change the explained variance in
the POMPEX scores. Therefore, the homogeneity of regression assumption was met for the
POMPEX.

Table 4.9 The result of the MRC for the POMPEX

Model R R’ Adjusted Change Statistics
R? R’ F dfl df2 Sig. F
Change Change Change
Set A 0.30 0.09 0.08 0.09 10.19 1 101 0.00
Set B 0.49 0.24 0.23 0.15 19.97 1 100 0.00
Set C 0.50 0.25 0.23 0.01 0.79 1 99 0.38

In sum, since the homogeneity of regression assumption was not observed for the POTFMAT, the
MANCOVA was not suitable for the analysis of the data in this study. Cohen and Cohen (1983)
claimed that in case of interaction, “it would be serious error to conclude from this that the research is
uninterpretable. Quite the contrary!”(p. 328). They argued the MRC analysis might produce rich
information which helps researchers’ understanding about the researched phenomena. That is, the
MRC can be used safely to analyze data indicating the interaction effect. Thus, in the current study,
the MRC was performed to investigate the effect of the IM on the students’ physics achievement
when the students’ PREMPEX scores interacted with the IM. On the other hand, as the homogeneity
of regression assumption was justified for the POMPEX score when the PREMPEX was taken as the
covariate, the impact of the IM on the students’ POMPEX score was explored running one way
Analysis of Covariance (ANCOVA).

4.3.3 Multiple Regression Correlation (MRC) Analysis

The hierarchical MRC was used to interpret the nature of interaction between the PREMPEX which
was the covariate and the IM which was the group membership variable when the POTFMAT was the
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dependent variable. Before performing the MRC, the researcher checked required assumptions for the
MRC. These assumptions are discussed in the following sections.

4.3.3.1 Assumptions of the MRC

There are different the rule of thumb criteria for sample size needed for the MRC in the literature. For
example, according to Tabachnick and Fidell (2007, p. 123), sample size should be equal to or larger
than 50 + 8m (where m is the number of 1Vs). For this study, there were three IVs; hence the
minimum sample size should be 74. However, Stevens (2000, p. 88) claimed that “for social science
research, about 15 subjects per predictor are needed for a reliable equation”. For the present study,
minimum sample size required for the MRC should be 45. As the sample size of the study was 103,
the required sample size assumption was met considering two criteria given above.

Outliers, normality, linearity and homoscedasticity assumptions can be checked using the scatterplot
of the standardized residuals and the normal probability plot (P-P) of the regression standardized
residual produced in the analysis (Pallant, 2011, p. 158). For the normality assumption, the data points
in the normal P-P Plot should yield roughly a straight diagonal line from bottom left to top right.
Figure 4.1 indicates the Normal P-P Plot which suggests that the data are normally distributed.

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: POTFMAT
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Figure 4.1 Normal P-P plot of regression standardized residual for the POTFMAT

Normality, linearity, and homoscedasticity assumptions can be inspected by interpreting the
scatterplot. Pallant (2011, p. 158) recommended that in the scatter plot, the residuals should be
roughly rectangularly distributed and most of the scores should be concentrated in the center along the
zero point for these assumptions. Figure 4.2 shows the scatterplot of the standardized residuals
produced in this study. When it is examined, it can be said that the linearity and homoscedasticity
assumptions were met in the present study.
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Scatterplot
Dependent Variable: POTFMAT
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Figure 4.2 Scatterplot of standardized residual for the POTFMAT

Outliers in the data were evaluated using standardized residual values in Residuals Statistics table (see
Table 4.10). Tabachnick and Fidell (2007, p. 128) argued that the cases whose standardized residual
values are bigger than 3.30 or less than -3.30 can be considered outliers. According to Residuals
statistics table, the standardized residual values ranged between 3.68 and 2.12. To determine outliers,
the Casewise Diagnostics table was used. This table indicated that one case has 3.68, the standardized
residual value. However, this value does not differ drastically from 3.30. To inspect, whether this
outliers led a problem, the maximum value of Cook's Distance was used. According to Tabachnick
and Fidell (2007, p. 75), the value that is bigger than 1.00 indicates the problem of outliers. In this
study, the maximum value of Cook's Distance was less than 1.00; thus, the outlier was not influential.

Table4.10. Descriptive statistics of residuals, Mahalanobis Distance, Cook'’s Distance and Centered
Leverage Value for POTFMAT

Minimum Maximum Mean SD N
Residual -46.22 26.56 0.00 12.37 103
Std. Residual -3.68 2.12 0.00 0.99 103
Mahal. Distance 0.97 14.95 2.97 2.93 103
Cook's Distance 0.00 0.09 0.01 0.01 103
Centered Leverage Value 0.01 0.15 0.03 0.03 103

Multicollinearity and singularity should not exist for performing the MRC. Multicollinearity refers to
high correlation (r=.9 and above) among the independent variables and singularity exists when an
independent variable is combination of other independent variables (Pallant, 2011). Since this
assumption was related to the variance explained by linear combination of independents variables, it
related to model evaluation. In this study, the researcher did not use the MRC for this purpose; thus,
this assumption was not needed for this study.

Since all related assumptions were justified, the MRC could be conducted for the POTFMAT as the

dependent variable and for the IM, PREMPEX, IM*PREMPEX as the independent variables. The
results of the MRC are presented in the next section.
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4.3.3.2 Results of the MRC

The MRC was utilized to figure out the nature of the interaction between the mode of interaction and
the students’ pre-instructional epistemological understandings. That kind of interaction effect is called
aptitude-treatment interaction (ATI) in the literature. Put it differently, the ATI is tested statistically
using the MRC. The ATI means that individual differences change treatment effects (Cronbach, 1975
as cited in Koran & Koran, 1984). In case of the ATI, regression lines of the aptitude on achievement
are nonparallel for different instructional treatments. This implies that a particular instructional type is
significantly more influential for one type of student whereas another type of instructional treatment
is significantly more influential for a different type of student (Cronbach & Snow, 1977 as cited in
Koran & Koran, 1984). In this study, the ATI was seen as an interaction between covariate
(PREMPEX scores) and group membership variable (IM). This interaction is represented by Figure
4.3. This figure is the scatterplot indicating the relationship between the POTFMAT and the
PREMPEX scores for each group. The observed maximum and minimum scores on the PREMPEX
are presented on the regression lines. According to the interaction types explained by Koran and
Koran (1984), this interaction can be considered as an ordinal interaction. In the ordinal interaction,
the regression slopes differ significantly from each other, one slope is superior to the other within
aptitude range which is taken into account. As seen from Table 4.1 and Figure 4.3, the minimum and
maximum observed scores on the PREMPEX were 55 and 121, respectively. Within this range of
scores, the experimental group was superior to the control group.
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Figure 4.3 The regression lines of the PREMPEX on the POTFMAT for the control and the EM-
TELC group

After justifying the interaction effect statistically, the Johnson-Neyman technique (Johnson &
Neyman, 1936 as cited in Fraas & Newman, 1997) was employed to find out the range of scores on
the PREMPEX in which the Tl and EM-7ELC group students did not differ significantly on the
POTFMAT scores. In other words, using this technique, Johnson-Neyman confidence band
(nonsignificance region), which includes the intersection point and the upper and lower limits, was
calculated. Within this band, the regression lines are not significantly different from each other. To
calculate the related points, the regression equations for the EM-7ELC and the control group were
written using the regression coefficients given in Table 4.11.
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Table 4.11 Coefficients of independent variables included in the regression model when the
POTFMAT is dependent variable.

Model Unstandardized Coefficients (B)
(Constant) 34.36

PREMPEX -0.04

IM -34.90
PREMPEX*IM 0.78

Y general = ~34.90Xm + (-0.04)X prempex + 0.78X prempex-im + 34.36

In the regression equation, Xy, was substituted to the value of zero for the control group while Xy
was substituted to the value of one for the EM-7ELC group.

Y control = ('004))( prempext+ 34.36
Y em-7eLc = 0.74 X prempex -0.54
The point of intersection = - (B 1) /B prempex+iv = - 34.90/0.78= 44.74

The lower and upper limits of nonsignificance region were calculated as 33.11 and 54.26,
respectively. Considering these values, Figure 4.3 was extended to Figure 4.4. As seen from the
figure, the non-significant region is out of the range of the PREMPEX scores observed in the present
study. Koran and Koran (1984) claimed that the ordinal interaction might suggest the disordinal
interaction, in which the regression lines are nonparallel and they intersect throughout different ranges
of scores on the aptitude variable. In other words, the ordinal interaction may predict the disordinal
interaction for different range of aptitude scores.
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Figure 4.4 The regression lines of the PREMPEX on the POTFMAT for the control and the EM-
7ELC group when Johnson-Neyman confidence band was included.

According to the Figure 4.4, the experimental and control group students would not significantly
differ in POTFMAT scores when their PREMPEX scores were between 33.11 and 54.26. The control
group students would have significantly higher total achievement scores when PREMPEX scores
were less than 33.11 while the experimental group students would have significantly higher

79



POTFMAT scores when PREMPEX scores were larger than 54.26. Put it differently, in terms of
improving physics achievement, the instruction based on the EM-7ELC was significantly better for
the students whose PREMPEX scores were larger than 54.26 while the traditional instruction was
significantly better for the students whose PREMPEX scores were less than 33.11

4.3.4 One Way Analysis of Covariance (ANCOVA)

As mentioned before, the MANCOVA would have been more appropriate to analyze the data;
however, since one of the assumptions for the MANCOVA, the homogeneity of regression, was not
met for the POTFMAT, the MANCOVA was not employed in this study. On the other hand, the
homogeneity of regression assumption was met for the POMPEX when the PREMPEX scores were
used as a covariate. Therefore, the ANCOVA was performed to explore the impact of the IM on the
students” POMPEX scores when their PREMPEX scores were controlled. The next sections
summarize the assumptions of the ANCOVA, then, the result of ANCOVA is presented.

4.3.4.1 Assumptions of ANCOVA

Normality assumption was checked using skewness and kurtosis values for the POMPEX scores.
These values are between -2 and +2; that is, they are in the acceptable range (George & Mallery,
2001). Therefore, it can be said that the POMPEX scores were normally distributed.

Homogeneity of variance assumption requires similar variance scores for each group. Levene’s test
for equality of variance is used for this assumption (Pallant, 2011). In this study, Levene’s test result
was insignificant (see Table 4.12). In other words, the variability of scores was similar in the
experimental and control groups.

Table 4.12 Levene's Test of Equality of Error Variances

F dfl df2 Sig.

0.673 1 101 0.414

There should be a linear relation between the dependent and covariates to use ANCOVA (Pallant,
2011). To test this assumption, the scatterplot between the POMPEX and PREMPEX scores was
drawn for the control and experimental groups, separately. Figure 4.4 shows that the linearity
assumption was met for each group.
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Figure 4.5 The scatterplot between the POMPEX and PREMPEX scores for each group
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The homogeneity of regression assumption implies that the covariate demonstrates the same
relationship with the dependent variable in the each group (Pallant, 2011). This assumption was
checked for the POMPEX in Section 4.3.2. As mentioned earlier, no significant group membership-
covariates interaction was observed according to Table 4.9.

4.3.4.2 Result of ANCOVA

The ANCOVA was performed after checking the assumptions. In this analysis, the independent
variable was the IM showing mode of instruction, the dependent variable included the POMPEX
scores and the covariate included the PREMPEX scores. The results of the analysis indicated that
there was a significant difference between two groups on the POMPEX scores when the PREMPEX
scores were controlled. Table 4.13 indicates the result of the ANCOVA.

Table 4.13 The results of ANCOVA for the POMPEX scores

Partial Eta  Observed

Source Df F Sig. Squared Power
Intercept 1.00 50.55 0.00 0.34 1.00
PREMPEX 1.00 9.08 0.00 0.08 0.85
IM 1.00 19.97 0.00 0.17 0.99

According to this table, the instruction based on the EM-7ELC was more effective than the traditional
instruction for improving the students’ epistemological understandings in physics, F (1,100) = 19.97,
p = 0.00, eta squared= 0.17. Partial eta squared value indicating effect size is large according to the
guidelines proposed by Cohen (1988) (small = 0.01, medium = 0.06=, large = 0.14). Observed power
was larger than the range of the pre-specified power which is considered between 0.95 and 0.99, and
close to 0.95. The adjusted mean on the POMPEX was 87.64 for the TI group while it was 99.52 for
the EM-7ELC group. Table 4.13 also shows that there was a statistically significant relationship
between the students” PREMPEX and POMPEX scores. The value of partial eta squared was 0.08
which was medium effect size.

4.4 The Observation Checklist Results

As explained in Section 3.3.3, each experimental and control classes were instructed for 36 class
hours during the implementation of this study. The total instruction time spent in all classes was 144
class hours. The experimental classes were observed using seven observation checklists for 30 hours
while the control classes were observed for 21 hours using five observation checklists. That is, the
researcher observed 35 % of 144 hours during the treatment processes.

To evaluate whether the treatment was implemented as intended, the observation checklists were
scored. In the checklist, the “yes” alternatives scored as“2”, “partially” alternatives scored as “1” and
“no” was scored as “0”. Table 4.14 demonstrates the mean and standard deviation of the items in the
checklist utilized to observe the instruction based on the EM-7ELC and the TI. As explained in
Section 3.3.3, there were 23 items in the checklist. Items 7 and 23 were expected to be observed more
frequently in the T1, and the occurrence frequencies of Items 14 and 13 in the EM-7ELC and TI were
supposed to be close. The rest of other items in the checklist were expected to occur in the EM-7ELC
more frequently. The observation results supported these expectations. The means of the items
supposed to be seen more frequently in the EM-7ELC were higher for the EM-7ELC while the means
of Items 7 and 23 carrying characteristics of the T were greater for the TI. The means of Items 13 and
14 in the EM-7ELC and the TI were approximately equal. For example, Item 7 asked whether the
teacher explained the topic before the experiments. Mean of this item was two for the T1 while it was
zero for the EM-7ELC. On the other hand, according to the observation checklist results, some items
were also observed in the TI although their means were small. The most striking ones were Items 1, 3
and 5. Mean of Item 1, which explored whether the teacher used metacognitive prompts to make
students to be aware of their prior knowledge about the topic, was 0.8. Indeed, this result was not
surprising since teachers, especially expert teachers, sometimes employ some metacognitive strategies
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to activate students’ prior understandings without being aware of this. Here, the difference between
the Tl and EM-7ELC was that in the EM-7ELC, the teachers were urged and assured to use
metacognitive prompts, explicitly during the instruction. Similarly, it was reasonable somehow to
observe Item 3, which inspected whether the teacher attracted students’ attention to the topic, and
Item 5, which checked whether the teacher had students make predictions about a physical
phenomenon or situation, in the TI.

Table 4.14 The mean and standard deviation of the items in the checklist for each group.

Item Number The EM-7ELC The TI

Mean SD Mean SD
1 2 0 0.8 0.45
2 1.86 0.38 0.2 0.45
3 1.71 0.49 0.6 0.55
4 1.71 0.49 0 0
5 2 0 0.8 0.45
6 2 0 0 0
7 0 0 2 0
8 2 0 0.4 0.89
9 2 0 0 0
10 1.86 0.38 0 0
11 1.71 0.49 0 0
12 1.86 0.38 0 0
13 1.71 0.49 2 0
14 1.86 0.38 1.2 1.09
15 1.71 0.49 0.4 0.55
16 1.57 0.79 0 0
17 1.57 0.79 0 0
18 2 0 0 0
19 1.57 0.79 0 0
20 1.71 0.75 0 0
21 2 0 0 0
22 1.71 0.49 0.4 0.55
23 0.29 0.49 1.6 0.55

To test difference between the experimental group and the control group on the related items, the
Mann-Whitney U Test was employed. Statistically significant differences between two groups were
observed on all items except for Item 13 and 14 which were expected to be observed equally in the
experimental and the control groups. These results indicated that in the experimental classes, the
teachers properly implemented the EM-7ELC as intended while in the control classes, they applied
the traditional instruction without using activities developed for the EM-7ELC instruction. In other
words, the treatment verification of the study was supported with the class observations.

As explained in Section 3.3.3, to collect more information regarding the treatment verification, the
researcher asked both the students in the experimental group and the teachers implementing the EM-
7ELC to compare the instructions based on the EM-7ELC to the instructions employed in previous
units. The students gave their answers in written while the teachers’ responses were taken verbally in
the interviews. The analysis of the teachers’ and students’ responses to “How does the learning
method used in force and motion unit differ from the methods used in the previous units?”” supported
the results of class observations. Three themes emerged from students’ responses to this question.
They are summarized as follows:

Understandings versus Memorizing. Fifty three percent (19 of 36 students) of the students in the
experimental group claimed that with new method, they learned the topic by making sense instead of
memorizing. Some of them argued that in the previous teaching method, they had memorized
formulas without understandings while they tried to learn the logic behind the formulas in the new
method.
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For example one student reported that;
Before I had to use memorized formulas. The important thing was to apply formulas to questions.
But now | understand formulas by learning where the formulas come from. Without memorizing,
I can easily apply the formulas to questions.

Concepts versus Formulas. Twenty five percent said that new method mostly focused on the
refinement of intuitive knowledge used in their everyday life. Twenty eight percent of the students
claimed that before the new method, they had learned so many formulas or solved quantitative
questions requiring formula applications. For example, one student expressed that “In the old method,
mostly we had solved quantitative problems. In the new method, we solve questions for refining our
intutive knowledge” A few students claimed that they figured out the formulas using previous
learnings. For example, one student reported that “... We learned how formulas are created. Before,
formulas had been given directly. Thank to this, | can produce formulas by myself instead of
memorizing.”

Expository versus inquiry. The common difference reported by the students (22 %) was making
experiments. For instance, one student said that “Teacher did not explain the topic. We learned by
doing observations and experiments. Before, we had solved questions, individually. In the new
method, we solved questions in group.”.

Some of the students argued that they learned topics with small and whole group discussions rather
than listening teacher. For example one claimed that “Nobody explained the topic. We understood
topic by ourselves with asked questions. We tried to prove our ideas by discussing in group. After
that, we discussed with the class” A few students also reported that they focused on their errors. One
student reported that “We did more experiments. We refine our intutive knowledge. We learned our
errors and focused on them.”.

Twenty eight percent of the students viewed the new method more student-centered than the previous
ones. According to them, in this type of teaching, the teacher did not explain the topics rather than she
was in guide role. The students learned topic by doing experiment, discussing with other students or
thinking individually. For example, one student wrote that

Before, our teachers had us write definitions, formulas, then, they solved problems. Now, we
are getting definitions from everyday life. We are finding out formulas by ourselves using
our logic. In this process, our teacher guides us. She is not teaching knowledge rather she
teaches us the way to reach knowledge.

The researcher asked the same question (How does the learning method used in force and motion unit
differ from the methods used in the previous units) to two teachers implementing the treatment in the
interview. The teachers’ responses supported students’ reports. At the following categories emerged
from the interviews with the teachers.

e The instruction applied in the experimental groups was more inquiry-oriented than
that in the TI.

The teacher was a guide rather than knowledge transmitter.

Students constructed their own understandings.

Students were more active rather than passive listener.

Lessons were more attractive to students.

Students learned in group.

Students were aware of their own knowledge and errors.

The questions used in the instruction and homework were more conceptual.

Moreover, in the interviews, the researcher asked the teachers what main difficulties they met in the
implementation of the EM-7ELC. Two teachers pointed similar difficulties. These are;
e It took more time to prepare the classes.
e  Working with MBL tools required extensive preparation before each class.
e At the beginning, since the students were not used to this type of teaching, they had
difficulties in classroom management.
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e It was difficult to have students who wanted to continue to be passive listener or
who wanted to solve lots of quantitative questions participate in teaching processes.

4.6 Summary of Results

The means of the POFMAT-I, POFMAT-II and POMPEX scores of the EM-7ELC group
students were greater than those of the control group students.

The ESs calculated on post-test scores of the POFMAT-I, POFMAT-II and POMPEX were
large.

The effect of the EM-7ELC on the POTFMAT scores was dependent on the students’
epistemological understandings demonstrated on the PREMPEX. That is, a statistically
significant interaction between the treatment variable (IM) and the covariate (PREMPEX)
was observed.

The nature of interaction effect was examined using the ATI.

The results of the ATI analysis indicated that there was an ordinal interaction between the
IM and the PREMPEX across the range of the observed PREMPEX scores.

Neyman- Johnson technique was used to analyze the disordinal interaction to which the
ordinal interaction imply. The results of this technique showed that the experimental and
control group students would not significantly differ in the POTFMAT scores when their
PREMPEX scores were between 33.11 and 54.26.

Moreover, the control group students would have significantly higher total achievement
scores when the PREMPEX scores were less than 33.11 while the experimental group
students would have significantly higher the POTFMAT scores when the PREMPEX scores
were larger than 54.26.

Since the homogeneity of regression assumption was met for the POMPEX scores, the
ANCOVA was carried out to investigate the effect of the IM on the students’” POMPEX
scores when the students” PREMPEX scores were controlled. The result of this analysis
showed that there was a significant difference between two groups on the POMPEX scores
in favor of the EM-7ELC group when the PREMPEX scores were controlled.

The effect size indicating practical importance was large for difference between the adjusted
means on the POMPEX for the EM-7ELC group and the control group.

The Mann-Whitney U Test analysis indicated that there was a statistically significant
difference between the EM-7ELC group and the control group on the related items, which
supported the treatment verification that the teachers administered the intended EM-7ELC
instruction in the experimental classes whereas they did not employ any activity developed
for the EM-7ELC in control classes and they used the TI for control classes.

The teachers’ and students’ perceptions about the EM-7ELC also supported the observation
checklist results that the instruction applied in the experimental group demonstrated the
characteristics of the EM-7ELC.

Based on class observations, the teachers’, and students’ perceptions, the EM-7ELC led the
students to be cognitively, metacognitively and epistemologically active learners.

According to the students’ self-reports, the instruction based on the EM-7ELC helped the
students learn for understanding rather than memorizing. They also claimed that instead of
using plug-and- chug formula approach, they learned to refine everyday intuitive knowledge.
On the other hand, the main difficulties the teacher met in the implementation of the EM-
TELC were time and classroom management, and preparation the MBL tools before each
class.
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CHAPTER5

DISCUSSION, CONCLUSION AND IMPLICATIONS

In this chapter, first, the overall summary of the current study is given. Then, the results of the study
are discussed and compared to the results of similar studies. Internal and external validity of the study
are discussed at the following sections. Finally, the conclusions, implications of the study, and
recommendations for future research are presented in this chapter.

5.1 Summary of the Study

This study investigated the effect of the EM-7ELC on tenth grade students’ physics achievement and
epistemological understandings in physics. The accessible population includes all tenth grade students
at ATTHSs in Ankara. Two schools were selected conveniently out of the nine ATTHSs in Ankara.
Two intact classes in each school and 107 tenth grade students participated in the study. The quasi
experimental design in which students were statistically matched with each other was employed. The
study was conducted in 2009-2010 academic year. The experimental group was taught by the
instruction based on the EM-7ELC whereas the control group was instructed by the TI. The treatment
of the study took approximately four months. Before the treatment, the FMAT-I and the MPEX were
applied as pretests. At the middle of the treatment, the FMAT-I was administered as a posttest.
Finally, at the end of the treatment, the FMAT-1I and the MPEX were applied as posttests.

Since the correlation between the POFMAT-I and Il scores was high, the scores of these tests were
totaled under the POTFMAT. The MRC was employed to investigate the effect of the IM on the
students” POTFMAT scores, and the ANCOVA was used to analyze the impact of the IM on the
students’ POMPEX scores.

5.2 Discussion of the Results

Before starting the discussion of results, it should be noted that there is no research, at least to date,
investigating the combined effect of the 7E learning cycle, metacognitive and epistemological
activities on students’ achievement and epistemological understandings. Therefore, the direct
comparison of the findings of this study to other studies could not be possible.

In this study, within the range of observed scores of the PREMPEX, the achievement of the students
in the EM-7ELC was significantly higher than that of the students in the TI. In terms of the
effectiveness of the learning cycle, this result was compatible with the other studies investigating the
impact of the learning cycle on students’ achievement in physics (A¢ish & Turgut, 2011; Acish et al.,
2011; Ates, 2005a ; 2005b; Ates & Polat, 2005; Barman et al., 1996; Cherry, 2011; Cobern et al.,
2010; Ergin et al., 2008; Hussain et al., 2011; Kanli & Yagbasan, 2008; Nuhoglu & Yal¢in, 2006;
Turgut & Gurbuz, 2011; Yilmaz & Huyugiizel Cavas, 2006; Zolman, 1990), in chemistry (Aggiil-
Yal¢in & Bayrakgeken, 2010; Akar, 2005; Bektas, 2011; Ceylan & Geban, 2009; Ekici, 2007;
Kilavuz, 2005; Koseoglu & Tiimay, 2010; Pabugcu, 2008; Seving, 2008; Siribunnam & Tayraukham,
2009), and in biology (Atilboz, 2007; Balci, 2009; Balci et al., 2006; Budprom et al., 2010; Cakiroglu,
2006; Dogru-Atay & Tekkaya, 2008; Ebrahim, 2004; Ercan, 2009; Harurluoglu & Kaya, 2011;
Kaynar et al., 2009; Marek et al., 1994, Lord, 1999; Musheno & Lawson, 1999; Oren & Tezcan,
2008; Sadi & Cakiroglu, 2010; Saygin, 2009; Saygin et al., 2006).

The value of effect size (ES) obtained in the current study for achievement was 2.37. This value was
greater than 1.15 which was average of the ESs of 35 studies comparing the effectiveness of the
learning cycle to that of the TI in science. Moreover, specifically for physics achievement, the ES of
the current study was larger than average ESs of studies conducted in Turkey (ES: 1.08) and abroad
(ES: 1.28). Considering these comparisons, it can be implied that the integration of epistemological
and metacognitive activities promotes the effectiveness of the instruction based on the learning cycle.
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With respect to the 7E learning cycle, the result of the current study is in agreement with the results of
other 7E learning cycle studies in physics (Kanli & Yagbasan, 2008) in chemistry (Siribunnam &
Tayraukham, 2009) in biology (Polyiem, et al., 2011). For example, Kanli and Yagbasan (2008)
indicated that the laboratory approach based on the 7E learning cycle was more effective than the
verification approach with respect to promoting conceptual understandings of the freshmen in force
and motion. The current study was different from this study in several aspects. The first one is the
grade level. The second one is Kanli and Yagbasan made this study in laboratory course, that is, the
students had a related introductory physics course as well. There was no information about what was
going on in this course. However, the present study took account of the physics course all together,
the treatment was applied in the entire of physics course. The final and the most important difference
is that Kanli and Yagbasan did not use metacognitive and epistemological activities. In this study, the
effect size for achievement was 0.91 which is large. The ES of the current study was larger than this
effect size. Therefore, in spite of differences in grade level and type of course, it can be said that the
EM-7ELC was more effective than the 7E learning cycle. Siribunnam and Tayraukham (2009) and
Polyiem et al. (2011) also found significant differences compared to the traditional instruction but
they did not provide ES values and enough statistics for being able to calculate them. Therefore, the
researcher of the current study could not make comparison to these studies with regard to the ES.

In terms of the metacognition, the current study supports the findings of studies investigating the
influence of metacognitive instruction on students’ achievement in science (Akgiil, 2010; Alemdar,
2009; Bianchi, 2007; Hoffmann, 2010; Koch, 2001; Michalsky et al., 2009; Mittlefehldt & Grotzer,
2003; Peters & Kitsantas, 2010; Polat, 2010; Saribas, 2009; Sbhatu, 2006; Tien, 1998; Viko, 2010;
Yildiz, 2008; White & Frederiksen, 1998; Yuruk et al., 2009). The average ES of 13 studies’ ESs was
0.75 and average of the ESs of three studies comparing effectiveness of the metacognitive inquiry to
the T1 was 0.66. Both ESs were less than the ES of the current study.

A few studies focused on the metacognitive learning cycle in which the metacognitive prompts were
integrated into the phases of the learning cycle (Blank, 2000; Appamaraka et al., 2009; Sornsakda et
al., 2009; Yildiz, 2008). As explained before, all studies employed similar metacognitive prompts
based on Hennesey’s (1993) status check approaches. The current study is different from these studies
in several ways. The first one is that they employed the same set of metacognitive prompts throughout
the phases of learning cycle. This might lead students to engage in similar kinds of metacognitive
thinking in all stages of the instruction. However, in the current study, students were directed to
engage in different kind of metacognitive thinking processes using various types of metacognitive
prompts throughout the instruction. Another difference is that all metacognitive learning cycle studies
did not aim to improve students’ epistemological understandings. Thus, current study suggests a new
metacognitive learning cycle to the literature.

The results of the ANCOVA indicated that the instruction based on the EM-7ELC was more effective
than the TI for promoting the students’ epistemological understandings in physics when their
PREMPEX scores were controlled. This result was compatible with the result of other studies
(Brownlee et al., 2001; Brownlee et al., 2011; Elby, 2001; Gill et al., 2004; Kienhues et al., 2008;
Muis & Duffy, 2012; Redish & Hammer, 2009). All studies provided evidence that explicit
epistemological instruction promoted students’ epistemological understandings. The current study is
mostly similar to Elby (2001) and Redish and Hammer (2009). The other studies were different from
the current study. For example, all accepted beliefs perspective and tried to change students’ mis-
beliefs using conceptual change strategies such as refutational text. Another difference is that all made
studies with undergraduate or graduate students. The other difference is that they applied their
instructions in educational psychology or related courses and focused on only students’
epistemological understandings. However, the current study like Elby (2001) and Hammer and
Redish (2009) endorsed resource view and aimed to promote not only epistemological understandings
but also their conceptual understandings. However, the current study also differs from them by using
the learning cycle and explicit metacognitive instruction in addition to epistemological activities.

The results of the ATI analysis indicated that there was an ordinal interaction between the treatment
variable and the students’” PREMPEX scores when the POTFMAT was taken as the dependent
variable. The Johnson-Neyman confidence band was calculated to find out the range of scores on the
PREMPEX in which the EM-7ELC and the control group would significantly differ and not differ
from each other on the POTFMAT. According to the calculated band, the traditional instruction is
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significantly more effective than the EM-7ELC for the students indicating very low pre-
epistemological understandings (33.11 out of 145 on the MPEX) for improving students’ achievement
in force and motion unit. However, the EM-7ELC was significantly effective than the TI for the
students whose PREMPEX scores larger than 54.26. In this study, the lower and upper limits of the
band were not within observed scores on the PREMPEX; thus, this study implies this type of the
interaction out of the range of the MPEX scores being seen in this study. As mentioned before, the
sample of this study included high achieving students and based on the literature, it can be said that
there is a linear relationship between students’ learning and epistemological understandings.
Therefore, the lower pre-epistemological stances can be observed at other populations which have
low achieving students. Studying with this type of students can provide a chance to experimentally
test this interaction. Windschitl and Andre (1998) observed a similar interaction effect. They found
that students demonstrating more sophisticated epistemological beliefs learned better in a
constructivist treatment while students indicating less sophisticated epistemological beliefs learned
better in an objectivist treatment in biology. Few studies indicated interaction between students’
epistemological understandings and the treatment (Bendixen & Hartley, 2003; Windschitl & Andre,
1998). Therefore, the current study makes another contribution to literature as well in terms of
indicating an epistemological understanding-treatment interaction.

As mentioned before, two ATTHSs in Ankara participated in this study. These schools were similar
to each other on the variables of the study according related statistical analyses. The results of the
independent t- tests indicated that there were no differences on the covariates, which were the TMT,
PREFMAT-I and PREMPEX, between two schools. The MRC analysis showed that three was no
significant difference between the schools on the POTFMAT scores. Similarly. the schools did not
significantly differ on the POMPEX scores according to the ANCOVA. Therefore, the data obtained
from each school were combined and the analyses were conducted for whole data rather than for
individual school data.

This study did not aim to investigate the effect of microcomputer based laboratory tools (MBL). To
control the effect of the MBL tools, the researcher had teachers used these tools in control group as
well. This might provide more and less control on use of MBL tools. However, all experiments were
not done in the control groups. This difference might be considered a limitation of the current study.

5.3 Internal Validity of the Study

According to Fraenkel and Wallen (2000, p. 188), “internal validity means that observed differences
on the dependent variable are directly related to the independent variable, and not due to some other
unintended variable”. Fraenkel and Wallen (2000) claimed that the matching-only pretest-posttest
control group design provides somewhat control on subject characteristics, mortality, instrument
decay, testing, history, maturation, and regression threats. However, this design has a weak control on
location, data collector characteristics, data collector bias, attitudinal, and implementation threats. The
researcher generally took more caution against these threats.

Since, in this study, the intact groups were randomly assigned to the treatment conditions, some
subject characteristics might affect students’ POMPEX, POFMAT-I, and POFMAT-I1I scores. Based
on the literature review, students’ PREMPEX, PREFMAT-I, TMT scores, and gender were
considered as primary potential confounding variables. These variables were taken as covariates to
control their effects in this study. However, only students’ PREMPEX scores met statistical
requirements for being a covariate, which was explained in Section 4.3.1. The researcher statistically
controlled the effect of the PREMPEX scores by using it as the covariate of the study.

The mortality threat was controlled by selecting test administration dates together with the teachers of
classes to find out appropriate times when all students could take the tests. Test dates were announced
a few times before the administration of the tests. Nevertheless, a few students were absent at some
test administrations. In these situations, the researcher had some of these students take the tests later
in appropriate time. In spite of all the researcher efforts, few students could not take some tests.
However, since these missing subjects included less than 5 % of the sample size, missing subjects did
not lead to any mortality threat.

Location may be a threat to internal validity if the classroom conditions of control and experiment
groups are significantly different from each other. In this study, location might be a threat because the

87



EM-7ELC group took their lessons in their physics laboratory while the control group was instructed
in their usual classrooms. However, this threat was tried to control by having the control group
students make at least one experiment for each topic in the laboratory.

The characteristics such as, age, gender, ethnicity, of the data collector and collector bias, which
means that data collector may unconsciously distort the data in a such a way to make certain outcome
may affect the results (Fraenkel & Wallen, 2000). The researcher collected data herself from all
groups to control the first threat. The second threat was controlled by standardizing all procedures of
data collection for groups. Moreover, the researcher wrote clear instructions at the beginning of each
test for the students.

Instrument decay might be possible “if the nature of instrument (including the scoring procedure) is
changed in some way or another” (Fraenkel & Wallen, 2000, p. 193). The researcher controlled this
threat by preparing scoring rubrics for each open-ended question by taking opinions of the supervisor
of the present study. In addition, the open-ended questions were scored question by question to fix
scoring manner.

One or more anticipated, and unplanned events might occur during the course of the study that can
affect the responses of subjects. This is called a history threat (Fraenkel & Wallen, 2000). The
researcher controlled the threat by alerting to any such influences that may occur during the course of
the study. The researcher visited the schools at least twice a week. In addition, the researcher
requested detailed information from teachers about unvisited days. Extraordinary any event was not
observed during the treatment. Moreover, the tests were administered to all groups at the same days to
control this threat.

Attitudes of subjects might be a threat to the study. One threat related to the attitude of students
towards to a treatment might happen when experimental group students received unusual attention
and recognition because of taking part in the study. This threat is called Hawthorne effect (Fraenkel,
Wallen, & Hyu, 2012, p. 181). Other related threats might be experimental groups may perform better
because of the novelty of the treatment rather than because of specific nature of the treatment or
control group students might become resentful and hence perform more poorly than the treatment
group (Fraenkel & Wallen, 2000, p. 197). To control this threat, the control group student made some
experiments in the physics laboratory as well. In addition, the students were warned that the
instruction in the experimental group was a usual part of teaching.

An implementation threat can happen when different individuals are assigned to implement different
methods, and these individuals differ in ways related to the outcome (Fraenkel & Wallen, 2000).
Implementation threat was controlled by assigning the same teacher to all groups in each school. The
teachers were trained about the implementation of the instruction based on the EM-7ELC before the
treatment. Moreover, the researcher met the teachers before each class during the treatment. The
researcher was present at all classes of the experimental group to see that the treatment was
administered as intended. Some classes of both groups were observed by using the observation
checklist which was prepared for treatment verification. The results of the checklist administration
were discussed in Section 4.4.

Before the treatment conducted, the researcher obtained all permissions from Middle East Technical
University Ethic Committee and Ankara Directorate of National Education to implement the
treatment. The permission document is given in Appendix S. All students in the experimental group
were informed about the aim of the study and they were ensured that they were not exposed to any
physical and psychological harm during the treatment. This study actually did not have any
procedures or requirements which might cause significant physical harms to students. Minor injuries
may happen in the explorer phase of the learning cycle which contains some experiments. These
physical harms were prevented by preparing set up. The possible physiological harms might be that
students may be forced to take test and they may be threatened that the scores of test would be used in
their grade or other reasons. These harms were prevented by informing students that their data would
be used for only research purpose and their names would not be used elsewhere. For confidentiality
threat, all data obtained from participants were accessible to only the researcher.
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5.4. External Validity of the Study

The external validity means “the extent to which the results of a study can be generalized” (Fraenkel
& Wallen, 2000, p. 119). The accessible population of the study was all tenth grade students at nine
ATTHSs in Ankara. This study was made at two ATTHSs out of nine ATTHSs. The sample of the
study exceeded ten percent of the accessible population; thus, the results of the study could be
generalized to the population. Since the students at the ATTHSs in Ankara are mostly high achieving
students, the results might be also generalized to other schools consisting of high achieving students.

The class size of the ATTHSs is generally 30 students or less. In addition, these schools have very
modern physics laboratories compared to other public schools. They have MBL tools. Therefore, the
results might be generalized to the schools having similar environmental settings.

5.5. Conclusion of the Study

It should be pointed that random sampling could not been employed in this study. This limits the
generalizability of the conclusion. In addition, the conclusions of study presented in this section can
be generalized to only similar settings discussed above. The conclusions of this study are given as
follows.

e The results of the study suggested an interaction effect between the treatment and the
students’ pre -epistemological understandings in physics in terms of promoting physics
achievement. Johnson- Neyman technique was used to find out the range of the PREMPEX
score at which post- achievement score of the groups would differ significantly. The result of
this technique showed that the EM-7ELC group students significantly outperformed the TI
group students within observed score of the PREMPEX. However, this technique also
showed a disordinal interaction on unobserved score of the PREMPEX. According to this
interaction, the T is better at improving achievement of students in force and motion unit for
the students demonstrating very low epistemological understanding stance in physics.
However, the EM-7ELC is better for the other types of students including students indicating
low, average and high epistemological stance in physics.

e The effect size (Cohen’s d) for achievement was calculated as 2.37, which is considered
large effect size according to the thresholds suggested by Cohen (1988).

e On the other hand, with respect to epistemological understandings, there was no an
interaction between the treatment and the students’ pre epistemological understandings in
physics.

e The EM-7ELC was more effective than the TI with respect to promoting students’
epistemological understandings in physics. This result has not only statistical (p< 0.05) but
also practical significance (n?= 0.17, d = 0.90; large ES).

e There were no significant mean differences in achievement and epistemological
understandings between female and male students after the treatment.

e According to the observation checklist results, the teachers’ and students’ perceptions, the
students in the EM-7ELC group were physically, cognitively, metacognitively, and
epistemologically more active than the students in the TI.

e Students in the experimental group argued that they learned for understandings rather than
memorizing in the instruction relied on the EM-7ELC.

e It should be noted that there are some shortcomings of the EM-7ELC. The first, it takes more
time than the Tl does. The second, since the EM-7ELC has three different constructs,
training teachers about how to implement it takes more time as well.

e On the other hand, according to the researcher’s experience with the teacher and students,
preparing well-designed activity sheets, which are clear and organized step by step so that
the students don’t need the teacher’s instruction to start a particular task, saves instruction
time. Similarly, preparing teacher-guides for each activity and meeting with teachers before
each lecture make easy the implementation processes for teachers.
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5.6. Implications

The implications based on the findings of the study for teachers, other researchers, curriculum
developers, and textbook writers are given as follows.

Teachers;

e Should use the traditional instruction to enhance physics achievement of students
demonstrating very low epistemological stance (corresponding to the scores less than 23
percent of the possible maximum score on the MPEX) in physics. Or they should use the
EM-7ELC to help this type of students promote their epistemological understandings so that
later they can get improvement on conceptual development as well.

e Should employ the EM-7ELC to improve physics achievement of students demonstrating
epistemological stance corresponding to the scores ranging from 23 to 37 percent of the
possible maximum score on the MPEX. The both treatment produce the same impact on
physics achievement within this range. However, since the EM-7ELC also improves
students’ epistemological understandings more, to improve both physics achievement and
epistemological understandings of this type of students, the EM-7ELC should be used.

e Should apply the EM-7ELC to facilitate physics achievement of the other types of students
indicating low, average and high epistemological stance corresponding to the scores greater
than 37 percent of the possible maximum score on the MPEX.

e Should utilize the EM-7ELC to promote students’ epistemological understandings in
physics.

e Should use the EM-7ELC to help students be physically, cognitively, metacognitively and
epistemologically active learner.

e Should employ the EM-7ELC to improve both females’ and males’ achievement and
epistemological understandings in physics.

Researchers;
e Should prepare well-designed activity sheets, which require little teacher intervention to start
a particular activity, to save instruction time needed for activities used in the EM-7ELC.
e Should develop teacher guides and meet with teachers before each lecture to make easy the
implementation of the EM-7ELC for teachers.

Curriculum Developers;
e Should give more priority to metacognition and the personal epistemology in addition to
inquiry.
e Should write specific instructional objectives to have teachers explicitly use metacognitive
and epistemological activities in their inquiry-based instructions or other instructions.

Textbook Writers;
e Should produce passages which address personal epistemologies of students by using
metacognitive prompts.
e Should suggest activities engaging students in metacognitive inquiry.
e Should write teacher guidebooks to help teachers implement metacognitively and
epistemologically prompted activities.

Teacher education programs;

e Should train pre-service teachers how to implement explicitly epistemological and
metacognitive instructions.

e Should provide concrete examples demonstrating how metacognitive and epistemological
instructions are integrated into other teaching strategies.

e Should engage pre-service teachers in discussion of different personal epistemological
frameworks so that they can question instructional examples related to personal
epistemologies.

e Should provide in-service teacher education programs to train in-service teachers how to
apply the epistemologically and metacognitively improved the 7E learning cycle to their
instructions.
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5.7. Recommendation for Further Research

The researcher of the current study proposed the following suggestions for other researchers, teachers,
curriculum developers, and textbook writers.

e This study suggested a disordinal interaction between students’ epistemological
understandings and the mode of instruction (the EM-7ELC versus the TI). This result can be
used to design ATI research studies in which this interaction would be experimentally tested
using factorial designs. Put it differently, the students grouped as very low, low, average,
high and very high according to their pre-instructional epistemological stance and these
students can be assigned to the EM-7ELC and TI groups. Then, whether the effects of
teaching methods are changed across these groups can be tested.

e In the present study, three constructs, namely, the learning cycle, epistemology, and
metacognition were integrated. Since the sample of this study was small, the effectiveness of
this integration was evaluated only by comparing to the TI. In the future studies, using larger
samples, the EM-7ELC can be compared to the TI, the 7E learning cycle, the Tl with
epistemological activities, the Tl with metacognitive activities, the metacognitive 7E
learning cycle, and the epistemological 7E learning cycle to determine which integration is
more effective than others.

e This study did not evaluate the durability effect of the instruction on students’ conceptual
and epistemological understandings. Future studies can include retention tests to investigate
this issue.
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APPENDIX A

THE TURKISH MPEX-II

FiZiK BEKLENTILERi ANKETI
Adi Soyada: Sinif:

Cinsiyet: oKiz o Erkek

Sevgili ogrenciler,

Bu anket, fizik dersi hakkindaki diisiincelerinizi belirlemek amaci ile hazirlanmistir. Anket, 2
béliimden olusmaktadir. Her béliimde, verilen ifadeleri dikkatlice okuyunuz. Ifadeler basit ve acik bir
sekilde yazilmigtir. Bunun igin, ifadelerin anlamlart tizerinde ¢ok fazla zaman harcamadan, ilk
anladiginiz sekilde cevap veriniz. Liitfen anketi igten ve samimi olarak cevaplayiniz. Dogru ya da
Yanlis cevap yoktur. Cevaplarimiz gizli tutulacak ve hi¢bir kimseyle paylasilmayacaktir.

Katkilariniz dolay: tesekkiir ederiz.

l. Boliim

Bu boliim 25 ifadeden olugmaktadir. Her maddenin karsisinda “Kesinlikle Katilmiyorum” dan
“Kesinlikle Katiliyorum” a kadar bes secenek verilmistir. Belirtilen ifadelere ne olgiide katilip
katilmadigimzi sag taraftaki ilgili kutucuga (X) isareti yazarak belirtiniz.

s E e| e

2:5 S é g2l 2

No Maddeler Xz 2| 3| 8|8
=EE| L | 2=E2

S=E 2| 8| E|EE

83 3| S| =85

XM M| M| M| XX

1 Fizik 6grenmek, glinliikk yasamdaki durumlar1 anlamama yardim
eder.

2 Fizik dersindeki temel fikirlerin ¢ogunu anlamak i¢in biitiin
yapmam gereken; sadece derslere girmek, problemlerin goguna
calismak, ders kitabini okumak ve/veya dersi dikkatli bir sekilde
dinlemektir.

3 Bir formiiliin nerden geldigini anlamaktaki temel amag, o
formiiliin gegerli oldugunu ve problemlerde kullanilabilecegini
Ogrenmektir.

4 | Yeni bir fizik konusunu dgrenirken, kendi kisisel deneyimlerim ya
da fikirlerim hakkinda diistinmek ve onlar1 6grenmekte oldugum
fizik konusuyla iligkilendirmek dnemlidir.

5 Fizik dersinde, formiillerin ustaca kullanilmasi, fizik
problemlerini etkili bir sekilde ¢cozmek i¢in gerekli olan temel
seydir.

6 Fizik bilgisi, her biri temelde 6zel bir duruma uygulanan ¢ok
sayida birbirinden bagimsiz bilgi parcalarindan olusur.

7 Sinavda bir problemin ¢6ziimii i¢in gerekli olan belirli bir formiili
hatirlayamazsam, yeterli siire verilirse, formiilii tiretmek i¢in
biiylik olasilikla bir yol bulurum.

8 Fizik gerc¢ek diinya ile baglantilidir; ama bu baglantiy1
diistinmeksizin fizigi anlayabilirim.

9 Fizik dersinde “problem ¢dzmek”, aslinda, problemleri gercekler
veya formiillerle eslestirmek ve sonra degerleri yerine koyarak bir
say1 elde etmek demektir.
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10

Fizik dersinde, formiilleri sezgisel olarak anlamay1
beklemiyorum, onlar verildigi gibi kabul edilmelidir.

11

Bir smav i¢in alistirma ¢dzerken veya bir 6deve calisirken, bir
problem i¢in buldugum iki farkli yolun farkli cevaplar vermesi
durumunda, kaygilanmazdim. Dogru cevabi bulduktan sonra
sadece, yanlis cevab1 veren yolu ilerde kullanmaktan kaginmaya
caligirdim.

12

Fizik dersindeki notum, temelde konuya ne kadar agina olduguma
baglidir. Notum, anlama ya da yaraticilikla ¢ok az ilgilidir.

13

Cogu zaman, bir fizik prensibi veya teorisi size anlamli
gelmeyebilir. Boyle durumlarda, onu kabul etmek ve devam
etmek zorundasin, ¢iinkii fizikte her seyin sana anlamli gelmesi
gerekmez.

14

Eger sinavdaki bir problem daha 6nce ¢ozdiigiim bir probleme
benzemezse, onu ¢dzebilmek icin fazla bir sansim olacagini
diistinmilyorum.

15

Betiil, fizik kitabinda kendi deneyimlerine ters diisen bir sey
okudu. Fakat, Betiil, fizigi daha iyi 6grenmek i¢in, kendi
deneyimlerini diisiinmeyip kitabin sdyledigine odaklanmalidir.

16

Bir fizik problemini ¢c6zmede en 6nemli sey, kullanilacak olan
dogru formiilii bulmaktir.

17

Bir fizik stnavimin nasil gectigini, sinavdan hemen sonra diger
ogrencilerle sinav hakkinda konusmadan 6nce bile, dogru bir
sekilde anlayabilirim.

18

Fizigi bizim tam anlamiyla 6grenebilmemiz i¢in 6gretmenlerin
derste, kavramlara, genel formiillerin ispatlarina ve bir iki
problemin ¢6ziimiine ¢ok fazla zaman harcamak yerine, bize
bir¢cok problemin nasil ¢oziildiigiinii gostermeleri gerekir.

19

Fizik dersinde, bilmem gereken biitiin bilgilerin ezberlenmek
zorunda olmas1 6nemli bir sorundur.

20

Eger fizik 6gretmenleri giinliikk yasamla iligkili ¢ok sayida 6rnek
ve 0rnek problemlerle gercekten de anlasilabilir dersler verirlerse,
iyi 6grencilerin birgogu dersin disinda ¢ok fazla zaman
harcamadan derste verilenleri 6grenebilir.

21

Fizik kanunlari, bizim derste ve laboratuarda gordiiklerimize
benzer belli bagli basit durumlara uygulanabilmesine ragmen,
gercek diinyadaki deneyimlerimle ¢ok az iligkilidir.

22

Fizik dersindeki grup calismasi, gruptaki en az bir kiginin
iizerinde tartistiklart konuyu daha 6nceden anladig ve bildigi
stirece yararlidir.

23

“Temel fikirler”, agik- u¢lu sorular igin faydali olabilir, ama
normal fizik problemleri i¢in faydali olmaz. Bu nedenle,
problemleri ¢6zerken, en 6nemli sey her bir soru tipine uygun
yontemleri bilmektir.

24

Fizigi anlamak i¢in formiiller (esitlikler) en temel seydir; diger
bilgiler cogunlukla hangi durumlarda hangi formiili
kullanacagina karar vermede yardimci olur.

25

Eger bir 6devde hangi sorular1 yanlis yaptigimi biliyorsam ve
calismak i¢in onlarin ¢dzlimleri ben de varsa, ddevlerin geri
verilmemesi dnemli degildir.
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I1. Boliim

Bu boliim 7 ¢oktan se¢meli sorudan olusmaktadir. Her soruyu dikkatle okuduktan sonra size gére en
uygun secenegi isaretleyiniz.

26. iki 6grenci smiftaki deneyimleri hakkinda konusuyorlar.
Sevgi: Bizim grubun gergekten iyi oldugunu diisiiniiyorum. Cogu kez kafamiz karigmis bir

Ze

sekilde ¢cok zaman harciyoruz ve bazen, bize hi¢ dogru cevabi bulamiyoruz gibi
gelir. Ama hepimiz birbirimizin diisiincelerini dinler ve bu sekilde bir ¢ozim
bulmaya calisiriz.

ynep: Bizim grupta, her zaman dogru cevabi bilen bir kisi var ve bu yiizden biz her zaman
biiyiik 6l¢iide onu takip ederiz. Bu harika, ¢ilinkii biz her zaman 6devi zamaninda
ve bazen erken bitiririz.

(a) Nerdeyse tamamen Sevgi’ ye katiliyorum.
(b) Sevgi’ye daha fazla katilmama ragmen, bence Zeynep de bazi iyi noktalara dikkat

cekiyor.
(c) Sevgi ve Zeynep’e esit olarak katiliyorum (ya da katilmiyorum).
(d) Zeynep’ e daha fazla katilmama ragmen, bence Sevgi de bazi iyi noktalara dikkat
cekiyor.
(e) Nerdeyse tamamen Zeynep’e katiliyorum.
27. Asagidaki soruda, bazi konularda anlasamayan iki O6grenci arasindaki kisa tartismayi
okuyacaksiniz.
Sule: Iyi bir fizik ders kitabinin, bir béliimdeki bilgilerin diger boliimlerdeki bilgilerle

nasil baglantili oldugunu gdstermesi gerekir. Kitap her bir konuyu, ayr1 bir bolim
olarak ele almamalidir; ¢iinkii onlar gercekte ayri degillerdir.

Fatma: Fakat ¢ogu zaman her bir boliim farkli bir konu hakkindadir ve bu farkli konular

her zaman birbirleriyle baglantili degildir. Ders kitab1 her seyi harmanlayacagina
birbirlerinden ayr1 tutmalidir.

Kiminle ayn1 fikirdesiniz? Bir tanesini se¢gmeden dnce biitiin segenekleri okuyunuz.

(a) Neredeyse tamamen Sule’ ye katiliyorum.

(b) Sule’ye daha fazla katilmama ragmen, bence Fatma da baz1 iyi noktalara dikkat ¢ekiyor
(c) Sule ve Fatma’ya esit olarak katiliyorum (ya da katilmiyorum).

(d) Fatma’ya daha fazla katilmama ragmen, bence Sule de bazi iyi noktalara dikkat

cekiyor.

(e) Nerdeyse tamamen Fatma’ ya katiliyorum.

28. Bir oOgrencinin c¢aligmak icin kisithh bir zamana sahip oldugunu ve bu yiizden asagidaki
seceneklerden birini se¢gmesi gerektigini diisiinelim. Sinavin anlamay1 6lgen adil bir sinav oldugunu
ve smav siiresinin bir problem olusturmadigini varsayarsak, Ogrencinin hangi segenegi segmesi

gerekir?

(a) Sadece birkag temel formiilii 6grenmek ama onlarin ayrintilarina girmek

(b) Tlgili boliimlerdeki biitiin formiilleri grenmek ama gok ayrintiya girmemek

() (a) ve (b) seceneginin her ikisini de dogru bulmak fakat (a) ya daha ¢ok katilmak.

(d) (a) ve (b) seceneginin her ikisini de dogru bulmak fakat (b) ye daha ¢ok katilmak.

() (a) ve (b) segeneklerinin her ikisini de dogru bulmak ve bu iki u¢ arasinda orta yolu
bulmak.

29. Bazi insanlar gorsel bellege sahiptirler, yani okuduklari her seyi aynen hatirlama yetenegine
sahiptirler. Fizik 6grendiginiz zaman gorsel bellek size ne derecede avantaj saglar?

(a) Olabilecek en yararl sey olurdu.
(b) Cok yararl olurdu.

(c) Yeterince yararli olurdu.

(d) Cok az yararli olurdu.

() Neredeyse hi¢ yarari olmazdi.
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30. Asagida popiiler bir fizik kitabindan alinan bir soru verilmistir.

“Bir ata, bir yere yolcu gotiirmek icin bir arabayr ¢ekmesi soyleniyor. At, arabayi ¢ekmenin ise
yaramayacagmni 6ne siirerek, sahibine ‘ben arabayr g¢ekersem araba da beni geri c¢ekecek ve
Newton'un 3. Kanununa gire bu kuvvetler birbirine esit ve zit yonliidiir. Bu yiizden, bu kuvvetler
birbirini yok edeceginden, ben arabayt nasil hareket ettirebilirim ki?’ diye sorar. Ata nasil cevap
verirdin?”

Asagidakilerden hangisi bir smava calisirken bu gibi sorulara calismaya ve cevaplamaya karsi
tutumunuzu en iyi sekilde tanimlar?

(a) Bu tiir sorulara ¢aligmak yararli degildir; ¢iinkii bu tiir sorular sinavda ¢ikmaz.

(b) Bu tiir sorulara ¢aligmak biraz yararlidir; fakat problem ¢ézme teknikleri veya

formiiller gibi diger seylere calismak kadar yararli degildir.

(¢) Bu tiir sorulara ¢aligmak yeterince yararlidir, yeterince zaman ayirmaya deger.

(d) Bu tiir sorulara ¢alismak oldukga yararlidir, zamanimin oldukga fazlasina deger.

(e) Bu tiir sorulara ¢aligmak son derece yararlidir. Zamanimin pek ¢oguna deger.

31. Ali ve Murat bir problem tizerinde ¢alisiyorlar.

Ali: “Kitabin, bir ¢ember etrafinda donen her sey merkezcil ivmeye sahiptir

dedigini hatirliyorum.”

Murat: “Ama eger parcacigin hizi sabitse, nasil ivmelenebilir? Bu mantikli degil.”

Ali: “Tam buraya bak, “Diizgiin Dairesel Hareket” baslig1 altinda ivmenin
formiilii a=v*/r olarak verilmis. Bu, problemi ¢dzmek icin ihtiyacimiz olan
sey.”

Murat: “Ama ivmenin olmasi i¢in hizda bir degisiklik olmas1 gerektigini biliyorum.
Hizin nasil degistigini anlamiyorum. Bu formiil bana dogru gelmiyor.”

Eger onlardan yalniz biri ile ¢alisabilseydiniz, kimin daha yararli olacagini diigiiniirdiiniiz?
(a) Ali daha ¢ok yararh olurdu.
(b) Ali birazcik daha yararli olurdu.
(c) Ikisi de esit derecede yararh olurdu.
(d) Murat birazcik daha yararl olurdu.
(e) Murat daha ¢ok yararli olurdu.

32. Birkag 6grenci grup ¢alismast hakkinda konusuyorlar.
Arzu:  “Bir seyi, grubumdaki bagkalarina anlatmamin onu daha iyi anlamama gergekten
yardim ettigini diigiiniiyorum.”
Pinar: “Baskalarina agiklamanin senin daha iyi anlamana yardim ettigini diistinmiiyorum.
Sadece, bir seyi bagka birisine anlatabildigin zaman onu zaten anladigini fark ediyorsun.”

Kime katiliyorsunuz? Bir segenegi segmeden dnce biitlin segenekleri okuyunuz.

(a) Nerdeyse tamamen Arzu’ya katiliyorum.

(b) Arzu’ya daha fazla katilmama ragmen, bence Pinar da bazi iyi noktalara dikkat ¢ekiyor.
(c) Arzu ve Pinar’a esit olarak katiliyorum (ya da katilmiyorum).

(d) Pinar’a daha fazla katilmama ragmen, bence Arzu da bazi iyi noktalara dikkat ¢ekiyor.
(e) Nerdeyse tamamen Pmar’a katiliyorum.
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APPENDIX B1

THE FIRST VERSION OF THE OBJECTIVE LIST

Objectives for the FMAT-I
1. Hareketin nedeni ile ilgili 6grenciler;
1.1.Cisim tizerine etki eden kuvvetleri agiklar. (Comprehension)
1.2.Cisim tizerine etki eden kuvvetleri etiketlendirir. (Comprehension)
1.3.Serbest cisim diyagramu cizer. (Analysis)
1.4 Kuvvetin vektorel olmasindan kaynaklanan sonuglari tayin eder. (Knowledge)
1.5.Bir cisme etki eden kuvvetlerin bileskesini hesaplar.(Application)
1. Net kuvvetin sifir oldugu durumda cismin hareketiyle ilgili olarak 6grenciler;
2.1.Net kuvvet ile hiz degisimi arasindaki iligkiyi irdeler. (Analysis)
2.2.Limit hiza etki eden faktorleri ayirt eder. (Analysis)
2.3.1ki cismin hareketini birbirine gére yorumlar. (Comprehension)
2.4.Hareketli bir ortamdaki cisimlerin hareketlerini farkli gbézlem gevrelerine goére yorumlayip
problemler ¢dzer. (Application)
3. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak 6grenciler;
3.1. Net kuvvet ile cismin ivmesi ve Kkiitlesi arasindaki bagintiyr kullanarak problemler ¢ozer.
(Application)
3.2.Net kuvvet ve ivme arasindaki iliskiyi irdeler. (Analysis)
3.3. Cismin hareketi ile ivmesi arasindaki iligkiyi irdeler. (Analysis)
3.4.Cismin hareketi ile cisme etki eden kuvvet arasindaki iliskiyi irdeler. (Analysis)

Objectives for the FMAT-I1I

1. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak 6grenciler;

1.1.Verilen kinematik grafiginin metinsel agiklamasini ayirt eder (Analiz)

1.2. Verilen kinematik grafiginin metinsel agiklamasini yapar (Synthesis)

1.3.Verilen hareket durumunun metinsel agiklamasinin kinematik grafigini ayirt eder (analiz)

1.4.Bir hareket durum i¢in verilen bir kinematik grafiginden diger kinematik grafiklerini c¢izer.
(Synthesis)

1.5.Konum-zaman grafiginden yararlanarak hizi hesaplar. (Application)

1.6.Hiz- zaman grafiginden yararlanarak toplam yer degistirmeyi hesaplar.(Application)

1.7.Hiz- zaman grafiginden yararlanarak ivmeyi hesaplar.(Application)

1.8. At hareketlerinin diiseyde sabit ivmeli hareket ile yatayda sabit hizl1 hareketlerin bir birlesimi
oldugunu ifade eder.(Knowledge)

1.9.1ki boyutlu hareketlerde yatay ve diisey boyut i¢in konum-zaman, hiz-zaman ve ivme- zaman
grafiklerini ¢izer.(Analysis)

1.10.Atis hareketleri yapan cismin izledigi yolu secer.(Knowledge)

1.11.1ki boyuta sabit ivmeli hareketler ile ilgili problemler ¢ozer.(Application)

2. Her etkinin bir tepki dogurmasiyla ilgili olarak 6grenciler;

2.1. Etki tepki kuvvet ¢iftlerini glinliilk yasamdaki olaylara uygular.(Application)

2.2. Etki tepki kuvvet ciftlerini kullanarak cisimlerin birbirine uyguladiklari kuvvetler hakkinda
karar verir.(Evaluation)

2.3.Etki tepki kuvvet ¢iftlerinin farkli cisimler tizerinde olduguna karar verir (Evaluation)

2.4.Birden fazla cisimden olusan sistemlerde sistemin ve cisimlerin ivmesini hesaplar.(Application)
2.5. Sistem i¢i kuvvetleri hesaplar.(Application)

3.Cismin eylemsizligi ile ilgili olarak 6grenciler;

3.1.Eylemsizligi cismin durgun, sabit hizli ve sabit ivmeli hareketinden bagimsiz oldugunu ifade
eder. (Knowledge)

3.2.Cismin eylemsizliginin kiitlesinin bir 6l¢iisii oldugunu ifade eder(knowledge)

3.3.Kuvvet ve eylemsizligin farkli oldugu ayrimini yapar.(Knowledge)
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APPENDIX B2

THE FIRST VERSION OF THE FMAT-I

KUVVET VE HAREKET BASARI TESTI

Adiniz- Soyadimz:
Sinifimz:
Cinsiyetiniz: oKiz o Erkek

Sevgili 6grenciler,

36 sorudan olusan bu test, 6grencilerin kuvvet ve hareket konularindaki basarilarin1 6lgmek amaci ile
hazirlanmigtir. Bu test 4 boliimden olusmaktadir. Her boliimiin baginda verilen agiklamalari dikkatlice
okuduktan sonra sorulari cevaplayiniz. Cevaplariniz gizli tutulacak ve yalnizca arastirma amagl
kullanilacaktir.

Katkilariniz dolay: tesekkiir ederiz.
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I. Boliim

Bu béliim S¢oktan se¢meli sorudan olusmaktadir. Her soru igin yalmizca bir sik isaretleyiniz.
Yanhslar dogru cevaplar: gotiirmeyecektir. Liitfen, tiim sorulart cevaplayiniz.

i R et il I I L |
1 1 1 1 1 1 1 1
RN U U U U U I I |

M cismine sekildeki gibi Fy, Fy, F3, F4kuvvetleri etkimektedir.

M cismine etki eden bileske kuvvet hangi yondedir?
A) F; yoniinde B) F, yoniinde C) F; yoniinde
D) F, yoniinde E) Kesikli okla belirtilen yonde

2. Bir kadin biiyiik bir kutuya sabit yatay bir kuvvet uyguluyor. Sonug olarak, kutu yatay bir ylizey
iizerinde sabit V, hiziyla hareket ediyor.
Kadin tarafindan uygulanan sabit yatay kuvvet,

A) kutunun agirhigi ile ayn biiyiiklitktedir.

B) kutunun agirhigindan biiyiiktir.

C) kutunun hareketini engellemeye calisan toplam kuvvetle aym biiyiikliiktedir.

D) kutunun hareketini engellemeye ¢alisan toplam kuvvetten buyiiktiir.

E) kutunun hareketini engellemeye c¢alisan toplam kuvvetten veya kutunun agirhgindan

bilyiiktiir.

3. Suya gore hiz1 2v olan bir ugak gemisi ile bir yunus ayni yonde gidiyor. Geminin pistinde hareket
eden bir motosikletli yunusu duruyor gibi goriiyor.
Yunusun suya gore hizi v olduguna gore, motosikletin gemiye gore hizi nedir?

A) Gemiyle ayni yonde v

B) Gemiyle ayn1 yonde 2v

C) Gemiyle ayni yonde 3v

D) Gemiyle zit yonde v

E) Gemiyle zit yonde 2v

4. Bir araba maksimum 3 m/s® lik bir ivmeye sahiptir. Bu araba kendisinin iki kat1 kiitlesine sahip
ikinci bir arabay1 ¢ektigi zaman, maksimum ivmesi ne olur?

A) 2,5 m/s? B) 2,0 m/s? C) 1,5 m/s? D) 1,0 m/s? E) 0,5 m/s*

5. Bir ¢ocuk ¢elik bir topu tam yukariya dogru dik olarak atar. Topun, ¢ocugun elinden ¢ikip yere
diisene kadar olan hareketini dikkate alin ve hava tarafindan topa uygulanan kuvvetlerin ihmal
edilebilir oldugunu diisiiniin.

Bu sartlarda topa etkiyen kuvvet(ler),

A) siirekli azalan yukar1 yonde bir kuvvetle birlikte agsagiya dogru bir yer¢ekimi kuvvetidir.

B) ¢ocugun elinden g¢iktiktan sonra en yiiksek noktaya ulasana kadar siirekli azalan yukar
yonde bir kuvvet; asagiya inerken ise, cisim diinyaya yaklastikca siirekli artan asagi yonde
bir yergekimi kuvvetidir.

C) top en yiiksek noktaya ulagana kadar yukar1 yonde siirekli azalan bir kuvvetle birlikte,
neredeyse sabit agag1 yonde bir yercekimi kuvveti; agagiya inerken ise, sadece sabit asagt
yonde bir yercekimi kuvvetidir.

D) sadece, neredeyse sabit asag1 yonde bir yer¢ekimi kuvvetidir.

E) yukaridakilerden higbiri. Topun diinya tizerinde durma dogal egilimi oldugu i¢in top yere
diiser.
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I1. Boliim

Bu boliim, 13 adet eslestirme sorusundan olusmaktadir. Her soru igin bir eslestirme yapiniz. Liitfen
tiim sorulari cevaplayiniz.

ASAGIDAKI SEKIL VE ACIKLAMAYI 6-12 SORULARINI CEVAPLARKEN KULLANINIZ.

Bir kizak, asagida 6°dan 12’ye kadar olan sorularda tanimlanan bigimlerde buz {izerinde hareket
ediyor. Siirtiinme kuvveti ihmal ediniz. Buz lizerinde kaymayan bir ayakkabi giyen bir kisi kizaga bir
kuvvet uygulayabiliyor ve kizagi buz iizerinde itebiliyor.

Kizagin 6’dan 12’ye kadar olan her bir soruda tanimlanan hareketini devam ettirecek bir kuvveti
(A’dan G’ye) se¢iniz ve sectiginiz harfi sorunun yanindaki bosluga yaziniz.

Bir secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir bosluk i¢in sadece
bir cevap se¢iniz. Eger segeneklerden higbirinin dogru olmadigimi disiiniiyorsaniz J segenegini
sorunun yanindaki bosluga yaziniz.

A. Saga dogru ve siddeti (biiyiikliigii) artan
bir kuvvet
Euvvetin Yoni B. Saga dogru ve siddeti (biytikliigii) sabit
bir kuvvet

#" C. Saga dogru ve siddeti (biiyikliigii) azalan

bir kuvvet
\‘..___ //

/ D. Kuvvet uygulamaya gerek yoktur.

E. Sola dogru ve siddeti (biiyiikligii) azalan
bir kuvvet
F. Sola dogru ve siddeti (biiyiikligii) sabit

"h bir kuvvet

G. Sola dogru ve siddeti (biiyiikliigii) artan

/} bir kuvvet
-

Earvvetin Yanii

6. Hangi kuvvet kizagin saga dogru ve sabit oranda hizlanan (sabit ivmeli) hareketini devam
ettirir?

7.Kizak saga dogru hareket ediyor. Hangi kuvvet kizagin saga dogru sabit hizli hareketini
devam ettirir?

8. Kizak saga dogru hareket ediyor. Hangi kuvvet onu sabit oranda (sabit ivme ile)
yavaslatir?

9. Hangi kuvvet kizagin sola dogru ve sabit oranda hizlanan (sabit ivmeli) hareketini devam
ettirir?

10. Kizak durgun halden baglayarak ve saga dogru sabit bir hiza ulasincaya kadar itiliyor.
Hangi

kuvvet kizagin bu sabit hizli hareketini devam ettirir?

11. Kizak sabit oranla (sabit ivme ile) yavasliyor ve kizagin ivmesi saga dogrudur. Hangi
kuvvet bu harekete neden olur?

12. Kizak sola dogru hareket ediyor. Hangi kuvvet kizagi sabit oranda (sabit ivme ile)
yavaglatir?
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ASAGIDAKI ACIKLAMAYI 13-15. SORULARINI CEVAPLARKEN KULLANINIZ.

13-15. sorular yukar1 dogru havaya firlatilan metal para ile ilgilidir. Para firlatildiktan sonra yukari
dogru hareket ediyor, en yiiksek noktaya g¢ikiyor ve tekrar asag diisliyor. Paranin 13-15 sorularinda
tanimlanan hareketinin her bir basamagindaki ivmesini belirtmek i¢in agagidaki seceneklerden (A’dan
G’ye) birini kullanimiz. Eger secencklerden higbirinin dogru olmadigini disiiniiyorsaniz sorunun
yanindaki bosluga J segenegini yazimiz. Hava direncinin etkisini ihmal ediniz. Yukari yénii pozitif
asagi yonii negatif aliniz.

A. Tvme negatif yonde ve sabittir.

B. ivme negatif yonde ve artiyor.

C. Ivme negatif yonde ve azaliyor.

D. fvme sifirdir

E. Ivme pozitif yonde ve sabittir.

F. ivme pozitif yonde ve artryor.

G. Ivme pozitif yonde ve azaliyor.

13. Metal para firlatildiktan sonra yukar1 yonde hareket ediyor iken.
14. Metal para en yiiksek noktada iken.
15. Metal para asagi1 yonde hareket ediyor iken.

ASAGIDAKI SEKIL VE ACIKLAMAYI 16-18 SORULARINI CEVAPLARKEN KULLANINIZ.

16-18. sorular, anlik bir itme uygulanarak bir egik diizlemde yukar1 dogru tirmanan oyuncak araba ile
ilgilidir.

Araba anlik itme ile firlatildiktan sonra egik diizleme tirmaniyor ve en yiiksek noktaya ¢ikarak tekrar
geriye doniiyor. Sirtiinme kuvveti ihmal edilebilecek kadar kiiciiktiir.

\\

Asagida 16-18 sorularinda tanimlanan her bir durumda arabaya etki eden net kuvveti belirtmek i¢in
asagidaki segeneklerden (A’dan G’ye) birini kullanimiz. Eger seceneklerden higbirinin dogru
olmadigini diisiinliyorsaniz J secenegini sorunun yanindaki bosluga yaziniz.

A. Rampadan asag1 dogru sabit net kuvvet

B. Rampadan asagi dogru artan net kuvvet
C. Rampadan asag1 dogru azalan net kuvvet
D. Net kuvvet sifir

E. Rampadan yukar1 dogru sabit net kuvvet
F. Rampadan yukari dogru artan net kuvvet
G. Rampadan yukar1 dogru azalan net kuvvet

16. Araba firlatildiktan sonra rampanin yukarisina dogru hareket ediyor iken.

17. Araba en yiiksek noktada iken.
18. Araba rampanin asagisina dogru hareket ediyor iken.
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II1. Boliim

Bu béliim 15a¢ik u¢lu sorudan olugmaktadwr. Her soru i¢in cevaplarimizi kisaca agiklaymiz. Liitfen
tiim sorular: cevaplayniz.

ASAGIDAKI ACIKLAMA VE SEKLI 19-22 SORULARINI CEVAPLARKEN KULLANINIZ.

A ve B arabalar1 diiz bir yol boyunca sabit bir hizla hareket ediyorlar. Asagida verilen diyagram
arabalarin esit zaman araliklartyla ayrilmis 1-4 anlarindaki konumlarini géstermektedir.

Bat Dogu
S — —
A arabast gy 1 = 2 = 3 =

B arabasy @1 oD 2 @ 5 G

A arabasinda bulunan gozlemci B arabasinin konumunu gesitli zaman araliklarinda kaydediyor.

Asagida verilen anlarda, A arabasindaki gézlemci B arabasint:
19. t;: (bir tanesini yuvarlak icine alimz) bativa hareket ediyor, doguya hareket ediyor, duruyor
olarak goriir. Cevabinizi agiklaymiz.

20. t,: (bir tanesini yuvarlak icine alimz) batiya hareket edivor, doguya hareket ediyor, duruyor
olarak goriir. Cevabinizi agiklaymiz.

21. t3: (bir tanesini yuvarlak icine alimz) batiya hareket ediyor, doguya hareket edivor, duruyor
olarak goriir. Cevabinizi agiklayimiz.

22. Yanda verilen vektor setlerinden hangisi A abrasindaki Lam 2 am 3 am

gozlemciye gore B arabasimin 1, 2 ve 3 anlarindaki hizim |Y —* 0 —

gosterir.Yukaridaki soruya verdiginiz cevabi agiklayiniz. B - v -
L J—— 0 -—
d) — — —
I - —
n — — —
ar .— - . B
Fl - -—
i - - -

ASAGIDAKI ACIKLAMAYI 23-25 SORULARINI CEVAPLARKEN KULLANINIZ.

Kiigiik bir ¢ocuk olan Ahmet bir kuyunun yaninda oynarken kuyunun igine diiser. Ahmet’i kuyudan
¢ikarmak i¢in kurtarma ekipleri makarali bir makineye bagli bir ipi kuyuya sallarlar ve Ahmet bu ipi
beline baglar. Ahmet’in agirligi1 250 N dur.

23. Ahmet yukariya dogru sabit bir hizla ¢ekilirken, ip yukariya dogru 250 N dan biiyiik mii, kiiciik mii
. voksa_esit bir kuvvet mi uygular? Cevabinizi agiklayiniz.

24. Ahmet’in ailesi bir an dnce ogullarina kavusmak istediklerinden kurtarma ekiplerinden makineyi
hizlandirmalarini isterler. Makine, Ahmet’in hiz1 giderek artacak sekilde ipi ¢cekmeye baslar. Bu
durumda ip, yukariya dogru 250 N dan biiyiik mii, kiiciik mii, yoksa _esit bir kuvvet mi _uygular?
Cevabinizi agiklayiniz.
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25. Ahmet kuyunun basina yaklastigi zaman, Ahmet’in hareketini durdurmak igin, makine
yavaglatilir. Bu zaman aralifinda ip yukartya dogru 250 N dan buiviik mii, kiiciik mii, yoksa esit bir
kuvvet mi uygular? Cevabinizi agiklayiniz.

ASAGIDAKI ACIKLAMA VE SEKLI 26-28 SORULARINI CEVAPLARKEN KULLANINIZ.

Bir blok ve bir A kiiresi sekildeki gibi bir iple
sirtiinmesiz bir makara T{izerinde kayacak
sekilde birbirine baglaniyor ve bir el blogu  Blek
kaymamasi i¢in tutuyor. :
Ipin agirliksiz ve esnemedigini varsayimiz.
Blok ile masa arasi siirtinmelidir. Srtiinmeli
Hava direncini ihmal ediniz. Masa

Kiitlesiz ve slirfiinmesiz

makata
v

Blok serbest birakildiktan hemen sonra

AR

26. Blok tizerine etki eden kuvvetlerin adlarini
yazip, kisaca tanimlaymiz. (Ornegin yergekimi
kuvveti “diinya tarafindan bloga uygulanan kuvvet” seklinde tanimlanir.)

27. Blok tizerine etki eden kuvvetleri

a) kuvvetin tiirii (6rnegin yer¢ekimi kuvveti, siirtiinme kuvveti, normal kuvvet),

b) Kuvvetin uygulandigi cisim,

c) Kuvveti uygulayan cismi,

dikkate alarak etiketlendirin (sembollerle gosterin).

Ornegin, yercekimi kuvveti (diinyanin bloga uyguladigi kuvvet) W seklinde etkilendirilir.

28. Etiketlendirdiginiz kuvvetleri serbest cisim diyagraminda gosteriniz.
(Serbest cisim diyagrami bir cisim iizerine etki eden tiim kuvvetlerin gosterildigi diyagramdir.)

BLOK
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ASAGIDAKI ACIKLAMA VE SEKLI 29-30 SORULARINI CEVAPLARKEN KULLANINIZ.

Bir ¢ocuk i¢i dolu olan A ve B kutularini
sekildeki gibi itiyor.
A B
29. B kutusuna etki eden kuvvetleri e

a) kuvvetin tiirii (6rnegin yer¢ekimi kuvveti, siirtiinme kuvveti, normal kuvvet),
b) Kuvvetin uygulandig cisim,

c) Kuvveti uygulayan cismi,

dikkate alarak etiketlendirin(sembollerle gdsterin).

30. Etiketlendirdiginiz kuvvetleri serbest cisim diyagraminda gosteriniz.

B kutusu

31.Suya gore sabit bir hiza sahip olan bir motor A noktasindan nehrin karsisindaki B noktasina
gitmek i¢in sekilde gibi bir yolu izliyor. Motorun B noktasina varma siiresi nehir durgunken t;, sabit
bir V, iziyla akarken t,” dir. Buna gore t; ve t, stirelerini kargilastirin.

bv.

&

32. Ikinci bir motor sekilde goriildiigii gibi A noktasindan sabit bir V hiziyla hareket ediyor. Motorun
kars1 kiyaya varma siiresi nehir durgunken t; sabit bir V, hiziyla akarken t,” dir. Buna gore t; ve t,
siirelerini karsilastirin.

bv.

AR,
vV

33.Bir ¢ocuk bir topu trenin zemininden trenin hareketine zit yonde yuvarliyor. Tren 10 m/s lik hizla
ilerlerken top 3s de 2m yol altyor. 3s zaman araligindaki topun yere gore yerdegistirmesi ne kadardir?
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IV. Boliim

Bu béliim 3 adet dogru yanlis sorudan olusmaktadir. Dogru oldugunu diistindiigiiniiz ifadenin sonuna
(D), yanls oldugunu diisiindiigiiniiz ifadenin sonuna ise (Y) yaziniz.

34. Baz1 durumlarda, bileske kuvvetin kendini olusturan kuvvetlerden kiiclik olmasi kuvvetin vektor
olmasindan kaynaklanmaktadir. (......)

35. Ayni biiyiikliikte parasiitlerle ayn1 yiikseklikten atlayan iki parasiit¢iiden agir olan limit hiza daha
erken ulagir. (...... )

36. Bir cisim lizerine birden fazla kuvvet etki ettiginde cismin hareket durumunu belirlemek i¢in
kuvvetlerin her birinin bityiikliiklerinin bilinmesi yeterlidir. (...... )
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APPENDIX B3

THE FIRST VERSION OF THE FMAT-II

KUVVET VE HAREKET BASARI TESTI

Adiniz- Soyadimiz:
Sinifimz:
Cinsiyetiniz: oKiz o Erkek

Sevgili 6grenciler,

37 sorudan olusan bu test, 6grencilerin kuvvet ve hareket konularindaki basarilarin1 6lgmek amaci ile
hazirlanmigtir. Bu test 4 boliimden olusmaktadir. Her boliimiin basinda verilen agiklamalari dikkatlice
okuduktan sonra sorulari cevaplayiniz. Cevaplariniz gizli tutulacak ve yalnizca aragtirma amagli
kullanilacaktir.

Katkilariniz dolay: tesekkiir ederiz.
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I. Boliim

Bu boliim 11 g¢oktan se¢meli sorudan olusmaktadwr. Her soru igin yalmizca bir sik isaretleyiniz.
Yanhslar dogru cevaplar: gotiirmeyecektir. Liitfen, biitiin sorulara cevap veriniz.

1. Asagida bir cismin hiz -zaman grafigi verilmistir. Hangi zaman araligindaki negatif ivme en biiyiik
degerdedir?

QR S T UV WX Y Z

A) R-T araliginda Y

B)T-V araliginda
C)V aninda

D) X aninda

E) X-Z araliginda

faman

2. Bir cisim durgun halden harekete baslar ve on saniye boyunca sabit pozitif bir ivmeyle hareket
eder. Daha sonra sabit bir hizla hareketini siirdiiriir. Asagidaki grafiklerden hangisi bu cismin

konum-zaman graﬁgi olabilir?
+
:
R
o o o

0 5 10 15 05 10 15 005 10 15 05 1 15 05 10 15
Zaman (s)

. Konm:n .
KOHUJIL

o Komum |
Konum

Zaman (s) Zaman () Zaman (s) Zaman (s)

3.Paralel yollarda ilerleyen A ve B arabasinin konum- zaman grafigi yanda verilmistir. Buna goére
asagidakilerden hangisi dogrudur? B

Konum

I tg zamaninda iki araba da ayni hiza sahiptir.
1. Her iki araba da hizlanmaktadir.
11. A ve B arabalar1 tg zamanindan Once
herhangi bir anda aym hiza sahip olurlar
V. Grafigin belli bir noktasinda her iki
arabanin ivmesi birbirine esit olur.

Zaman

A) YalmzI  B)YalmzIl  C) I, Il #
D, I, IV E) I, 11, I, IV

4. Asagida bir cismin konum -zaman grafigi verilmistir. Cismin 2. saniyedeki hiz1 kag m/s ‘dir?

A) 0,4 m/s 15
B) 2,0m/s g
C) 25mfs = 10 P
D) 5,0mi/s g
E) 10,0 m/s v 5 "
0

Zaman (s)
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5. Bir cisim asagidaki grafige gore hareket etmektedir:
4

3 — —
2

Hiz (m's)

N

ZLaman (5)
Buna gore, t=4 s ile t=8 s zaman araliginda cisim ne kadar yer degistirir?
A) 0,75m B)30m C)4,0m D)8,0m E) 12,0 m

6. Asagida bir cismin hiz-zaman grafigi verilmistir. Cismin t= 0 ve t=6 s arasindaki ortalama ivmesi
yaklasik olarak ne kadardir?

5
[ I
7 e Bl St Al il
g A
= L
- T
B R
(R
[I -
3
Zaman (s)
A) 3,0 m/s? B) 1,5 m/s’ 0,67

m/s’
E) Soruyu cevaplamak i¢in yeterli bilgi verilmemistir.

7. Asagidaki sekilde gosterildigi gibi, bir tepenin kenarindan bir top ateslenir. 1-5 yollarindan hangisi,
merminin/giillenin izleyecegi en yakin yoldur?

A)1 B2 C3 D4 EpS
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Yatay diizlem

Yergekimi ivmesinin (g) oldugu bir yerde, sekildeki gibi P noktasindan egik atilan bir top (t) sn sonra
K noktasina diisiiyor.
Yalmz (g) ve (t) bilinenleriyle;

hmax yiksekligi
Vyy bilesenin bilyiikligii
PK uzaklig1

Niceliklerinden hangileri hesaplanabilir?

A)

Yalniz hpay B) Vo, ve PK C) hpax ve PK D) hyax Ve Voy

E) Nmax ,Voy Ve PK

9. Sekildeki gibi, biiyiik bir kamyon yolda bozulur ve kiigiik bir otomobil tarafindan itilir. Hizim
arttirarak, istenen yol hizina ulasincaya kadar otomobil kamyonu iterken,

=G T ®

A)
B)
C)

D)

E)

10. Yandaki sekilde A &grencisi 75 kg ve B Ogrencisi ise 57 kg
kiitlelidir. Birbirinin ayn1 ofis sandalyelerinde karsi karsiya
oturmaktadirlar. A 6grencisi, sekildeki gibi, ayaklarin1 B 6grencisinin
dizlerine koymugtur. Sonra A Ogrencisi birden ayaklariyla disartya
dogru iterek, her iki sandalyenin de hareket etmesine neden olur.

Itme sirasinda ve A’nin ayaklar1 B’nin dizine hala dokunmaktayken,
A) dgrenciler birbirlerine higbir kuvvet uygulamamaktadirlar.
B) A 6grencisi B 6grencisi iizerine bir kuvvet uygulamakta, fakat
B A’ya bir kuvvet uygulamamaktadir.

otomobilin kamyona uyguladigi itme kuvvetinin biiyiikligi, kamyonun otomobile
uyguladigi geri itme kuvvetinin biiyiikliigiine esittir.

otomobilin kamyona uyguladigi itme kuvvetinin biyiikligi, kamyonun otomobile
uyguladifi geri itme kuvvetinin biiyiikliigiinden azdir.

otomobilin kamyona uyguladigi itme kuvvetinin biyiikligi, kamyonun otomobile
uyguladig1 geri itme kuvvetinin biiyiikligiinden fazladir.

otomobilin motoru ¢alismakta oldugu icin kamyonu itmektedir, kamyonun motoru
calismadigr icin arabayr geri itememektedir. Kamyon ise elbette ileriye itilecektir, ¢linkii
otomobilin yolu tizerindedir.

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

C) her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat B daha buyuk b1r kuvvet uygular
D) her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat A daha biiyiik bir kuvvet uygular.
E) her iki 6grenci de birbirleri iizerine esit biiyiikliikte kuvvet uygulamaktadirlar.

11. Asagidaki cisimlerden hangisinin/ hangilerinin eylemsizliginden bahsedilebilir?
I. Duran bir arabanin

II. Sabit hizla ilerleyen bir arabanin

II1. Sabit bir ivme ile hizlanan bir arabanin

A)

YalnizI B) Yalmz II C)lvell D) Il ve 1l E) I, 11, ve lll
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I1. Boliim

Bu béliim, 10 eslestirme sorusundan olusmaktadir. Her soru igin bir eslestirme yapiniz. Liitfen tiim

sorulart cevaplaymniz.

ASAGIDAKI SEKIL VE ACIKLAMAYI 12-16. SORULARINI CEVAPLARKEN KULLANINIZ.

Oyuncak bir araba yatay dogru boyunca saga veya sola hareket edebiliyor. Pozitif yon saga dogrudur.

-

0 +

Asagida arabanin farkli hareketleri tanimlanmistir. Arabanmn hareketi icin 12-16 sorularinda
tanimlanan her bir duruma ait ivme-zaman grafigini belirtmek igin asagidaki segeneklerden (A’dan
G’ye) birini kullanimiz. Bir secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz. Eger
seceneklerden higbirinin dogru olmadigini diisiiniiyorsaniz sorunun yanindaki bosluga J secenegini

yaziniz.

& @ .

Zaman

fvme
[=

ol Zaman

ik .
Zaman@

fvme

fvme
[=

Zaman

Ivme
[=

Zaman

Zaman

fvme
fvme
L=

T @ Bu grafiklerden hicbiri dogru degildir.
Zaman

fvme

12. Araba saga dogru (orijinden uzaklasarak) sabit oranda hizlanarak hareket ediyor.

13. Araba saga dogru sabit oranda yavaslayarak hareket ediyor.
14. Araba sola dogru (orijine dogru) sabit hizla hareket ediyor.

15. Araba sola dogru sabit oranda hizlanarak hareket ediyor.
16. Araba saga dogru sabit hizla hareket ediyor.

120




ASAGIDAKI ACIKLAMA VE SEKLI 17-21 SORULARINI CEVAPLARKEN KULLANINIZ
Plastik top firlatan bir silah sekilde goriildiigii gibi belirli bir ac1 altinda atesleniyor. Hava
stirtiinmesini ihmal ediniz.

Topun hareketi ile ilgili asagida grafikler verilmistir. A’dan 1* ye ¥
kadar olan grafiklerin yatay ekseni zamani gosterirken diisey eksenler
belirtilmemistir.

Merminin hareketi i¢cin 17-21 sorularinda verilen her bir nicelige ait

grafigi belirtmek icin asagidaki seceneklerden (A’dan I’ye) birini

kullaniniz. Eger segeneklerden hicbirinin dogru olmadigini diisiiniiyorsaniz sorunun yanindaki
bosluga J secenegini yaziniz.

(A) L// ®) 4 ' (©)

| ! | |

@) {I}T {HT
t ‘\\__/ > ‘ t

© M 4
—

17. Diisey eksendeki konum
18. Hizin yatay bileseni

19. Net kuvvet

20. Hizin diisey bileseni

21. Yatay eksendeki konum

L J

L 3

¥

L2
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II1. Boliim

Bu boliim 13 agik uglu sorudan olusmaktadir. Her soru i¢in cevaplarimizi kisaca agiklaymniz. Liitfen

tiim sorulari cevaplayiniz.

ASAGIDAKI ACIKLAMA VE SEKLI 22-24 SORULARINI CEVAPLARKEN KULLANINIZ

Bir blok ve bir A kiiresi sekildeki gibi bir iple
sirtiinmesiz bir makara iizerinde kayacak
sekilde birbirine baglaniyor ve bir el blogu
kaymamasi i¢in tutuyor.

Ipin agirliksiz ve esnemedigini varsaymiz.

Blok ile masa arast siirtiinmelidir.

Hava direncini ihmal ediniz.

Blok serbest birakildigi anda A kiiresi ile 6zdes
olan B kiiresi de serbest birakiliyor.

Blok j

Stirtiinmeli
Masza

N S S

Kiitlesiz ve siirtiinmesiz

/ makara

A ldiresi B kiiresi

22. B kiiresi A kiiresinden dnce mi, sonra mi, yoksa ayni anda mi yere ¢arpar? Cevabinizi

aciklayiniz.

23. Blok serbest birakilmadan dnce, ipteki gerilme kuvveti 10 N dur. Blok serbest birakildiktan sonra,
ipteki gerilme kuvveti 10 N’ dan biiyiik miidiir, 10 N’dan kiiciik miidiir, yoksa 10 N’ a esit midir?

Cevabinizi agiklayiniz.

24. Simdi deneyi siirtiinmesiz masa tizerinde tekrarladigimz disiiniiniiz. Bu durumda B kiiresi A
kiiresinden dnce mi, sonra mi, yoksa ayni anda mi yere garpar? Cevabinizi agiklaymiz.
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ASAGIDAKI ACIKLAMA VE SEKLI 25-27 SORULARINI CEVAPLARKEN KULLANINIZ.

A, B, C bloklar siirtiinmesiz bir masa boyunca sola dogru M —3M

sabit bir kuvvetle itiliyor. A blogu 2M, B blogu 3M ve C M ,

blogu M kiitlesine sahiptir. A B C !
// FIFFFFFFFFFFY /////////
o Siirtiinmesiz Masa o

25. Asagida verilen 6lgekli alana her bir bloga etki eden net
kuvveti gosteren vektorleri ¢iziniz. Vektorleri, bloklara etki
eden net kuvvetlerin birbirine gore biiyiikliiklerini ve yonlerini dikkat ederek ¢iziniz.

o >
' .-}
L 2!

26 ve 27. sorulari cevaplarken B blogunun kiitlesinin iki katina ¢ikaridigini, diger bloklarin
kiitlelerinin degistirilmedigini ve elin baslangictaki sabit kuvveti uyguladigimi diisiinerek
cevaplayiniz.

26. A blogunun ivmesi B blogunun kiitlesi iki katina ¢ikarildiktan sonra artar mi, azalir mi, yoksa
ayni nu kalir? Cevabinizi agiklayiniz.

27. A bloguna etki eden net kuvvet B blogunun kiitlesi iki katina ¢ikarildiktan sonra_artar mi, azalir
mi, yoksa ayni mi kalir? Cevabiniz1 agiklayiniz.

ASAGIDAKI ACIKLAMAYI 28-30 SORULARINI CEVAPLARKEN KULLANINIZ.
Fatma mutfak yerlerini sildikten sonra buzdolabini tekrar yerine itmeye ¢alistyor. Asagida verilen her
iki durum i¢in Fatma’nin uyguladigi kuvvetin biiyilikligi buzdolabinin Fatma’ ya uyguladigi

kuvvetten biiyiik miidiir, kii¢tik miidiir yoksa esit midir? Cevabimizi agiklayiniz.

28. Fatma buzdolabin itiyor, fakat buzdolabi kimildamiyor.

29. Fatma biitlin giiciiyle ittikten sonra buzdolab1 sabit hizla hareket etmeye basliyor.
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Fatma’nin arkadas1 Hatice bir tabure iizerinde oturarak Fatma’y1 buzdolabini iterken seyrediyor ve

Fatma’ya:

Canli varliklarm aksine cansiz varliklar dokunduklart varliklara her zaman kuvvet uygulamazlar.
Uzerinde oturdugum tabureyi 6rnek olarak ele alalim. Eger ben seni tabureyle ile itersem, tabure
sana kuvvet uygular. Fakat ben taburenin iizerinde oturdugum zaman tabure bana kuvvet uygulamaz.

Tabure sadece yer gibi benim diismememi saglar der.

30. Hatice’nin diisiincelerine katiliyor musunuz? Ag¢iklaymiz.

31. Mehmet evlerinin yakinindaki okula yiirirken konum- zaman grafigi asagidaki gibi olan bir
hareket yapiyor. Bu grafikten yararlanarak Mehmet’in hareketinin hiz-zaman ve ivme- zaman

grafiklerini ¢iziniz.

Konum
Hiz

>

Zaman Zaman

Ivme

Zaman

ASAGIDAKI ACIKLAMA VE SEKLI 32-33 SORULARINI CEVAPLARKEN KULLANINIZ.

Hareketli bir arabanin hiz- zaman grafigi sekildeki gibidir.

32. Araba t aninda yon degistirmis midir? Ag¢iklayiniz.

33. Hiz zaman grafiginden yararlanarak arabanin

hareketinin konum zaman grafigini ¢iziniz?

o

Konum 1

Zaman
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34. Ali, kestigi kiitiigii iple ¢ekerek yola ¢ikarirken, Newton’un 3. yasasinin ¢ekme olayinda gegerli
olup olmadigini diisiiniir. Ali , “Newton 'un 3. Yasasina gore ben kiitiigii ne kadar kuvvetle ¢ekersem
kiitiikte beni o kadar kuvvetle geri ¢ekecek ve zit yonlii bu kuvvetler birbirini yok edeceginden kiitiigiin
hareket etmemesi gerekir. Kiitiik hareket ettigine gore Newton'un 3. yasast burada gegerli degildir”
diye diisiiniir.

Ali’nin diisiincelerine katiliyor musunuz? Agiklayimiz.

IV. Boliim

Bu béliim 3 dogru yanhys sorudan olusmaktadir. Dogru oldugunu diigiindiigiiniiz ifadenin sonuna (D),
yanliy oldugunu diisiindiigiiniiz ifadenin sonuna ise (Y) yaziniz.

35. Eylemsizlik bir kuvvettir. (...... )
36. Bir cismin eylemsizligi kiitlesi ile dogru orantilidir. (...... )
37. Atis hareketleri yatayda sabit hizli hareketle diiseyde sabit ivmeli hareketlerin birlesimidir. (...... )

125




APPENDIX

B4

THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-I

S

<5} < c

= s S 2 & |18 | _

g & g g S8 |8

N4 O < < 7 w [
1.Hareketin 1.4 1.1 (26), 1.5(1) 1.3 (28,30) 4 (8)
nedeni (34,36) | 1.2(27,29),
2.Net 2.3(19,20,21,22) | 2.4 2.1(2,7,10,23,24,25), 4(15)
kuvvet=0 (3,31,32,33) | 2.2(35),
3.Net kuvvet 3.1(4) 3.2(6,8,9,11,12), 4(13)
#0 3.3(13, 14, 15), 3.4 (5,

16,17,18),

Total 1(2) 3(7) 3(6) 6(21) 13(37)

Objectives are bold. Questions are in parenthesis
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APPENDIX B5

THE FIRST VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-I11

S
[} g S c
g 5| % 2 2 g
= 2 | = 2 £ g -
g clzg z £ E g
¥ O < < %) L [
3.Netkuvvet | 1.8(37), 15(4),1.6(5), | 1.1(312 13, | 1.2(32), 11(22)
#0 1.10(7), 1.7(1,6), 14,15,16), 1.4(31,33)
1.11(8) 1.3(2),1.9
(17,18,
19,20,21)
4 Etki-Tepki 2.1(28,29), 2.2(30),2.3(34) | 5(12)
2.4(9, 10, 22,
24,26), 2.5(23,
25,27),
5.Eylemsizlik | 3.1(11), 3(3)
3.2(36),
3.3(35)
Total 5(5) 7(15) 3(12) 2(3) 2(2) 19(37)

Objectives are bold. Questions are in parenthesis
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APPENDIX B6

EVALUATION CRITERIA

Sayin ogretim gorevlisi,

Goritislerinizi almak istedigimiz test, kuvvet ve hareket konusunda dgrencilerin basarilarint olgmek
amaciyla hazirlanmistir. Test ve kazanmimlar hakkindaki gériislerinizi asagidaki sorulara bagh
kalarak ve ilgili kazanimin ve sorunun numarasini yazarak belirtiniz. Katkilarinizdan dolay: tesekkiir
ederim.

1. Kazanim ile soru uyumlu mu?

2. Kazanimin Bloom Taksonomisindeki yeri dogru verilmis mi?

3. Soru 10. sinif 6grencilerinin seviyesine uygun mu?

4. Farkli olarak eklemek istediginiz diisiinceleriniz;
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APPENDIX C1

THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT-I

Kazanimlar

1. Hareketin nedeni ile ilgili 6grenciler;

1.1.Cisim iizerine etki eden kuvvetleri agiklar. (Kavrama)

1.2.Cisim tizerine etki eden kuvvetleri etiketlendirir. (Kavrama)

1.3.Serbest cisim diyagramui gizer. (Kavrama)

1.4.Kuvvetin vektdr olma 6zelligini kaynaklanan sonuglari tayin eder. (Bilgi)
1.5.Bir cisme etki eden kuvvetlerin bileskesini hesaplar.(Uygulama)

2. Net kuvvetin sifir oldugu durumda cismin hareketiyle ilgili olarak 6grenciler;

2.1.Net kuvvet ile hiz degisimi arasindaki iligkiyi irdeler. (Analiz)

2.2.Cismin limit hiz ile kiitle arasinda iliski kurar. (Kavrama)

2.3.1ki cismin hareketini birbirine gore yorumlar. (Sentez)

2.4.Hareketli bir ortamdaki cisimlerin hareketlerini farkli gézlem cercevelerine gore yorumlayip
problemler ¢ozer. (Uygulama)

3. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak 6grenciler;
3.1. Net kuvvet ile cismin ivmesi ve kiitlesi arasindaki bagintiy1 kullanarak problemler ¢ozer.
(Uygulama)
3.2.Net kuvvet ve ivme arasindaki iligkiyi irdeler. (Analiz)
3.3. Cismin hareketi ile ivmesi arasindaki iligkiyi irdeler. (Analiz)
3.4.Cismin hareketi ile cisme etki eden kuvvet arasindaki iliskiyi irdeler. (Analiz)
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APPENDIX C2

THE SECOND VERSION OF THE FMAT-1 USED IN THE PILOT STUDY

KUVVET VE HAREKET BASARI TESTI

Adiniz- Soyadimiz:
Sinifimz:
Cinsiyetiniz: oKiz o Erkek

Sevgili 6grenciler,

36 sorudan olusan bu test, 6grencilerin kuvvet ve hareket konularindaki basarilarint 6lgmek amaci ile
hazirlanmigtir. Bu test 4 boliimden olusmaktadir. Her boliimiin basinda verilen agiklamalari dikkatlice
okuduktan sonra sorulari cevaplayiniz. Cevaplariniz gizli tutulacak ve yalnizca arastirma amagl
kullanilacaktir.

Katkilariniz dolay: tesekkiir ederiz.
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I. Boliim

Bu béliim 5 adet ¢oktan se¢meli sorudan olusmaktadir. Her soru icin yalmizca bir sik isaretleyiniz.
Yanhslar dogru cevaplar: gotiirmeyecektir. Liitfen, tiim sorulart cevaplaymniz.

| I i A e D D E A |
| | | 1 | 1 | | |
S R
1 1 1 1 1 1 1 1 1
I _ L _d_ L _J__#¥____1
1 i 1 |F1 1 1 1
1 | 1 1 | 1 1
[ Bl e R ™1™ T
1 Fan 1 1 1 1
1= — Ell——4
| | | 1 | | |
|__L__|__AI}I_ LI [ —
| 1 | 1 1 | 1
| | 1 1 | 1 |
Tt rTTaT T YT T ot AT =TT T A
1 1 1 1 1 1 |:F3| 1
I——+——-l——4—-—F-dA-—-#+--1- -4
1 1 1 1 1 1 1 1 1
L e o |

M cismine sekildeki gibi Fy, Fy, F3, F4 kuvvetleri etkimektedir.

M cismine etki eden bileske kuvvet hangi yondedir?
A) F; yoniinde B) F, yoniinde C) F3 yoniinde
D) F, yoniinde E) Kesikli okla belirtilen yonde

2. Bir kadin biiyiik bir kutuya sabit yatay bir kuvvet uyguluyor. Sonug olarak, kutu yatay bir yiizey
iizerinde sabit V, hiziyla hareket ediyor.
Kadin tarafindan uygulanan sabit yatay kuvvet,

A) kutunun agirligi ile aym biiyiikliiktedir.

B) kutunun agirhgmdan biiyiiktiir.

C) kutunun hareketini engellemeye calisan toplam kuvvetle ayni biiyiikliiktedir.

D) kutunun hareketini engellemeye ¢alisan toplam kuvvetten buyiiktiir.

E) kutunun hareketini engellemeye c¢alisan toplam kuvvetten veya kutunun agirh@indan

biiytiktiir.

3. Suya gore hizi 2v olan bir gemi ile bir yunus ayni yonde gidiyor. Geminin pistinde hareket eden bir
motosikletli yunusu duruyor gibi goriiyor.
Yunusun suya gore hiz1 v olduguna gore, motosikletin gemiye gore hizi nedir?

A) Gemiyle ayn1 yonde v

B) Gemiyle ayni yonde 2v

C) Gemiyle ayni yonde 3v

D) Gemiyle zit yonde v

E) Gemiyle zit yonde 2v

4. Bir araba maksimum 3 m/s® lik bir ivmeye sahiptir. Bu araba kendisinin iki kat: kiitlesine sahip
ikinci bir arabay1 ¢ektigi zaman, maksimum ivmesi ne olur?

A) 2,5 m/s? B) 2,0 m/s? C) 1,5 m/s’ D) 1,0 m/s® E) 0,5 m/s?

5. Bir ¢ocuk ¢elik bir topu tam yukariya dogru dik olarak atar. Topun, ¢ocugun elinden ¢ikip yere
diisene kadar olan hareketini dikkate alin ve hava tarafindan topa uygulanan kuvvetlerin ihmal
edilebilir oldugunu diisiiniin.

Bu sartlarda topa etkiyen kuvvet(ler) asagidakilerden hangisidir?

A) Siirekli azalan yukar1 yonde bir kuvvetle birlikte asagiya dogru bir yer¢ekimi kuvvetidir.

B) Cocugun elinden ¢iktiktan sonra en yiiksek noktaya ulasana kadar sitirekli azalan yukari
yonde bir kuvvet; asagiya inerken ise, cisim diinyaya yaklastik¢a siirekli artan asagi yonde
bir yercekimi kuvvetidir.

C) Top en yiiksek noktaya ulasana kadar yukar1 yonde siirekli azalan bir kuvvetle birlikte,
neredeyse sabit agag1 yonde bir yercekimi kuvveti; agagiya inerken ise, sadece sabit asagt
yonde bir yer¢ekimi kuvvetidir.

D) Sadece, neredeyse sabit agag1 yonde bir yer¢cekimi kuvvetidir.

E) Yukaridakilerden higbiri. Topun diinya iizerinde durma dogal egilimi oldugu igin top yere
diiger.

131




I1. Boliim

Bu boliim, 13 adet eslestirme sorusundan olusmaktadir. Her soru igin bir eslestirme yapiniz. Liitfen
tiim sorulari cevaplayiniz.

ASAGIDAKI SEKIL VE ACIKLAMAYI 6-12 SORULARINI CEVAPLARKEN KULLANINIZ.
Asagidaki sekiller buz iizerinde kaymayan bir ayakkabi giyen bir kisinin bir kizaga saga dogru kuvvet
uygulamasi, hi¢bir kuvvet uygulamamasi ve sola dogru kuvvet uygulamasi durumlari i¢in segenekler
sunmaktadir (A’dan G’ye kadar). Hemen altinda ise 6’dan 12’ye kadar sorularda bazi hareket
durumlari verilmistir. Kizagin her bir soruda tanimlanan hareketini devam ettirecek bir kuvveti
(A’dan G’ye) se¢iniz ve sectiginiz harfi sorunun yanindaki bosluga yaziniz.

Bir secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir bosluk i¢in sadece
bir secenek yazimiz. Eger segeneklerden higbirinin dogru olmadigini diisiinliyorsaniz J segenegini
sorunun yanindaki bosluga yaziniz. Sirtiinme kuvvetini ihmal ediniz.

A. Saga dogru ve siddeti (biyiikliigii) artan
bir kuvvet
Fuvvetin Yoni B. Saga dogru ve siddeti (biiyiikliigii) sabit
bir kuvvet

ﬁ"’ C. Saga dogru ve siddeti (bityiikliigii) azalan

bir kuvvet
\‘1-_ )’/

D. Kuvvet uygulamaya gerek yoktur.
.

E. Sola dogru ve siddeti (biiyiikliigii) azalan
bir kuvvet
F. Sola dogru ve siddeti (biiyiikliigii) sabit

- — bir kuvvet

G. Sola dogru ve siddeti (biiylikliigii) artan

] bir kuvvet
M //

Fuvvetin Yanii

6. Hangi kuvvet kizagin saga dogru ve diizglin hizlanan (sabit ivmeli) hareketini devam
ettirir?

7.Kizak saga dogru hareket ediyor. Hangi kuvvet kizagin saga dogru sabit hizli hareketini
devam ettirir?

8. Kizak saga dogru hareket ediyor. Hangi kuvvet onu diizgiin (sabit ivme ile) yavaslatir?

9. Hangi kuvvet kizagin sola dogru ve diizgiin hizlanan (sabit ivmeli) hareketini devam
ettirir?

10. Kizak durgun halden baglayarak ve saga dogru sabit bir hiza ulasincaya kadar itiliyor.
Hangi  kuvvet kizagin bu sabit hizli hareketini devam ettirir?

11. Kizak diizgiin (sabit ivme ile) yavasliyor ve kizagin ivmesi saga dogrudur. Hangi kuvvet
bu harekete neden olur?

12. Kizak sola dogru hareket ediyor. Hangi kuvvet kizagi diizgiin (sabit ivme ile) yavaslatir?
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ASAGIDAKI ACIKLAMAYI 13-15. SORULARINI CEVAPLARKEN KULLANINIZ.
13-15. sorular yukar1 dogru havaya firlatilan metal para ile ilgilidir. Para firlatildiktan sonra yukari
dogru hareket ediyor, en yiiksek noktaya ¢ikiyor ve tekrar asag: diistiyor. Paranin 13-15 sorularinda
tanimlanan hareketinin her bir basamagindaki ivmesini belirtmek i¢in agagidaki seceneklerden (A’dan
G’ye) birini se¢iniz ve sorunun yanindaki bosluga yaziniz. Bir se¢enegi birden fazla kullanabilir ya da
hi¢ kullanmayabilirsiniz; fakat her bir bosluk icin sadece bir secenek yaziniz. Eger se¢encklerden
hi¢birinin dogru olmadigini diisiiniiyorsaniz sorunun yanindaki bosluga J se¢enegini yaziniz. Yukar:
vonii pozitif asagi yonii negatif aliniz. Havanin siirtiinme kuvvetini ihmal ediniz.
A. Ivme negatif yonde ve sabittir.
B. ivme negatif yonde ve artiyor.
C. Ivme negatif yonde ve azaliyor.
D. fvme sifirdir
E. Ivme pozitif yonde ve sabittir.
F. ivme pozitif yonde ve artryor.
G. Ivme pozitif yonde ve azaliyor.

13. Metal para firlatildiktan sonra yukar1 yonde hareket ediyor iken.

14. Metal para en yiiksek noktada iken.

15. Metal para asagi1 yonde hareket ediyor iken.

ASAGIDAKI SEKIL VE ACIKLAMAYI 16-18 SORULARINI CEVAPLARKEN KULLANINIZ.
16-18. sorular, anlik bir itme uygulanarak bir egik diizlemde yukar1 dogru tirmanan oyuncak araba ile
ilgilidir.

Araba anlik itme ile firlatildiktan sonra egik diizleme tirmaniyor ve en yiiksek noktaya ¢ikarak tekrar
geriye doniiyor. Siirtiinme kuvvetini ihmal ediniz.

Asagida 16-18 sorularinda tanimlanan her bir durumda arabaya etki eden net kuvveti belirtmek igin
asagidaki segeneklerden (A’dan G’ye) birini se¢iniz ve sorunun yanindaki bosluga yazimz. Bir
secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir bosluk igin sadece bir
secenek yaziniz. Eger seceneklerden higbirinin dogru olmadigimi diisiiniiyorsaniz J segenegini
sorunun yanindaki bosluga yaziniz.

A. Rampadan asag1 dogru sabit net kuvvet

B. Rampadan asag1 dogru artan net kuvvet

C. Rampadan asagi dogru azalan net kuvvet
D. Net kuvvet sifir

E. Rampadan yukar1 dogru sabit net kuvvet
F. Rampadan yukari dogru artan net kuvvet
G. Rampadan yukar1 dogru azalan net kuvvet

16. Araba firlatildiktan sonra rampanin yukarisina dogru hareket ediyor iken.

17. Araba en yiiksek noktada iken.
18. Araba rampanin asagisina dogru hareket ediyor iken.
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III. Boliim

Bu boliim 15 adet a¢ik uglu sorudan olusmaktadwr. Her soru igin cevaplarmmizi kisaca agiklayiniz.
Liitfen tiim sorular: cevaplaymiz.

ASAGIDAKI ACIKLAMA VE SEKLI 19-22 SORULARINI CEVAPLARKEN KULLANINIZ.

A ve B arabalar1 diiz bir yol boyunca sabit bir hizla hareket ediyorlar. Asagida verilen diyagram
arabalarin esit zaman araliklartyla ayrilmis 1-4 anlarindaki konumlarim géstermektedir.

Ban Dogu
PE— —_—
A arabas: s 1 =g 2 = 3 e 4

E arabas: @ D 2 @D - D

19. A arabasindaki gbzlemci B arabasini 1 aninda bativa mi hareket ediyor, doguya mi hareket edivor
yoksa duruyor olarak mi goriir? Cevabimizi agiklayimniz.

20. A arabasindaki gozlemci B arabasini 2 aninda bativa mi hareket edivor, doguya mi hareket edivor
yoksa duruyor olarak mi1 goriir? Cevabimzi agiklayimiz.

21. A arabasindaki gozlemci B arabasint 3 aninda bativa mi hareket ediyor, doguya mi hareket ediyor
yoksa duruyor olarak mi goriir? Cevabimzi agiklayimiz.

22. Yanda verilen vektor setlerinden hangisi A abrasindaki

gozlemciye gore B arabasinmn 1, 2 ve 3 anlarmdaki | lam 2 am 3 am
hizim gosterir? (Hiz vektorlerinin biiyiikliigiinii de dikkate |a) —= 0 —
aliniz.) b) - 0 -
) J— 0 - —
Yukaridaki soruya verdiginiz cevabi agiklayiniz. d — R R
g) —= . -

ff —= — —
gZ) -— - -
h) -—ro - -
i) - - -
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ASAGIDAKI ACIKLAMAYI 23-25 SORULARINI CEVAPLARKEN KULLANINIZ.

Kiigiik bir cocuk olan Ahmet bir kuyunun yaninda oynarken kuyunun igine diiger. Ahmet’i kuyudan
cikarmak i¢in kurtarma ekipleri bir makineye bagl bir ipi kuyuya sallarlar ve Ahmet bu ipi beline
baglar. Ahmet’in agirlig1 250 N dur.

23. Ahmet yukariya dogru sabit bir hizla ¢ekilirken, ip yukariya dogru 250 N dan biiyiik mii, kiiciik mii
. Yoksa_esit bir kuvvet mi uygular? Cevabinizi agiklayiniz.

24. Ahmet’in ailesi bir an 6nce ogullarina kavusmak istediklerinden kurtarma ekiplerinden makineyi
hizlandirmalarini isterler. Makine, Ahmet’in hiz1 giderek artacak sekilde ipi ¢cekmeye baslar. Bu
durumda ip, yukariya dogru 250 N dan biiyiik mii, kiiciik mii, yoksa esit bir kuvvet mi uygular?
Cevabinizi agiklayiniz.

25. Ahmet kuyunun basma yaklastigi zaman, Ahmet’in hareketini durdurmak icin, makine
yavaglatilir. Bu zaman araliginda ip yukartya dogru 250 N dan buiviik mii, kiiciik mii, yoksa esit bir
kuvvet mi uygular? Cevabimizi agiklayimiz.

ASAGIDAKI ACIKLAMA VE SEKLI 26-28 SORULARINI CEVAPLARKEN KULLANINIZ.

Bir blok ve bir A kiiresi sekildeki gibi
bir iple siirtiinmesiz bir makara
iizerinde kayacak sekilde birbirine
baglaniyor ve bir el blogu kaymamasi
icin tutuyor.

Ipin agirliksiz  ve  esnemedigini

Eitlesiz ve siittiinmesiz

/ makara

varsayiniz.

Blok ile masa arasi suirtiinmelidir. Masa A fdiresi
Havanin siirtinme kuvvetini ihmal

ediniz.

El blogu serbest biraktiktan hemen
sonra

A

26. Blok tizerine etki eden kuvvetlerin Yer

adlarint yazip, kisaca tanimlayiniz.

Ornegin yercekimi kuvveti “diinya tarafindan bloga uygulanan kuvvet” seklinde tammlanir.

27. Blok tizerine etki eden tiim kuvvetleri

a) kuvvetin tiirii (6rnegin yercekimi kuvveti, stirtiinme kuvveti, normal kuvvet),

b) Kuvvetin uygulandig cisim ve

¢) Kuvveti uygulayan cismi,

dikkate alarak etiketlendirin (harflerle gosteriniz).

Ornegin, B cisminin A cismine uyguladigi kuvvet Fag seklinde etiketlendirilebilir. Bloga etki eden
yercekimi kuvveti yani diinya tarafindan bloga uygulanan kuvvet de Ggp seklinde etiketlendirilebilir.
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28. Etiketlendirdiginiz kuvvetleri asagida blok tizerinde gosteriniz.

BLOK

ASAGIDAKI ACIKLAMA VE SEKLI 29-30 SORULARINI CEVAPLARKEN KULLANINIZ.

Bir ¢ocuk i¢i dolu olan A ve B kutularini
sekildeki gibi itiyor.

29. B kutusuna etki eden tiim kuvvetleri A B
a) kuvvetin tirli (ornegin yercekimi
kuvveti,  stirtiinme  kuvveti, normal

kuwvet), i i >

b) Kuvvetin uygulandigi cisim ve

c) Kuvveti uygulayan cismi,

dikkate alarak etiketlendirin (harflerle gdsteriniz).

Ornegin, B cisminin A cismine uyguladigi kuvvet F ag seklinde etiketlendirilebilir.

30. Etiketlendirdiginiz kuvvetleri asagida B kutusu iizerinde gosteriniz.

B kutusu

31.Suya gore sabit bir hiza sahip olan bir motor A noktasindan nehrin karsisindaki B noktasina
gitmek i¢in sekilde gibi bir yolu izliyor. Motorun B noktasina varma siiresi, nehir durgunken t;, sabit
bir V,iziyla akarken t,” dir. Buna gore t; Ve t, stirelerini karsilastirin. Cevabinizi agiklayimiz.

.

"B
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32. ikinci bir motor sekilde goriildiigii gibi A noktasindan sabit bir V hiziyla hareket ediyor. Motorun
karg1 kiyaya varma siiresi nehir durgunken t;, sabit bir V, hiziyla akarken t,” dir. Buna gore t; ve t,
stirelerini karsilastirin. Cevabiniz1 agiklayiniz.

Iv.

v

33.Bir ¢ocuk bir topu trenin zemininden trenin hareketine zit yonde yuvarliyor. Tren 10 m/s lik hizla
ilerlerken top 3s de 2m yol aliyor. 3s zaman araligindaki topun yere gore yerdegistirmesi ne kadardir?

IV. Boliim

Bu boliim 3 adet dogru yanls sorudan olusmaktadir. Dogru oldugunu diisiindiigiiniiz ifadenin sonuna
(D), yanlis oldugunu diisiindiigiiniiz ifadenin sonuna ise (Y) yaziniz.

34. Baz1 durumlarda, bileske kuvvetin kendini olusturan kuvvetlerden kii¢iik olmasi kuvvetin vektor
olmasindan kaynaklanmaktadir. (......)

35. Ayni biiyiikliikte parasiitlerle ayn1 yiikseklikten atlayan iki parasiit¢iiden agir olan limit hiza daha
erken ulagir. (...... )

36. Bir cisim lizerine birden fazla kuvvet etki ettiginde cismin hareket durumunu belirlemek i¢in
kuvvetlerin her birinin biiyiikliiklerinin bilinmesi yeterlidir. (...... )
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APPENDIX C3

THE SECOND VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-II

c
2
o c
5] 12} g =
= =3 = > c S —
2 s |2 g £ < 3
¥ $) < < 72} i F X
1.Net kuvvet 1.8(37) 1.10(7) | 1.5(4), 1.1(3) 1.2(32), 11(22)
#0 1.6(5), 1.3(2,12, 13, | 1.4(31,33) 57.89(59.46)
1.7(1,6), 14,15,16),
1.11(8) 1.9(17, 18,
19,20,21)
2.Etki-Tepki 2.1(9, 10, 2.2(30), 5(12)
28,29), 2.4 2.3(34) 26.31(32.43)
(22, 24,26),
2.5(23,
25,27),
3.Eylemsizlik 3.1(12), 3.3(35) 3(3)
3.2 (36), 15.79(8.11)
Total 3(3) 2(2) 7(15) 3(12) 2(3) 2(2) 19(37)
% 15.79(8.1 | 10.53 36.84(40.54) | 15.79(32.43) | 10.53(8.11) | 10.53(5.41) | 100(100)
1) (5.41)

Objectives are bold. Questions are in parenthesis
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APPENDIX C4

THE SECOND VERSION OF THE OBJECTIVE LIST FOR THE FMAT-I11

Kazanimlar

1. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak 6grenciler;

1.1.Verilen kinematik grafiginin metinsel agiklamasini ayirt eder (Analiz)

1.2. Verilen kinematik grafiginin metinsel agiklamasini yapar (Sentez)

1.3.Verilen hareket durumunun metinsel agiklamasinin kinematik grafigini ayirt eder (Analiz)
1.4.Bir hareket durum igin verilen bir kinematik grafiginden diger kinematik grafiklerini ¢izer.
(Sentez)

1.5.Konum-zaman grafiginden yararlanarak hizi hesaplar. (Uygulama)

1.6.Hiz- zaman grafiginden yararlanarak toplam yer degistirmeyi hesaplar.(Uygulama)

1.7.Hiz- zaman grafiginden yararlanarak ivmeyi hesaplar.(Uygulama)

1.8. Atis hareketlerinin diiseyde sabit ivmeli hareket ile yatayda sabit hizli hareketlerin bir
birlesimi oldugunu ifade eder.(Bilgi)

1.9.iki boyutlu hareketlerde yatay ve diisey boyut i¢in konum-zaman, hiz-zaman ve ivme-
zaman grafiklerini ¢izer.(Analiz)

1.10.Atis hareketleri yapan cismin izledigi yolu secer.(Kavrama)

1.11.1ki boyutta sabit ivmeli hareketler ile ilgili problemler ¢dzer.(Uygulama)

2. Her etkinin bir tepki dogurmasiyla ilgili olarak 6grenciler;

2.1. Etki tepki kuvvet ¢iftlerini giinliik yasamdaki olaylara uygular.(Uygulama)

2.2. Etki tepki kuvvet ¢iftlerini kullanarak cisimlerin birbirine uyguladiklar: kuvvetler hakkinda

karar verir.(Degerlendirme)

2.3.Etki tepki kuvvet ciftlerinin farkli cisimler iizerinde olduguna karar verir (Degerlendirme)
2.4.Birden fazla cisimden olusan sistemlerde sistemin ve cisimlerin ivmesini
hesaplar.(Uygulama)
2.5. Sistem igi kuvvetleri hesaplar.(Uygulama)

3.Cismin eylemsizligi ile ilgili olarak 6grenciler;

3.1.Eylemsizligi cismin durgun, sabit hizli ve sabit ivmeli hareketinden bagimsiz oldugunu ifade
eder. (Bilgi)

3.2.Cismin eylemsizliginin kiitlesinin bir 6l¢iisti oldugunu ifade eder. (Bilgi)

3.3.Kuvvet ve eylemsizligin farkli oldugu ayrimini yapar.(Kavrama)
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APPENDIX C5

THE SECOND VERSION OF THE FMAT-I1 USED IN THE PILOT STUDY

KUVVET VE HAREKET BASARI TESTI

Adiniz- Soyadimiz:
Sinifimz:
Cinsiyetiniz: oKiz o Erkek

Sevgili 6grenciler,

37 sorudan olusan bu test, 6grencilerin kuvvet ve hareket konularindaki basarilarin1 6lgmek amaci ile
hazirlanmigtir. Bu test 4 boliimden olusmaktadir. Her boliimiin basinda verilen agiklamalari dikkatlice
okuduktan sonra sorular1 cevaplaymiz. Cevaplariniz gizli tutulacak ve yalmzca arastirma amagh
kullanilacaktir.

Katkilariniz dolay: tesekkiir ederiz.
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I. Boliim

Bu boliim 11 adet ¢oktan se¢meli sorudan olusmaktadir. Her soru icin yalnizca bir sik isaretleyiniz.
Yanhslar dogru cevaplar: gotiirmeyecektir. Liitfen, tiim sorulart cevaplayiniz.

1. Asagida bir cismin hiz -zaman grafigi verilmistir. Hangi zaman araligindaki negatif ivme en biiyiik
degerdedir?

QR S T UV WX Y Z

A) R-T araliginda Y

B)T-V araliginda
C)V aninda

D) X aninda

E) X-Z araliginda

faman

2. Bir cisim durgun halden harekete baslar ve 10 saniye boyunca sabit pozitif bir ivmeyle hareket
eder. Daha sonra sabit bir hizla hareketini siirdiiriir. Asagidaki grafiklerden hangisi bu cismin

konum-zaman grafigi olabilir?
O
o o | |

e s u w 05 W 15 05 1 15 o 5 10 15 05 W0 15
Zaman (s)

Konum +
o Komm ,
Konum
-~ Konum

Zaman (s) Zaman (s) Zaman (s) Zaman (s)

3.Paralel yollarda ilerleyen A ve B arabasinin
konum- zaman grafigi yanda verilmistir.
Buna gore asagidakilerden hangisi dogrudur?

Konum

l. tg zamaninda iki araba da aym hiza
sahiptir.

1. Her iki araba da hizlanmaktadir.

I1l. A ve B arabalar1 tg zamanindan 6nce
herhangi bir anda ayni hiza sahip olurlar
IV. Grafigin belli bir noktasinda her iki

arabanin ivmesi birbirine esit olur.

A) YalnizI B) YalmzIII ~ C) 1,11, 11l D)L, 11, IV SYNININLY

4. Asagida bir cismin konum -zaman grafigi 15
verilmistir. Cismin 2. saniyedeki hz1 ka¢ m/s
‘dir?

10

Komum (m)
\

A) 0,4m/s
B) 2,0m/s
C) 25mis
D) 50 ms o1 2 3 4 5
E) 10,0 m/s

Zaman (s)
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5. Bir cisim asagidaki grafige gore hareket etmektedir:

4
3 L~
2

Hiz (m's)

N

1 2 3 4 5 6 7 8 9 10
Zaman (s)

Buna gore, t=4 s ile t=8 s zaman araliginda cisim ne kadar yer degistirir?

A) 075m B)3,0m C)4,0m D) 8,0 m E)12,0m

6. Asagida bir cismin hiz-zaman grafigi verilmistir. Cismin t= 0 ve t=6 s arasindaki ortalama ivmesi
yaklasik olarak ne kadardir?

5

Hiz (m/s)

Zaman (s)
A) 3,0m/s? B) 1,5 m/s? C) 0,83 m/s? D) 0,67 m/s?
E) Soruyu cevaplamak i¢in yeterli bilgi verilmemistir.

7. Asagidaki sekilde gosterildigi gibi, bir tepenin kenarindan bir top ateslenir. 1-5 yollarindan hangisi,

merminin/giillenin izleyecegi en yakin yoldur?

Al B)2 C)3 D)4 E)5
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e max ~

Yergekimi ivmesinin (g) oldugu bir yerde, sekildeki gibi P noktasindan egik atilan bir top (t) s sonra
K noktasina diisiiyor.
Yalmz (g) ve (t) bilinenleriyle;

hmax yiksekligi
Vyy bilesenin bilyiikligii
PK uzaklig1
Niceliklerinden hangileri hesaplanabilir?
A)  Yalmz hygy B) Voy ve PK C) hypax Ve PK D) hpnax Ve Vg, E) Nmax ,Voy Ve PK

9. Sekildeki gibi, biiyiikk bir kamyon yolda bozulur ve kii¢iikk bir otomobil tarafindan itilir. Hizim
arttirarak, istenen yol hizina ulasincaya kadar otomobil kamyonu iterken,

;: A, ‘ ©

A) otomobilin kamyona uyguladigi itme kuvvetinin biiyikligi, kamyonun otomobile
uyguladigi geri itme kuvvetinin biiyiikliigiine esittir.

B) otomobilin kamyona uyguladigi itme kuvvetinin biiyikligi, kamyonun otomobile
uyguladifi geri itme kuvvetinin biiyiikliigiinden azdir.

C) otomobilin kamyona uyguladigi itme kuvvetinin biiyiikliigli, kamyonun otomobile
uyguladig1 geri itme kuvvetinin biiyiikligiinden fazladir.

D) otomobilin motoru c¢aligmakta oldugu i¢in kamyonu itmektedir, kamyonun motoru
caligsmadigl icin arabayr geri itememektedir. Kamyon ise elbette ileriye itilecektir, ¢iinkii
otomobilin yolu iizerindedir.

E) kamyon da otomobil de birbirlerine kuvvet uygulamamaktadir. Kamyon ise elbette ileriye
itilecektir, ¢linkii otomobilin yolu tizerindedir.

10. Yandaki sekilde A 6grencisi 75 kg ve B 6grencisi ise 57 kg
kiitlelidir. Birbirinin ayni1 ofis sandalyelerinde karst karsiya
oturmaktadirlar. A Ogrencisi, sekildeki gibi, ayaklarim B
ogrencisinin dizlerine koymustur. Sonra A 6grencisi birden
ayaklariyla disartya dogru iterek, her iki sandalyenin de hareket
etmesine neden olur.

itme sirasinda ve A’min ayaklari B’nin dizine hala
dokunmaktayken,

A) 6grenciler birbirlerine hi¢bir kuvvet uygulamamaktadirlar.

B) A oOgrencisi B 0Ogrencisi lizerine bir kuvvet uygulamakta, fakat B A’ya bir kuvvet
uygulamamaktadir.

C) her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat B daha biiyiik bir kuvvet uygular.
D) her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat A daha biiytik bir kuvvet uygular.
E) her iki 6grenci de birbirleri iizerine esit biiyiikliikte kuvvet uygulamaktadirlar.
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11. Asagidaki cisimlerden hangisinin/ hangilerinin eylemsizliginden bahsedilebilir?
I. Duran bir arabanin

II. Sabit hizla ilerleyen bir arabanin

I11. Sabit bir ivme ile hizlanan bir arabanin

A) YalnzIB)YalnzIl  C)lvell D) 11 ve I E) 1, 11, ve I

I1. Boliim

Bu boliim, 10 adet eslestirme sorusundan olusmaktadir. Her soru igin bir eslestirme yapiniz. Liitfen
tiim sorulari cevaplayiniz.

ASAGIDAKI SEKIL VE ACIKLAMAYI 12-16. SORULARINI CEVAPLARKEN KULLANINIZ.

Oyuncak bir araba yatay dogru boyunca saga veya sola hareket edebiliyor. Pozitif vén saga dogrudur.

L I,
0 +

Asagida arabanin farkli olasi hareketleri i¢in ivme-zaman grafikleri (A’dan G’ye) verilmistir. 12-16
sorularinda ise arabanin farkli hareket durumlar1 verilmistir. Bu hareket durumlarina ait ivme-zaman
grafigini belirtmek icin A’dan G’ye kadar olan seceneklerden birini se¢iniz ve sorunun yanindaki
bosluga yaziniz. Bir secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir
bosluk i¢in sadece bir cevap yaziniz. Eger seceneklerden hicbirinin dogru olmadigini diisiiniiyorsaniz
sorunun yanindaki bosluga J secenegini yaziniz.

+
@, @ |
E o Zaman @
— g o Zaman
+
: <
g o Zaman ©
&
= g o Zaman
s
© 4
[:F]
g o Zaman W
= g o Zaman
i

_|.
D T (3) Bu grafiklerden higbiri dogru degildir.

Zaman

fvme
(=]

12. Araba saga dogru diizglin hizlanarak hareket ediyor.
13. Araba saga dogru diizgiin yavaglayarak hareket ediyor.
14. Araba sola dogru sabit hizla hareket ediyor.
15. Araba sola dogru diizgiin hizlanarak hareket ediyor.
16. Araba saga dogru sabit hizla hareket ediyor.
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ASAGIDAKI ACIKLAMA VE SEKLI 17-21 SORULARINI
CEVAPLARKEN KULLANINIZ

Plastik top firlatan bir silah sekilde goriildiigl gibi belirli bir ag1 ¥
altinda atesleniyor. Havamin siirtiinme kuvvetini ihmal ediniz.

Topun hareketi ile ilgili asagida grafikler verilmistir. A’dan 1* ye
kadar olan grafiklerin yatay ekseni zamani gosterirken diisey x
eksenler belirtilmemistir.

Merminin hareketi i¢in 17-21 sorularinda verilen her bir nicelige ait grafigi belirtmek i¢in asagidaki
seceneklerden (A’dan I’ye) birini seginiz ve sectiginiz harfi sorunun yamndaki bosluga yaziniz._Bir
secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir bosluk icin sadece bir
cevap vaziniz. Eger seceneklerden higbirinin dogru olmadigini diisiiniiyorsaniz sorunun yanindaki
bosluga J secenegini yaziniz.

(4) ®) 4 ' (©)

(D)

L

17. Diigey eksendeki konum
18. Hizin yatay bileseni

19. Net kuvvet

20. Hizin diisey bileseni

21. Yatay eksendeki konum
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III. Boliim

Bu boliim 13 adet a¢ik uglu sorudan olusmaktadwr. Her soru igin cevaplarmmizi kisaca agiklayiniz.
Liitfen tiim sorular: cevaplaymiz.

ASAGIDAKI ACIKLAMA VE SEKLI 22-24 SORULARINI CEVAPLARKEN KULLANINIZ

EKiitlesiz ve stirfiinmesiz

/ makara

Bir blok ve bir A kiiresi sekildeki gibi
bir iple siirtiinmesiz bir makara
tizerinde kayacak sekilde Dbirbirine
baglaniyor ve bir el blogu kaymamasi
i¢in tutuyor.

Ipin  agirliksiz  ve  esnemedigini
varsayiniz. Masa
Blok ile masa arasi siirtiinmelidir.

Havanin = siirtlinme kuvvetini  ihmal

ediniz.

Akiresi B ldiresi

At S

El blogu serbest biraktigi anda A
kiiresi ile o6zdes olan B kiiresi de
serbest birakiliyor.

Yer

22. B kiiresi A kiiresinden dnce mi, sonra mi, yoksa ayni anda mi yere carpar? Cevabinizi
aciklaymiz.

23. Blok serbest birakilmadan once, ipteki gerilme kuvveti 10 N dur. Blok serbest birakildiktan sonra,
ipteki gerilme kuvveti 10 N’ dan biiyiik miidiir, 10 N’dan kiiciik miidiir, yoksa 10 N’ a esit midir?
Cevabinizi agiklayiniz.

24. Simdi deneyi siirtiinmesiz masa tizerinde tekrarladigimizi diigtiniiniiz. Bu durumda B kiiresi A
kiiresinden énce mi, sonra mi, yoksa ayni anda mi yere garpar? Cevabinizi agiklaymiz.
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ASAGIDAKI ACIKLAMA VE SEKLI 25-27 SORULARINI CEVAPLARKEN KULLANINIZ.

A, B, C bloklar: siirtinmesiz bir masa boyunca sola dogru I
sabit bir kuvvetle itiliyor. A blogu 2M, B blogu 3M ve C iVl
blogu M kiitlesine sahiptir. M -
A B C !
,.r/ FIFFIITFIFIF 77777 I7777
o Siirtiinmesiz Masa o

25. Asagida verilen dlgekli alana her bir bloga etki eden net
kuvveti gosteren vektorleri ¢iziniz. Vektorleri, bloklara etki
eden net kuvvetlerin birbirine gore biiyiikliiklerini ve yonlerini dikkate alarak ¢iziniz.

()

26 ve 27. sorulari cevaplarken B blogunun kiitlesinin iki katina ¢ikariddigini, diger bloklarin
kiitlelerinin degistirilmedigini ve elin baslangictaki sabit kuvveti uyguladigint diigiinerek
cevaplayiniz.

26. A blogunun ivmesi B blogunun kiitlesi iki katina ¢ikarildiktan sonra artar mi, azalir mi, yoksa
ayni mi kalir? Cevabinizi agiklayiniz.

27. A bloguna etki eden net kuvvet B blogunun kiitlesi iki katina ¢ikarildiktan sonra_artar mi, azalir
mi, voksa ayni mi kalir? Cevabinizi agiklayiniz.

ASAGIDAKI ACIKLAMAYI 28-30 SORULARINI CEVAPLARKEN KULLANINIZ.
Fatma mutfak yerlerini sildikten sonra buzdolabini tekrar yerine itmeye ¢aligiyor.

28. Fatma buzdolabimi itiyor, fakat buzdolabi kimildamiyor. Fatma’nin uyguladigi kuvvetin
biiyiikliigii buzdolabimmin Fatma’ ya uyguladigt kuvvetten biiyiik miidiir, kii¢iik miidiir yoksa esit
midir? Cevabinizi agiklaymniz.

29. Fatma biitiin giiciiyle ittikten sonra buzdolabi sabit hizla hareket etmeye basliyor. Fatma’nin
uyguladigi kuvvetin biiyiikliigli buzdolabinin Fatma’ ya uyguladigi kuvvetten biiyiik miidiir, kiigiik
miidiir yoksa esit midir? Cevabiniz1 agiklayiniz.

30. Fatma’nin arkadas1 Hatice bir tabure {izerinde oturarak Fatma’y1 buzdolabini iterken seyrediyor
ve Fatma’ya:

Canli varliklarin aksine cansiz varliklar dokunduklar: varliklara her zaman kuvvet uygulamaziar.
Uzerinde oturdugum tabureyi 6rnek olarak ele alalim. Eger ben seni tabureyle ile itersem, tabure
sana kuvvet uygular. Fakat ben taburenin iizerinde oturdugum zaman tabure bana kuvvet uygulamaz.

Tabure sadece yer gibi benim diismememi saglar der.

Hatice’nin diigiincelerine katiliyor musunuz? Agiklayiniz.
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31. Yukartya dogru atilan bir tagin konum- zaman grafigi asagidaki gibidir. Bu grafikten

yararlanarak Mehmet’in hareketinin hiz-zaman ve ivme- zaman grafiklerini ¢iziniz.

Konum

Hiz

Zaman

Zaman

Ivme

Zaman

ASAGIDAKI ACIKLAMA VE SEKLI 32-33 SORULARINI CEVAPLARKEN KULLANINIZ.

Hareketli bir arabanin hiz- zaman grafigi sekildeki

gibidir.

32. Araba t aninda yon degistirmis midir? Ag¢iklayiniz.

33. Hiz zaman grafiginden yararlanarak arabanin
hareketinin konum zaman grafigini ¢iziniz?

Konum

b

" Zaman

le +

NS

Lt

" Zaman

34. Ali, kestigi kiitiigii iple ¢ekerek yola ¢ikarirken, Newton’un 3. yasasinin ¢ekme olayinda gegerli
olup olmadigini diigiiniir. Ali , “Newton un 3. Yasasina gore ben kiitiigii ne kadar kuvvetle ¢ekersem
kiitiikte beni o kadar kuvvetle geri ¢ekecek ve zit yonlii bu kuvvetler birbirini yok edeceginden kiitiigiin
hareket etmemesi gerekir. Kiitiik hareket ettigine gore Newton'un 3. yasasi burada gegerli degildir”
diye diistiniir.

Ali’nin diisiincelerine katiliyor musunuz? Agiklaymiz.

IV. Boliim

Bu béliim 3 adet dogru yanlis sorudan olusmaktadr. Dogru oldugunu diisiindiigiiniiz ifadenin sonuna

(D), yanlis oldugunu diisiindiigiiniiz ifadenin sonuna ise (Y) yaziniz.

35. Eylemsizlik bir kuvvettir. (...... )
36. Bir cismin eylemsizligi kiitlesi ile dogru orantilidir. (...... )
37. Atis hareketleri yatayda sabit hizli hareketle diiseyde sabit ivmeli hareketlerin birlesimidir. (...... )
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Seq.
No.

APPENDIX D

ITEMAN RESULTS FOR THE FMAT-1 AND FMAT-II IN THE PILOT

Item Statistics

Scale Prop. Point
-Item Correct Biser. Biser. Alt.

1-2 0.405 0.575 0.454

1-3 0.690 0.530 0.404

1-4 0.476 0.330 0.263

1-5 0.250 0.526 0.386

1-6 0.512 0.645 0.515

TOMEHOQW Y

Other
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Alternative Statistics

Prop.
Endorsing Biser.

O OO O oo O O O O oo [eNeoNeloNeNe] O OO O oo

O OO O oo

eNeoNoNoloNoNeoNoNe)

.000
.929
.012
.036
.012
.012

.036
.012
.405
.333
.202
.012

.167
.012
.048
.690
.036
.048

.000
.000
.464
.476
.000
.060

.036
.310
.345
.250
.048
.012

.429
.512
.012
.012
.000
.024
.000
.000
.012

.000
.217
.270
.145
.062
.380

.014
.601
.575
.192
.432
.380

.524
.380
.234
.530
.189
.061

.000
.000
.347
.330
.000
.052

.276
.286
.137
.526
.077
.049

.636
. 645
.380
.000
.000
.298
.000
.000
.380

Point
Biser.

.000
.115
.077
.061
.018
.109

.006
172
.454
.148
.303
.109

.351
.109
.109
.404
.080
.028

.000
.000
.276
.263
.000
.026

.117
.218
.107
.386
.036
.014

.505
.515
.109
.302
.000
.110
.000
.000
.109



Item Statistics

Seq Scale Prop. Point
No -Item Correct Biser. Biser
7 1-7 0.452 0.418 0.332
8 1-8 0.452 0.513 0.408
9 1-9 0.333 0.732 0.565
10 1-10 0.417 0.690 0.547
11 1-11 0.119 0.424 0.260

CHECK THE KEY
B was specified, F works better

12 1-12 0.298 0.782 0.592

Alternative Statistics

T HEoOQW

Other

T HOQm e

Other

T EHOQW

Other

T O HEOQW

Other

TOQeHEOQW Y

Other

TOMEHOQW P

Other
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Prop.

Endorsing Biser.

.048
.298
.048
.452
.036
.060
.000
.000
.060

O OO OO OoOooOo

.000
.012
.262
.024
.071
.452
.179
.000
.000

O OO OO0 oOooOo

.012
.036
.036
.083
.012
.333
.452
.000
.036

O OO OO OooOooOo

.048
.250
.060
.417
.060
.095
.012
.000
.060

O O OO OO oOooOo

.024
.119
.250
.071
.167
.179
.095
.000
.095

ol eoNeoNoNoNoNoNe Nl

.214
.298
.107
.024
.214
.048
.036
.000
.060

ol eoNeoNoNoNoNoNeNel

-0.
-0.
.008
.418
-0.
.052
-9.
-9.
.342

-9.
-0.
-0.
-0.
-0.
.513
-0.
-9.
-9.

268
495

189

000
000

000
380
281
359
268

166
000
000

.380
.030
.494
.244
.270
.732
. 647
.000
.117

.268
.380
.180
.690
.440
.254
.062
.000
.064

.054
.424
.100
.368
.030
.399
.213
.000
.355

.234
.782
.092
.298
.387
.165
.189
.000
.209

Point
Biser.

-0.125
-0.375
0.004
0.332 ~*
-0.080
0.026
-9.000
-9.000
0.171

-9.000
-0.109
-0.208
-0.132
-0.142
0.408 =
-0.113
-9.000
-9.000

-0.109
0.013
-0.209
0.135
-0.077
0.565 *
-0.515
-9.000
0.049

-0.125
-0.279
-0.090
0.547 =
-0.220
-0.146
0.018
-9.000
-0.032

-0.020
0.260 *
-0.073
-0.195
-0.020
0.272 2
-0.123
-9.000
-0.205

-0.167
0.592 ~*
-0.055
-0.110
-0.275
-0.077
-0.080
-9.000
-0.104



Item Statistics Alternative Statistics

Scale Prop. Point Prop. Point
-Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
1-13 0.345 0.495 0.384 A 0.345 0.495 0.384 *
B 0.083 -0.449 -0.249
c 0.143 -0.156 -0.101
D 0.012 0.172 0.049
E 0.036 0.073 0.031
F 0.024 -0.421 -0.155
G 0.357 -0.177 -0.137
H 0.000 -9.000 -9.000
Other 0.000 -9.000 =-9.000
1-14 0.131 0.906 0.571 A 0.131 0.906 0.571 *
B 0.000 -9.000 -9.000
C 0.000 -9.000 =-9.000
D 0.845 -0.839 -0.552
E 0.012 -0.159 -0.046
F 0.000 -9.000 =-9.000
G 0.000 -9.000 =-9.000
H 0.000 -9.000 =-9.000
Other 0.012 0.393 0.113
1-15 0.214 0.918 0.652 A 0.214 0.918 0.652 *
B 0.345 -0.482 -0.373
C 0.036 -0.276 -0.117
D 0.000 -9.000 =-9.000
E 0.202 -0.006 -0.004
F 0.202 -0.237 -0.166
G 0.000 -9.000 =-9.000
H 0.000 -9.000 =-9.000
Other 0.000 -9.000 =-9.000
1-16 0.119 0.958 0.589 A 0.119 0.958 0.589 *
B 0.048 -0.545 -0.254
C 0.048 -0.199 -0.093
D 0.012 0.172 0.049
E 0.071 -0.066 -0.035
F 0.024 0.007 0.003
G 0.655 -0.300 -0.232
H 0.000 -9.000 -9.000
Other 0.024 -0.054 -0.020
1-17 0.107 1.000 0.610 A 0.107 1.000 0.610 *
B 0.000 -9.000 -9.000
C 0.000 -9.000 -9.000
D 0.869 -0.938 -0.591
E 0.000 -9.000 =-9.000
F 0.000 -9.000 -9.000
G 0.012 0.504 0.144
H 0.000 -9.000 -9.000
Other 0.012 -0.159 -0.046
1-18 0.190 0.718 0.497 A 0.190 0.718 0.497 =
B 0.655 -0.411 -0.319
c 0.024 -0.421 -0.155
D 0.024 0.191 0.070
E 0.024 0.496 0.183
F 0.036 -0.407 -0.172
G 0.024 -0.421 -0.155
H 0.000 -9.000 -9.000
Other 0.024 -0.054 -0.020
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ITEMAN Results for the FMAT-I11

Item Statistics

Seq. Scale Prop. Point
Ho._ [ffem Correet Biser. Biser:
1 1-1 0.833 0.651 0.436
2 1-2 0.464 0.516 0.411
3 1-3 0.464 0.458 0.365
4 1-4 0.929 0.986 0.522
5 1-5 0.952 1.000 0.646
6 1-6 0.452 0.420 0.334
7 1-7 0.798 0.805 0.565
8 1-8 0.762 0.654 0.475

Alternative Statistics

Other

0o QW

Other

HoOQw

Other

0o Qw3

Other

o Qw

=

Other

152

Prop.
Endorsing Biser.

O OO O oo O OO O oo O O O O oo O OO O oo O O OO oo O O OO oo

O O O O oo

.000
.060
.036
.012
.833
.060

.071
.083
.024
.321
.464
.036

.202
.464
.024
.131
.024
.155

.000
.012
.929
.024
.000
.036

.000
.000
.012
.012
.952
.024

.000
.095
.202
.452
.060
.190

.024
.798
.107
.024
.000
.048

0.060

O O O oo

.000
.036
.762
.107
.036

-0.
-0.
.054
-0.
.516
-1.

-1

.000
712
.057
.784
.651
.494

334
119

127

000

.294
.458
-0.
-0.
.054
-0.

612
449

581

.000
.000
.986
-0.
-9.
-1.

305
000
000

.000
-9.
-1.
-0.
.000
-1.

000
000
8717

000

.000
.048
.162
.420
.494
.535

.253
.805
.549
.612
.000
.779

-0.082

.000
.344
.654
.393
.000

Point
Biser.

-0.
-0.
.020
-0.
.411
-0.

.000
.356
.024
.224
.436
.247

177
066

097

533

.207
.365
-0.
-0.
.020
-0.

225
283

382

.000
-0.
.522
-0.
-9.
-0.

304

112
000
455

.000
.000
.304
.251
.646
.507

.000
.027
.114
.334
.247
.370

.093
.565
.327
.225
.000
.363

-0.041

.000
.146
.475
.235
.502



Item Statistics Alternative Statistics

Seq. Scale Prop. Point Prop. Point
No. -Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
9 1-9 0.202 0.325 0.228 A 0.202 0.325 0.228 ~*
B 0.036 0.204 0.086
c 0.619 0.235 0.185
D 0.036 -0.600 -0.254
E 0.036 -0.637 -0.270
Other 0.071 -0.734 -0.388
10 1-10 0.440 0.279 0.222 A 0.000 -9.000 =-9.000
B 0.012 -0.137 -0.039
C 0.024 -0.612 -0.225
D 0.500 0.014 0.011
E 0.440 0.279 0.222 ~*
Other 0.024 -1.000 -0.507
11 1-11 0.595 0.431 0.340 A 0.012 -0.414 -0.118
B 0.012 -1.000 -0.304
C 0.286 -0.021 -0.015
D 0.048 -0.316 -0.147
E 0.595 0.431 0.340 *
Other 0.048 -0.836 -0.390
12 1-12 0.881 1.000 0.707 A 0.881 1.000 0.707 *
B 0.012 -0.692 -0.198
c 0.012 -1.000 -0.304
D 0.000 -9.000 =-9.000
E 0.071 -0.713 -0.377
F 0.000 -9.000 =-9.000
G 0.000 -9.000 =-9.000
H 0.000 -9.000 =-9.000
Other 0.024 -1.000 -0.507
13 1-13 0.702 0.720 0.546 A 0.024 -0.612 -0.225
B 0.702 0.720 0.546 *
C 0.000 -9.000 =-9.000
D 0.071 -0.334 -0.177
E 0.000 -9.000 -9.000
F 0.024 -0.714 -0.263
G 0.060 -0.179 -0.090
H 0.000 -9.000 =-9.000
Other 0.119 -0.545 -0.335
14 1-14 0.857 1.000 0.678 A 0.012 -1.000 -0.304
B 0.060 -0.494 -0.247
C 0.857 1.000 0.678 *
D 0.000 -9.000 -9.000
E 0.000 -9.000 -9.000
F 0.000 -9.000 =-9.000
G 0.024 -0.560 -0.206
H 0.000 -9.000 =-9.000
Other 0.048 -1.000 -0.538
15 1-15 0.679 0.872 0.669 A 0.071 -0.018 -0.010
B 0.679 0.872 0.669 *
c 0.000 -9.000 -9.000
D 0.012 -1.000 -0.304
E 0.000 -9.000 =-9.000
F 0.107 -0.658 -0.392
G 0.000 -9.000 -9.000
H 0.000 -9.000 -9.000
Other 0.131 -0.732 -0.4e61
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Item Statistics

Seq Scale Prop. Point
No -Item Correct Biser. Biser
16 1-16 0.893 1.000 0.624
17 1-17 0.488 0.687 0.548
18 1-18 0.750 1.000 0.736
19 1-19 0.095 0.224 0.129

CHECK THE KEY
B was specified, I works better

20 1-20 0.500 0.597 0.476

21 1-21 0.738 0.833 0.617

Alternative Statistics

Prop. Point
Alt Endorsing Biser. Biser. Key
A 0.060 -0.518 -0.259
B 0.000 -9.000 -9.000
C 0.893 1.000 0.624 *
D 0.000 -9.000 -9.000
E 0.012 -1.000 -0.304
F 0.000 -9.000 -9.000
G 0.000 -9.000 -9.000
H 0.000 -9.000 -9.000
Other 0.036 -1.000 -0.533
A 0.083 -0.474 -0.263
B 0.012 -0.414 -0.118
c 0.000 -9.000 -9.000
D 0.298 0.042 0.032
E 0.012 -0.877 -0.251
F 0.000 -9.000 -9.000
G 0.012 -0.784 -0.224
H 0.488 0.687 0.548 *
I 0.000 -9.000 -9.000
Other 0.095 -0.895 -0.516
A 0.024 -0.560 -0.206
B 0.024 -0.970 -0.357
C 0.000 -9.000 -9.000
D 0.048 -0.287 -0.134
E 0.000 -9.000 -9.000
F 0.024 -0.407 -0.150
G 0.000 -9.000 -9.000
H 0.024 -0.458 -0.169
I 0.750 1.000 0.736 *
Other 0.107 -0.845 -0.504
A 0.000 -9.000 =-9.000
B 0.095 0.224 0.129 ~*
C 0.107 0.089 0.053
D 0.024 -0.253 -0.093
E 0.143 0.258 0.166
F 0.155 -0.026 -0.017
G 0.012 -0.044 -0.013
H 0.071 -0.229 -0.121
I 0.155 0.384 0.252
Other 0.238 -0.487 -0.354
A 0.036 -0.198 -0.084
B 0.012 -0.877 -0.251
C 0.500 0.597 0.476 *
D 0.119 -0.213 -0.131
E 0.107 0.151 0.090
F 0.000 -9.000 -9.000
G 0.012 -0.692 -0.198
H 0.095 -0.065 -0.037
I 0.024 -0.253 -0.093
Other 0.095 -0.793 -0.458
A 0.738 0.833 0.617 *
B 0.000 -9.000 -9.000
c 0.024 -0.202 -0.074
D 0.024 -0.356 -0.131
E 0.024 -0.663 -0.244
F 0.024 0.054 0.020
G 0.012 -0.414 -0.118
H 0.060 -0.397 -0.199
I 0.000 -9.000 -9.000
Other 0.095 -0.861 -0.497
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APPENDIX E1

THE FINAL VERSION OF OBJECTIVE LIST FOR THE MAIN STUDY

Obijectives for the FMAT-I Used in The Main Study

1. Hareketin nedeni ile ilgili 6grenciler;
1.1.Cisim lizerine etki eden kuvvetleri agiklar. (Kavrama)
1.2.Cisim tizerine etki eden kuvvetleri etiketlendirir. (Kavrama)
1.3.Serbest cisim diyagramui gizer. (Kavrama)
2. Net kuvvetin sifir oldugu durumda cismin hareketiyle ilgili olarak 6grenciler;
2.1.Net kuvvet ile hiz degisimi arasindaki iligkiyi irdeler. (Analiz)
2.2.Cismin limit hiz ile kiitle arasinda iliski kurar. (Kavrama)
2.3.1ki cismin hareketini birbirine gére yorumlar. (Sentez)
2.4 Hareketli bir ortamdaki cisimlerin hareketlerini farkli gézlem ¢ergevelerine gére yorumlayip
problemler ¢ozer. (Uygulama)
3. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak 6grenciler;
3.1. Net kuvvet ile cismin ivmesi ve kiitlesi arasindaki bagintry1 kullanarak problemler ¢ozer.
(Uygulama)
3.2.Net kuvvet ve ivme arasindaki iliskiyi irdeler. (Analiz)
3.3. Cismin hareketi ile ivmesi arasindaki iligkiyi irdeler. (Analiz)
3.4.Cismin hareketi ile cisme etki eden kuvvet arasindaki iliskiyi irdeler. (Analiz)

Objectives for the FMAT-I1 Used in The Main Study

1. Net bir kuvvetin etkisindeki cismin hareketiyle ilgili olarak 6grenciler;
1.1.Verilen kinematik grafiginin metinsel agiklamasini ayirt eder (Analiz)
1.2.Verilen hareket durumunun metinsel agiklamasinin kinematik grafigini ayirt eder (Analiz)
1.3.Bir hareket durum i¢in verilen bir kinematik grafiginden diger kinematik grafiklerini ¢izer.
(Sentez)
1.4.Konum-zaman grafiginden yararlanarak hizi hesaplar. (Uygulama)
1.5.Hiz- zaman grafiginden yararlanarak toplam yer degistirmeyi hesaplar.(Uygulama)
1.6.Hiz- zaman grafiginden yararlanarak ivmeyi hesaplar.(Uygulama)
1.7.Iki boyutlu hareketlerde yatay ve diisey boyut icin konum-zaman, hiz-zaman ve ivme-
zaman grafiklerini ¢izer.(Analiz)
1.8.Atis hareketleri yapan cismin izledigi yolu seger.(Kavrama)
1.9.1ki boyutta sabit ivmeli hareketler ile ilgili problemler ¢dzer.(Uygulama)
2. Her etkinin bir tepki dogurmasiyla ilgili olarak 6grenciler;
2.1. Etki tepki kuvvet ciftlerini giinliik yasamdaki olaylara uygular.(Uygulama)
2.2.Etki tepki kuvvet ¢iftlerinin farkli cisimler {izerinde olduguna karar verir (Degerlendirme)
2.3.Birden fazla cisimden olusan sistemlerde sistemin ve cisimlerin ivmesini
hesaplar.(Uygulama)
2.4. Sistem i¢i kuvvetleri hesaplar.(Uygulama)
3.Cismin eylemsizligi ile ilgili olarak 6grenciler;
3.1.Eylemsizligi cismin durgun, sabit hizl1 ve sabit ivmeli hareketinden bagimsiz oldugunu ifade
eder. (Bilgi)
3.2.Cismin eylemsizliginin kiitlesinin bir 6l¢iisii oldugunu ifade eder. (Bilgi)
3.3.Kuvvet ve eylemsizligin farkli oldugu ayrimini yapar.(Kavrama)
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APPENDIX E2

THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-I

S

o | & c

8| 5 = " 2 =

2|5 8 2 g g | _

2|5 g g < g |3

¥ | O < < @ a | k8
1.Hareketin 1.1 (22), 3(3)
nedeni 1.2,1.3 (23,24) 30 (11)
2.Net 2.2(27) 2.4 (25,36) | 2.1(1,5,8,21) 2.3(17,18,19,20) 4(11)
kuvvet=0 40(41)
3.Net kuvvet 3.1(2) 3.2 (4,6,7,9,10), 3(13)
£0 3.3(11, 12, 13), 30(48)

3.4 (3,14,15,16)

Total 4(4) 2(3) 3 (16) 1(4) 10(27)
% 40(15) 20 (11) 30(59) 10 (15) 100 (100)

Objectives are bold. Questions are in parenthesis
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APPENDIX E3

THE FINAL VERSION OF TABLE OF TEST SPECIFICATION FOR THE FMAT-II

S
° 2 c
g |3 2 o 2 £
2 5 8 2, g 5 _
2 |k 2 g < s |8
¥ &) < < 2 (i F X
1.Net kuvvet 1.8(6) 1.4(3), 1.1(2) 1.3(29,30) 10(19)
#0 1.5(4), 1.2(1,11, 12, 63 (61)
1.6(5), 13,14,15),
1.9(7) 1.7(16, 17,
18,19,20)
2.Etki-Tepki 2.1(8, 2.2(31) | 4(20)
27,28), 25(32)
2.3 (21,
23,25),
2.4(22,
24,26),
3.Eylemsizlik | 3.1(9), | 3.3(10") 2(2)
3.2 12(7)
(10),
Total 2(2) 2(1) 7(13) 3(12) 1(2) 1(1) 16(31)
% 12.5(6) | 12.5(3) 44(42) 19(39) 6(7) 6(3) 100(100)

Obijectives are bold. Questions are in parenthesis "Question 10 was counted for Objective 3.1,
thus it was not counted here.
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APPENDIX E4

THE FINAL VERSION OF THE FMAT-I USED IN THE MAIN STUDY

KUVVET VE HAREKET BASARI TESTI I

Adiniz- Soyadimiz:
Sinifimz:

Sevgili 6grenciler,

27 sorudan olusan bu test, dgrencilerin kuvvet ve hareket konularindaki basarilarini 6lgmek amaci ile
hazirlanmigtir. Bu test 3 boliimden olusmaktadir. Her boliimiin baginda verilen agiklamalari dikkatlice
okuduktan sonra sorulari cevaplayiniz. Cevaplariniz gizli tutulacak ve yalnizca arastirma amagl
kullanilacaktir.

Katkilariniz dolay: tesekkiir ederiz.
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I. Boliim

Bu béliim 3 adet ¢oktan se¢meli sorudan olusmaktadir. Her soru i¢in yalnizca bir sik isaretleyiniz.
Yanhslar dogru cevaplar: gotiirmeyecektir. Liitfen, tiim sorulart cevaplayiniz.

1. Bir kadin biiyiik bir kutuya sabit yatay bir kuvvet uyguluyor. Kutu yatay bir yiizey {izerinde sabit
V, hiziyla hareket ediyor.

Kadin tarafindan uygulanan sabit yatay kuvvet,
A) kutunun agirhig ile ayni bityiikliiktedir.
B) kutunun agirlhigindan biiyiiktiir.
C) kutunun hareketini engellemeye calisan toplam kuvvetle aym biiyiikliiktedir.
D) kutunun hareketini engellemeye ¢aligan toplam kuvvetten biiyiiktiir.
E) kutunun hareketini engellemeye c¢alisan toplam kuvvetten veya kutunun agirh@indan
biiyiiktiir.

2. Bir araba maksimum 3 m/s? lik bir ivmeye sahiptir. Bu araba kendisinin iki kat: kiitlesine sahip
ikinci bir arabayi ¢ektigi zaman, maksimum ivmesi ne olur?

A) 2,5 m/s? B) 2,0 m/s* C) 1,5 m/s® D) 1,0 m/s® E) 0,5 m/s*

3. Bir ¢ocuk celik bir topu tam yukariya dogru dik olarak atar. Topun, ¢ocugun elinden ¢ikip yere
diigene kadar olan hareketini dikkate alin ve hava tarafindan topa uygulanan kuvvetlerin ihmal
edilebilir oldugunu diigiiniin.

Bu sartlarda topa etkiyen kuvvet(ler) asagidakilerden hangisidir?

A) Siirekli azalan yukar1 yonde bir kuvvetle birlikte asagiya dogru bir yergekimi kuvvetidir.

B) Cocugun elinden ¢iktiktan sonra en yiiksek noktaya ulasana kadar siirekli azalan yukari
yonde bir kuvvet; asagtya inerken ise, cisim diinyaya yaklastikca siirekli artan agagi yonde
bir yercekimi kuvvetidir.

C) Top en yiiksek noktaya ulasana kadar yukari yonde siirekli azalan bir kuvvetle birlikte,
neredeyse sabit asagi yonde bir yercekimi kuvveti; asagiya inerken ise, sadece sabit asagi
yonde bir yergekimi kuvvetidir.

D) Sadece, neredeyse sabit asag1 yonde bir yergekimi kuvvetidir.

E) Yukaridakilerden hi¢biri. Topun diinya tizerinde durmasi dogal egilimi oldugu igin top yere
diiser.
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I1. Boliim

Bu boliim, 13 adet eslestirme sorusundan olusmaktadwr. Her soru icin bir eslestirme yapiniz. Liitfen

tiim sorulari cevaplayiniz.

ASAGIDAKI SEKIL VE ACIKLAMAYI 4-10 SORULARINI CEVAPLARKEN KULLANINIZ.

Asagidaki sekiller buz iizerinde kaymayan bir ayakkabi1 giyen bir kisinin bir kizaga saga dogru kuvvet
uygulamasi, hi¢bir kuvvet uygulamamasi ve sola dogru kuvvet uygulamasi durumlari i¢in segenekler

sunmaktadir (A’dan G’ye kadar). Hemen altinda ise 4’den 10’a kadar sorularda bazi hareket
durumlart verilmistir. Kizagin her bir soruda tamimlanan hareketini devam ettirecek bir kuvveti
(A’dan G’ye) seciniz ve sectiginiz harfi sorunun yanindaki bosluga yaziniz.

Bir secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir bosluk icin sadece

bir secenek yazinmz. Eger secgeneklerden higbirinin dogru olmadigini diisiiniiyorsaniz J segenegini
sorunun yanindaki bosluga yaziniz. Sirtiinme kuvvetini ihmal ediniz.

Euvvetin Yoni

- _

A. Saga dogru ve siddeti (biiyiikliigii) artan
bir kuvvet
B. Saga dogru ve siddeti (biiyiikliigii) sabit
bir kuvvet
C. Saga dogru ve siddeti (biiylikliigli) azalan
bir kuvvet

N _

D. Kuvvet uygulamaya gerek yoktur.

Euvvetin Yonii
- //

E. Sola dogru ve siddeti (biiyiikliigii) azalan
bir kuvvet
F. Sola dogru ve siddeti (biiyiikliigii) sabit
bir kuvvet
G. Sola dogru ve siddeti (biiytkliigii) artan
bir kuvvet

4. Hangi kuvvet kizagin saga dogru ve diizgiin hizlanan (sabit ivmeli) hareketini devam

ettirir?

5.Kizak saga dogru hareket ediyor. Hangi kuvvet kizagin saga dogru sabit hizli hareketini

devam ettirir?

6. Kizak saga dogru hareket ediyor. Hangi kuvvet onu diizgiin (sabit ivme ile) yavaslatir?
7. Hangi kuvvet kizagin sola dogru ve diizgiin hizlanan (sabit ivmeli) hareketini devam

ettirir?

8. Kizak durgun halden baslayarak ve saga dogru sabit bir hiza ulasincaya kadar itiliyor.
Hangi kuvvet kizagin bu sabit hizli hareketini devam ettirir?
9. Kizak diizgiin (sabit ivme ile) yavasliyor ve kizagin ivmesi saga dogrudur. Hangi kuvvet

bu harekete neden olur?

10. Kizak sola dogru hareket ediyor. Hangi kuvvet kizag: diizgiin (sabit ivme ile) yavaslatir?
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ASAGIDAKI ACIKLAMAYI 11-13. SORULARINI CEVAPLARKEN KULLANINIZ.

11-13. sorular1 yukart dogru havaya firlatilan metal para ile ilgilidir. Para firlatildiktan sonra yukari
dogru hareket ediyor, en yiiksek noktaya ¢ikiyor ve tekrar asag: diistiyor. Paranin 11-13 sorularinda
tanimlanan hareketinin her bir basamagindaki ivmesini belirtmek i¢in agagidaki seceneklerden (A’dan
G’ye) birini se¢iniz ve sorunun yanindaki bosluga yaziniz. Bir se¢enegi birden fazla kullanabilir ya da
hi¢ kullanmayabilirsiniz; fakat her bir bosluk icin sadece bir secenek yaziniz. Eger segencklerden
hi¢birinin dogru olmadigini diisiiniiyorsaniz sorunun yanindaki bosluga J se¢enegini yaziniz. Yukar:
vonii pozitif asagi yonii negatif aliniz. Havanin siirtiinme kuvvetini ihmal ediniz.

A. Tvme negatif yonde ve sabittir.
B. ivme negatif yonde ve artiyor.
C. Ivme negatif yonde ve azaliyor.
D. Ivme sifirdir

E. Ivme pozitif yonde ve sabittir.
F. ivme pozitif yénde ve artryor.
G. Ivme pozitif yonde ve azaliyor.

11. Metal para firlatildiktan sonra yukari yonde hareket ediyor iken.
12. Metal para en yiiksek noktada iken.
13. Metal para asagi1 yonde hareket ediyor iken.

ASAGIDAKI SEKIL VE ACIKLAMAYI 14-16 SORULARINI CEVAPLARKEN KULLANINIZ.
14-16. sorular, anlik bir itme uygulanarak bir egik diizlemde yukar1 dogru tirmanan oyuncak araba ile
ilgilidir.

Araba anlik itme ile firlatildiktan sonra egik diizleme tirmaniyor ve en yiiksek noktaya cikarak tekrar
geriye doniiyor. Sirtiinme kuvvetini ihmal ediniz.

Asagida 14-16 sorularinda tanimlanan her bir durumda arabaya etki eden net kuvveti belirtmek igin
asagidaki segeneklerden (A’dan G’ye) birini se¢iniz ve sorunun yanindaki bosluga yazimz. Bir
secenedi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir bosluk i¢in sadece bir
secenek yaziniz. Eger segeneklerden higbirinin dogru olmadigini diisliniiyorsaniz J secenegini
sorunun yanindaki bosluga yaziniz.

A. Rampadan asag1 dogru sabit net kuvvet

B. Rampadan asagi dogru artan net kuvvet

C. Rampadan asag1 dogru azalan net kuvvet
D. Net kuvvet sifir

E. Rampadan yukar1 dogru sabit net kuvvet
F. Rampadan yukar1 dogru artan net kuvvet
G. Rampadan yukar1 dogru azalan net kuvvet

14. Araba firlatildiktan sonra rampanin yukarisina dogru hareket ediyor iken.

15. Araba en yiiksek noktada iken.
16. Araba rampanin asagisina dogru hareket ediyor iken.
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II1. Boliim

Bu boliim 11 adet a¢ik uglu sorudan olusmaktadir. Her soru igin cevaplarmmizi kisaca agiklayniz.
Liitfen tiim sorulari cevaplaymiz.

ASAGIDAKI ACIKLAMA VE SEKLI 17-20 SORULARINI CEVAPLARKEN KULLANINIZ.

A ve B arabalari diiz bir yol boyunca doguya dogru sabit bir hizla hareket ediyorlar. Asagida verilen
diyagram arabalarin esit zaman araliklarryla ayrilmis 1-4 anlarindaki konumlarimi gostermektedir.

Bati Dogu
-— S
A arabast g 1 s 2 = 3 o= 4

B arabas: @ oD 2 & s oD

17. A arabasindaki gbzlemci B arabasini 1 aninda bativa mi hareket ediyor, doguya mi hareket edivor
yoksa duruyor olarak mi goriir? Cevabinizi agiklayiniz.

18. A arabasindaki gozlemci B arabasini 2 aninda batiya mi hareket ediyor, doguya mi hareket ediyor
yoksa duruyor olarak mi goriir? Cevabimzi agiklayimiz.

19. A arabasindaki gbzlemci B arabasini 3 aninda bativa mi hareket ediyor, doguya mi hareket ediyor
yoksa duruyor olarak mi goriir? Cevabimzi agiklayimiz.

20. Yanda verilen vektor setlerinden hangisi A arabasindaki

gozlemciye gore B arabasinin 1, 2 ve 3 anlarindaki 1 am 2 am 3 aru

hizim (bagil hiz1) gosterir? (Hiz vektorlerinin 2) 0

biiyiikliigiinii de dikkate aliniz.)
b) =+— 0 -
o) J—— 0 -—
T —
e} - - ——
fi — — —
gl - - -—
h) =-— - -
i"} - - -
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21. Kiigiik bir ¢ocuk olan Ahmet bir kuyunun yaninda oynarken kuyunun igine diiser. Ahmet’i
kuyudan ¢ikarmak icin kurtarma ekipleri bir ipi kuyuya sallarlar ve Ahmet bu ipi beline baglar.
Ahmet’in agirlig1 250 N dur. Tiim siirtiinmeleri ihmal ediniz.

Ahmet yukartya dogru sabit bir hizla ¢ekilirken, ip yukariya dogru 250 N dan biiviik, kiiciik yoksa
esit bir kuvvet mi uygular? Cevabinizi agiklayiniz.

ASAGIDAKI ACIKLAMA VE SEKLI 22 ve 23 SORULARINI CEVAPLARKEN KULLANINIZ.

Bir blok ve bir A kiiresi sekildeki gibi
bir iple siirtiinmesiz bir makara iizerinde  gigk
kayacak sekilde birbirine baglaniyor ve =
bir el blogu kaymamas: i¢in tutuyor.

Ipin  agirliksiz  ve  esnemedigini

Eiitlesiz ve siirtiinmesiz

/ makara

)
varsayiniz. I . o
Blok ile masa arast siirtiinmelidir. E.-Iasa eli 7 o
Havanin = siirtinme  kuvvetini ihmal : 7| |Adberesi
ediniz. 7

Iy

Iy

Iy

Iy

Iy

Iy
El _blogu serbest _biraktiktan _hemen i
sonra Yar

22. Blok tizerine etki eden kuvvetlerin adlarini yazip, kisaca tanimlayiniz.
Ornegin yercekimi kuvveti “bloga diinya tarafindan uygulanan kuvvet” seklinde tanimlanir.

23. Blok iizerine etki eden tim kuvvetleri

a) kuvvetin tiirli (Ornegin yergekimi kuvveti)

b) Kuvvetin uygulandigi cisim ve

c¢) Kuvveti uygulayan cismi,

dikkate alarak etiketlendiriniz (harflerle gosteriniz) ve etiketlendirdiginiz kuvvetleri asagida blok
tizerinde gosteriniz.

Ornegin, B cisminin A cismine uyguladigi kuvvet F g seklinde etiketlendirilebilir.

BLOK
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24. Bir ¢ocuk i¢i dolu olan A ve B kutularini sekildeki gibi itiyor.
B kutusuna etki eden tiim kuvvetleri

a) kuvvetin tiri (ornegin yercekimi
kuvveti),

b) Kuvvetin uygulandigi cisim ve

c) Kuvveti uygulayan cismi, A B
dikkate alarak etiketlendiriniz (harflerle

gosteriniz) ve etiketlendirdiginiz S o
kuvvetleri asagida B kutusu tizerinde gosteriniz.

Ornegin, B cisminin A cismine uyguladigi kuwet Fag seklinde etiketlendirilebilir.

B kutusu

25.Suya gore sabit bir hiza sahip olan bir motor A noktasindan nehrin karsisindaki B noktasina
gitmek i¢in, yerde duran bir gézlemciye gére sekilde gibi bir yolu izliyor. Motorun B noktasina varma
stiresi, nehir durgunken t; nehir sabit bir V, hiziyla akarken t,” dir. Motorun suya goére hizi her iki
durumda da ayni olduguna gore t; Ve t, stirelerini karsilagtirimiz. Cevabimizi agiklayiniz.

Iv.

5]
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26. Bir motor gekilde goriildiigi gibi A noktasindan nehrin kiyisina dik sabit bir V hiziyla hareket
ediyor. Motorun kars1 kiyaya varma siiresi nehir durgunken t; nehir sabit bir V,hiziyla akarken t,” dir.
Motorun suya gore hizt her iki durumda da aymi olduguna gore t; ve t, siirelerini karsilastiriniz.
Cevabinizi agiklayiniz.

Iv.

v

27. Ayni bliyiikliikte parasiitlerle ayni yiikseklikten atlayan iki parasiit¢iiden agir olan parasiit¢ii hafif
olan parasiit¢iiye gore limit hiza daha erken, daha ge¢ yoksa aynmi anda mi ulasir? Cevabinizi

aciklayiniz.
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APPENDIX E5

THE FINAL VERSION OF THE FMAT-I1 USED IN THE MAIN STUDY

KUVVET VE HAREKET BASARI TESTI 1T

Adiniz- Soyadimiz:

Sinifimz:

Sevgili 6grenciler,

31 sorudan olusan bu test, 6grencilerin kuvvet ve hareket konularindaki basarilarint 6lgmek amaci ile
hazirlanmigtir. Bu test 3 boliimden olusmaktadir. Her boliimiin basinda verilen agiklamalari dikkatlice
okuduktan sonra sorulari cevaplayiniz. Cevaplariniz gizli tutulacak ve yalnizca arastirma amaglt
kullanilacaktir.

Katkilarmiz dolay1 tesekkiir ederiz.
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I. Boliim

Bu béliim 10 adet ¢oktan se¢meli sorudan olusmaktadir. Her soru igin yalnizca bir sik isaretleyiniz.
Yanhslar dogru cevaplar: gotiirmeyecektir. Liitfen, tiim sorulart cevaplayiniz.

1. Bir cisim durgun halden harekete baglar ve 10 saniye boyunca sabit pozitif bir ivmeyle hareket
eder. Daha sonra sabit bir hizla hareketini siirdiiriir. Asagidaki grafiklerden hangisi bu cismin
konum-zaman grafigi olabilir?

+ +
M b M » M
1] ] 1]
s 005 0 15 05 1 15 0 5 10 TR
Zaman (S) Zaman (s) Zaman (s) Zaman (s) Zaman (s)

2. Paralel yollarda ilerleyen A ve B arabasinin konum- zaman grafigi yanda verilmistir. Buna gore
asagidakilerden hangisi dogrudur? B

I tg zamaninda iki araba da aym
hiza sahiptir.
1. Her iki araba da hizlanmaktadir.
1l. A ve B arabalan tg zamanindan
once herhangi bir anda ayni hiza
sahip olurlar
(AVA Grafigin belli bir noktasinda her
iki arabanin ivmesi birbirine esit

Komm

olur.
5 Zaman
A) Yalmizl B) Yalniz III C) llvelll D) I, llvelV E) I, 1l ve IV
3. Asagida bir cismin konum -zaman grafigi verilmistir. Cismin 2. saniyedeki hiz1 ka¢ m/s ‘dir?
A) 0,4 m/s 16
B) 2,0mi/s —
C) 25mis B 10
D) 50mi/s g |
E) 10,0 m/s g 5
y "
0
0 1 2 3 4 )
Zaman (s)
4. Bir cisim agagidaki grafige gore hareket etmektedir:
4
s
Tt 3 P —
g /
207
|/
N4
1 2 3 4 5 6 7 8 9 10
Zaman (s)
Buna gore, t=4 s ile t=8 s zaman araliginda cisim ne kadar yer degistirir?
A) 0,75m B)30m C)4,0m D)8,0m E)12,0m
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5. Asagida bir cismin hiz-zaman grafigi verilmistir. Cismin t= 0 ve t=6 s arasindaki ortalama ivmesi
yaklasik olarak ne kadardir?

5 L e = =
| [ | | I | [
- | el e el el el
g I T T R B B
5 o
[ L e e
= = 1 11— L
| | | | | [ | | | | |
0
5 10 15
Zaman (s)
A) 3,0 m/s? B) 1,5 m/s’ C) 0,83 m/s? D) 0,67 m/s?

E) Soruyu cevaplamak i¢in yeterli bilgi verilmemistir.

6. Asagidaki sekilde gosterildigi gibi, bir tepenin kenarindan bir top ateslenir. 1-5 yollarindan hangisi,
merminin/giillenin izleyecegi en yakin yoldur?

Al B) 2 C)3 D) 4 E)5

Yer¢ekimi ivmesinin (g) oldugu bir yerde, sekildeki gibi P noktasindan egik atilan bir top (t) s sonra
K noktasina diisiiyor.

Yalniz (g) ve (t) bilinenleriyle;

hmax yiksekligi

Vyy (diisey) bilesenin biiyiikliigii

PK uzakligi

Niceliklerinden hangileri hesaplanabilir?

A)  Yalmz hpqy B) Vo, ve PK C) hpax Ve PK D) hipay Ve Vg E) Nimax ,Voy Ve PK
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8. Yandaki sekilde A 6grencisi 75 kg ve B 6grencisi ise 57
kg kiitlelidir. Birbirinin ayni1 ofis sandalyelerinde kars1
karsiya oturmaktadirlar. A Ogrencisi, sekildeki gibi,
ayaklarim1 B 06grencisinin dizlerine koymustur. Sonra A
Ogrencisi birden ayaklariyla disartya dogru iterek, her iki
sandalyenin de hareket etmesine neden olur.

itme sirasinda ve A’min ayaklari B’nin dizine hala
dokunmaktayken,

A) ogrenciler birbirlerine hicbir kuvvet
uygulamamaktadirlar.

B) A Ogrencisi B 6grencisi {izerine bir kuvvet
uygulamakta, fakat B A’ya bir kuvvet uygulamamaktadir.

C) her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat B daha biiyiik bir kuvvet uygular.
D) her iki 6grenci de birbirlerine kuvvet uygulamaktadir, fakat A daha biiyiik bir kuvvet uygular.
E) her iki 6grenci de birbirleri lizerine esit biiyiikliikte kuvvet uygulamaktadirlar.

9. Asagidaki cisimlerden hangisinin/ hangilerinin eylemsizliginden bahsedilebilir?

|.Duran bir arabanin
11.Sabit hizla ilerleyen bir arabanin
111.Sabit bir ivme ile hizlanan bir arabanin

A) Yalmz 1 B) Yalmz III C)lvell

D) Il ve Il E) I I, velll

10. Asagida eylemsizlik ile ilgili verilen yargilardan hangisi dogrudur?

I.Eylemsizlik bir kuvvettir.
I1.Bir cismin eylemsizligi kiitlesi ile dogru orantilidir.
I11.Eylemsizlik cismin hareket durumuna baglhidir.

A) Yalmz I B) Yalniz II C)lvell
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I1. Boliim

Bu boliim, 10 adet eslestirme sorusundan olusmaktadir. Her soru igin bir eslestirme yapiniz. Liitfen
tiim sorulari cevaplayiniz.

ASAGIDAKI SEKIL VE ACIKLAMAYI 11-15. SORULARINI CEVAPLARKEN KULLANINIZ.

Oyuncak bir araba yatay dogru boyunca saga veya sola hareket edebiliyor. Pozitif von saga dogrudur.

[ At
0 +
Asagida arabanin farkli olasi hareketleri i¢in ivme-zaman grafikleri (A’dan G’ye) verilmistir. 11-15
sorularinda ise arabanin farkli hareket durumlar1 verilmistir. Bu hareket durumlarina ait ivme-zaman
grafigini belirtmek i¢in A’dan G’ye kadar olan segeneklerden birini seginiz ve sorunun yanindaki
bosluga yaziniz. Bir secenegi birden fazla kullanabilir ya da hi¢ kullanmayabilirsiniz; fakat her bir
bosluk i¢in sadece bir cevap yaziniz. Eger seceneklerden hicbirinin dogru olmadigini diigiiniiyorsaniz
sorunun yanindaki bosluga J secenegini yaziniz.

+
@, @ .
g o Zaman @
- E o Zaman
+
; @
g o Zaman ®
- g o Zaman
L
© 7 :
%]
8 o Zaman e
+ go Zaman
s

_|.
O T (3D  Bu grafiklerden hicbiri dogru degildir.

Zaman

Ivme
[=]

11. Araba saga dogru diizglin hizlanarak hareket ediyor.
12. Araba saga dogru diizgiin yavaslayarak hareket ediyor.
13. Araba sola dogru sabit hizla hareket ediyor.

14. Araba sola dogru diizgiin hizlanarak hareket ediyor.
15. Araba saga dogru sabit hizla hareket ediyor.
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ASAGIDAKI ACIKLAMA VE SEKLI 16-20. SORULARINI
CEVAPLARKEN KULLANINIZ

Plastik top firlatan bir silah sekilde goriildiigii gibi belirli bir
ac1 altinda atesleniyor. Havamn stirtiimme kuvvetini ihmal ¥
ediniz.

Topun hareketi ile ilgili asagida grafikler verilmistir. A’dan 1’
ye kadar olan grafiklerin yatay ekseni zamani gosterirken
diisey eksenler belirtiimemistir. 0.0 .

Merminin hareketi i¢in 16-20 sorularinda verilen her bir

nicelige ait grafigi belirtmek icin asagidaki seceneklerden (A’dan I’ye) birini seciniz ve segtiginiz
harfi sorunun yanindaki bosluga yazimiz._ Bir secenegi birden fazla kullanabilir ya da hig
kullanmayabilirsiniz; fakat her bir bosluk icin sadece bir cevap yazimiz. Eger seceneklerden
hi¢birinin dogru olmadigini diisiinliyorsaniz sorunun yanindaki bosluga J secenegini yaziniz.

(4) ®) 4 ' (©)
t _ " i

(D)V\ . {_'E)T {HT
t |\\__,// ::t |

L

G) T
16. Diigey eksendeki konum
17. Hizin yatay bileseni
18. Net kuvvet

19. Hizin diisey bileseni
20. Yatay eksendeki konum
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III. Boliim

Bu boliim 11 adet a¢ik uglu sorudan olusmaktadwr. Her soru igin cevaplarimizi kisaca agiklaymniz.

Liitfen tiim sorular: cevaplaymiz.

ASAGIDAKI ACIKLAMA VE SEKLI 21-23. SORULARINI CEVAPLARKEN KULLANINIZ

Bir blok ve bir A kiiresi sekildeki gibi bir
iple siirtiinmesiz bir makara {izerinde
kayacak sekilde birbirine baglaniyor ve bir
el blogu kaymamasi i¢in tutuyor.

Ipin agirliksiz ve esnemedigini varsaymiz.

Blok ile masa arasi siirtinmelidir.

Havann siirtiinme kuvvetini ihmal ediniz.

El blogu serbest biraktig1 anda A Kkiiresi
ile ozdes olan B Kkiiresi de serbest
birakiliyor.

21. B kiiresi A kiiresinden dnce mi, sonra
mi, yoksa ayni _anda mi yere ¢arpar?
Cevabinizi agiklayiniz.

Kiitlesiz ve stirfiinmesiz

/ makara

Maza

Akiresi B ldiresi

et S S S

22. Blok serbest birakilmadan dnce, ipteki gerilme kuvveti 10 N dur. Blok serbest birakildiktan sonra,
ipteki gerilme kuvveti 10 N’ dan biiyiik miidiir, 10 N dan kiictik miidiir, yoksa 10 N’ a esit midir?

Cevabinizi agiklaymiz.

23. Simdi deneyi siirtiinmesiz masa {izerinde tekrarladiginizi diigiiniiniiz. Bu durumda B kiiresi A

kiiresinden dnce mi, sonra mi, yoksa ayni anda mi yere garpar? Cevabinizi agiklayimiz.
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ASAGIDAKI ACIKLAMA VE SEKLI 24-26. SORULARINI CEVAPLARKEN KULLANINIZ.

A, B, C bloklar siirtinmesiz bir masa boyunca sola dogru sabit — M
bir kuvvetle itiliyor. A blogu 2M, B blogu 3M ve C blogu M M M .
kiitlesine sahiptir. A B C i
24. Asagida verilen 6lgekli alana her bir bloga etki eden net

kuvveti gosteren vektorleri ¢iziniz. Vektorleri, bloklara etki #4444 777777TI77IFTIITIRY,
eden net kuvvetlerin birbirine gore biiyiikliiklerini ve #+ Sartinmesiz Masa 7
yonlerini dikkate alarak ¢iziniz.

25 ve 26. sorulari cevaplarken B blogunun kiitlesinin iki katina cikarddigini, diger bloklarin

kiitlelerinin degistirilmedigini ve elin baslangictaki sabit kuvveti uyguladigimi diisiinerek
cevaplayiniz.

25. A blogunun ivmesi B blogunun kiitlesi iki katina ¢ikarildiktan sonra artar mi, azalir mi, yoksa
ayni nu kalir? Cevabinizi agiklayiniz.

26. A bloguna etki eden net kuvvet B blogunun kiitlesi iki katina ¢ikarildiktan sonra_artar mi, azalir
mi, voksa ayni mi kalir? Cevabinizi agiklayiniz.

ASAGIDAKI ACIKLAMAYI 27 ve 28. SORULARINI CEVAPLARKEN KULLANINIZ.
Fatma mutfak yerlerini sildikten sonra buzdolabini tekrar yerine itmeye ¢alisiyor.

27. Fatma buzdolabini itiyor, fakat buzdolabi kimildamiyor. Fatma’nin uyguladigi kuvvetin

biiyiikliigii buzdolabimin Fatma’ ya uyguladigi kuvvetten biiyiik miidiir, kii¢iik miidiir yoksa esit
midir? Cevabiniz1 agiklayiniz.

28. Fatma biitiin giiciiyle ittikten sonra buzdolabi sabit hizla hareket etmeye bagliyor. Fatma’nin
uyguladig1 kuvvetin biiyiikliigli buzdolabinin Fatma’ ya uyguladig1 kuvvetten biiyiik miidiir, kiiciik
miidiir yoksa esit midir? Cevabiniz1 agiklayiniz.
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29. Yukartya dogru atilan bir tagin konum- zaman grafigi asagidaki gibidir. Bu grafikten
yararlanarak tagin hareketinin hiz-zaman ve ivme- zaman grafiklerini ¢iziniz.

Konum

Zaman

30. Hareketli bir arabanin hiz- zaman grafigi sekildeki
gibidir. Bu grafikten yararlanarak arabanin hareketinin

konum- zaman grafigini ¢iziniz?

Konum 1

Hiz

Ivme

" Zaman

Zaman

NS

Zaman

Lt

" Zaman

31. Ali, kestigi kiitiigii iple ¢ekerek yola gikarirken, Newton’un 3. yasasinin ¢ekme olayinda gegerli
olup olmadigini diisiiniir. Ali , “Newton 'un 3. Yasasina gore ben kiitiigii ne kadar kuvvetle ¢ekersem
kiitiikte beni o kadar kuvvetle geri ¢ekecek ve zit yonlii bu kuvvetler birbirini yok edeceginden kiitiigiin
hareket etmemesi gerekir. Kiitiik hareket ettigine gore Newton'un 3. yasast burada gecerli degildir”

diye diigtiniir.

Ali’nin diigiincesindeki yanlig ne olabilir? Ag¢iklayiniz.
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ITEMAN RESULTS FOR THE FMAT-1 AND FMAT-II IN THE MAIN STUDY

APPENDIX F

Iteman Results For The FMAT-I

Seq.

Scale
-Item

1-5

Item Statistics

Prop. Point
Correct Biser. Biser Alt
0.581 0.377 0.299 A
B
¢}
D
E
Other
0.505 0.125 0.100 A
B
¢}
D
E
Other
0.333 0.887 0.684 A
B
C
D
E
Other
0.419 0.890 0.705 A
B
¢}
D
E
F
G
H
Other
0.467 0.823 0.656 A
B
C
D
E
F
G
H
Other
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Alternative Statistics

Prop. Poi
Endorsing Biser. Bis
0.095 0.446 0.
0.029 -0.510 -0.
0.581 0.377 0.
0.162 -0.437 -0.
0.133 -0.383 -0.
0.000 -9.000 -9.
0.010 -0.435 -0.
0.010 -0.549 -0.
0.438 0.020 0.
0.505 0.125 0.
0.029 -0.376 -0.
0.010 -0.320 -0.
0.048 -0.295 -0.
0.324 -0.547 -0.
0.248 -0.268 -0.
0.333 0.887 0.
0.029 -0.019 -0.
0.019 -0.227 -0.
0.495 -0.811 -0.
0.419 0.890 0.
0.010 -0.206 -0.
0.038 0.168 0.
0.000 -9.000 -9.
0.000 -9.000 -9.
0.019 -0.290 -0.
0.000 -9.000 -9.
0.019 -0.415 -0.
0.000 -9.000 -9.
0.400 -0.754 -0.
0.000 -9.000 -9.
0.467 0.823 0.
0.010 -0.320 -0.
0.067 0.188 0.
0.000 -9.000 -9.
0.000 -9.000 -9.
0.057 -0.454 -0.

nt
er.

257
200
299
291
243
000

114
144
016
100
147
084

137
420
196
684
007
077

647
705
054
072
000
000
098
000
141

000
595
000
656
084
097
000
000
224



Item Statistics Alternative Statistics

Scale Prop. Point Prop. Point
-Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
1-6 0.343 0.831 0.644 A 0.000 -9.000 -9.000
B 0.000 -9.000 -9.000
C 0.352 -0.604 -0.469
D 0.000 -9.000 -9.000
E 0.057 -0.276 -0.136
F 0.343 0.831 0.644 *
G 0.200 -0.021 -0.015
H 0.000 -9.000 -9.000
Other 0.048 -0.442 -0.206
1-7 0.324 0.896 0.688 A 0.010 0.478 0.126
B 0.000 -9.000 -9.000
c 0.019 -0.352 -0.120
D 0.048 -0.119 -0.055
E 0.029 -0.197 -0.077
F 0.324 0.896 0.688 *
G 0.524 -0.648 -0.516
H 0.000 -9.000 -9.000
Other 0.048 -0.354 -0.165
1-8 0.390 0.469 0.369 A 0.057 0.004 0.002
B 0.390 -0.426 -0.336
c 0.019 -0.039 -0.013
D 0.390 0.469 0.369 *
E 0.000 -9.000 -9.000
F 0.067 -0.128 -0.066
G 0.000 -9.000 -9.000
H 0.000 -9.000 -9.000
Other 0.076 0.011 0.006
1-9 0.057 0.613 0.303 A 0.010 -0.206 -0.054
B 0.057 0.613 0.303 *
c 0.390 -0.168 -0.133
D 0.019 0.463 0.157
E 0.124 -0.278 -0.173
F 0.190 0.202 0.140
G 0.133 0.117 0.074
H 0.000 -9.000 =-9.000
Other 0.076 -0.315 -0.170
1-10 0.267 0.801 0.595 A 0.286 -0.122 -0.092
B 0.267 0.801 0.595 *
C 0.057 -0.073 -0.036
D 0.000 -9.000 -9.000
E 0.267 -0.529 -0.393
F 0.038 0.203 0.088
G 0.029 -0.287 -0.112
H 0.000 -9.000 -9.000
Other 0.057 -0.327 -0.1lel
1-11 0.171 0.509 0.343 A 0.171 0.509 0.343 ~*
B 0.029 -0.153 -0.060
c 0.105 -0.368 -0.218
D 0.000 -9.000 -9.000
E 0.390 0.401 0.315
F 0.038 -0.430 -0.186
G 0.257 -0.505 -0.372
H 0.000 -9.000 -9.000
Other 0.010 -0.320 -0.084
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Item Statistics Alternative Statistics

Scale Prop. Point Prop. Point
-Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
1-12 0.067 0.751 0.389 A 0.067 0.751 0.389 =
B 0.010 -0.320 -0.084
C 0.010 -0.092 -0.024
D 0.705 -0.539 -0.408
E 0.133 0.523 0.331
F 0.000 -9.000 -9.000
G 0.010 -0.435 -0.114
H 0.000 -9.000 =-9.000
Other 0.067 -0.015 -0.008
1-13 0.448 0.574 0.457 A 0.448 0.574 0.457 *
B 0.267 -0.600 -0.446
c 0.000 -9.000 -9.000
D 0.010 -0.320 -0.084
E 0.067 0.481 0.249
F 0.181 -0.237 -0.162
G 0.019 -0.290 -0.098
H 0.000 -9.000 =-9.000
Other 0.010 -0.320 -0.084
1-14 0.114 0.728 0.442 A 0.114 0.728 0.442 ~*
B 0.038 0.168 0.072
c 0.019 -0.227 -0.077
D 0.048 0.527 0.246
E 0.143 0.398 0.257
F 0.048 -0.383 -0.178
G 0.571 -0.598 -0.474
H 0.000 -9.000 =-9.000
Other 0.019 -0.290 -0.098
1-15 0.095 0.859 0.495 A 0.095 0.859 0.495 =
B 0.010 -0.435 -0.114
C 0.010 -0.320 -0.084
D 0.800 -0.364 -0.255
E 0.010 0.592 0.156
F 0.010 -0.320 -0.084
G 0.010 -0.435 -0.114
H 0.000 -9.000 =-9.000
Other 0.057 -0.174 -0.086
1-16 0.229 0.641 0.462 A 0.229 0.641 0.462 *
B 0.571 -0.553 -0.439
C 0.038 0.097 0.042
D 0.076 0.214 0.116
E 0.029 0.070 0.027
F 0.029 -0.108 -0.042
G 0.019 -0.102 -0.035
H 0.000 -9.000 -9.000
Other 0.010 -0.320 -0.084
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ITEMAN for The FMAT-II

Item Statistics

Seqg. Scale Prop.
Yoo Them fomeen
1 1-1 0.477
2 1-2 0.579
3 1-3 0.832
4 1-4 0.916
5 1-5 0.411
6 1-6 0.654
7 1-7 0.477
8 1-8 0.738

Biser.

.696

.557

.634

.614

.552

.685

.555

Point
Biser.

.551

.374

.353

.485

.428

.547

.411

Alternative Statistics

Other

0o QW@

Other

178

Prop.
Endorsing Biser.

O O OO oo O O O O oo O OO O oo O O OO oo O O O O oo O O OO oo OO OO oo

O OO O oo

.047
.093
.075
.290
.477
.019

.159
.579
.037
.093
.103
.028

.000
.009
.832
.103
.037
.019

.009
.028
.000
.019
.916
.028

.084
.168
.121
.411
.131
.084

.196
.654
.121
.009
.000
.019

.196
.047
.047
L4777
.215
.019

.000
.037
.028
.178
.738
.019

-0.
.696
-0.
-0.
-0.
-1.

.347
.463
.253
.100
.574
.000

114

526
348
435
000

.000
.129
.557
.403
.290
.000

.331
.687
.000
L1111
.634
.627

.422
.266
.295
.614
.330
.622

.346
.552
.297
.024
.000
.000

.352
.110
.425
.685
.259
.000

.000
.054
.091
.518
.555
.000

Point
Biser.

-0.
.551
-0.
-0.
-0.
-0.

.160
.266
.136
.076
.458
.350

076

226
200
257
396

.000
.034
.374
.238
.125
.350

.086
.268
.000
.037
.353
.244

.235
.179
.182
.485
.208
.346

.241
.428
.183
.006
.000
.350

.246
.051
.197
.547
.184
.350

.000
.023
.036
.353
.411
.350



Item Statistics Alternative Statistics

Scale Prop. Point Prop. Point
-Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
1-9 0.636 0.822 0.642 A 0.037 -0.479 -0.206
B 0.103 -0.210 -0.124
C 0.131 -0.620 -0.391
D 0.065 -0.411 -0.212
E 0.636 0.822 0.642 =
Other 0.028 -0.747 -0.291
1-10 0.533 0.745 0.594 A 0.019 -0.406 -0.137
B 0.533 0.745 0.594 =
C 0.084 0.002 0.001
D 0.121 -0.459 -0.284
E 0.187 -0.397 -0.273
Other 0.056 -0.697 -0.342
1-11 0.776 0.846 0.608 A 0.776 0.846 0.608 *
B 0.056 -0.186 -0.091
C 0.000 -9.000 =-9.000
D 0.009 -0.714 -0.186
E 0.131 -0.711 -0.448
F 0.000 -9.000 =-9.000
G 0.000 -9.000 =-9.000
H 0.000 -9.000 =-9.000
Other 0.028 -0.986 -0.384
1-12 0.607 0.863 0.680 A 0.131 -0.077 -0.048
B 0.607 0.863 0.680 =
C 0.019 -0.616 -0.208
D 0.000 -9.000 =-9.000
E 0.000 -9.000 =-9.000
F 0.037 -0.266 -0.114
G 0.159 -0.806 -0.534
H 0.000 -9.000 =-9.000
Other 0.047 -0.721 -0.334
1-13 0.804 0.853 0.595 A 0.009 -0.408 -0.106
B 0.140 -0.663 -0.426
C 0.804 0.853 0.595 =
D 0.000 -9.000 -9.000
E 0.009 -0.561 -0.146
F 0.000 -9.000 -9.000
G 0.009 -0.637 -0.166
H 0.000 -9.000 -9.000
Other 0.028 -0.747 -0.291
1-14 0.570 0.665 0.527 A 0.159 -0.194 -0.129
B 0.570 0.665 0.527 *
C 0.000 -9.000 =-9.000
D 0.000 -9.000 -9.000
E 0.037 -0.455 -0.196
F 0.168 -0.534 -0.359
G 0.009 0.129 0.034
H 0.000 -9.000 -9.000
Other 0.056 -0.407 -0.200
1-15 0.785 0.766 0.545 A 0.121 -0.660 -0.407
B 0.000 -9.000 -9.000
c 0.785 0.766 0.545 =
D 0.000 -9.000 -9.000
E 0.019 -0.069 -0.023
F 0.009 -0.714 -0.186
G 0.000 -9.000 =-9.000
H 0.000 -9.000 -9.000
Other 0.065 -0.547 -0.282
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Seq.
No.

16

17

18

19

20

Item Statistics

Scale Prop. Point
-Item Correct Biser. Biser. Alt.
1-16 0.570 0.753 0.597 A
B
C
D
E
F
G
H
I
Other
1-17 0.682 0.771 0.591 A
B
¢}
D
E
F
G
H
I
Other
1-18 0.206 0.528 0.372 A
B
C
D
E
F
G
H
I
Other
1-19 0.421 0.713 0.504 A
B
C
D
E
F
G
H
I
Other
1-20 0.645 0.828 0.644 A
B
¢}
D
E
F
G
H
I
Other
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Alternative Statistics

Prop.
Endorsing Biser.

OO OO OO OoO0Oo oo O O OO OO0 0Oo oo [eNeoNeoNoNoNololoNoNol OO OO OO OOooOo

O OO OO0 OO oo

.121
.000
.028
.178
.028
.000
.028
.570
.009
.037

.037
.019
.037
.047
.019
.093
.009
.009
.682
.047

.037
.206
.075
.065
.047
.290
.009
.093
L1112
.065

.047
.037
.421
.159
.084
.037
.037
.103
.037
.037

.645
.000
.000
.028
.019
.084
.028
.103
.056
.037

-0.
-0.
-0.
-0.
.616
-0.
-0.
-0.
771
-0.

-0.
.528
-0.
-0.
-0.
.001
.359
-0.
-0.
-0.

.631
.000
.328
.089
.001
.000
.567
.753
.484
.927

431
364
195
406

233
714
331

760
384
021

109
012

302
008
457

.130
.313
.713
.162
.260
.017
.195
.253
.313
.927

.828
.000
.000
.418
.574
.360
.537
.274
.356
.927

Point
Biser.

-0.
-0.
-0.
-0.
.208
-0.
-0.
-0.
.591
-0.

-0.
.372
-0.
-0.
-0.
.001
.094
-0.
-0.
-0.

.390
.000
.128
.061
.001
.000
.221
.597
.126
.399

185
123
084
188

133
186
086

352

165

011

056
005

173
005
235

.060
.135
.564
.107
.145
.007
.084
.149
.135
.399

.644
.000
.000
.163
.194
.200
.209
.162
.175
.399



APPENDIX G

KEYS FOR THE OBJECTIVE TYPE QUESTION IN THE FMAT-1 AND 11

The FMAT-I
1. C
2. D
3. D
4. B
5. D
6. F
7. F
8. D
9. B
10. B
11. A
12. A
13. A
14. A
15. A
16. A
20. G
The FMAT-II
1. E
2. B
3. C
4. E
5. D
6. B
7. D
8. E
9. E
10. B
11. A
12. B
13. C
14. B
15. C
16. H
17. 1
18. B
19. C
20. A
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APPENDIX H1

THE GENERAL ANALYTIC SCORING FRAMEWORK

Coding Category Sub-Category Sub—_ Score
Coding
Sorunun cevabint | Soruyu dogru olarak yanitlayip aciklamay1
- : Al 3
dogru olarak yazar | formiil kullanarak yapar
A ve aciklamasini Soruyu dogru olarak yanitlayip aciklamay1
eksiksiz olarak formiil kullanmadan yapar. A2 3
yapar.
Cevabi yanlig yazip dogru agiklama yapar Bl 2
Cevabi dogru olarak yazar ama agiklamayi eksik
yapar yani agiklamasinda cevabi olusturan tiim B2 2
Hem cevabi yazip | kavram ve kavramlar arasindaki iligkilerin bir
hem de agiklamay1 | kismina yer verir.
B yapar, ama her Cevabi dogru olarak yazip, agiklamay yanlis
ikisinde ya da yapar ama agiklamasinda soru ile ilgili dogru B3 1.25
ikisinden birinde bilgi ifadelerine rastlanir.
hata yapar. Cevabi1 dogru olarak yazip agiklamay ilgisiz
B4 1
kavramlari kullanarak yanlis yapar
Cevab1 yanlig yazar ama acgiklamasinda soru ile B5 025
ilgili dogru bilgi ifadelerine rastlanir. '
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda
cevabi olusturan tlim kavram ve kavramlar C2 1
Cevap ve arasindaki iligkilerin bir kismina yer verir.
C aciklamadan Agciklamayi yanlis yapar ama agiklamasinda soru c3 025
herhangi birini ile ilgili dogru bilgi ifadelerine rastlanir. '
yapar. Aciklamayzi ilgisiz kavramlari kullanarak yanlis ca 0
yapar
Dogru cevap verir. C5 1
Yanlig cevap verir C6 0
Cevap ve Cevabi1 yanlig yapar ve agiklamay ilgisiz D1 0
aciklamanin her kavramlari kullanarak yanlis yapar
D ikisini de tamamen | Soruyu yanitsiz birakir.
yanlis yapar veya D2 0

soruyu yanitsiz
birakir.
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SCORING RUBRICS FOR THE OPEN-ENDED QUESTION IN THE FMAT-I

APPENDIX H2

Question 17
Coding | Category Sub-Category Sub- Score
Coding
Sorunun B.atll cevablnliygzar ve B aracinin batrya dogru
cevabint dogru gidiyormus gibi goriindiigiinii bagil hiz Al 3
formiiliinii kullanarak agiklar.
A olarak yazar ve
Zﬁlsliiﬁ;agig; ak Batii cevabini yazar ve B aracinin batiya dogru
yapar gidiyormus gibi goriindiigiinii bagil hiz A2 3
' formiiliinii kullanmadan agiklar.
Bati cevabindan farkli bir cevap verir ama dogru B1 2
aciklama yapar.
Bati cevabini yazar ama agiklamayi eksik yapar
Hem cevab yani aglklama}s/mda cevabi olustuan tim k};wliam
yazip hem de kavraml daki iliskilerin bir kismina yer | D2 2
aciklamay1 zzri I:cwram ar arasin $ y
B ?llflz?r:azrgz Qgr Bati cevabini yazar ama agiklamay1 yanlis yapar
ikisinden ama ac;lklamasmda soru ile ilgili dogru bilgi B3 1.25
birinde hata ifadelerine rastlanir.
yapar. Bati cevabini yazar ama agiklamayi ilgisiz B4 1
kavramlari kullanarak yanlis yapar
Karsilastirmay1 yanlis yapar ama acgiklamasinda BS 025
soru ile ilgili dogru bilgi ifadelerine rastlanir. '
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda
cevabi olusturan tiim kavram ve kavramlar C2 1
Cevap ve arasindaki iligkilerin bir kismina yer verir.
c aciklamadan Agciklamayi yanlis yapar ama agiklamasinda soru c3 025
herhangi birini ile ilgili dogru bilgi ifadelerine rastlanir. '
yapar Aciklamayi ilgisiz kavramlari kullanarak yanlis ca 0
yapar
Bati cevabini verir. C5 1
Yanlis cevap verir C6 0
Cevap ve Cevabi yanlis yapar ve agiklamay1 ilgisiz D1 0
aciklamanin her | kavramlari kullanarak yanlis yapar
ikisini de Soruyu yanitsiz birakir.
D tamamen yanlis
yapar veya D2 0

soruyu yanitsiz

birakir.
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Question 18

Coding | Category Sub-Category Sub- Score
Coding
Bat1 cevabini yazar ve B aracinin batiya dogru
Sorunun cevabm1 | . . e e 1 o T
< gidiyormus gibi goriindiigiinii bagil hiz formiiliini
dogru olarak Al 3
kullanarak agiklar.
A yazar ve
a(;ﬂ?lar.nasml Batii cevabini yazar ve B aracinin batiya dogru
eksiksiz olarak e R IR
gidiyormus gibi goriindiigiinii bagil hiz formiiliini | A2 3
yapar.
kullanmadan agiklar.
Bati cevabindan farkli bir cevap verir ama dogru B1 2
aciklama yapar.
Bati cevabini yazar ama agiklamayi eksik yapar
Hem cevabi yani agiklamasinda cevabi olusturan tiim kavram B2 2
yazip hem de ve kavramlar arasindaki iliskilerin bir kismina yer
agiklamay1 yapar, | Verir.
B ama her ikisinde | Bati cevabini yazar ama agiklamay1 yanhs yapar
ya da ikisinden ama agiklamasinda soru ile ilgili dogru bilgi B3 1.25
birinde hata ifadelerine rastlanir.
yapar. Bati cevabini yazar ama agiklamayi ilgisiz
B4 1
kavramlari kullanarak yanlis yapar
Karsilastirmay1 yanlis yapar ama acgiklamasinda B5 0.25
soru ile ilgili dogru bilgi ifadelerine rastlanir. '
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda cevabi
olusturan tiim kavram ve kavramlar arasindaki C2 1
Cevap ve iliskilerin bir kismina yer verir.
c aciklamadan Aciklamay1 yanlig yapar ama agiklamasinda soru c3 0.25
herhangi birini ile ilgili dogru bilgi ifadelerine rastlanir. '
yapar Aciklamayi ilgisiz kavramlari kullanarak yanlis ca 0
yapar
Bati cevabini verir. C5 1
Yanlis cevap verir C6 0
Cevap ve Cevabi yanlis yapar ve agiklamayi ilgisiz
D1 0
aciklamanin her kavramlar1 kullanarak yanlis yapar
ikisini de Soruyu yanitsiz birakir.
D tamamen yanlig
yapar veya D2 0

soruyu yanitsiz
birakir.
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Question 19

Coding | Category Sub-Category Sub- Score
Coding
Bati cevabini yazar ve B aracinin batrya dogru
Sorunun cevabini . e i 1 o e
- gidiyormus gibi goriindiigiinii bagil hiz formiiliinii
dogru olarak Al 3
kullanarak agiklar.
A yazar ve
ac;llflar.nasml Batii cevabini yazar ve B aracinin batiya dogru
eksiksiz olarak S Tl e e
gidiyormus gibi goriindiigiini bagil hiz formiiliini | A2 3
yapar.
kullanmadan agiklar.
Bati cevabindan farkli bir cevap verir ama dogru B1 2
aciklama yapar.
Bati cevabini yazar ama agiklamayi eksik yapar
Hem cevabi yazip | yani agiklamasinda cevabi olusturan tiim kavram B2 2
hem de ve kavramlar arasindaki iligkilerin bir kismina yer
agiklamay1 yapar, | Verir.
B ama her ikisinde | Bati cevabini yazar ama agiklamayi yanlis yapar
ya da ikisinden ama agiklamasinda soru ile ilgili dogru bilgi B3 1.25
birinde hata ifadelerine rastlanir.
yapar. Bati cevabini yazar ama agiklamayi ilgisiz
B4 1
kavramlar1 kullanarak yanlig yapar
Karsilastirmay1 yanlis yapar ama agiklamasinda B5 0.25
soru ile ilgili dogru bilgi ifadelerine rastlanir. '
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda cevabi
olusturan tiim kavram ve kavramlar arasindaki C2 1
Cevap ve iligkilerin bir kismina yer verir.
c aciklamadan Aciklamay1 yanlis yapar ama agiklamasinda soru c3 0.25
herhangi birini ile ilgili dogru bilgi ifadelerine rastlanir. '
yapar Agiklamayi ilgisiz kavramlar kullanarak yanlig ca 0
yapar
Bati cevabin verir. C5 1
Yanlis cevap verir C6 0
Cevap ve Cevabi yanlis yapar ve agiklamayi ilgisiz
D1 0
aciklamanin her kavramlar1 kullanarak yanlis yapar
ikisini de Soruyu yanitsiz birakir.
D tamamen yanlig
yapar veya D2 0

soruyu yanitsiz
birakir.
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Question 21

Coding | Category Sub-Category Sub- Score
Coding
Sorunun cevabimi | Kuvvetlerin esit oldugunu soyler. Hiz
dogru olarak degisimi(ivme) ve net kuvvet arasindaki iliskiyi Al 3
A yazar ve formiil kullanarak agiklar.
aciklamasini Kuvvetlerin esit oldugunu sdyler. Hiz
eksiksiz olarak degisimi(ivme) ve net kuvvet arasindaki iliskiyi A2 3
yapar. formiil kullanmadan agiklar.
Esit cevabindan farkli bir cevap verir ama dogru B1 2
agiklama yapar
Kuvvetlerin esit oldugunu sdyler ama hiz
Hem cevabi degisimi(ivme) ve net kuvvet arasindaki iliskiyi B2 2
yazip hem de tam olarak aciklamaz.
B aciklamayi yapar, | Kuvvetlerin esit oldugunu sdyleyip, agiklamay1
ama ikisinden yanlis yapar ama agiklamasinda soru ile ilgili dogru | B3 1.25
birin de hata bilgi ifadelerine rastlanir.
yapar. Kuvvetlerin esit oldugunu sdyler ama agiklamay1 B4 1
ilgisiz kavramlar1 kullanarak yanlig yapar
Karsilastirmay1 yanlis yapar ama ac¢iklamasinda B5 025
soru ile ilgili dogru bilgi ifadelerine rastlanir. '
Soruya cevap olacak hiz degisimi(ivme) ve net c1 2
kuvvet arasindaki iligkiyi tam olarak agiklar.
Soruya cevap olacak hiz degisimi(ivme) ve net C2 1
Cevap ve kuvvet arasindaki iligkiyi tam olarak agiklamaz.
c aciklamadan Agciklamayi yanlis yapar ama agiklamasinda soru c3 025
herhangi birini ile ilgili dogru bilgi ifadelerine rastlanir. '
yapar Aciklamayi ilgisiz kavramlari kullanarak yanlis ca 0
yapar
Kuvvetlerin esit oldugunu soyler. C5 1
Yanlis cevap verir C6 0
Cevap ve Cevabi yanlis yapar ve agiklamay ilgisiz D1 0
aciklamanin her kavramlar1 kullanarak yanlis yapar
ikisini de Soruyu yanitsiz birakir.
D tamamen yanlis
yapar veya D2 0

soruyu yanitsiz
birakir.
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Question 22

Score Coding | Category
1+2=3 Blok iizerine etki eden 4 kuvveti belirler ve kuvvetleri, kuvveti bloga
A uygulayan cismi belirterek veya kitabi betimlemesini vererek tanimlar.

1+1.5=25 B 4 kuvvetin ismini yazar, 3 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

0.75+1.5=2.25 c 3 kuvvetin ismini yazar, 3 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

1+1=2 D 4 kuvvetin ismini yazar, 2 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

0.75+1=1.75 E 3 kuvvetin ismini yazar, 2 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

1+0.5=1.5 E 4 kuvvetin ismini yazar, 1 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

0.5+1=1.5 G 2 kuvvetin ismini yazar, 2kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

0.75+0.5=1.25 H 3 kuvvetin ismini yazar, 1 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

1 I 4 kuvvetin ismini yazar

0.5+0.5=1 3 2 kuvvetin ismini yazar, 1 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

0.75 K 3 kuvvetin ismini yazar

0.25+0.5=0.75 L 1 kuvvetin ismini yazar, 1 kuvveti bloga uygulayan cismi belirterek veya
kitabi betimlemesini vererek tanimlar.

0.5 M 2 kuvvetin ismini yazar

0.25 N 1 kuvvetin ismini yazar

0 O] Soruya verilen yanlig yanitlar

0 Q Sorunun cevabiyla ilgili olmayan yanlig yanitlar

0 R Yanitsiz.

Question 23

Score Coding | Category

3 Blok iizerine etki eden 4 kuvveti kuvvetin tiirii, kuvvetin uygulandig
cisim ve kuvveti uygulayan cismi dikkate alarak etiketler ve kuvvetleri

A blok iizerinde ¢izer. [Burada sadece kuvvet tiiriinii (yani sadece T, G, f vb

harflerini kullanma) gdsterecek sekilde yapilan etiketlendirmeler de dogru
kabul edilir.]

1+1.5=2.5 B 4 kuvveti etiketlendirir, 3 nii cisim lizerinde gosterir

0.75+1.5= c 3 kuvveti etiketlendirir, 3 nii cisim {izerinde gosterir

2.25

0.5+1=1.5 D 2 kuvveti etiketlendirir, 2 ni cisim iizerinde gosterir

0.5+0.5=1 E 2 kuvveti etiketlendirirl ni cisim iizerinde gosterir

0.25+0.5=0.75 | F 1 kuvveti etiketlendirir] ni cisim iizerinde gdsterir

1 G 4 kuvveti etiketlendirir

0.75 H 3 kuvveti etiketlendirir

0.5 I 2 kuvveti etiketlendirir.

0.25 J 1 kuvveti etiketlendirir.

0 K Soruya verilen yanlig yanitlar

0 L Sorunun cevabiyla ilgili olmayan yanlis yanitlar

0.75+1=1.75 M 3 kuvveti etiketlendirir, 2 ni cisim iizerinde gosterir

0 N Yanitsiz.
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Question 24

Score

Coding

Category

3

>

Blok iizerine etki eden 4 kuvveti kuvvetin tiirii, kuvvetin uygulandigi cisim ve
kuvveti uygulayan cismi dikkate alarak etiketler ve kuvvetleri blok tizerinde gizer.
[Burada sadece kuvvet tiirinii (yani sadece T, G, f vb harflerini kullanma)
gosterecek sekilde yapilan etiketlendirmelerde dogru kabul edilir. ]

141.5=2.5

4 kuvveti etiketlendirir, 3 nil cisim {izerinde gosterir.

0.75+1.5=2.25

3 kuvveti etiketlendirir, 3 nii cisim {izerinde gosterir.

0.5+1=1.5

2 kuvveti etiketlendirir, 2 ni cisim iizerinde gosterir.

0.5+0.5=1

2 kuvveti etiketlendirirl ni cisim iizerinde gosterir.

0.25+0.5=0.75

1 kuvveti etiketlendirir]l ni cisim {izerinde gosterir.

1

4 kuvveti etiketlendirir.

0.75

3 kuvveti etiketlendirir.

0.5

2 kuvveti etiketlendirir.

0.25

1 kuvveti etiketlendirir.

0

Soruya verilen yanlis yanitlar

0

Sorunun cevabiyla ilgili olmayan yanlis yanitlar

0.75+1=1.75

3 kuvveti etiketlendirir, 2 ni cisim iizerinde gdsterir.

0

z|z|r|x|<|—|z|o|m|m|o|o|m

Yanitsiz.

Question 25

Coding

Category

Sub-Category

Sub-
Coding

Score

Sorunun cevabini
dogru olarak yazar ve
agiklamasini eksiksiz
olarak yapar.

Nehir durgunken karsiya ge¢cme siiresinin, nehir
akarken karsiya ge¢me siiresinden daha kiiciik
oldugunu sdyler ve agiklamasini motorun her iki
durumdaki nehre goére hizini karsilastirarak yapar.

Al

Nehir durgunken karstya ge¢cme siiresinin, nehir
akarken karsiya gegme siiresinden daha kiigiik

oldugunu sdyler ve agiklamasini motorun her iki
durumdaki nehre gore aldigi yolu karsilastirarak

yapar.

A2

Hem cevabi yazip
hem de aciklamay1
yapar, ama ikisinden
birin de hata yapar.

Karsilagtirmay1 yanlis yapar ama dogru agiklama
yapar

B1

Karsilagtirmay1 dogru yapar ama agiklamay1 eksik
yapar yani agiklamasinda cevabi olusturan tiim
kavram ve kavramlar arasindaki iliskilerin bir
kismina yer verir.

B2

Karsilagtirmay1 dogru yapar, agiklamay1 yanlis yapar
ama agiklamasinda soru ile ilgili dogru bilgi
ifadelerine rastlanir.

B3

1.25

Karsilastirmay1 dogru yapar ama agiklamayi ilgisiz
kavramlari kullanarak yanlis yapar.

B4

Karsilastirmay1 yanlis yapar ama agtklamasinda soru
ile ilgili dogru bilgi ifadelerine rastlanir.

B5

0.25

Cevap ve
agtklamadan herhangi
birini yapar

Aciklamayi eksiksiz olarak dogru yapar.

C1

Aciklamay1 eksik yapar yani agiklamasinda cevabi
olusturan tiim kavram ve kavramlar arasindaki
iliskilerin bir kismina yer verir.

C2

Aciklamay1 yanlis yapar ama agiklamasinda soru ile
ilgili dogru bilgi ifadelerine rastlanir.

C3

Aciklamayi ilgisiz kavramlar1 kullanarak yanlig

yapar.

C4

Nehir durgunken karsiya ge¢me siiresinin, nehir
akarken karstya gegme siiresinden daha kiigiik
oldugunu sdyler.

C5

Yanlig cevap verir

C6

Cevap ve agtklamanin
her ikisini de
tamamen yanlis yapar
veya soruyu yanitsiz
birakir.

Cevabi yanlis yapar ve aciklamayi ilgisiz kavramlari
kullanarak yanlig yapar

D1

Soruyu yanitsiz birakir.

D2
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Question 26

Coding | Category Sub-Category Sub- Score
Coding

A Sorunun  cevabinit | Nehir durgunken karsiya gegme siiresinin, nehir | Al 3
dogru olarak yazar | akarken karsiya gegme siiresine esit oldugunu
ve aciklamasini | soyler ve acgiklamasini motorun her iki
eksiksiz olarak | durumdaki nehre goére hizim Kkarsilagtirarak
yapar. yapar.

Nehir durgunken karstya gegme siiresinin, nehir | A2 3
akarken karsiya gegme siiresine esit oldugunu

sOyler ve aciklamasini motorun her iki

durumdaki nehre gore aldigi yolu karsilagtirarak

yapar.

B Hem cevab1 yazip | Karsilastirmay:r yanlis yapar ama dogru | Bl 2
hem de aciklamayi | agiklama yapar
yapar, ama | Karsilagtirmayr dogru yapar ama aciklamay1 | B2 2
ikisinden birin de | eksik yapar yani agiklamasinda cevabi olusturan
hata yapar. tiim kavram ve kavramlar arasindaki iligkilerin

bir kismina yer verir.

Karsilastirmay1 dogru yapar, agiklamay: yanlis | B3 1.25
yapar ama agiklamasinda soru ile ilgili dogru

bilgi ifadelerine rastlanir.

Karsilagtirmay1 dogru yapar ama agiklamay1 | B4 1
ilgisiz kavramlar1 kullanarak yanlig yapar.

Karsilastirmay1 yanlis yapar ama agiklamasinda | BS 0.25
soru ile ilgili dogru bilgi ifadelerine rastlanir.

Cc Cevap ve | Agiklamay1 eksiksiz olarak dogru yapar. C1 2
aciklamadan Agciklamay1 eksik yapar yani agiklamasinda | C2 1
herhangi birini | cevab1 olusturan tiim kavram ve kavramlar
yapar arasindaki iligkilerin bir kismina yer verir.

Agiklamay1 yanlis yapar ama agiklamasinda | C3 0.25
soru ile ilgili dogru bilgi ifadelerine rastlanir

Agciklamayi ilgisiz kavramlar kullanarak yanlis | C4 0
yapar.

Nehir durgunken karsiya gegme siiresinin, nehir | C5 1
akarken karsiya gegme siiresine esit oldugunu

sOyler.

Yanlig cevap verir. C6 0

D Cevap ve | Cevabt yanlis yapar ve aciklamay: ilgisiz | D1 0
aciklamanin her | kavramlari kullanarak yanlig yapar.
ikisini de tamamen | Soruyu yanitsiz birakir. D2 0

yanlis yapar veya
soruyu yanitsiz
birakir.
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Question 27

Coding | Category Sub-Category Sub- Score
Coding

A Sorunun cevabini Agir olan parasiitciiniin daha geg limit hiza Al 3
dogru olarak yazar | ulastigini sdyler agiklamay1 formiil kullanarak
ve agiklamasini yapar
eksiksiz olarak Agir olan parasiit¢liniin daha geg limit hiza A2 3
yapar. ulastigini sdyler agiklamayi formiil

kullanmadan yapar.

B Hem cevabi yazip | Cevabi yanlig yazip dogru agiklama yapar Bl 2
hem de aciklamay1 | Agir olan parasiitgiiniin daha geg limit hiza B2 2
yapar, ama ulastigini sdyler ama agiklamay1 eksik yapar
ikisinden birin de yani a¢iklamasinda cevab1 olusturan tiim
hata yapar. kavram ve kavramlar arasindaki iligkilerin bir

kismina yer verir.

Agir olan parasiit¢liniin daha geg limit hiza B3 1.25
ulastigini sdyler, agiklamay1 yanlis yapar ama

aciklamasinda soru ile ilgili dogru bilgi

ifadelerine rastlanir.

Agir olan parasiitciiniin daha geg limit hiza B4 1
ulastigini sdyler agiklamayi ilgisiz kavramlari

kullanarak yanlig yapar

Kargilastirmay1 yanlis yapar ama B5 0.25
aciklamasinda soru ile ilgili dogru bilgi

ifadelerine rastlanir.

Cc Cevap ve Aciklamayi eksiksiz olarak dogru yapar. C1 2
aciklamadan Aciklamayi eksik yapar yani agiklamasinda C2 1
herhangi birini cevabi olusturan tiim kavram ve kavramlar
yapar arasindaki iligkilerin bir kismina yer verir.

Aciklamay1 yanlis yapar ama agiklamasinda C3 0.25
soru ile ilgili dogru bilgi ifadelerine rastlanir

Aciklamayi ilgisiz kavramlar1 kullanarak yanhs | C4 0
yapar.

Agir olan parasiit¢iiniin daha geg limit hiza C5 1
ulastigini sdyler.

Yanlis cevap verir. C6 0

D Cevap ve Cevabi yanlig yapar ve aciklamayi ilgisiz D1 0
aciklamanin her kavramlar1 kullanarak yanlis yapar.
ikisini de tamamen | Soruyu yanitsiz birakir. D2 0

yanlis yapar veya
soruyu yanitsiz
birakir.
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APPENDIX H3

SCORING RUBRICS FOR THE OPEN-ENDED QUESTION IN THE FMAT-I11

Question 21
Coding | Category Sub-Category Sub- Score
Coding
B kiiresinin daha once diistiiglinii soyler. A ve
Sorunun cevabim B kiirelerinin ivmelerini, kiirelerin tizerlerine Al 3
A dogru olarak yazar ve | etki eden net kuvvetleri kullanarak hesaplar.
aciklamasini eksiksiz | B kiiresinin daha dnce distiigiini soyler.
olarak yapar. Sistemin ivmesinden yola ¢ikarak A kiiresinin A2 3
ivmesine ulagir.
Karsilastirmay1 yanlis yapar ama dogru B1 2
aciklama yapar.
B kiiresinin daha 6nce diistiigiinii sdyler ama
. B2 2
aciklamasini eksik yapar.
Hem cevabi yazip B kiiresi daha 6nce diistiigiini soyler.
B hem de agiklamay1 Aciklamay1 yanlis yapar ama agiklamasinda B3 1.25
yapar, ama ikisinden | soru ile ilgili dogru bilgi ifadelerine rastlanir.
birin de hata yapar. B kiiresinin daha 6nce diistiigiinii syler ama
aciklamayi ilgisiz kavramlar1 kullanarak yanlis | B4 1
yapar
Karsilastirmay1 yanlis yapar ama agiklamasinda B5 025
soru ile ilgili dogru bilgi ifadelerine rastlanir. '
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda
cevabi olusturan tiim kavram ve kavramlar C2 1
arsindaki iligkilerin bir kismina yer verir.
Cevap ve Aciklamay1 yanlis yapar ama agiklamasinda
c agiklamadan gramayl yan's yapar ama agl C3 0.25
S soru ile ilgili dogru bilgi ifadelerine rastlanir
herhangi birini yapar —
Aciklamay ilgisiz kavramlari kullanarak yanlig ca 0
yapar.
B kiiresi daha dnce diistiigilinii soyler. C5 1
Yanlis cevap verir. C6 0
Cevap ve Cevabi yanlig yapar ve agiklamayi ilgisiz D1 0
aciklamanin her kavramlari kullanarak yanlis yapar
D ikisini de tamamen Soruyu yanitsiz birakir.
yanlig yapar veya D2 0

soruyu yanitsiz
birakir.
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Question 22

soruyu yanitsiz
birakir.

Coding | Category Sub-Category Sub- Score
Coding
Sistem hareketliyken T gerilmesinin daha
kii¢iik oldugunu sdyler. Sistem durgunken ve Al 3
Sorunun cevabini hareketliyken T gerilme kuvvetlerinin
dogru olarak yazar biiyiikliiklerini formiil kullanarak hesaplar.
A ve agiklamasini Sistem hareketliyken T gerilmesinin daha
eksiksiz olarak kiigiik oldugunu sdyler. Sistem durgunken ve
yapar. hareketliyken T gerilme kuvvetlerinin A2 3
biiyiikliiklerini formiil kullanmadan
karsilagtirir.
Karsilastirmayi yanlis yapar ama dogru B1 5
aciklama yapar
Birakildiktan sonra sitemin bir ivme sahip
oldugunu ve ivme artisinin T gerilmesini
azalttigin1 sdyler ama bu azalmanin nasil B2 2
oldugunu agiklamaz. (i¢ kuvvetlerin sistemin
ivmesinden etkilendigini fark eder, ama nasil
Hem cevabi yazip TR
etkiledigini agiklamaz)
hem de agiklamay1 - - - —
Sistem hareketliyken T gerilmesinin daha
B yapar, ama kiigiik oldugunu soyler, agiklamay1 yanlis
ikisinden birin de IS8 naylyamwss B3 1.25
yapar ama agiklamasinda soru ile ilgili dogru
hata yapar
' bilgi ifadelerine rastlanir.
Sistem hareketliyken T gerilmesinin daha
kii¢iik oldugunu soyler, agiklamay: ilgisiz B4 1
kavramlar1 kullanarak yanlis yapar.
Karsilagtirmay1 yanlis yapar ama
aciklamasinda soru ile ilgili dogru bilgi B5 0.25
ifadelerine rastlanir.
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda
cevabi olusturan tiim kavram ve kavramlar C2 1
arasindaki iligkilerin bir kismina yer verir.
Cevap ve
Aciklamay1 yanlis yapar ama agiklamasinda
aciklamadan P R . C3 0.25
C A, soru ile ilgili dogru bilgi ifadelerine rastlanir.
herhangi birini —
Aciklamay ilgisiz kavramlart kullanarak
yapar. C4 0
yanlis yapar.
Sistem hareketliyken T gerilmesinin daha cs5 1
kii¢iik oldugunu sdyler.
Yanlis cevap verir C6 0
Cevap ve Cevabi yanlig yapar ve agiklamayi ilgisiz D1 0
aciklamanin her kavramlar1 kullanarak yanlis yapar
ikisini de tamamen | Soruyu yanitsiz birakir.
D
yanlig yapar veya D2 0
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Question 23

Coding | Category Sub-Category Sub- Score
Coding
B kiiresinin ivmesi daha biiyiik oldugundan
Sorunun cevabini d'%ha er.ke?n fluseceg.m.l s'(')yler..Auve B . .| Al 3
dodru olarak kiirelerinin ivmelerini kiirelerin tizerlerine etki
Ogru olarak yazar | eqen net kuvvetleri kullanarak hesaplar.
A ve agiklamasini I . . ~
L B kiiresinin ivmesi daha biiyiik oldugundan
eksiksiz olarak NI ) 3
apar daha erken diisecegini soyler. Sistemin A2 3
yapar. ivmesinden yola ¢ikarak A kiiresinin ivmesini
hesaplar.
Karsilastirmayi yanlis yapar ama dogru
B1 2
aciklama yapar.
B kiiresinin daha erken diisecegini soyler. A
kiiresinin daha sonra diisecegini blogun veya
o . g o B2 2
ipin varligina baglar ama dinamik yasalarini
Hem cevabi yazip kullanmaz.
hem de agiklamay1 | B kiiresinin daha erken diisecegini sdyler,
B yapar, ama aciklamayi yanlis yapar ama agiklamasinda B3 1.25
ikisinden birin de soru ile ilgili dogru bilgi ifadelerine rastlanir.
hata yapar. B kiiresinin daha erken diisecegini sdyler ama
aciklamayu ilgisiz kavramlari kullanarak yanlis | B4 1
yapar.
Karsilagtirmay1 yanlis yapar ama
aciklamasinda cevabi olusturan kavramlara yer | B5 0.25
Verir.
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda
cevabi olusturan tiim kavram ve kavramlar C2 1
Cevap ve arasindaki iligkilerin bir kismina yer verir.
c aciklamadan Aciklamay1 yanlig yapar ama agiklamasinda c3 025
herhangi birini soru ile ilgili dogru bilgi ifadelerine rastlanir. '
yapar Aciklamayi ilgisiz kavramlart kullanarak yanlis ca 0
yapar.
B kiiresinin daha erken diisecegini sdyler. C5 1
Yanlig cevap verir. C6 0
Cevap ve Cevabi yanlig yapar ve agiklamay ilgisiz
D1 0
aciklamanin her kavramlari kullanarak yanlig yapar
D ikisini de tamamen | Soruyu yamtsiz birakir.
yanlig yapar veya D2 0

soruyu yanitsiz
birakir.
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Question 24

Score Coding Category
3 A Bloklara etki eden 3 net kuvveti, yon ve birbirine gore biiyiikliiklerini dikkate
alarak cizer.
2.5 B Bloklara etki eden 3 net kuvvetin yonii dogru ¢izer,ama 1nin bilyiikligiinii yanls
gizer.
2.5 c Bloklara etki eden 3 net kuvvetin biiyiikliiklerini dogru ¢izer, ama 1 nin yoniini
yanlis cizer.
2 D Bloklara etki eden 3 net kuvvetin biiyiikliiklerini dogru ¢izer, ama 2 sinin yoniinii
yanlis ¢izer.
1.5 Bloklara etki eden 3 net kuvvetin bityiikliigiinii dogru ¢izer, 3 niin yoniinii yanlis
E gizer.
2 E Bloklara etki eden 2 net kuvvetin bilyiikliigiinii dogru ¢izer, 1nin yoniini yanlis
gizer.
1.5 G Bloklara etki eden 2 net kuvvetin bilyiikliigiinii dogru ¢izer, 2 sinin yoniinii yanlis
gizer.
1.5 H Bloklara etki eden 3 net kuvvetin yonii dogru ¢izer,ama 3 niin biiyiikliiglinii yanlis
gizer.
1 | Bloklara etki eden 2 net kuvvetin yonii dogru ¢izer, ama 3 niin biyiikliiglinii yanlis
gizer
1 J Bloklara etki eden 2 net kuvvetin biiyiikliigiinii dogru ¢izer, 3nun yoniinii yanlig
cizer.
0.5 K Bloklara etki eden 1 net kuvvetin yoniinii dogru 3 niin biiyiikliigiinii yanlis ¢izer.
0 L Soruya verilen yanlis yanitlar
0 M Sorunun cevabiyla ilgili olmayan yanitlar
0 N Yanitsiz
Question 25
Coding | Category Sub-Category Sub- Score
Coding
Sorunun cevabini A blogunun ivmesinin azalacagini syler. Nedenini
- h Al 3
dogru olarak yazar ve | formiil kullanarak agiklar.
A o — - — ~ P —
agtklamasini eksiksiz | A blogunun ivmesinin azalacagini sdyler. Nedenini A2 3
olarak yapar. formiil kullanmadan agiklar.
Cevabi yanlis yazip dogru agiklama yapar Bl 2
Sistemin toplam kiitle artiginin A blogunun ivmesini
azaltacagini dogru tahmin eder ve degisimin kiitle,
kuvvet ve ivme arasindaki iliskiyi gosteren B2 2
. formiilden oldugunu belirtir ama neden oldugunu
Hem cevabi yazip
aciklamaz.
hem de aciklamay1 ~ - — < =
B apar. ama ikisinden A blogunun ivmesinin azalacagini sdyler,
yapar, aciklamayi yanlis yapar ama agiklamasinda soru ile B3 1.25
birin de hata yapar. A .
ilgili dogru bilgi ifadelerine rastlanir
A blogunun ivmesinin azalacagini sdyler agiklamay1
o B4 1
ilgisiz kavramlar1 kullanarak yanlis yapar
Cevabi yanlis yazar ama agtklamasinda soru ile ilgili
A . B5 0.25
dogru bilgi ifadelerine rastlanir.
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamay1 eksik yapar yani agiklamasinda cevabi
olusturan tiim kavram ve kavramlar arasindaki C2 1
iliskilerin bir kismina yer verir.
Cevap ve Agciklamay1 yanlis yapar ama agiklamasinda soru ile
C aciklamadan herhangi Jeili dodru bilei ifadeleri | C3 0.25
birini yapar ilgili dogru bilgi ifadelerine rastlanir.
Aciklamayi ilgisiz kavramlar1 kullanarak yanlig ca 0
yapar.
A blogunun ivmesinin azalacagini sdyler. C5 1
Yanlig cevap verir. C6 0
Cevap ve agiklamanin | Cevabi yanlis yapar ve agiklamayi ilgisiz kavramlari
N D1 0
her ikisini de kullanarak yanlis yapar.
D tamamen yanlis yapar | Soruyu yanitsiz birakir.
veya soruyu yanitsiz D2 0
birakir.
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Question 26

yanlis yapar veya
soruyu yanitsiz
birakir.

Coding | Category Sub-Category Sub- Score
Coding
Sorunun cevabini Sitemin kiitlesi artiktan sonra A bloguna etki Al 3
dogru olarak yazar | eden net kuvvetin azaldigin1 dogru olarak
ve agiklamasini tahmin eder a¢iklamay1 formiil kullanarak
A eksiksiz olarak yapar.
yapar. Sitemin kiitlesi artiktan sonra A bloguna etki A2 3
eden net kuvvetin azaldigint dogru olarak
tahmin eder agiklamay1 formiil kullanmadan
yapar.
Hem cevabi yazip Cevabi yanlis yazip dogru agiklama yapar Bl 2
hem de aciklamayr | A bloguna etki eden net kuvvetin azalacagini B2 2
yapar, ama soyler ama agiklamay1 eksik yapar yani
ikisinden birin de aciklamasinda cevabi olusturan tiim kavram ve
hata yapar. kavramlar arsindaki iliksilerin bir kismina yer
Verir.
A bloguna etki eden net kuvvetin azalacagini B3 1.25
B sOyler, agiklamay1 yanlis yapar ama
aciklamasinda soru ile ilgili dogru bilgi
ifadelerine rastlanir.
A bloguna etki eden net kuvvetin azalacagini B4 1
sOyler ilgisiz kavramlari kullanarak yanlig
yapar
Cevabi yanlig yazar ama agiklamasinda soru ile | B5 0.25
ilgili dogru bilgi ifadelerine rastlanir
Cevap ve Aciklamayi eksiksiz olarak dogru yapar. C1 2
aciklamadan Aciklamayi eksik yapar yani agiklamasinda C2 1
herhangi birini cevabi olusturan tiim kavram ve kavramlar
yapar arsindaki iligkilerin bir kismina yer verir.
Aciklamay1 yanlis yapar ama agiklamasinda C3 0.25
Cc soru ile ilgili dogru bilgi ifadelerine rastlanir.
Aciklamayi ilgisiz kavramlar1 kullanarak C4 0
yanlig yapar
A bloguna etki eden net kuvvetin azalacagini C5 1
sOyler.
Yanlis cevap verir C6 0
Cevap ve Cevabi yanlig yapar ve aciklamayi ilgisiz D1 0
aciklamanin her kavramlar1 kullanarak yanlig yapar
D ikisini de tamamen | Soruyu yanitsiz birakir. D2 0
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Question 27

Coding | Category Sub-Category Sub- Score
Coding
A Sorunun cevabint Buzdolabimin Fatma ya esit kuvvet
dogru olarak yazar | uygulayacagini soyler ve nedenini agiklar.
ve aciklamasini Al 3
eksiksiz olarak
yapar.
B Esit disinda farkli bir cevap verir ama dogru B1 2
aciklama yapar
Buzdolabinin Fatma ya esit kuvvet
uygulayacagim soyler ama agiklamay1 eksik
yapar yani agiklamasinda cevabi olusturan tiim | B2 2
kavram ve kavramlar arsindaki iliksilerin bir
Hem cevabi yazip kismina yer verir.
hem de agiklamay1r | Buzdolabinin Fatma ya esit kuvvet
yapar, ama uygulayacagini sdyler, aciklamay1 yanlis yapar B3 195
ikisinden birin de ama agiklamasinda soru ile ilgili dogru bilgi '
hata yapar. ifadelerine rastlanir
Buzdolabinin Fatma ya esit kuvvet
uygulayacagini sdyler agiklamayi ilgisiz B4 1
kavramlari kullanarak yanlig yapar
Esit disinda farkli bir cevap verir ama
aciklamasinda soru ile ilgili dogru bilgi B5 0.25
ifadelerine rastlanir
Cc Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda
cevabi olusturan tiim kavram ve kavramlar C2 1
arsindaki iliskilerin bir kismina yer verir.
Cevap ve Acikl I Klamasind
ciklamay1 yanlis yapar ama agiklamasinda
aiklamadan le ilgili dogru bilgi ifadelerine rastlanir. | 025
herhangi birini SOTU e TSt CogTu blgl aceierine -
Aciklamayi ilgisiz kavramlar1 kullanarak
yapar C4 0
yanlig yapar
Buzdolabimin Fatma ya esit kuvvet c5 1
uygulayacagini soyler.
Yanlig cevap verir C6 0
D Cevap ve Cevabi yanlig yapar ve aciklamayi ilgisiz
D1 0
aciklamanin her kavramlar1 kullanarak yanlig yapar
ikisini de tamamen | Soruyu yamtsiz birakir.
yanlis yapar veya D2 0

soruyu yanitsiz
birakir.
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Question 28

Coding | Category Sub-Category Sub- Score
Coding
Sorunun cevabini Buzdolabimin Fatma ya esit kuvvet
dogru olarak yazar | uygulayacagini soyler ve nedenini agiklar.
A ve agiklamasini Al 3
eksiksiz olarak
yapar.
Esit disinda farkli bir cevap verir ama dogru B1 2
aciklama yapar.
Buzdolabinin Fatma ya esit kuvvet
uygulayacagini sdyler ama agiklamay1 eksik
yapar yani agiklamasinda cevabi olusturan tiim | B2 2
kavram ve kavramlar arasindaki iligkilerin bir
Hem cevabi yazip kismina yer verir.
hem de agiklamay1 | Buzdolabinin Fatma ya esit kuvvet
B yapar, ama uygulayacagini sdyler, aciklamay1 yanlis yapar B3 195
ikisinden birin de ama agiklamasinda soru ile ilgili dogru bilgi '
hata yapar. ifadelerine rastlanir.
Buzdolabimin Fatma ya esit kuvvet
uygulayacagini sdyler agiklamayu ilgisiz B4 1
kavramlar1 kullanarak yanlis yapar.
Esit disinda farkli bir cevap verir ama
aciklamasinda soru ile ilgili dogru bilgi B5 0.25
ifadelerine rastlanir.
Aciklamayi eksiksiz olarak dogru yapar. C1 2
Aciklamayi eksik yapar yani agiklamasinda
cevabi olusturan tiim kavram ve kavramlar C2 1
arasindaki iligkilerin bir kismina yer verir.
Cevap ve Acikl I Klamasind
ciklamay1 yanlis yapar ama agiklamasinda
Cc ac;lklame.lda.n- . soru ile ilgili dogru bilgi ifadelerine rastlanir. €3 0.25
herhangi birini —
Aciklamayi ilgisiz kavramlar1 kullanarak
yapar C4 0
yanlig yapar
Buzdolabimin Fatma ya esit kuvvet c5 1
uygulayacagini soyler.
Yanlis cevap verir. C6 0
Cevap ve Cevabi yanlig yapar ve acgiklamayi ilgisiz
D1 0
aciklamanin her kavramlar1 kullanarak yanlis yapar.
D ikisini de tamamen | Soruyu yanitsiz birakir.
yanlig yapar veya D2 0

soruyu yanitsiz
birakir.
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Question 29

Score | Coding | Category
3 A Konum-zaman grafiginden yaralanarak hiz-zaman ve ivme-zaman grafiklerinin
ikisini de dogru olarak ¢izer.
2 B Hiz grafigini dogru ¢izer, ivme grafigini bir kismint dogru ¢izer.
C Ivme grafigini dogru cizer, hiz grafigini bir kismuni dogru cizer.
15 D Hiz grafigini dogru ¢izer, ivme grafigini yanlis ¢izer.
E Ivme grafigini dogru cizer, hiz grafigini yanlis cizer.
1 F Hiz ve ivime grafiklerinin bir kismin1 dogru ¢izer.
0.5 G Hiz grafigini bir kismini dogru ¢izer.
0.5 H Ivme grafigini bir kismimni dogru gizer.
0 J Soruya verilen yanlis yanitlar.
0 K Sorunun cevabiyla ilgili olmayan yanitlar.
0 L Yanitsiz.
Question 30
Score Coding Category
3 Hiz-zaman grafigini kullanarak konum-zaman grafigini dogru olarak
A gizer.
15 B Konum-zaman grafiginin “t” anindan 6nce veya sonra olan kisimlarindan
birini dogru ¢izer.
0 C Soruya verilen yanlis yanitlar
0 D Sorunun cevabiyla ilgili olmayan yanitlar
0 E Yanitsiz.
Question 31
Score Coding Category
3 A Ali’ nin diislincesindeki yanlis1 tespit eder ve etki ve tepki kuvvet
giftlerinin farkli cisimler ilizerinde olmasi gerektigini fark eder.
2 B Ali nin diigtincesindeki yanlis1 tespit eder ama agiklamasim eksik yapar.
0.25 c Agciklamasini yanlis yapar ama agiklamasinda soru ile ilgili dogru bilgi
ifadelerine rastlanir.
0 D Soruya verilen yanlis yanitlar
0 E Sorunun cevabuyla ilgili olmayan yanitlar
0 F Yanitsiz.
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APPENDIX H4

STUDENTS’ ANSWERS EXEMPLIFYING OBSERVED SUB-CATEGORIES

FMAT-I
Question 17
Sub- Examples
Coding '
@a*“i}q Y ve it C’yé'vu‘ 62‘;(9,' nly NazShe

Al [ Vg = Wer

Nagaz Ve~ Na D U5 -:1 b)Yk Bodryg PUNr & DA

o
A2 A arabasinin hiz1 B arabasindan fazla oldugu i¢in B yi batrya dogru gidiyor goriir.
B1 A arabasinin hiz1 B arabasindan fazla oldugu i¢in B yi doguy dogru gidiyor goriir.
B2 Batiya hareket ediyor olarak goriir. Vgienen = Vgsziemei d€N.
B3 Batiya hareket ediyor olarak gorur. Ciinkii ona dogru yaklastyor.
B4 Batiya hareket ediyor goriir. Cilinkii B arabasinin konumu A arabasindan ileridedir.
C5 Bati
C6 Dogu
D1 Doguya dogru hareket ediyor. Ciinkii B arac1 dndedir.
D2 -
Question 18
Sub- Examples
Coding
n Arooe N i ANV ‘»;'. e 8\ LD |
\' v j ?" 0 .7&.)‘,! " Ls (a5 X \ |
L R VA , o Litan 2anardblr verclopict
& 5 Dif len uf ‘5 ./*/J‘b')r;,,(“f v Y + OVl 0
Al ip ) \mn‘ '1 ,f. \te :’_x,/) n~C E :rvLo:xf“ f "_*""W”'-“Y'v
i [ N 0 o/ ! C
—'@") o —" Yol \n?’?(zd' 'n-f_{'j)’ i';y"'r
5 5 A= . : S -

A2 Bati olarak goriiniir ¢linkii A arabasi ile B arabasi ayni yone hareket eder fakat A arabasi

daha hizhdir.
Bl A arabasindaki gozlemci B yi doguya gidiyor olarak goriir ¢iinkii A nin hiz1 B den fazladir.
B2 Batiya dogru gidiyormus gibi goriiniir ¢iinkii A daha ¢ok yerdegistirmis.
B3 Batiya dogru A y1 duruyor farzetsek B batiya dogru A dan uzaklasiyor.
B4 Batiya hareket ettigini diigiinebilir ¢ilinkii ilk baktiginda dniindeydi simdi ise yaninda.
C5 Bati
C6 Duruyor
D1 Duruyormus gibi goriir. Clinkii ayn1 yone giden ve yanyana giden araglar birbirlerini

duruyor gibi goriirler.
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Question 19

Sub- Examples
Coding
o/
V2V Ve Ll dgo becet pr P
i
Al
v p= -5
£
A2 Batiya hareket ediyor olarak goriir. Bunun nedeni A nin daha hizli olmasidir.
A arabasindaki gozlemci B arabasini batiya dogru hareket ediyor olarak goriir. Cilinkii A
B2 arabasinin yerdegistirmesi B arabasindan biiyiiktiir.B arabasinin yaptigi yerdegistirme
kiigiiktiir.
B3 Batiya gidiyormus gibi goriir. Ciinkii arabalarin yerdegistirmelert farklidir.
B4 Batiya gidiyor olarak goriir ¢iinkii B daha hizlidir.
C5 Bati
C6 Doguya
D1 Duruyor olarak goriir. Gegerken de B sabit hizli oldugu i¢in onu duruyor olarak goriir.
D2 -
Question 21
Sub- Examples
Coding
a o @ {;-;\" S__——‘) Sahx jsx 5}( L\JV\’Q* ) \)lJ(
n .
‘\':a‘k J V\ ‘\ L\\% Spkﬁ\ 32 l'\’m'e 41 (
Al \";\- £ 0. ol ! "Q, 1 I’L
OJﬂ‘cg; s tume L)‘ 30 Ff“t? 0 olmalas(
’ (1.4(:'/ \ \ q N
Nw aN \ 2 LERN .)UO.) 4
Esit kuvvet uygular. Ciinkii sabit hizla ¢ekildiginde ivme 0 ve buna bagli olarak net kuvvet
A2 ) L .
0’ dir. O zaman bu kuvvetlerin esit olmasi gerekir.
Ornek cevapl:
Esit, sabit hizli hareket ettiginden.
B2 Ornek cevap2:
Esit kuvvet uygular F=ma dan.
B3 Esit bir kuvvet uygular ¢iinkii ip herhangi bir nakara yada palanga sistemine sarilmis ve
cocuk 250 N sa onu ¢ekmek i¢in de o kadar kuvvet gereklidir.
B4 Esit bir kuvvet uygular. Ciinkii yukariya dogru ¢ekildigi i¢in esit olur.
C5 Esit
C6 Biiyiik
D1 250 den biiyiik olmasi gerekir. Kiigiik olursa ¢ekemezler esit olursa dengede kalir.
D2 -
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Question

22

Coding

Examples

Blok {izerine etki eden 4 kuvveti belirler ve kuvvetleri, kuvveti bloga uygulayan cismi
belirterek tanimlar.

Yercekimi Kuvveti: Bloga diinya tarafindan uygulanan kuvvet;

2) Normal Kuvvet: Bloga yiizey tarafindan uygulanan kuvvet;

3) Siirtiinme Kuvveti: Bloga yiizey tarafindan uygulanan kuvvet;

4) Gerilme Kuvveti: Bloga ip tarafindan uygulanan kuvvet.

veya

sozliik (fiziksel) betimlemesini vererek tanimlar.

Yergekimi Kuvveti diinyanin cisimlerin kiitlesinden dolay1 uyguladigi ¢ekim kuvvetine
yer¢ekimi denir

Normal Kuvvet Bir cisme yiizey tarafindan uygulanan kuvvete denir.

Siirtiinme Kuvveti Temas halinde olan iki cisim arasinda olusan ve cismin hareketine karsi
koyan kuvvettir

Gerilme Kuvveti Bir cisim iple ¢ekildiginde ip cisme kuvvet uygular.ipteki bu kuvvete
denir.

The other coding examples invloves one or more mssings in the parts of example given in
the coding A

Question

23

Coding

Examples

1) Yer¢ekimi Kuvveti: Ggp
2) Normal Kuvvet: Ngy

3) Siirtiinme kuvveti: fay
4) Gerilme Kuvveti: Tp;

A

NB\/

fB\/ m TBI
- M >

GBD

v

The other coding examples invloves one or more mssings in the parts of example given in
the coding A

Question

24

Coding

Examples

1) Yergekimi Kuvveti: Gep
2) Normal Kuvvet: Ngy
3) Stirtiinme kuvveti: fay

4) Fen
NBY

fBY 1 Foa
pd

| e |

WBD

The other coding examples invloves one or more mssings in the parts of example given in
the coding A
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Question 25

Sub- Examples

Coding
Karsiya gecme siiresi kayigin nehre gore hizinin diisey bilesenine baglidir. Motor B

Al noktasina ¢ikmak i¢in, nehir V,hiziyla akarken dogrultu degistirmesi gerekir. Motorun hlZ%
her iki durumda da ayni oldugunu gore dogrultu degistirmek kayigin diisey bilesenini
azaltacagindan kars1 kiyaya geceme siiresi uzayacaktir. Yani t; < t, dir
Motorun motorun nehre gore aldig1 yol nehir akarken daha uzun olur. Motorun nehre gore

A2 hiz1 her iki durumda ayni olduguna gére nehir akarken daha uzun yolu daha uzun surede
alir. Yanit;<t, dir

B2 tp stiresi t; siiresinden uzundur. Ciinkii nehir durgunken alinan yolu hiza béldiigiimiizde
¢ikan sonug nehir akarken alinan yolu hiz béldiigiimiizde ¢ikan sonugtan daha kiigiiktiir.

B3 t < .tz‘ Ciinkii t, aninda akint1 hizina kars1 bir direng uygulamasi gerekir ve diisiiy bileseni
degisir.
t; <t, Ciinkd, nehrin uyguladigi kuvvet nehir hizlandik¢a artar ve buna karsi koymak

B4 zorlasir. Aracin hizi sabit kalacagindan dolay1 bu kuvvete karsi alinan yoldaki zamanda
artar.
t; = t; Nehrin akintili olmas1 kars1 kiyiya gecmeyi etkilemez. Sadece siiriikler.Farkli

B5 noktadan ¢ikar ama daha uzun siirede degil. Karsiya ¢ikma siiresi dik bilesenle alakalidir.
Her iki durumda da bu degismediginden kars1 kiyiya gecme siiresi degismez.

C5 t <t

C6 L=t

D1 Motorun suya gore hizi ayni olduguna gore t; > t, dir. Cilinkii V, yonii giineye kaydirir.
Mesafe diklestik¢e uzaklik azalacaktir. Uzaklik azalinca t de azalacaktir.

D2

Question 26

Sub- Examples

Coding

Al t; = t, dir. Ciink{i burada motorun yatay bileseni hep kars1 kiyiya dogru ve dik bu yiizden
bu kuvvette bir degisme olmaz ancak kars1 kiyida farkli bir yerden karaya ulasir.
Motorun nehre gore aldigi yol nehir durgunken ve nehir akarken aynidir. Motorun nehre

A2 gore hizi her iki durumda ayni olduguna gdre, motorun karsiya geceme suresi nehir
durgunken ve akarken ayni olur. t; = t,

B2 t; = t, dir. Ciinki her iki harekette de alinan yollar esittir.

B3 t; = t, dir. Ciinkii akint1 etki etmez.

B4 t; = t, dir. Ciinkii akint1 hiz1 da etkili olmustur.

C5 tl = tg

C6 t; <t,

D1 t; <t, Clinkii akint1 hiz1 moturun hizini yavaslatir.

D2

202




Question 27

Sub- Examples
Coding
D50 = po Ll g [ ! Jox Cll' iy
7o o rofif oo e luneti tle Ly
| 5 | Lo iviniea
13 e oo direrz, buvwefi ile dagelermmictie
A2 G )  oss pev ‘cacken b ortocoliie B
| Nbin ) Lo yed J fﬁ ) e
() n i r limid— h3a &
Foet-lo o \ o=\ J¢ @
7 ( r
B2 Daha gec ulasir. Ciinkii hafif olanin limit hiza ulagmasi m nin az olmasindan daha kolay ve
hizlidir. Fakat m biiyiidiikce limit hiza ulagma siiresi de artar.
B3 Daha ge¢ ulasir.. Hafif olan paragiitci dah biiyiik kuvvet uyguladigt icin limit hiza
ulagmasi gegikir.
B5 Daha erken ulagir ¢iinkii ona uygulanan yercekimi fazladir.
C5 Daha gec ulagir.
C6 Daha erken ulasir
D1 Ayn1 anda ulagir ¢iinkii ikisine de uygulanan yregekimi ayni.
D2
THE FMAT II
Question 21
Sub- Examples
Coding
A kiiresine etki eden kuvvetler; T gerilme kuvveti ile yer¢cekimi (mg) dir.
A lizerine etki eden net kuvvet;
Fa= T-mg=-m¥*a,
an=g¢-T/m.
Al B iizerine etki eden kuvvet sadece diinyanin uyguladigi yergekimi kuvvetidir.
Fg = mg = mag
ag =g
aa<ag yani B kiiresinin ivmesi daha fazladir. B kiiresi daha dnce diiser.
A nin IV‘Z;J, Bn:r 1yme s B ko
A2 Jdg 2 ((} - s Gy > M5 Y o hs oni € warpas v
Mgl 4 —Ii_T—
B2 B kiiresi daha 6nce yere ¢arpar. Ciinkii B kiiresine sadec e yergekimi etki ederken A
kiiresine yerc¢ekimine ters yonde ipin uyguladigi kuvvet vardir.
B3 B kiiresi daha once diiser. Ciinkii blok yol alirken masanin bloka karsi uyguladigt
stirtiinme kuvveti A kiiresinin yere diigiis siiresini uzatir.
B4 B kiiresi once diiser. Masa siirtiinmeli olmasaydi ayni anda diiserlerdi.
B5 Sonra ¢arpar. Masa siirtenmeli oldugu i¢in
C5 B kiiresi daha 6nce yere carpar.
Cé6 Sonra
D1 2’ side ayn1 anda diiser. Ciinkii nmeli olan “m” degil “g” dir. (Hava siirtlinmesi yok)
D2
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Question 22

Sub- Examples
Coding
Birakildiktan 6nce
Ts=mg=G=10
Birakildiktan sonra
Al T=G-ma
T<G
10 N dan kiigiik olur.
A2 Once, T = 10 Sonra asagiya dogru hizlanan hareket yaptigina gore 10 N dan kiigiiktiir.
Azalir. Blogu tutarken yergekiminin etkisi altinda. Tutmayr birakinca yercekimi ve
B2 - .
stirtiinme etki edecek. Bundan dolay: azalir.
B3 Kiiciiktiir, ¢iinkii sistem serbest kalir.
B4 Kiigiiktiir. Oncede n el ile blok sabitlenmis sekilde tutluyormus, ama sonra eleini ¢ekince
diiser gerilme kuvveti.
B5 10 n a esittir. Ciinkii serbest birakilmadan 6nce gerilme 10 ise A nin agirligi 10 N dur.
C5 10 N kiigiiktiir.
C6 10 na esittir
D1 Esittir gerile kuvvetinin formiili hep aynidir.
D2
Question 23
Sub- Examples
Coding
A kiiresine etki eden kuvvetler; T gerilme kuvveti ile yercekimi (mg) dir.
A tuzerine etki eden net kuvvet;
Fa= T-mg=-m*a,
aan=g-T/m.
Al B iizerine etki eden kuvvet sadece diinyanin uyguladigi yergekimi kuvvetidir.
Fg = mg = mag
ag =g
aa<ap yani B kiiresinin ivmesi daha fazladir. B kiiresi daha 6nce diiser.
Alaa mes ! heg | f (] - /
) Lk (Esinis ” Taha buyot AL 4
A2 %z —ﬁi 3 my | ’ . )
Myl tma —
M
B2 Yine Once carpar ¢iinkii blogun kiitlesi vardir. a s’ de blogun kiitlesini de hesaba katariz.
B3 B kiiresi 6nce diiser ¢iinkii ¢ektigi bir blok var.
B5 Ayn1 anda carpar ¢iinkii A kiiresine ve B kiiresine yercekiminden bagka bir kuvvet etki
etmez.
C5 B kiiresi daha 6nce yere carpar.
C6 Ayni anda
D1 Ayni anda yere carparlar ¢iinkil siirtiinme yok.
D2
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Question 24

Sub- Examples
Coding
| 4 { f +—t t
! § ,“.‘E, —— | S ‘7
B N
L Ll el gttt C
...}.‘;‘x.(_‘_m,,l, [y ——— L
A T ‘ 1 t =t
e e A
Foeb A Yn. T Frevo= A, FrnetC= o A
g b biy
2 L
The other coding examples invloves one or more mssings in the parts of example given in
the coding A
Question 25
Sub- Examples
Coding
A \:\o%vnu~ 'hjme.s: ( ‘b,,\\r}f l.,(),o\;(, LllrJJ e}}».‘s) Ted A ) <Jcfen~7n
T v—es) X.’f
Al )
’“r 2 nca Qg - FAC” Sone a} ; (jt\l/l —, /\ L]cg\l"‘v\(\ t\/"“{j,’
= bm Vi »
B bl(;gunun ivmesi 2 katina ¢ikarsa sistemin toplam kiitlesi artacagindan ivme azalir. A
A2 blogunun ivmesi sistemin ivmesi ile ayni oldugundan A blogunun ivmesi de azalir.
B2 Azalir ¢linkii ivme ile kiitle orantilidir.
B3 Azalir ¢linkii uygulanan kuvvet degismiyor.
B4 Azalir ¢linkii el ayni kuvveti uygulyor B nin kiitlesi artiyor.
C5 Azalir
C6 Ayni kalir.
D1 Degismez ¢iinkii oranlar ayni kalir.
D2
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Question 26

Sub- Examples
Coding
/1‘.”# ,(,.T‘— R~ i Ne 4 (Y‘/\ 9
%
Al 2 N
- =11 - JM f : 9 F _—:\Jvf.,u hu‘;;;_
/Y Frot = 10 ‘ 5)3
( —J / = XTARKS
el ace\d A sl atadcak & Nek , v ‘(\M-us)(;, ::MLL
A2 A <\s oy & O N 'cfoB‘@w.o\ e\ | edden wed Y,uuue-\»
PUEANY) »
B2 Ivme azldigindan etki de azalmistir.
B3 Azalir. Clnkii kutle artarsa etki eden siirtinme kuvveti artar. Béyle olunca net kuvvet
azalir.
B4 Azalir. Kuvvet artinca ivme azalir.lvme azalirsa birbirine etkisi de azalir.
C5 Azalir.
C6 Ayni kalir.
£ @ —5 ,;7 .32
D1 = 00D . S
_Q' A N -~ -} - <
D2
Question 27
Sub- Examples
Coding
Esittir. Fatma’nin buz dolabina uyguladigi kuvvet ile buzdolabinin Fatma ya uyguladigt
Al - A Lo
kuvvet etki-tepki ¢iftleri oldugu i¢in esittir.
B2 Esittir. Ciinkii Fatma buzdolabina ne kadar kuvvet uygularsa buzdolabi da Fatmaya o
kadar kuvvet uygular.
B3 Esittir. Yerinden kimildamadg: igin etki kuvveti = - Tepki kuvveti
B4 Buzdolabimin Fatma’ya uyguladigi kuvvet esittir. Siirtiinme kuvveti de etkili olmustur.
C5 Esittir.
C6 Biiyiiktiir.
D1 Buz dolabinin kiitlesi daha biiyiik oldugundan buzdolabi Fatma’ya daha biiyiik bir kuvvet
uygular.
Question 28
Sub- Examples
Coding
Al Esittir. Etki-tepki ¢iftleri her durumda esittir.
Esittir. Her ne kadar sabit hizli hareket de etse Fatma’nin uyguladigi kuvvet
B2 . -
buzdolabininkine esittir.
B3 Esittir. Buzdolabinin siirtiinme kuvvetini yenmesinden dolay1 buzdolab1 hareket etmistir.
B4 Buzdolabimin Fatma’ya uyguladig1 kuvvet esittir. Stirtiinme kuvveti de etkili olmustur.
C5 Esittir.
C6 Kiigiiktiir
D1 Kiigiiktiir. Clinkii kii¢iik olmasaydi buzdolab1 hareket etmezdi.
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Question 29

Sub-
Coding

Examples

_emim gl V)

7/ N\ S |
F 4 ——— G | |
|
| | IS
v Y M
N "
2 )

—

—
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Question 30
Sub- Examples
Coding
Konum
A
{ "Zaman
Konum
B
Zaman
Konum
C
\?, "Zaman
Question 31
Sub- Examples
Coding
Newton’un 3. Yasasinda cisimlerin uyguladig1 tepki kuvveti 2 farkli cisim {izerinde de
A oldugu i¢in birbirlerini gotlirmeyecek ve cisim hareket edecektir. Ali’nin diisiincesindeki
yanligin sebebi tepki kuvvetlerinin ayni cisim {lizerinde diistinmesidir.
B Ciinkii etki tepki farkli cisimler tizerindedir.
Ali cisme siirtiinme kuvvetinin etki ettigini unutuyor. Bu yilizden kiitiigii harekete gegiren
kuvvet F den biiyiik oldugu i¢in cisim hareket eder.
Ali kiitiigii itmiyor ki, ¢ekiyor. Bu yiizden tepki kuvveti yoktur. Eylemsizlik eglimi vardir
yalnizca. O da azdir.
E Hicbir fikrim yok.
F
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APPENDIX H5

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE
GROUPS FOR THE PREFMAT-I

THE PREFMAT-I

Question 17

Group Sub-Category Frequency Percentage

Control Group 3 5.9
A2 7 13.7
B3 2 3.9
B4 2 3.9
C5 2 3.9
C6é 12 23.5
D1 22 43.1
D2 1 2.0
Total 51 100.0

EM-7ELC 1 1.9
A2 8 15.4
B4 3 5.8
C5 2 3.8
C6é 14 26.9
D1 24 46.2
Total 52 100.0

Question 18

Group Sub-Category Frequency Percentage

Control Group 3 5.9
A2 4 7.8
C5 2 3.9
C6é 12 23.5
D1 29 56.9
D2 1 2.0
Total 51 100.0

EM-7ELC 1 1.9
A2 4 7.7
B3 1 1.9
B4 1 1.9
C5 2 3.8
C6é 13 25.0
D1 30 57.7
Total 52 100.0
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Question 19

Group Sub-Category Frequency Percentage

Control Group 3 5.9
Al 1 2.0
A2 12 23.5
B3 13 25.5
B4 5 9.8
C5 14 27.5
C6 1 2.0
D1 1 2.0
D2 1 2.0
Total 51 100.0

EM-7ELC 1 1.9
A2 9 17.3
B2 2 3.8
B3 8 15.4
B4 12 23.1
C5 16 30.8
C6 2 3.8
D1 2 3.8
Total 52 100.0

Question 21

Group Categories Frequency Percent

Control Group 3 5.9
A2 2 3.9
B2 4 7.8
B3 3 5.9
C5 1 2.0
C6 7 13.7
D1 30 58.8
D2 1 2.0
Total 51 100.0

EM-7ELC 1 19
A2 1 19
B2 3 5.8
B3 3 5.8
B4 2 3.8
C5 4 7.7
C6 10 19.2
D1 28 53.8
Total 52 100.0
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Question 22

Group Sub-Category Frequency Percentage
Control Group 3 5.9
E 2 3.9
G 7 13.7
H 4 7.8
J 8 15.7
L 15 29.4
M 3 5.9
N 7 13.7
0 2 3.9
Total 51 100.0
EM-7ELC 1 1.9
E 1 1.9
G 5 9.6
H 2 3.8
J 6 115
K 1 1.9
L 17 32.7
M 5 9.6
N 13 25.0
0 1 1.9
Total 52 100.0
Question 23
Group Sub-Category Frequency Percentage
Control Group 3 59
C 2 3.9
D 23 45.1
E 3 59
F 10 19.6
J 1 2.0
K 4 7.8
N 5 9.8
Total 51 100.0
EM-7ELC 1 1.9
D 23 44.2
E 1 1.9
F 11 21.2
| 1 1.9
J 5 9.6
K 4 7.7
N 6 115
Total 52 100.0
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Question 24

Group Sub-Category Frequency Percentage
Control Group 3 5.9
A 1 2.0
C 9 17.6
D 18 35.3
E 1 2.0
F 8 15.7
[ 1 2.0
J 2 3.9
K 2 3.9
N 6 11.8
Total 51 100.0
EM-7ELC 1 1.9
C 13 25.0
D 15 28.8
E 1 1.9
F 7 135
H 1 1.9
[ 1 1.9
J 1 1.9
K 5 9.6
N 7 135
Total 52 100.0
Question 25
Group Sub-Category Frequency Percentage
Control Group 3 5.9
B3 6 11.8
B4 26 51.0
C5 5 9.8
C6 3 5.9
D1 7 13.7
D2 1 2.0
Total 51 100.0
EM-7ELC 1 1.9
B2 1 1.9
B3 8 154
B4 25 48.1
C5 4 7.7
C6 3 5.8
D1 8 15.4
D2 2 3.8
Total 52 100.0

212




Question 26

Group Sub-Category Frequency Percentage
Control Group 3 5.9
Al 1 2.0
B2 2 3.9
C5 1 2.0
C6é 5 9.8
D1 37 72.5
D2 2 3.9
Total 51 100.0
EM-7ELC 1 1.9
Al 5 9.6
B2 5 9.6
C5 4 7.7
C6é 6 115
D1 25 48.1
D2 6 115
Total 52 100.0
Question 27
Group Sub-Category Frequency Percentage
Control Group 3 59
A2 3 59
B2 6 11.8
B3 1 2.0
C6é 5 9.8
D1 28 54.9
D2 5 9.8
Total 51 100.0
EM-7ELC 1 1.9
B2 2 3.8
C5 1 1.9
C6 8 15.4
D1 35 67.3
D2 5 9.6
Total 52 100.0
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APPENDIX H6

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE
GROUPS FOR THE POFMAT-I

THE POFMAT-I

Question 17

Group Sub-Category Frequency Percentage

Control Group Al 1 2.0
A2 13 25.5
B2 2 3.9
B4 1 2.0
C5 6 11.8
C6 12 23.5
D1 16 314
Total 51 100.0

EM-7ELC Al 15 28.8
A2 23 44.2
B1 2 3.8
B3 1 1.9
B4 1 1.9
C5 2 3.8
C6 2 3.8
D1 6 115
Total 52 100.0

Question 18

Group Sub-Category Frequency Percentage

Control Group A2 8 15.7
B2 1 2.0
B3 1 2.0
C5 4 7.8
C6 14 27.5
D1 23 45.1
Total 51 100.0

EM-7ELC Al 11 21.2
A2 26 50.0
B1 1 1.9
B2 3 5.8
B3 1 1.9
C5 2 3.8
C6 2 3.8
D1 6 115
Total 52 100.0
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Question 19

Group Sub-Category Frequency Percentage

Control Group Al 4 7.8
A2 18 35.3
B2 4 7.8
B4 5 9.8
C5 16 31.4
C6 2 3.9
D1 2 3.9
Total 51 100.0

EM-7ELC Al 11 21.2
A2 27 51.9
B2 4 7.7
B3 2 3.8
B4 1 1.9
C5 6 115
D1 1 1.9
Total 52 100.0

Question 21

Group Sub-Category Frequency Percentage

Control Group Al 1 2.0
A2 1 2.0
B2 9 17.6
B3 1 2.0
C5 8 15.7
C6 5 9.8
D1 25 49.0
D2 1 2.0
Total 51 100.0

EM-7ELC Al 19 36.5
A2 11 21.2
B2 14 26.9
B4 1 1.9
C5 5 9.6
D1 2 3.8
Total 52 100.0

215




Question 22

Group

Category

Frequency

Percentage

Control Group

2.0

15.7

2.0

13.7

5.9

19.6

13.7

17.6

3.9

5.9

otal

100.0

EM-7ELC

W~

25.0

5.8

N

23.1

1.9

154

1.9

7.7

3.8

5.8

1.9

3.8

z|r|x|<|z|o|m|mo|o|wm|>|d|o|o|z|Z2|r|x|<|T|o|m

1.9

1.9

—| 70

otal

QPP INPFPIWIN AP RPIPWEROIWINO|INEPRP(W|NFP (|~

100.0

Question 23

Group

Category

Frequency

Percentage

Control Group

3

5.9

23

45.1

3

5.9

11.8

2.0

2.0

5.9

7.8

2.0

z|Z|x|<|—|z|[m|m|o|o

DR WIFRP (PO

11.8

Total

100.0

EM-7ELC

423

44.2

5.8

5.8

1.9

100.0
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Question 24

Group Sub-Category Frequency Percentage
Control Group A 2 3.9
C 18 35.3
D 12 23.5
F 5 9.8
H 1 2.0
[ 1 2.0
J 1 2.0
K 5 9.8
M 4 7.8
N 2 3.9
Total 51 100.0
EM-7ELC A 35 67.3
B 1 1.9
C 10 19.2
D 4 7.7
F 1 1.9
N 1 1.9
Total 52 100.0
Question 25
Group Sub-Category Frequency Percentage
Control Group A2 1 2.0
B2 2 3.9
B3 1 2.0
B4 16 31.4
B5 6 11.8
C5 8 15.7
C6 2 3.9
D1 14 27.5
D2 1 2.0
Total 51 100.0
EM-7ELC Al 10 19.2
B2 9 17.3
B3 3 5.8
B4 6 115
B5 18 34.6
D1 6 115
Total 52 100.0
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Question 26

Group Sub-Category Frequency Percentage

Control Group Al 5 9.8
B2 4 7.8
B3 5 9.8
B4 1 2.0
C5 6 11.8
C6 8 15.7
D1 21 41.2
D2 1 2.0
Total 51 100.0

EM-7ELC Al 34 65.4
A2 1 1.9
B2 7 13.5
B3 1 1.9
C6 2 3.8
D1 7 13.5
Total 52 100.0

Question 27

Group Sub-Category Frequency Percentage

Control Group B2 3 5.9
B3 4 7.8
C5 1 2.0
C6 13 25.5
D1 29 56.9
D2 1 2.0
Total 51 100.0

EM-7ELC A2 20 38.5
B2 14 26.9
B3 3 5.8
B5 6 115
D1 9 17.3
Total 52 100.0
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APPENDIX H7

THE FREQUENCIES AND THE PERCENTAGES OF SUBCATEGORIES FOR THE

GROUPS FOR THE POFMAT-II

POFMAT-II
Question 21
Group Sub-Category Frequency Percentage
Control Group Al 2 3.9
A2 1 2.0
B2 12 23.5
B3 28 54.9
B4 2 3.9
B5 1 2.0
C5 1 2.0
C6é 3 5.9
D1 1 2.0
Total 51 100.0
EM-7ELC Al 6 115
A2 5 9.6
B2 16 30.8
B3 19 6.5
D1 5 9.6
D2 1 1.9
Total 52 100.0
Question 22
Group Sub-Category Frequency Percentage
Control Group B3 3 5.9
B4 17 33.3
C5 7 13.7
C6é 4 7.8
D1 18 35.3
D2 2 3.9
Total 51 100.0
EM-7ELC Al 5 9.6
A2 1 1.9
B2 5 9.6
B3 5 9.6
B4 6 115
B5 1 1.9
C6é 5 9.6
D1 23 44.2
D2 1 1.9
Total 52 100.0

219




Question 23

Group Sub-Category Frequency Percentage
Control Group B2 3 5.9
B3 10 19.6
B5 1 2.0
C5 5 9.8
C6 11 21.6
D1 20 39.2
D2 1 2.0
Total 51 100.0
EM-7ELC Al 1 1.9
A2 3 5.8
B2 4 7.7
B3 3 5.8
B5 5 9.6
C6 1 1.9
D1 33 63.5
D2 2 3.8
Total 52 100.0
Question 24
Group Category Frequency Percentage
Control Group A 1 2.0
D 1 2.0
G 1 2.0
H 15 29.4
I 1 2.0
K 10 19.6
L 16 31.4
N 6 11.8
Total 51 100.0
EM-7ELC A 20 38.5
B 1 1.9
E 1 1.9
F 2 3.8
H 19 36.5
I 2 3.8
K 4 7.7
L 3 5.8
Total 52 100.0
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Question 25

Group Sub-Category Frequency Percentage
Control Group Al 1 2.0
B2 20 39.2
B3 5 9.8
B4 9 17.6
C5 1 2.0
C6é 4 7.8
D1 8 15.7
D2 3 5.9
Total 51 100.0
EM-7ELC Al 15 28.8
A2 11 21.2
B2 13 25.0
B4 1 1.9
C5 1 1.9
D1 10 19.2
D2 1 1.9
Total 52 100.0
Question 26
Group Sub-Category Frequency Percentage
Control Group A2 2 3.9
B2 3 59
B3 4 7.8
B4 5 9.8
C5 5 9.8
C6é 10 19.6
D1 20 39.2
D2 2 3.9
Total 51 100.0
EM-7ELC Al 4 7.7
A2 9 17.3
B2 2 3.8
B3 2 3.8
B4 3 5.8
C6é 2 3.8
D1 30 57.7
Total 52 100.0

221




Question 27

Group Sub-Category Frequency Percentage
Control Group Al 16 31.4
B2 4 7.8
B3 1 2.0
B4 13 25.5
C5 2 3.9
C6 4 7.8
D1 11 21.6
Total 51 100.0
EM-7ELC Al 33 63.5
B2 4 7.7
B4 4 7.7
C5 3 5.8
D1 8 15.4
Total 52 100.0
Question 28
Group Sub-Category Frequency Percentage
Control Group Al 7 13.7
B4 3 5.9
C5 3 5.9
C6 8 15.7
D1 30 58.8
Total 51 100.0
EM-7ELC Al 29 55.8
B2 1 1.9
B3 1 1.9
B4 13 25.0
C5 4 7.7
D1 4 7.7
Total 52 100.0
Question 29
Group Category Frequency Percentage
Control Group A 2 3.9
B 6 11.8
D 1 2.0
E 1 2.0
F 4 7.8
G 9 17.6
H 12 23.5
J 16 31.4
Total 51 100.0
EM-7ELC A 29 55.8
B 6 115
C 4 7.7
D 2 3.8
E 1 19
F 1 19
H 5 9.6
J 3 5.8
L 1 19
Total 52 100.0
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Question 30

Group Category Frequency Percentage

Control Group A 23 45.1
B 6 11.8
C 21 41.2
E 1 2.0
Total 51 100.0

EM-7ELC A 37 71.2
B 6 115
C 8 15.4
E 1 1.9
Total 52 100.0

Question 31

Group Category Frequency Percentage

Control Group B 1 2.0
C 2 3.9
D 35 68.6
E 5 9.8
F 8 15.7
Total 51 100.0

EM-7ELC A 15 28.8
B 10 19.2
C 12 23.1
D 13 25.0
F 2 3.8
Total 52 100.0
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APPENDIX I

CLASSROOM OBSERVATION CHECKLIST

No | Maddeler
=~ | 8| &
[«5)
S| E |z
1 Ogrencilerin konu hakkindaki 6n bilgilerinin farkina varmalari icin iist-bilissel
yonlendirmeler yapiliyor mu?
2 Ogrencilerin konu hakkindaki giindelik yasamdan elde ettikleri sezgisel
bilgilerinin farkina varmalari i¢in iist-biligsel yonlendirmeler yapiliyor mu?
3 Ogrencilerin konuya ilgi duymalar1 saglantyor mu?
4 Ogrenciler grup arkadaslariyla konu hakkindaki diisiincelerini iist-bilissel
ve/veya epistemolojik yonlendirmelerle tartigtyorlar mi?
5 Ogrencilerin bir olay veya bir durum hakkinda tahmin yapmalari saglantyor
mu?
6 Ogrenciler tahminlerini test edecekleri deneyler yapiyorlar mi?
7 Ogretmen deneylerden énce konuyu anlatryor mu?
8 Ogrenciler gozlemlerini ve deney sonuglarimi uygun formatta kayit ediyorlar
m1?
9 Ogrenciler elde ettikleri sonuglarla tahminlerini karsilastirtyorlar mi?
10 | Ogrenciler tahminleri ile deney sonuglar farkli gikmasi halinde bu farkliligin
nedenini bulmaya ¢aligiyorlar m1?
11 | Ogrencilerin kesif basamaginda elde ettikleri sonuglar1 diger arkadaslari ile
tartigmast st biligsel ve/veya epistemolojik yonlendirmelerle yapiliyor mu?
12 | Ogretmen dgrencilerin gdzlem ve sonuglarina dayanarak arastirilan konu
hakkinda bilgi veriyor mu?
13 | Ogrencilerin konu hakkinda 6grendiklerini benzer durumlara uygulamasi
saglaniyor mu?
14 | Ogrenciler konu hakkinda problemler ¢oziiyorlar mi?
15 | Ogrencilerin konu hakkinda 6grendiklerini daha farkli durumlara uygulamalar
saglaniyor mu?
16 | Ogrencilerin sezgisel bilgilerini fizik bilgileri ile uyumlu hale getirmek icin
aktiviteler yapiliyor mu?
17 | Ogrencilerin hatalarini analiz etmelerini saglayacak aktiviteler yapiltyor mu?
18 | Ogrencilerin dgrendiklerini degerlendirecekleri iist-biligsel ve/veya
epistemolojik yonlendirmeler yapiliyor mu?
19 | Ogrencilerin sezgisel bilgilerinin farkinda olmalar1 ve onlar1 aritmalari i¢in
odevler veriliyor mu?
20 | Oprencilerin kendi 6grenmeleri iizerinde diisiinmeleri icin 6devler veriliyor
mu?
22 | Opretmen ¢ogunlukla yonlendirici roliinde midir?
23 | Opretmen ¢ogunlukla bilgi aktaran roliinde midir?
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APPENDIX J

ACTIVITY SHEETS

Adi ve Soyada:
Simif:

ETKINLIK 1
I.  Neleri Biliyoruz Gosterelim

A. (Bireysel ¢alisiniz). Asagidaki sorular1 grup olarak tartisiniz. Grup tartigmalarinda herkesin
fikirlerini  belirtmesini  bekliyoruz. Diisiincelerinizi belirtirken neden o sekilde
diistindiigiiniizi belirtiniz.

Kuvvet nedir?

Hangi cisimler kuvvet uygulayabilir?

Kuvvet tiirleri nelerdir?

Kuvvetin cisimleri {izerinde etkileri nelerdir?

Kuvvetin 6zellikleri nelerdir? (vektdrel mi yoksa skaler bir biiyiikliik miidiir?)

Bileske kuvvet nasil bulunur?

ouprwdRE

B. (Grup olarak ¢alisiniz). Bu sorulara verdiginiz yanitlara ve kuvvet hakkinda sahip oldugunuz
diger bilgilere dayanarak KUVVET hakkinda bir kavram haritasi ¢iziniz. (Kavram
haritalarimizi size verilen bos kdgida ¢iziniz.)

I1. Newton Gibi Diisiinelim
Unlii fizik¢i Isaac Newton’un elma hikayesini bilmeyen yoktur:
“Bir giin Isaac elma agacinin altinda kitap okurken agagtan bir elma diiser ve..”

Cogu insan i¢in siradan gibi goriinen bu olay Newton i¢in higte siradan bir olay degildi.
Elmanin diismesine neden olan etken acaba gezegenleri Giines etrafindaki
yoriingelerinde tutan etkenle ayni sey miydi? Bu soruya verdigi yanitla
doneminde biiyiik {ine kavusan Newton’ nu diger insanlardan ayiran en
onemli  Ozelligi  gozlemledigi  fiziksel olaylarin  nedenlerini
sorgulamasiydi. Neden elma diisiiyor? Gezegenler uzayda nasil hareket
edebiliyorlar?

Newton gibi ¢evremizde gordiigiimiiz ve artik bizi sasirtmayan
fiziksel olaylarin nedenlerini ve nasil meydana geldiklerini sorgulamak
fizigi daha iyi anlamamiza ve 6grenmemize yardim edecektir.

Bugiin yaptigimiz aktivitelerle goézlemledigimiz olaylarin
nedenlerini sorgulamaya bir baslangi¢ yapacagiz.

III. Arastiralim

Gerekli Malzemeler:
e Pinpon Topu
e Kiigiik Araba
Asagida A ve B kisimlarinda sizden istenenleri gerceklestirin ve sorulart kendi grubunuzda

tartisarak yanitlayiniz.

A. Pinpon topunu belli bir yiikseklikten serbest birakin ve yaptig1 hareketi gézlemleyiniz.

1. Pinpon topunun yere diisiinceye kadar yaptig1 hareketi tanimlayiniz.
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2. Pinpon topunun bu hareketine neden olan etken ne olabilir?
B. Arabaya masa lizerinde anlik bir itme uygulayin ve hareketini gézlemleyiniz.
1. Araba nasil bir hareket yapt1 tanimlayimiz.
2. Bu harekete neden olan etken ne olabilir?
IV.Diisiincelerimizi Paylasalim
o Swnf Tartismasi
A. (Grup olarak ¢alisiniz) Bildiginiz kuvvet tiirleri nelerdir? Bunlari kisaca géstermek istersek
genelde hangi harflerle gosteririz?
V.Ogrendiklerimizi Pekistirelim

Sekildeki gibi masa lizerinde duran bir kitabi dikkate alarak asagidaki sorulari cevaplayalim.

w >

Fizik Kitabi

1. Bireysel olarak masa iizerinde duran kitaba etki eden kuvvetleri tanimlayiniz?
(Ipucu: Diisen pinpon topuna etki eden yercekimi kuvvetini nasil tammmladigimizt hatirlayin.)

2. Grup olarak tartigtiktan sonra kitaba etki eden kuvvetleri tanimlayiniz.

o Swinmif tartismasi

3. Grup olarak belirlediginiz bu kuvvetleri asagida kitap {izerinde gosteriniz.

Fizik Kitabi

o Swnif tartismasi

Biraz once tahtaya ¢izdigimiz diyagrama kuvvet diyagrami denir. Kuvvet diyagrami Sadece
ilgilenilen cisim {izerine etki eden kuvvetleri gosterir.

Cogu kez kuvvetlerin (1) hangi tiir oldugu, (2) kuvvetin uygulandigi cisim ve (3) kuvveti
uygulayan cismi belirtmek icin etkilendirilmesi yani kuvvetlerin harflerle gosterilmesi uygun bir
kuvvet diyagrami ¢izmek i¢in oldukga yararlidir.

Ornegin Diinyanin kitaba uyguladig1 kuvvet Gyp seklinde etiketlendirilir.

e Siz de bireysel olarak diger kuvveti etiketlendiriniz.

e  Grup olarak tartistiktan sonra kuvveti etiketlendiriniz.

o Sumf Tartismasi
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e  Simif tartigmasindan sonra etiketlendirdiginiz kuvvetleri kitap iizerinde ¢iziniz.

Fizik Kitabi

VI. Ogrendiklerimizi Genisletelim (Esnek Masa)

Bir onceki derste masa iizerinde duran bir kitaba uygulanan kuvvetleri asagidaki sekilde

gosterdik.

A Nim

[

KD

Ama masanin kitaba kuvvet uygulamasi, ¢cogu dgrenciye sezgisel olarak anlamli gelmemektedir.

o Swuf Tartismasi

Asagida iki 6grencinin masanin kuvvet uygulamasi hakkindaki konusmalarini okuyalim.

Sevgi: Biz kuvveti bir cismin baska bir cisim iizerine uyguladigi itme veya ¢ekme olarak

tamimladik. Ama masa benim kitabi itmem gibi kitabi itmiyor. Bu yiizden masanin
kuvvet uygulamast bana mantikly gelmiyor. Bana gore masa sadece kitabin diismesini
engelliyor.

Ufuk: Sana katilyorum. Ayrica, farz edelim ki kitabin agurligr 5 N olsun bu durumda normal

A

kuvvet 5 N oluyor. Eger kitabin agirligi 10 N ise normal kuvvet 10 N oluyor. Yani
normal kuvvet kitabin agirligina gére kendini ayarlyyor. Masa her defasinda ne kadar
kuvvet uygulamasi gerektigini nerden biliyor? Bence masa bu kadar zeki olamaz.

Sevgi ve Ufuk’un 6ne siirdiigii diisiinceleri dikkate alarak asagidaki aktiviteleri yapalim ve
masanin kuvvet uygulayabilecegi fikrinin sezgisel olarak mantikli, anlamli olup olmadigini
arastiralim.

1.

(Grup olarak ¢alisiniz). Yatay bir zemin tlizerinde sikigtirilmis bir yayin 6niine bir blok
koyup, yay1 serbest biraktiktan sonra blogun hareketini gozleyiniz. Sezgisel olarak yaymn
blogu ittigini, yani bloga bir kuvvet uyguladigim soyleyebilir miyiz? Kisaca
distincelerinizi ve neden o sekilde diisiindiigliniizli agiklayiniz.

(Grup olarak ¢alsimiz). Bir oOnceki etkinlikteki gibi yatay bir zemin iizerinde
stkistirillmig bir yayin 6niine blogu koyun fakat simdi yayir serbest birakmak yerine
ontinde blogu durdurmaya c¢alisin. Sezgisel olarak yaymn blogu ittigini yani bloga bir
kuvvet uyguladigimi sdyleyebilir miyiz? Kisaca diislincelerinizi ve neden o sekilde
diistindiigiiniizii agiklayimiz.

(Grup olarak ¢alisiniz). Yayr bir zemin iizerinde diisey olarak tutun, sikistirin ve
izerine blogu koyduktan sonra yayi serbest birakin. Sezgisel olarak yaym blogu
yukariya dogru ittigini yani bloga bir kuvvet uyguladigini sdyleyebilir miyiz? Kisaca
diisiincelerinizi ve neden o sekilde diisiindiigliniizii aciklayimiz.

(Grup olarak ¢alisiniz). Bir 6nceki etkinlikteki gibi yay1 bir zemin iizerinde diigsey olarak
tutun ama simdi yay: sikistirmadan iizerine blogu koyun. Sezgisel olarak yayin blogu
yukariya dogru ittigini, yani bloga bir kuvvet uyguladigini sdyleyebilir miyiz? Kisaca
diistincelerinizi ve neden o sekilde diisiindiigiiniizii agiklayimz. (Bu etkinlikle 2. Etkinlik
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arasinda benzerlik kurmak olayr anlamamizi kolaylastiracaktir. 2. Etkinlikte yayin eski
haline donmesini engelleyen bizim elimizken, bu etkinlikte yayin eski haline donmesini
engelleyen blogun agirligidir.)

5. (Grup olarak ¢aliginiz). Simdi yay lizerine daha agir bir blok koyup yaydaki degisimi
gozlemleyelim. Agir blok yay ilizerindeyken, yay hafif bloga uyguladigi kuvvetten daha
biiyiik yukartya dogru bir kuvvet uygulayacagini nasil bilir? Kisaca diisiincelerinizi ve
neden o sekilde disiindiigiiniizii agiklayimiz.

. Dokuzuncu smifta biitiin katilarin azda olsa esneyebildigini 6grendiniz. Kati maddeler de
yay gibi esneyebildigine gore, masanin kitabi ittigine sezgisel olarak mantikli bir agciklama
getirebilir misiniz? Baska bir degisle dersin basinda Sevgi’nin 6ne siirdiigii “masanin kuvvet
uygulamasinin mantikli olmadigi” gériisiine kars bir agiklama yapabilir misiniz?

. Daha agir bir kitab1 masanin {izerine koydugumuzda masa yukariya dogru ne kadar kuvvet

uygulayacagini nerden bilir? Baska bir degisle Ufuk ‘un diislincesine karst mantikli bir
aciklama nasil getirebilirsiniz?

. Bugiinkii dersimizin ana fikri sizce nedir?

Swnif Tartismasi
VI.Ogrendiklerimizi Degerlendirelim

Simdi dersin baginda grup olarak ¢izmis oldugunuz kavram haritalar1 size geri verilecek.
Kavram haritast gizerken tartigtiginiz sorulari tekrar kendi aranizda tartisiniz ve tartigma
sonunda sorulara verdiginiz yanitlara ve kuvvet hakkinda o6grendiginiz diger bilgilere
dayanarak kavram haritamizda gerekli degisiklikleri ve eklemeleri size verilen renkli kalemle
yapiniz.

Yaptiginiz degisiklikleri/eklemeleri ve ni¢in bu degisiklikleri/eklemeleri yaptiginizi kisaca
kavram haritasinin arkasina yaziniz.
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Adi ve Soyadi:
Sinif:
ETKINLIK 2

Bu etkinligimizde bagil hiz1 6grenmenin yaninda hatalarimizi tespit etmeye ve gelecekte aym
hatalar1 yapmay1 6nlemeye yardimci bir metot 6grenecegiz.

I.  Neleri Biliyoruz Gosterelim

A. (Bireysel ¢alisiniz). Asagidaki sorular hakkinda diisiincelerinizi ve neden o sekilde
diistindiigiiniizii yaziniz.

1. Hareketli bir cismin hiz1 bagka bir cisme gore sifir olabilir mi? Nasi1? Giinliik hayattan 6rnek
vererek agiklaymiz?

2. Hatalarimiz hakkinda diisiinmek 6nemli midir? Cevabinizi agiklayiniz.

B. (Grup olarak ¢alisiniz). Yukaridaki sorulari tartisimz. Her bir soru hakkindaki diisiincelerinizi
birbirinize belirtirken neden o sekilde diisiindiigiiniizii gruptaki arkadaglarimiza agiklayiniz.
GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK VERDIGINIZ CEVAPLARI
DEGISTIRMEYINIZ.

I1. Arabalarin Olgiilen Hizlarim Karsilastirahm

A. (Bireysel ¢alisiniz). Asagidaki tic durumda, A arabasi, her defasinda ayni biiyiikliikte ani bir itme
verilerek harekete gegiriliyor. Buna gore her durum igin A arabasmin hareket detektorii araciligiyla
Olciilen hizlarinin biiyiikliklerini karsilagtiriniz. Neden o sekilde karsilastirdiginizi agiklaymiz.
(Hareket detektirlii B arabast 11 ve Il durumlarinda ayni hizla hareket ediyor.)

[
B

|. A arabasi duran hareket detektorlii B arabasina dogru hareket ediyorken,
—

I1. A ve B arabalar1 zit yonde hareket ediyorken,
]

B

I11. A ve B arabalar1 ayn1 yonde hareket ediyorken,

4—
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I1l. Arastiralim
A. Simdi yukaridaki ii¢ durumu deneysel yolla inceleyerek, tahminlerinizi test ediniz.
Malzemeler:
e Bilgisayar
Hareket Detektorii
Arabirim
Logger Pro programi
Araba (2 adet)
Ray
L.Durum: Hareket Detektorlii Araba Hareketsizken
v Hareket detektoriinii bir araba lizerine kaymayacak sekilde baglaymz ve I
durumdaki diizenegi kurunuz.
v' Arabirimi bilgisayara ve hareket detektoriinii de arabirimin DIG/SONIC 1
KANALINA baglayin.
v’ “Topla” tusuna bastiktan sonra hareket detektorlii arabanin kargindaki arabayi
hareket detektorlii arabaya dogru itiniz.
Diizgiin bir grafik olusuncaya kadar siireci tekrar ediniz. Araba hareket ediyorken hareket
detektoriiniin ontinde hi¢ kimsenin hareket etmediginden emin olunuz.

1. A arabasinin ortalama hizini olusan hiz-zaman grafiginden yararlanarak bulunuz.
Vot =

I1. Durum: Arabalar Zit Yonde Hareket Ediyorken
v 1I. durumda verilen deney diizenegini kurunuz.
v/ “Topla “ tusuna bastiktan sonra rayin her iki ucunda bulunan arabalar1 birbirine
dogru itiniz. A arabasini 1. durumdaki hiza yakin bir hiz verecek sekilde itmeye 6zen
gosteriniz.

1. A arabasinin ortalama hizini grafikten bulunuz.
Vort =

I11. Arabalar Ayn1 Yonde Hareket Ediyorken
v Hareket detektorsiiz arabay1 raymn ortasina hareket detektorlii arabayi ise rayin
bagina yerlestirerek I1I. durumdaki deney diizenegini kurunuz.
v/ “Topla” tusuna bastiktan sonra arabalari aym yonde itiniz. A ve B arabasim II.
durumdaki hizlarina yakin bir hiz verecek sekilde itmeye ozen gésteriniz.

1. A arabasinin ortalama hizin1 grafikten bulunuz.
Vot =

IV. Diisiincelerimizi Paylasalim

o Sumf Tartismast

Hatalarimizt Anlayalim

Bugiin bu derste “ Hata Yakalama” stratejisi ad1 verdigimiz yeni bir stratejiyi 6grenegiz. Bu
stratejiyi hatalarimizi belirlemek ve onlari gelecekte tekrarlamamak igin kullanacagiz.
Hata yakalama stratejisinde tek yapmaniz gereken, hatayi niye yaptiginizi anlamaya calismak ve

hatay1 tekrar yapmamak i¢in sizi hataya gétiiren diisiincelerinizi nasil degistireceginizi diisiinmektir.
Simdi “Hata Yakalama” stratejisini deney yaparak test ettiginiz A arabasinin hizlarim

karsilastirdiginiz soruya uygulayalim.

230



1. Eger A arabasinin hizlarim1 deney sonuglarindan farkli tahmin ettiyseniz ilk olarak nigin
hata yaptigimizi ve ikinci olarak da sizi hataya gotiiren diisiincelerinizi nasil
degistireceginizi yaziniz.

Bu soru icin 6rnek cevap asagidaki sekilde olabilir.

A arabasinin hizinin gozlendigi referans sitemine yani gozlemciye bagli olmadigini diisiindiigiimden
ti¢ durumda da hizlarin esit olacagini diisiindiim. Ama arabanin hiz1 gozlendigi referans sistemine
bagli oldugundan her ii¢ durum i¢in bulunan hiz degerleri birbirinden farkli olacaktir.

V. Ogrendiklerimizi Pekistirelim
Grup olarak asagidaki sorular: cevaplayiniz

1. Bir yol iizerinde A arabasi 10 m/s hizla doguya dogru giderken B arabasi 15 m/s, C arabasi
ise 20 m/s hizla batiya gitmektedir.

s _
— <5

a) A arabasinin hiz1 B arabasina gore nedir?

b) B arabasinin hiz1 A arabasina gore nedir?

c) Carabasiin A ve B arabalarina gére hizi nedir?

d) Arabalar birbirini gegtikten sonra A arabasinin hizi B arabasina gore nedir?

2. Suya gore hiz1 2v olan bir gemi ile bir yunus ayn1 yonde gidiyor. Geminin pistinde hareket
eden bir motosikletli yunusu duruyor gibi goriiyor. Yunusun suya gore hizi v olduguna
gore, motosikletin gemiye gore hizi nedir?

VI. Ogrendiklerimizi Genisletelim

A. Simdiye kadar hep ayni dogrultudaki hareketleri inceledik. Simdi farkli dogrultuda hareket
eden cisimlerin birbirlerinin hizlarini nasil algiladiklar1 izerinde duralim.

1. (Grup olarak ¢alisiniz). Sekilde goriildiigi gibi A arabasi 30 m/s ile dogu yoniinde hareket
ederken B arabasi kuzey yoniinde 40 m/s ilerliyor. Buna gore

a) A arabasinin hiz1 B arabasina gére nedir?

b) B arabasinin hiz1 A arabasina gore nedir?
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2.

B.
1.

(Grup olarak ¢alisiniz). Nehre gére 4 m/s sabit hizi olan bir kayik sekilde goriildagii gibi 3
/s sabit hizl1 bir nehrin akig yoniine dik olacak sekilde A noktasindan harekete basliyor.

o

1 Viv=3
00 Veid

a) Kayigin yere gore hizi ne kadardir?

b) Kayik kars1 kiyiya ne kadar siirede ¢ikar?

¢) Kayik B noktasindan ne kadar uzaga siiriiklenir?

d) Kayik A noktasindan B noktasina gitmek i¢in gekildeki gibi diiz bir yolu izliyor. Kayigin
bu yolu izleyebilmesi i¢in yoniinde degisiklik yapmasina gerek var midir? Bu durumda
kars1 kiyaya gegme siiresi degisir mi? Agiklaymiz.

Sezgisel Bilgiler ve Bagil Hiz
(Bireysel ¢alisiniz). A ve B arabalarinin 1 saniye zaman aralikli konumlari, asagidaki sekilde
numaralanmis karelerle gosterilmistir. Arabalar doguya dogru hareket etmektedirler.

- }

- 8
] [ |

, |

| |

|
8

|

T
u

7

a) Sezgisel olarak 3 aninda B arabasi A arabasimi doguya mi hareket ediyor, batiya mui
hareket ediyor yoksa duruyor olarak m1 gériir? Cevabinizi agiklayimiz.

b) Konum ekseninde her kiigiik aralik 5 m ise A ve B arabalariim hizi nedir?
¢) Buldugunuz degerlerle 3 anindaki Vg hesaplayimiz. Buldugunuz sonug¢ a) kismindaki

cevabinizla tutarli m1?

Suif Tartismast
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C.  Sezgilerimiz ile Fizik Tutarsiz Oldugunda Ne Yapmaliy1z

Cogu ogrenci dnde olan daha hizhidir sezgisine sahiptir. Biraz Once sezgisel olarak
verdigimiz yanitin bagil hiz formiiliini kullanarak verdigimiz yanitla gelistigini gordiik. Simdi bu
celiski tizerinde biraz diisiinelim.

1. (Bireysel ¢alisiniz). Asagidakilerden hangisi bu tutarsizlik durumuna karsi tutumunuzu en iyi
sekilde gosterir? Birden fazla se¢enek segebilirsiniz.

a) Bu gibi tutarsizliklar tizerinde diigiinmek gereksizdir. Bagil hizin ne oldugunu tam olarak
o0grenmek yeterlidir.

b) Nasil yapilacagini bilmiyorum ama bagil hiz formiilii ile sezgilerimizi tutarli hale getirmenin
muhtemelen bir yolu vardir.

c) Fizik ile sezgilerimiz ¢ogunlukla birbirleriyle tutarhidir. Ama yukaridaki soruda fizik ile
sezgilerimiz arasindaki uyumsuzluk ¢ok belirgin oldugundan bu tutarsizligi kabul edip
devam etmek zorunday1z.

Cevabinizi agiklayiniz.

2. Cevaplariniz1 gruptaki arkadaslarinizla tartigsiniz. Aranizda bir anlagsmaya vardiniz mi, grup
icinde farkl diistinenler var m1?

D. Sezgisel Bilgilerimizin Aritilmasi
Bagil hiz formiilii ile “onde olan daha hizlidir” sezgimiz arasinda uzlastirilamaz bir ¢atisma
oldugunu kabul etmeden 6nce bir “Uzlastirma Stratejisi” olan “Sezgilerin Aritilmast” ad1 verdigimiz
bir stratejiyi uygulayalim.

1. A ve B arabalarimmin 1 saniye zaman aralikli konumlari, asagidaki sekilde numaralanmis
karelerle gosterilmistir. Arabalar doguya dogru hareket etmektedirler.
A

) /]
] [ |
= |

1
[
I | 1 | } | }
[
1

] ]

1 1
u |
2 3

B

a) Sezgisel olarak 3 aninda B arabasi A arabasimi doguya mi hareket ediyor, batiya mi
hareket ediyor yoksa duruyor olarak m1 gériir? Cevabinizi agiklayimiz.

b) Konum ekseninde her kiigiik aralik 5 m ise A ve B arabalarinin hiz1 nedir?

¢) Buldugunuz degerlerle 3 anindaki V ag hesaplayiniz. Buldugunuz sonug 6nde olan araba
daha hizlidir sezgisi ile uyum i¢inde midir?

o Swuf Tartismasi
2. (Grup olarak ¢alisiniz). “Onde olan daha hizlidir” sezgisel bilgisini kullandigimiz iki soru
¢ozdiik. Ilk soruda bu sezgimiz bizi yanlis sonuca gotiiriirken ikinci soruda dogru cevaba

gotiirdii. O halde onde olan daha hizhidir sezgisel bilgisi hakkinda ne sdylenebilir? Yanlig
mi1, dogru mu, yoksa baska bir sey midir. Agiklaymniz.

o Sumf Tartismasi
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3. (Grup olarak ¢calisimiz). Onde olan daha hizhidir sezgisel bilgisi fizik dersi olmadan énce
olusan ham bir sezgi midir? Yoksa fizik dersi aldiktan sonra sekillenen aritilmis bir sezgi
midir? Eger ham ise onu nerden 6grendiniz?

4. Hangi durumda A arabasmnin 1 anindan 3 anina kadar yerdegistirmesi B arabasinin
yerdegistirmesinden biiyiiktiir? Bunu A arabasinin hizi ile iliskilendirebilir miyiz?

o Sumf Tartismasi

Aritma Diyagrami

Onde olan daha hizhidir sezgisini asagidaki gibi iki sekilde aritabiliriz.

Ham Sezgisel Bilgi Onde olan daha hizlidir
Ayni zaman araliginda 6nde Onde olan her zaman
Aritilmis Sezgisel Bilgi olan dth. fazla daha hizlidir.
yerdegistirme de yapmissa
daha hizhdir.

5. (Grup olarak ¢alisiniz). Yukaridaki aritilmig sezgilerden hangisi bagil hiz formiilii ile uyum
igerisindedir?

6. Bugiinkii dersin ana fikri nedir?

o Swuf Tartismasi

VIl. Kendimizi Degerlendirelim

1. (Grup olarak ¢alginiz). Bagil hiz konusuna baglarken ‘“Neleri Biliyoruz Gosterelim”
kisminda tartistiginiz sorulari tekrar kendi aranizda tartisimz. Her bir soru hakkindaki
diigiincelerinizi  birbirinize belirtirken neden o sekilde diisiindiigiiniizii ~ gruptaki
arkadaslariniza agiklayiniz. Grup olarak tartistiktan sonra her bir soru igin grubun ortak
diisiincelerini yaziniz.

2. (Bireysel c¢alisiniz). Neleri Biliyoruz Gosterelim kisminda bu sorulara bireysel olarak
verdiginiz yanitlarla simdi grup olarak tartistiktan sonra verdiginiz cevaplar arasinda fark var
m1? Varsa bu farkligin nedenini belirtiniz? (I[pucu: Hata Yakalama Stratejisini Uygulayin).
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Adi ve Soyadi:

Sinif:

ETKIiNLIK 3

I.  Neleri Biliyoruz Gosterelim

A. (Bireysel ¢alisiniz). Asagidaki sorular hakkinda diisiincelerinizi ve neden o sekilde

diisindiigiiniizii yaziniz.

1. Bir kutu, bir ylizey tizerinde bir ip yardimiyla ¢ekilerek sabit hizla hareket ettiriliyor. Bu
durumda ipin kutuya uyguladigi gerilme kuvveti (Tyj) yiizeyin kutuya uyguladigi ve
kutunun hareketine zit stirtinme kuvvetinden (fxy) biiviik miidiir, kiiciik miidiir, yoksa

esit midir?

2. Aymni kutu siirtiinmesiz yiizey iizerinde sabit bir kuvvetle ¢ekiliyor. Bu durumda
a) Kutunun ivmesi artar mi, azalir m1, yoksa sabit midir?

b) Hiz1 artar m1, azalir m1 yoksa sabit mi dir?

3. Ayni kutu iki kat kuvvetle gekilirse ivmesi nasil degisir?

(Grup olarak ¢alisiniz). Yukaridaki sorulart tartisiniz. Her bir soru hakkindaki
diistincelerinizi ~ birbirinize  belirtirken neden o sekilde diisiindiigiiniizii  gruptaki
arkadaglariniza agiklayimiz. GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK
VERDIGINIZ CEVAPLARI DEGISTIRMEYINIZ.
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11. Siz Nedenini Biliyor musunuz?

Fizik bunun
cevabini biliyor.
Bu etkinlikte bu
cevaba

Bu tasi daha
zor hareket

ettiriyorum.

Bu tasi daha
Neden?

kolay hareket

ulasacagiz.

ettiriyorum.
Neden?

II1. Arastir

Gerekli Malzemeler:
Bilgisayar

Arabirim

Hareket Detektorii

Kuvvet Sensoril

Hareket programi

Hareketli araba

Rampa

Makara

Kiitleler (5¢g, 10g, 50gr, ...)

A. (Grup olarak ¢alisiniz). 1. Bolimdeki 2. soruya yaptiginiz tahmini test etmek i¢in asagidaki
diizenegi kurunuz.

:
({j/////ls CASS ST g 7

Dikkat!!!

e Kuvvet sensoriiniin araba iizerinden kaymamasi i¢in miimkiin oldugunca siki bir sekilde
bagladiginizdan emin olunuz.

e Kuvvet sensorii elektronik sinyallerde meydana gelen degisiklere gore kuvveti 6lgtiigiinden,
bilgisayarin kuvvet sensoriine kuvvet uygulanmadig1 durumdaki sinyali sifir olarak okumasi
deneye baslamadan 6nce onemlidir. Bu isleme “sifirlama” denir. Kuvvet sensorii ile 6lgiim
yapmadan dnce “sifirla” butonu segilerek sifirlama yapilmalidir.

e  Hareket detektoriiniin biitiin hareket boyunca arabayi gordiigiinden emin olunuz.

LO3A2-2 (Speeding Up Again) deney dosyasini aginiz.

Makaraya bagl kiitlelerin arabayr ¢ok hizli hareket ettirmemesi gerekir. Uygun kiitle
miktarin1 bulmak igin, kiitleler serbest birakildiktan sonra, arabanin ray iizerindeki 2-3
saniyelik hareketini gézlemleyerek bulunuz.

v' Makaraya bagladiginiz kiitleyi kayit ediniz:

AN
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Hareket detektorii ve kuvvet sonsoriinii sifirlaymiz.
Hareket detektorinden tik sesi duyduktan sonra makaraya baglh kiitleleri serbest birakiniz.
Lyi bir grafik elde edinceye kadar denemelerinizi tekrarlayiniz.

Ivme-zaman ve kuvvet-zaman grafiklerinin ilgili yerlerini segerek ve arag gubugundaki
%
“istatistikler” ( ) tusunu tiklayarak ortalama kuvvet ve ivmeyi bulunuz.

Fort =

Aort =

Kuvvet sensoriiniin 6l¢tiigli kuvvet ne tarafindan arabaya uygulanir?

Arabanin ivmesi nasil degisti?

Arabanin hizi nasil degisti?

o Suuf Tartismasi

Hatalarimiz1 Anlayalim

1.

(Bireysel ¢alisiniz). Eger 1. Boliimde 2a daki sabit bir kuvvetin etkisindeki kutunun ivmesi
nasil olur sorusuna verdiginiz cevapla deney sonuclar1 farkliysa hata yakalama stratejisini
kullanarak bu farkliligin nedenini bulmaya calisinz. (Hata yakalama stratejisinin nasil
uygulandigin 2. Etkinlikten hatirlaymiz.)

(Bireysel ¢alisiniz). Benzer sekilde hata yakalama stratejisini 2b deki sabit bir kuvvetin
etkisindeki kutunun hiz1 nasil degisir sorusuna verdiginiz cevaba uygulayniz.

B. 1. Bdliimde 3 soruya verdiginiz cevabi deneysel yolla test ediniz.

v' L03A2-2 (Speeding Up Again) deney dosyasini tekrar aginiz.
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Arabaya daha oOnceki kuvvetten daha biiyiikk kuvvet uygulaymiz. Bunu yapmak igin
makaraya bagladiginiz kiitleyi yaklasik olarak iki katina ¢ikariniz.

v' Makaraya bagli kiitle:

v" Kuvvet sensoriinii sifirlayiniz.

1. Ivme-zaman ve kuvvet-zaman grafiklerinden ilgili yerleri secerek ve ara¢ cubugundaki

ésr@

“istatistikler” ( ) tusunu tiklayarak ortalama kuvvet ve ivmeyi bulunuz.
Fort =
Aort

2. Daha onceki bolimde ve simdi buldugunuz degerleri kullanarak asagidaki tabloyu
doldurunuz.

Ortalama Kuvvet Ortalama ivme
A
B

3. Degerleri bilgisayara girerek kuvvetin ivmeye bagli grafigini ¢iziniz.

4. Grafigin egimi neyi veriyor?

5. Arabanin ivmesi ile arabaya etkiyen kuvvet arasindaki matematiksel iligki nasildir? Bu
iligkiyi gosteren formiilii yaziniz ve agiklayiniz.

6. Yukarida yazdiginiz formiil fizikteki hangi kanununun matematiksel bir ifadesidir?
o Swinmif tartismasi

7. (Bireysel ¢alisiniz). Yukarida ulagtigimz formiil dogrudan size verilebilirdi. Ama formiile
belli asamalardan sonra ulastiniz. Formiile ulagincaya kadar yapilan iglemlerin amaci ne
olabilir?

8. (Bireysel ¢alisiniz). Asagidakilerden hangisi fizik formiilleri hakkindaki goriislerinizi en iyi

sekilde ifade eder. (Birden fazla segenek segebilirsiniz.)

a) Bircok fizik kavramu (kuvvet, hiz, enerji, vb) anlamlhidir ve giinlik hayattaki
tecribelerimizle  iligkilidir; ama  fizik  formiilleri  fizigi  zihnimizde
anlamlandirmaktan ziyade, problem ¢dzmek i¢in kullanilan araglardir.

b) Aslinda formiiline gore degisir; baz1 formiiller anlamlidir, fakat hepsinin anlamli
olmasini beklemiyorum.

€) Genelde fizik formiilleri anlamhdir ve ginliik yasamda kullandigimiz sezgi ve
tecriibelerimizi bir bakima ifade ederler.

Cevabinizi agiklaymniz.
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9. (Grup olarak ¢aliginiz). 7. ve 8. sorulara verdiginiz cevaplarinizi grubunuzdaki
arkadaslarinizin cevaplar ile karsilastiriniz. Grupta farkli diisiinceler varsa, birbirinizi ikna
etmek yerine birbirinizin diigiincelerini anlamaya calisiniz. Sizin diisiincelerinizden farkli
olan ama iyi noktalara isaret eden arkadaslarinizin goriislerini 6zetleyiniz.

o Swinmif tartismasi
IV.Ogrendiklerimizi Pekistirelim
Grup olarak asagidaki sorular: cevaplayniz.

1. Siirtiinmesiz bir ylizey tzerinde saga dogru 2 N luk sabit bir kuvvetle ¢ekilen 1 kg lik
oyuncak bir arabanin ivmesi nedir?

2. Bu arabaya 1 kg lik ikinci bir oyuncak araba baglanirsa ivmesi ne olur?

3. 1 kg lik baska bir oyuncak arabanin sola dogru 2 m/s* lik bir ivme ile hareket edebilmesi igin
hangi yonde ne kadar biiyiikliikte bir kuvvet uygulanmasi gerekir?

4. 1 kg lik araba saga dogru 2 N kuvvetle siirtiinmeli ylizey tizerinde ¢ekiliyor, arabaya 1 N luk
bir siirtiinme kuvveti etki ediyor. Buna gore arabanin ivmesinin yonii ve biiyiikliigi nedir?

5. Park halindeki bir arabay: diigiiniiniiz. Arabaya diinya tarafindan uygulanan asagiya dogru
yer¢ekimi kuvvetinin arabaya ylizey tarafindan uygulanan yukaritya dogru normal kuvvete esit
olmasinin nedeni agagidakilerden hangisidir? (Birden fazla se¢enek segebilirsiniz.)

A. Bu kuvvetler etki tepki ¢iftleri oldugundan;
B. Arabaya etki eden net kuvvet sifir oldugundan;
C. Yukandakilerden higbiri. Esittir, ¢linkii

o Sumf Tartismast
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VII.Ogrendiklerimizi Genisletelim

A. Sezgilerimiz ve Newton’un 2. Yasasi
1. (Bireysel ¢alisimiz). Bir dagci yolculugu sirasinda beklenmedik bir kar firtinasi ile karsilagir
ve dagda mahsur kalir. Dageiy1 kurtarmak i¢in bir kurtarma ekibi bolgeye bir helikopterle
gonderilir. Helikopter dagciya ulastigt zaman kurtarma ekipleri agagiya bir ip sallarlar.
Dagc1 bu ipi beline baglar. Dagcinin agirligi (dageiya asagiya dogru etki eden yergekimi
kuvveti) 650 N dur. Ip dagciyr yukariya dogru sabit bir hizla ¢ekerken ipin yukariya dogru

uyguladig1 kuvvet sezgisel olarak 650 N dan biiyiik, kiiciik yoksa esit midir. Cevabimzi
aciklayiniz.

2. (Grup olarak ¢alisimiz). Simdi yukaridaki soruya Newton’un 2. Yasasim kullanarak ipin
uyguladigi kuvvetin 650 N dan biiviik, kiiciik yoksa esit mi oldugunu bulunuz.

o Swnf Tartismasi

3. (Grup olarak ¢alisiniz). Cogu odgrenci yukariya dogru bir hareketin yukariya dogru bir
kuvveti gerektirdigi sezgisine sahiptir. Ornegin yukaridaki soruda dagcimin hareket
edebilmesi i¢in ipin uyguladigt kuvvetin dagcinin agirligindan biyiikk oldugunu
distinmektedirler. Biz bu sezgiyi Newton’un 2. Yasasini kullanarak buldugumuz sonugla
(yukariya dogru kuvvetin asagiya dogru kuvvete esit oldugu) uyumlu hale getirebilir miyiz?
Yoksa bu uyumsuzlugu kabul mii etmeliyiz?

B. Sezgilerimizi Newton’un 2. Yasasi ile Uyumlu Hale Getirmek icin Aritalim

Daha once sezgilerin aritilmasi stratejisini énde olan daha hizhidir sezgisinin uygulayarak bagil

hiz ile uyumlu hale getirmistik. Simdi sezgilerin aritilmasi stratejisinin burada ¢alisip ¢aligmadigina
bakalim.

1. (Grup olarak ¢alisiniz). Ipin dagciyr yukariya dogru ¢ekmeye basladig: ilk anda dagcinin
durgun oldugunu diisliniiniiz. Hareketin bu baslangi¢ asamasinda, yukariya dogru ipin
uyguladigi kuvvet 650 N (dagcinin agirhi@indan) biiviik, kiiciik  voksa  esit midir?
Cevabinizi agiklaymiz.

2. (Grup olarak ¢alisiniz). Newton’un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde
edersiniz? (Ipucu: Dagci harekete basladigi anda hizlaniyor mu, yani bir ivmesi var midir?)
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3. (Grup olarak ¢alisiniz). Newton’un 2. Yasasini kullanarak buldugunuz cevap sezgilerinizle
uyum igerisinde mi?

4-9. sorularinda dagcimin harekete basladigi asamadan sonraki hareketi yani dagcinin
yukariya dogru hareketli oldugunu diisiiniiniiz.

4. Sezgisel olarak, ipin uyguladigi yukariya dogru kuvvet dagcinin agirhigindan biiytik olursa

(dagciin harekete basladigi andaki gibi) dager hizlanarak mi, yavaslayarak mi1 yoksa sabit
hizla mu yiikselir. Kisaca agiklayiniz.

5. Newton’un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde edersiniz?

6. Newton’un 2. Yasasini kullanarak buldugunuz cevap sezgilerinizle uyum igerisinde mi?

7. Sezgisel olarak, ipin uyguladigi yukariya dogru kuvvet dageimin agirligindan kiigiik olursa
¢ocuk hizlanarak mi, yavaglayarak mi yoksa sabit hizla mi1 yiikselir. Kisaca agiklayiniz.

8. Newton’un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde edersiniz?

9. Newton’un 2. Yasasini kullanarak buldugunuz cevap sezgilerinizle uyum igerisinde mi?

10. Simdi yaptiklarinizi birbirleriyle iliskilendirelim. Ipin uyguladigi kuvvet yercekiminden
daha biiyiik olmayi siirdiirdiigiinde dagcinin hizlanmaya devam etmesi ve ipin uyguladigi
kuvvetin yer¢cekiminden daha kiiciik olmaya basladigi zaman dagcinin yavaglamasi artik
sezgisel olarak anlamli gelmektedir. Ayni diisiince sekliyle, ipin uyguladig: kuvvet dagcinin
agirhigma esit oldugu zaman (ipin uyguladigi kuvvet dagcinin agirhigindan daha biiyiik
olmas: ile daha kii¢iik olmasinin ortasinda oldugu zaman) dagcinin hizi hakkinda ne
sOylenebilir?

11. Cevabiniz Newton’un 2. Yasasi ile uyum igerisinde mi?
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12. Asagidaki aritma diyagramu {izerinde grup olarak ¢aliginiz.

i Hareket igin kuvvet
Ham sezgi o
gereklidir.
2
Net bir kuvvet bir
Aritilmis Net bir kuvvet bir cismin gl el
Sezgiler hareketini (hizini) devam (hizini) baslatmak ya da
ettirmek igin gereklidir. degistirmek igin
gereklidir.
a) Yukaridaki iki aritilmis sezgisel bilgiden hangisini (belki farkinda

olmadan) sayfa 8 deki 4. soruyu cevaplarken kullandiniz?

b) Yukaridaki aritilmig sezgisel bilgiden hangisi Newton’un 2. Yasasi ile uyum
igerisinde dir?

c) Yukaridaki iki aritilmig sezgisel bilgiden hangisini (belki farkinda olmadan)
sayfa 7 deki 1. soruyu cevaplarken kullandiniz?

13. (Grup olarak ¢alginiz). Etkinligin 7. sayfasindaki 2. soruda Newton’un 2. Yasasini
kullanarak sabit hizli harekete ipin uyguladigi kuvvetin dagcinin agirligina esit oldugunu
gordiik. O soruda zaten cevabi buldugumuz halde 2. sorudan sonraki yaptiklarimizin amaci
ne olabilir?

VII. Ogrendiklerimizi Degerlendirelim

1. (Grup olarak c¢alisiniz). Etkinlik 3 baslarken “Neleri Biliyoruz Gosterelim” kisminda
tartistiginiz sorulart tekrar kendi aranizda tartisiiz. Her bir soru hakkindaki diisiincelerinizi
birbirinize belirtirken neden o sekilde diisiindiigiiniizii gruptaki arkadaslariniza agiklayiniz. Grup
olarak tartistiktan sonra her bir soru i¢in grubun ortak diisiincelerini yaziniz.

2. (Bireysel ¢alisimiz). Neleri Biliyoruz Gosterelim kisminda bu sorulara bireysel olarak
verdiginiz yanitlarla simdi grup olarak tartistiktan sonra verdiginiz cevaplar arasinda fark var mi?
Varsa bu farkligin nedenini belirtiniz? (Ipucu: Hata Yakalama Stratejisini Uygulayin).
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Adi ve Soyadi:

Sinif:

ETKINLIK 4

I.  Neleri Biliyoruz Gosterelim
(Bireysel ¢alisiniz). Asagidaki sorular hakkinda distincelerinizi ve neden o sekilde

diisindiigiiniizii yaziniz.

Havada diisme hareketi yapan bir topa etki eden havanin diren¢ kuvvetinin biiyiikliigii nelere
baglidir?

Bir parasiit¢ii bir ucaktan atladiktan sonra havada gittikge hizlanirken, ivmesi artar mi1, azalir
mi, yoksa sabit midir?

Bir parasiitcii havada limit hizla (sabit hizla) diiserken parasiit¢iiniin agirlig1 yukariya dogru
etki eden havanin direng kuvvetinden biiyiik mii, kiigiik mii yoksa esit midir?

Biiyiik bir binanin tepesinden ayni anda serbest birakilan aymi biiyiikliikteki iki tenis topu
ayni anda yere c¢arpar. Eger bu toplardan birinin i¢i demir parcalart ile doldurulursa hangisi
daha cabuk yere diiser? Neden? Toplardan hangisi daha fazla diren¢ kuvvetinin etkisinde
kalir?

Ayni biiyiikliikte parasiitlerle ayni yiikseklikten atlayan iki parasiitgiiden biri digerinden daha
agirdir. Paragiitglilerin limit hizlarimin biiyiikliiklerini karsilastiriniz.

(Grup olarak ¢alisiniz). Yukaridaki sorulart tartisiniz. Her bir soru hakkindaki
diigiincelerinizi  birbirinize belirtirken neden o sekilde diisiindiigiiniizii  gruptaki
arkadaglariniza agiklaymiz. GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK
VERDIGINIZ CEVAPLARI DEGISTIRMEYINIZ.

II. Saskin Kutup Ayisi

Simdi bir kutup ayisinin ugaktan atladiktan sonraki hareketini gosteren bir video

izleyeceksiniz. izlerken kutup ayisinin nasil bir hareket yaptigina dikkat ediniz.

A

I11. Arastiralim

I. Boliimde 2. soruya verdiginiz cevabi deneysel yolla test ediniz.

Gerekli Malzemeler:

\\....

Bilgisayar

Arabirim

Hareket Detektorii

Hareket programi

Pasta Kalib1 (6 adet)

LO6A1-1 (Falling Ball) deney dosyasini aginiz.

Bir pasta kalibin1 asagidaki sekilde goriildiigii gibi hareket detektoriiniin altinda serbest
birakiniz.
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a. Pasta kalibinin ivmesi nasil degisiyor. Bu tahminlerinizle aynt mi? Eger farkli ise bu
farkliligin nedeni nedir?

b. Pasta kalibinin hizinin sabit oldugu yerde ivmesi nasildir? Bu sabit hiz ne olarak adlandirilir?

c. Newton’un 2. Yasasini pasta kalibinin limit hizla diistiigli harekete uygularsak pasta kalibina
etki eden kuvvetlerin (asagiya dogru agirligr ile yukartya dogru havanin direng kuvveti)
biiytikliikleri hakkinda ne sdylenebilir?

d. Yukarida verdiginiz cevap 1. Boliimdeki 3. soruya verdiginiz cevapla uyum igerisinde midir?

o Swnf Tartismasi

B. Simdi I. Boliimdeki 5. soruya verdiginiz cevabi test ediniz. Tahminlerinizi test etmek igin
aym biiyiikliikteki biri digerinden daha agir olan iki pasta kalibini kullaniniz.
Pasta kaliplarinin sayisini artirarak kiitleyi artiriniz.

\/ LO6AL-1 (Falling Ball) deney dosyasini aginiz.

v' Daha onceki etkinlikteki gibi hafif pasta kalibini serbest birakiniz. (Pasta kalibim
birakirken, kalibin hareket detektériine uzakligina dikkat ediniz, ¢iinkii ayni uzakligr agir
pasta kalibi iginde kullanacaksiniz.)

v" Olusan ivme-zaman ve hiz-zaman grafiklerini arka plana atmak i¢in deney meniisii
altindaki “en son uygulamayi sakla” segenegini se¢iniz.

v Benzer sekilde agir olan pasta kalibimi birakiniz.

1. Olusan hiz-zaman ve ivme-zaman grafiklerini arka plana attigimz diger grafiklerle
karsilagtiriniz. Hangi pasta kalib1 daha biiytik limit hiza sahiptir?

o Swniftartismasi

VIIl. Kendimizi Degerlendirelim

3. (Grup olarak ¢alisiniz). Etkinlik 4 baslarken “Neleri Biliyoruz Gosterelim” kisminda
tartistiginiz sorular tekrar kendi aranizda tartisimz. Her bir soru hakkindaki diisiincelerinizi
birbirinize belirtirken neden o sekilde diisiindiigiiniizii gruptaki arkadaslariniza agiklayiniz.
Grup olarak tartistiktan sonra her bir soru igin grubun ortak diisiincelerini yaziniz.

4. (Bireysel olarak ¢alisimiz). Neleri Biliyoruz Gosterelim kisminda bu sorulara bireysel
olarak verdiginiz yanitlarla simdi grup olarak tartistiktan sonra verdiginiz cevaplar arasinda
fark var mi1? Varsa bu farkligin nedenini belirtiniz? (/pucu: Hata Yakalama Stratejisini
Uygulaym).
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Adi ve Soyadi:
Sinif:
ETKINLIK 5

I.  Neleri Biliyoruz Gosterelim
A. (Bireysel ¢calisiniz).
1. Asagidaki tabloda birinci satirda verilen 6rnek cevaptan yararlanarak diger satirlardaki
ilgili yerleri doldurunuz.

Hareketin Tanmim Konum-zaman Hiz-zaman Grafigi ivme-zaman Grafigi
Grafigi

Araba orijinden sabit
hizla uzaklagiyor.

Araba orijinden diizgiin
yavaslayarak
uzaklasiyor.

Araba orijine dogru
diizgiin hizlanarak
yaklastyor.
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Araba orijine dogru
diizgiin  yavaslayarak
yaklastyor.

Araba Once orijinden
diizgiin  yavaglayarak
uzaklasiyor, daha sonra
bir anlik durup, tekrar
orijine dogru diizgiin
hizlanarak yaklasiyor.

2. Asagida yolda yiiriiyen bir adamin konum zaman grafigi verilmistir. Adam hangi zaman

araliginda daha hizli yiirimiistiir? Neden?

Konum

I

ITT

Zaman

3. Hiz-zaman grafigini kullanarak ivmeyi nasil buluruz?

B. (Grup olarak ¢alisiniz). Yukaridaki sorular tartisimz. Her bir soru hakkindaki diisiincelerinizi
birbirinize belirtirken neden o sekilde diisiindiigiiniizii gruptaki arkadaglarmiza agiklaymniz.
GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK VERDIGINIZ CEVAPLARI
DEGISTIRMEYINIZ.
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I11. Arastirahhm

Bu boliimde diiz bir rampa iizerinde hareket eden arabanin hareketini gozlemleyerek,

konum-zaman, hiz-zaman ve ivme-zaman grafikleri {izerinde ¢alisacaksiniz.
Malzemeler:

.>........

Bilgisayar

Hareket Detektorii

Arabirim

Hareket programi

Hareketli araba

Rampa

Makara

Kiitleler (5g, 10g, 50gr, ...)

Araba hizlaniyor mu yoksa sabit hizla mu ilerliyor?

v'  Hareket detektorii, araba, rampa, makara ve Kkiitlelerden olusan diizenegi sekilde
goriildigii gibi kurunuz.

L, 7

1.

2.

.

(Bireysel c¢alisiniz). Arabayl durgun halden serbest biraktiktan sonra arabanm yaptigi
hareketin konum-zaman, hiz-zaman ve ivme-zaman grafiklerinin nasil olacagini asagidaki
eksenlere kesikli ¢izgi ile ¢iziniz.

Konum
Ivme

Hiz

Laman Laman Faman

(Grup olarak c¢alisiniz). Gruptaki arkadaglarimizla yukaridaki soruyu tartistiktan sonra
grubun ortak cevabini kesiksiz ¢izgi ile yukaridaki eksenlere ¢iziniz.

Tahminlerinizi Test Ediniz

Kanum

v
3.

LO2A1-1(Speeding Up) deney dosyasini aginiz.

Hareket detektoriinden tik sesi duyduktan sonra arabayi durgun halden serbest birakiniz.
(Elinizin hareket detektorii ile araba arasinda kalmamaswma dikkat ediniz. Diizgiin grafik
elde edinceye kadar denemelerinize devam ediniz.)

Olusturdugunuz konum-zaman, hiz-zaman ve ivme-zaman grafiklerini asagidaki eksenlere
¢iziniz.

Hiz
Ivme

Zaman Zaman Zaman
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5. Konum-zaman grafiginin birka¢ noktasinin egimini bulunuz. Buldugunuz egim degerleri

J"l
neye karsilik gelir? (Egimi arag ¢ubugundaki “Teget (I-1=1)” komutunu kullanarak bulunuz.)

6. Hiz-zaman grafiginin altinda kalan alanin hesaplayiniz. Buldugunuz deger neye karsilik

gelir? (Alani arag cubugundaki “Integral ( ) ” komutunu kullanarak bulunuz.)

7. Hiz-zaman grafiginin hangi 6zelligi arabanin hizlandigini gosterir?

8. Hiz-zaman grafiginin egimi neyi verir?

9. Arabanm hizlandig: siire boyunca ivme pozitif mi yoksa negatif midir? Ivmenin bu isareti
ile arabanin hizindaki degisiklik arasinda bir iliski var midir?

10. Arabanin hizindaki artig sabit midir yoksa bagka tiirlii miidiir?

11. Araba hizlandig1 zaman ivme nasil degisir? Bu degisim hiz-zaman grafiginden ¢ikardiginiz
degisimle uyusuyor mu?

12. Ivme-zaman grafiginin altinda kalan alani hesaplaymiz. Buldugunuz deger neye karsilik
gelir?

o Swuf Tartismasi

Hatalarimizi Anlayalim
3. (Bireysel ¢alisiniz). Eger bireysel olarak yaptiginiz tahminle deney sonuglar1 farkliysa hata
yakalama stratejisini kullanarak bu farkliligin nedenini bulmaya ¢alisgimz. (Hata yakalama
stratejisinin nasil uygulandigim onceki etkinliklerden hatirlayiniz.)
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B. Arabanin hareket dogrultusuna zit bir kuvvet uygulanirsa ne olur?

v’ Hareket detektorii, makara, rampa ve kiitlelerden olusan asagidaki diizenegi kurunuz.

,,,,, ! - Ff?ﬂ.

Hareket
Detektori

1. (Bireysel ¢alisiniz). Araba hareket detektoriinden uzaklasacak sekilde ani bir kuvvetle
itildikten sonra makaraya bagh kiitleler serbest birakilirsa arabanin ivmesi pozitif mi, negatif
mi yoksa sifir mi1 olur? Neden?

2. (Bireysel ¢alisiniz). Arabanin hareketinin hiz-zaman ve ivme- zaman grafiklerini tahmin
ederek asagida verilen hiz ve ivme eksenlerine kesikli ¢izgi olarak ¢iziniz.

Hiz
Tvme

Zaman Zaman

3.  (Grup olarak ¢alisiniz). Gruptaki arkadaslarinizla tartigtiktan sonra grubun ortak cevabini
kesiksiz ¢izgi ile yukaridaki eksenlere ¢iziniz.

Tahminlerinizi Test Ediniz

v' L04Al-1(Slowing Down Again) deney dosyasini aginiz.

v Hareket detektdriiniin yoniinii ters geviriniz.

v’ Arabay1 hareket detektoriine dogru ani bir itme ile itiniz. Elinizin hareket detektorii ile
araba arasinda kalmamasina dikkat ediniz, arabamin rampadan diismemesi igin
rampanin sonuna gelmeden durdurunuz. Diizgiin sonucglar alincaya kadar deneyi
tekrarlaymniz.
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4. Olusan hiz-zaman ve ivme-zaman grafiklerini ¢iziniz.

Hiz
Tvme

Zaman Zaman

5. (Grup olarak ¢alisiniz). Grafikleriniz {izerinde
a) Arabayi elinizin itmeye bagladiginiz noktay1 A ile
b) Elinizin itmeyi biraktigin noktay: B ile
€) Makaraya bagl kiitlerden kaynaklanan kuvvetin arabaya etkidigi bolgeyi C ile
d) Arabanin hareketinin sona erdigi noktayr D ile gosterecek sekilde grafikler iizerinde
isaretleyiniz.
6. (Grup olarak c¢alisiniz). Hiz-zaman grafigini kullanarak ivmenin isareti hakkinda ne
sOyleyebilirsiniz?

7. (Grup olarak ¢alisiniz). Ivmenin bu isarette olmasinin arabanin hareketiyle nasil bir iligkisi
vardir?

. Swnif Tartismasi

Hatalarimiz1 Anlayalim
1. (Bireysel ¢alisiniz). Eger bireysel olarak yaptiginiz tahminler (1. ve 2. sorular i¢in) deney
sonuglardan farkliysa hata yakalama stratejisini kullanarak bu farkliligin nedenini bulmaya
calisimz. (Hata yakalama stratejisinin  nasil uygulandigini  onceki  etkinliklerden
hatirlayniz.)

IV. Ogrendiklerimizi Pekistirelim
Hiz

Grup olarak asagidaki sorular
cevaplayiniz.

Ali’ nin teneffiiste, koridorda yaptig1
hareketin hiz-zaman grafigi yanda verilmistir. Bu
grafigi kullanarak asagidaki 1 -5 sorularina cevap
veriniz. Sag yonii pozitif aliniz.

1. t=1s de Ali’nin konumu hakkinda asagidakilerden hangisi soylenebilir?
A) Konum kesinlikle pozitiftir. B) Konum kesinlikle negatiftir. C) Konum
kesinlikle sifirdir.
D) Verilen bilgiden konumun pozitif, negatif ya da sifir oldugu yorumunu ¢gikaramayiz.
Cevabinizi agiklayiniz.
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Ali’nin t=3 s deki ivmesi nedir?
A) 0 m/s?

B) +4 m/s’

C) -4 m/s?

D) +6 m/s?

E) -6 m/s?

Ali’nin t=0 ve t=3 s zaman araliginda yaptig1 yerdegistirme ne kadardir?
A) Yerdegistirmeyi hesaplamak i¢in yeterli bilgi verilmemistir.

B)4m

C)ém

D)8 m

E)10 m

Ali’nin t=2 ve t=3,5 s zaman araligindaki ortalama hizi nedir?
A) +3m/s

B) -6 m/s

C) -4 m/s

D) +1.33 m/s

E) +1m/s

t=2,5 s Ali nin yapt1g1 hareketi agagidakilerden hangisi tanimlar?
A) Sabit hizla saga dogru hareket ediyor.

B) Azalan hizla saga dogru hareket ediyor.

C) Sabit hizla sola dogru hareket ediyor.

D) Azalan hizla sola dogru hareket ediyor.

E) Yukaridakilerin higbiri/ yeterli bilgi verilmemistir.

Cevabinizi agiklayiniz

A ve B hareketlileri birbirlerine paralel yollarda
hareket etmektedir. Hareketlilerin yaptiklart Im/s —
hareketin hiz-zaman grafigi yanda verilmistir.
Asagidaki 6. ve 7. sorular1 cevaplarken yandaki £
grafigi kullaniniz.

6.

t=10 s de A hareketlisinin ivmesi nedir? 5s //// 10's

- -~
A) 2 m/s? B) 0 m/s? .-~ B
C) 0,5 m/s? D) 0,1 m/s? -7
E)Yukaridakilerin higbiri -1m/s —=

Asagidaki ifadelerden hangisi dogrudur?

A) A ve B hareketlileri t=10 s den 6nce, belli bir zamanda birbirlerini gegerler (yani ayni
konumda olurlar).

B) ki hareketli t=10 s aym konumda olurlar.

C) Iki hareketli birbirlerini asla gegmezler.

D) Bu soruyu cevaplamak i¢in yeterli bilgi verilmemistir.

Cevabinizi agiklaymiz.
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8. Bir hareketlinin konum-zaman grafigi sekildeki
gibidir. Hangi zaman araliklarinda, bu hareketlinin
hiz1 azalmaktadir?

konum,

=]

9. Sekildeki ilk hiz1 Vo= 9 m/s olan bir hareketlinin

ivme-zaman grafidi verilmistir. Bu hareketlinin t=
4 s sonraki hiz1 ka¢ m/s olur? 3 :
2 .
1 ...... :. . ... .an
e
1 ¥ & 2 % zaman (s)
| R

10. Bir cisim, t= 0 aninda bulundugu yere 2t siiresi sonunda geri doniiyor. Bu cismin hiz-zaman
grafigi asagidakilerden hangisi olabilir?
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11.

12.

bulunabilir?

13.

Ivme-zaman grafigi sekildeki gibi olan bir cisim )
icin agagidakilerden hangisi dogrudur? \me

A) Cismin (I) araligindaki konum degisimi, (I)
araligindakinin iki katidir. »
B) Cismin (I) araligindaki hiz degigimi, (1)
araligindakinin iki katidir.

C) Cisim (III) araliginda hareketsizdir. 0 t 2t 3t
D) Cismin liz1 (II) araliginda diizgiin olarak

azalmustir.

E) Cisim (I) araliginda degismeyen hizla hareket etmistir.

Il 11

» Zaman

Bir cismin hiz-zaman grafigi sekildeki gibidir. Buradaki
Vo, V ve t bilinenleriyle

AX, cismin konum degisimi

a, cismin ivmesi

F, cisme etki eden kuvvet niceliklerinden hangileri

Diiz bir yolda, v= 20 nv/s lik sabit hizla giden bir o
cisim, sekildeki K noktasina geldigi anda, 100 m %= v=20 mis
gerisinde duran bagka bir cisim, sabit ivmeyle ayni i_i 1"1—»
yonde harekete basliyor. ki cismin, L noktasina 100 m,,_ff‘__z.;}g m———*
aym anda varabilmesi i¢cin, arkadakinin ivmesi ' ’
kac¢ m/s? olmahdir?

VI. Ogrendiklerimizi Genisletelim

A. Tutarh Olup Olmadigin1 Kontrol Etmek
Bu bdliimde yeni bir hata dnleme stratejisi 6grenecegiz. Bu stratejiyi sadece bu konu igin

degil diger biitiin fizik konularini 6grenmek i¢in kullanabilirsiniz.

Bir 6grenciden bir cismin hareketinin hiz-zaman grafigini ¢izmesi isteniyor. Ogrenci

asagidaki grafik 1 ¢iziyor. Daha sonra ayni hareketin konum-zaman grafigini giziyor.

Hiz

1.

GRAFIK 1 GRAFIK 2

I

Konum

Zaman

Zaman

(Bireysel ¢aliginiz). Sizin igin konum-zaman grafigini mi ¢izmek daha kolaydir yoksa hiz-
zaman grafigini mi? Cevabinizi gruptaki arkadaslarinizla karsilastiriniz. Cevabin kisiye 6zel
oldugunu unutmayiniz.

(Grup olarak ¢alsiniz). Yukaridaki grafikleri ¢izen ogrenci genel olarak konum-zaman
grafiklerinde iyi oldugunu ve % 99 oraninda ¢izdigi grafigin dogru olduguna diisiiniiyor.
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Buna gore, 6grencinin konum-zaman grafigini kullanarak hiz-zaman grafigindeki hatasini
kontrol etmesinin bir yolu var midur? Eger varsa, diisiincelerinizi agiklaymiz? (Ipucu:
Konum-zaman grafiginin hangi ézelligi hizi gosterir?)

(Grup olarak ¢alisimiz). Birgok iyi fizik 6grencisi onlardan sadece hiz-zaman grafigini
gizmeleri istendigi halde, konum-zaman grafigini de c¢izdiklerini sdylemislerdir. Sizce
neden iki grafigi de ¢cizme geregi duymus olabilirler?

o Swunmif tartismasi
B.Egik Diizlem Uzerinde Hareket

Hareket detektorii, araba ve raydan olusan

sekildeki sitemi diisiiniiniiz. Arabaya raymn alt kisminda,
ani bir itme kuvveti verilerek yukariya dogru hareket detektorii
etmesi saglaniyor. Araba raym en yiiksek noktasina

cikiyor ve tekrar asagiya dogru hareket ediyor. Asagidaki

sorular arabanin ray iizerinde ani bir itme verildikten sonraki hareketi ile ilgilidir.

Hiz ile ilgili Tahminler Hiz

(Bireysel ¢alisiniz). Arabanin yaptigi
hareketin hiz-zaman grafigini kesikli
cizgilerle ¢iziniz. (Ipucu: Arabanin
hareketini  iki kistmda  diistiniintiz:
arabanin yukariya dogru hareketi ve
arabanin asagiya dogru hareketi.)

Zaman

U¢ Nokta

(Grup olarak ¢alisiniz). Grupla tartistiktan sonra grubun ortak cevabini Kesiksiz ¢izgi ile
¢iziniz.

I1. ivme ile ilgili Tahminler

1.

(Grup olarak ¢alisiniz). Araba yukariya dogru hareket ettikge ivmesi pozitif mi, negatif mi,
yoksa sifir midir? Cevabinizi agiklayiniz.

(Grup olarak ¢alisiniz). Araba rayin ug noktasina ulastigi anda ivmesi pozitif mi negatif mi
yoksa sifir midir? Cevabiniz1 agiklayiniz.

(Grup olarak ¢alisiniz). Arabanin u¢ noktaya ulastiktan sonraki asagiya dogru hareketini
diisiiniiniiz. lyi bir fizik 6grencisi arabamin bu hareketinin ivmesinin pozitif oldugunu
diisiinmektedir. Ogrencinin bu sekilde diisiinmesinin nedeni ne olabilir? Kisaca aciklayimniz.
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4. (Grup olarak ¢alisimiz). Simdi tekrar arabani u¢ noktaya ulastiktan sonra asagiya dogru
hareketini diisiiniiniiz. Baska bir iyi fizik 6grencisi arabanin bu hareketinin ivmesini negatif
oldugunu diistinmektedir. Ogrencinin bu sekilde diisiinmesinin nedeni ne olabilir? Kisaca

aciklayiniz.

5. (Grup olarak ¢alisiniz). Asagidaki grafiklerin birine arabanin asagiya dogru hareketi igin
ivme pozitif diyen 6grencinin yaptig1 tahmini, digerine de negatif diyen 6grencinin tahminini
¢izmeye caliginiz.

Pozitif ivme Negatif fvme

thP tvme

Zaman Zaman

U¢ Nokta Ug Nokta

I11. Tahminlerinizi Test Ediniz.
v' Asagidaki deney diizenegini kurunuz.

Detektor

v Inclined Ramp (LO6AL1-5) deney dosyasini agimiz. (Program bu deneyde hareket detektoriine
dogru hareketi pozitif olarak aldigindan yukarrya dogru hareketi pozitif aliniz.)
v' Hareket detektoriinden tik sesi duyduktan sonra arabaya elinizle ani bir itme vererek

arabanin yukariya dogru hareket etmesini saglayimiz.

1. Olusan hiz-zaman ve ivme-zaman grafiklerini asagidaki eksenlere ¢iziniz.

Hiz Tvme.

Zaman Zaman

Uc Nokta U¢ Nokta
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Asagida bir sonraki adim igin anlasamayan iki 6grencinin aralarindaki tartisma verilmistir.

Tugba: Artik arabanin asagi dogru hareketinde ivmenin pozitif mi negatif mi oldugunu 6grendik.
Fizik deneye dayanan bir bilimdir. Dogru cevabi bildigimize gore artik devam edebiliriz.

Giil: Fakat biz ayrica ivmenin negatif degil de pozitif olacagina dair mantikli bir diisiince ile de
kargilagtik. Bence ivmeyi daha iyi anlamak igin bu diisiince seklindeki yanligi anlamak
zorundayiz.

1. (Bireysel ¢alisiniz). Hangi 6grenciye daha ¢ok katiliyorsun. Cevabinizi agiklayimiz.

2. (Grup olarak ¢alisimz).Yukaridaki soruya cevabimizi gruptaki diger arkadaglarimizla
tartisiniz. Sizin diisiincelerinizden farkli diisiinen arkadasinizin diisiincelerini 6zetleyiniz.

3. (Grup olarak ¢alisiniz). Birbirleriyle celisen iki diisiinceyi diisliniiniiz: arabanin asagiya
dogru hareketinde ivme (1) negatif mi yoksa (2) pozitif mi? Bu iki diisiinceden hangisinin
dogru oldugunu deney yapmadan karar vermek miimkiin miidiir? Yoksa bu durumda tek
¢6ziim deney mi yapmaktir? Cevabinizi agilayiniz.

4. (Grup olarak ¢aliginiz).Daha once Ogrendigimiz tutarh olup olmadigini kontrol etme
stratejisinin karar vermede bize yardimci olup olmayacagini hep birlikte gorelim. Sayfa 12’
de tahmin ettiginiz hiz-zaman grafigine bakiniz. Tahmin ettiginiz hiz-zaman grafigi ile ivme
zaman grafiklerinin (sayfa 13’ teki) tutarli olup olmadigini kontrol ederek, ivmenin pozitif
mi negatif mi olduguna karar verebilir misiniz?

5. (Grup olarak g¢alisiniz). Biraz Once tutarh olup olmadigim kontrol etme stratejisinin
birbirleriyle gelisen diisiinceler arasinda karar vermede yardimci oldugunu gordiik. Bu
metodu kullanarak diger diisiincenin neden yanlis oldugunu bulabilir miyiz? Hiz-zaman ve
ivme zaman grafikleri arasindaki iliskiyi kullanarak araba asagiya dogru hareket ederken
hizlandig1 halde ivmenin neden negatif oldugunu agiklayabilir miyiz? (Ipucu: arabanin hizi
artiyor mu azaltyor mu?)
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VII. Ogrendiklerimizi Degerlendirelim
(Grup olarak ¢alisimiz). Etkinlik 5 baglarken “Neleri Biliyoruz Gésterelim” kisminda tartigtiginiz
sorulari tekrar kendi aramizda tartisimz. Her bir soru hakkindaki diistincelerinizi birbirinize belirtirken
neden o sekilde diistindiigiiniizii gruptaki arkadagslarimiza agiklayiniz. Grup olarak tartigtiktan sonra
her bir soru i¢in grubun ortak diigiincelerini yaziniz.

Hareketin Tanim

Konum-zaman
Grafigi

Hiz-zaman Grafigi

ivme-zaman Grafigi

Araba orijinden sabit
hizla uzaklagiyor.

Araba orijinden diizgiin

yavaslayarak
uzaklasiyor.

Araba orijine dogru
diizgiin hizlanarak
yaklasiyor.
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Araba orijine dogru
diizgiin  yavaslayarak
yaklastyor.

Araba Once orijinden
diizgiin  yavagslayarak
uzaklastyor, daha sonra
bir anlik durup, tekrar
orijine dogru diizgiin
yaklastyor.

5. (Bireysel olarak ¢alisiniz). Neleri Biliyoruz Gosterelim kisminda bu sorulara bireysel
olarak verdiginiz yanitlarla simdi grup olarak tartistiktan sonra verdiginiz cevaplar arasinda
fark var m1? Varsa bu farkligin nedenini belirtiniz? (/pucu: Hata Yakalama Stratejisini
Uygulaymniz).
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Adi ve Soyadi:
Sinif:
ETKINLIK 6

I.  Neleri Biliyoruz Gosterelim
A. (Bireysel ¢calisiniz).

1. Yatay ve egik atig hareketlerinde yatay ve diisey hiz nasil degisir. Nedenleriyle birlikte
aciklayiniz?

2. Sabit bir hizla dogu yoniinde hareket eden bir trendeki bir yolcu elindeki topu havaya dik
olarak atar.
a) Topun yolcu tarafindan goriilen yériingesini ¢iziniz.

b) Topun trenin disinda duran bir gézlemci tarafindan goriilen yo6riingesini ¢iziniz.

3. Yatayla belli bir ag¢1 yapacak sekilde B
havalanan topun izledigi yol yanda
verilmistir.
a) A, B ve C noktalarinda topun hizinin yoniinii
oklarla gosteriniz.
b) A, B ve C noktalarinda topun ivmesinin A
yoniinii oklarla gosteriniz. C
K

B. (Grup olarak ¢alisimiz). Yukaridaki sorulari tartisimiz. Her bir soru hakkindaki
diigiincelerinizi birbirinize belirtirken neden o sekilde diistindiigiiniizii gruptaki
arkadaslariniza agiklayiiz. GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK
VERDIGINIZ CEVAPLARI DEGISTIRMEYINIZ.
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I11. Arastirahhm

A. Yuvarlanan Top
1. (Bireysel ¢alisiniz).Bir masa lizerinde yuvarlanan ¢elik bir topun masanin kenarina geldikten
sonra nasil bir yol izleyecegini tahmin ediniz. Cevabinizi agiklayiniz.

—

—

2. (Bireysel ¢alisiniz).Bir 6nceki sorudaki top daha hizli yuvarlanirsa izleyecegi yol nasil olur?

Cevabinizi agiklayiniz.
—

3. (Grup olarak ¢alisiniz). Yukaridaki iki soruyu grup olarak tartistiktan sonra grubun ortak
cevabini kesikli gizgilerle ¢iziniz.

Tahminlerinizi Test Etme Zamam

Egik ve yatay atis hareketleri tek boyutlu hareketler olmadigindan, bu hareketlerin konum-zaman,
hiz-zaman ve ivme zaman grafiklerini hareket detektorii kullanarak elde etmek miimkiin
olamamaktadir.. Bu hareketleri incelemenin bir yolu Logger Pro programinin video analiz komutunu
kullanmaktir.

Asagidaki sorular iizerinde grup olarak ¢aliginiz.
1. Birinci soruya verdiginiz yamiti test etmek igin a¢ meniisiinii kullanarak videolardan
“Yuvarlanan Topl” videosunu aginiz.
v" Video analiz segenegini kullanarak topun diistiikten sonraki hareketini inceleyiniz.
v' Videoyu yavaslatilmis olarak izleyiniz. “Ad point” segenegini kullanarak topun belli
araliklardaki konumlarini video iizerinde belirleyiniz.

2. Top nasil bir yoriinge izledi? Asagiya ¢iziniz.

3. Arag gubugundaki “Incele ( { )” segenegini kullanarak topun yatay hareketinin konum-
zaman grafigi lizerinde belli noktalarmm konumlarint belirleyiniz. Topun x eksenindeki
yerdegistirmesi nasil degismektedir?
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Yerdegistirmedeki degisim yatay eksendeki hiz hakkinda ne sdyleyebilir? Yatay eksendeki
hiz artiyor mu azaliyor mu yoksa sabit mi?

+

Arag cubugundaki “Incele ( )” secenegini kullanarak topun diisey hareketinin konum-
zaman grafigi lizerinde belli noktalarin konumlarimi belirleyiniz. Topun Y eksenindeki
yerdegistirmesi nasil degismektedir?

Yerdegistirmedeki degisim diisey eksendeki hizi hakkinda ne sdyleyebilir? Yatay eksendeki
hiz artiyor mu azaliyor mu yoksa sabit mi?

Ikinci soruya verdiginiz yanit1 test etmek icin Ara¢ cubugundaki a¢ meniisiinii kullanarak

videolardan “Yuvarlanan Top2” videosunu aginiz.

v' Video analiz segenegini kullanarak topun diistiikten sonraki hareketini inceleyiniz.

v' Videoyu yavaslatilmis olarak izleyiniz. “Ad point” segenegini kullanarak topun belli
araliklardaki konumlarin video iizerinde belirleyiniz.

Top nasil bir yoriinge izledi. Asagiya ¢iziniz.

Topun yavas yuvarlanirken ve hizli yuvarlanirken izledigi yolu karsilastiriniz. Aralarindaki
fark nedir?

Hatalarimizi Anlayalim

(Bireysel ¢alisiniz). Tahminlerinizle simdiki cevaplarmiz birbirinden farkli ise hata yakalama
stratejisini kullanarak baslangigtaki diisiincenizin neden yanlis oldugunu ve bu diisiinceyi nasil
degistirdiginizi yaziniz.

1. Tahmin

2. Tahmin

Swuif Tartismast

Kabul etme ve Anlama

1.

Neden yatay atis hareketlerinde cisimler parabolik bir yoriinge izler?
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IV. Ogrendiklerimizi Pekistirelim
Grup olarak asagidaki sorular: cevaplayiniz.

1. Bir cisim yukartya dogru V, hiziyla dik olarak atiliyor. Yergekimi ivmesi g olduguna gore
cismin maksimum yiikseklige ¢ikmasi igin gerekli siire ne kadardir?

2. Bir cisim yatayla belli bir a¢1 yapacak sekilde V, hiziyla atesleniyor. Yergekimi ivmesi g
olduguna gore merminin yere diisme siiresini hesaplayiniz.

3. Bir savas gemisi ayn1 anda ve ayni hizla iki bombadan birini yakindaki A diisman gemisine
digerini de uzaktaki B diigman gemisine dogru atesliyor. Bombalar savag gemisinden farkli
acilarda ayriliyorlar ve asagidaki sekildeki gibi parabolik yollari takip ediyorlar. Buna gore,
hangi diisman gemisi 6nce vurulur?

a) A b) B ¢) Ikisi de ayn1 anda vurulur.

4. Fizik problemlerini (6rnegin kuvvet ve hareket iinitesindeki problemleri) islemsel
problemlerden ayiran 6zellikleri nelerdir?

5. Fizik problemlerini (6rnegin kuvvet ve hareket iinitesindeki problemleri) nasil ¢dzersiniz?

o Swuf Tartismasi

4. Ucurumun kenarinda duran bir kisi iki toptan birini yukariya digerini asagiya ayni hizla
firlattyor. Hava direncini ihmal edersek, hangi top yere daha biiyiik hizla ¢arpar.
a) Yukariya atilan top
b) Asagiya atilan top
c) Her ikisi de ayn1 hizla yere ¢arpar.
5. Bir top yukartya dogru dik olarak V, hiziyla atesleniyor. Hava direncini ihmal ediniz. Topun
ilk hiz1 iki katina ¢ikarilirsa topun maksimum yiikseklige ¢ikma siiresi
a) iki katina ¢ikar, b) Dort katina ¢ikar
¢) yartya iner, d) Yukaridakilerden higbiri,
e) Bu soruya cevap vermek igin yeterli bilgi verilmemistir.

6.  Topun ilk hiz1 iki katina ¢ikarilirsa topun ¢gikacagi maksimum yiikseklik,
a) iki katina ¢ikar, b) Dort katina ¢ikar
¢) yartya iner, d) Yukaridakilerden higbiri,
e) Bu soruya cevap vermek i¢in yeterli bilgi verilmemistir.

262



Asagidaki sorular bir ugurumun kenarinda
yatayla @ agis1 yapacak sekilde vq ilk hiziyla
yukartya dogru firlatilan tenis topu ile
ilgilidir. Havanin diren¢ kuvvetini ihmal
ediniz.

A  Topun firlatildiktan hemen sonraki
konumu

B Topun cikabilecegi maksimum
yiikseklikteki konumu

C topun yere carpmadan hemen Onceki
konumunu gostermektedir.

7. Hangi nokta da topun ivmesi maksimumdur?

a) A
b) B
c) C
d) Ivme her yerde aymadir.
Neden?

. Topun B noktasindaki hiz1 agagidakilerden hangisidir?
a) v,
b) v,cos@
c) v,sin@
d) vy,tand

9. Tenis topunun baslangictaki hizinin yatay bileseninin yariya inecek ve diisey bileseninin
degismeyecek sekilde degistirildigini diisiinliniiz. Bu durumda tenis topunun yere carpma siiresi
hakkinda ne sdylenebilir?

a) Zaman yarlya iner

b) Zaman azalir, ama yarisindan dah az azalir.

€) Aym zamanda yere garpar.

d) ki kat1 siirede yere carpar

€) Zaman artar ama iki kati siireden daha az artar.

Neden?

10. t = 0 da bir ugurumun kenarindan yatay olarak firlatilan bir tenis topunun t anindaki hizinin
biiyiikliigiinii veren ifade asagidakilerden hangisidir? Havanin direng kuvvetini ihmal ediniz.

a)V, +gt bV t+1gt? o) JVi+ gt

d v,—gt e) Higbiri
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SONRAKI IKI SORUYU CEVAPLARKEN ASAGIDAKI ACIKLAMAYI VE SEKLI
KULLANINIZ.

Bir futbolcu bir topa sekilde goriildiigli gibi vuruyor. Top sola dogru havalaniyor. 'Y
Hava tarafindan topa uygulanan kuvvetlerin ihmal edilebilir oldugunu diistiniiniiz. A

11. Asagidakilerden hangisi topun ayaktan ¢ikip yere diigene kadar olan hareketi :

boyunca topa etki eden kuvvet/kuvvetleri gosteren serbest cisim diyagramidir? !

a) b) c) d) e)

12. Futbolcu topa yatayla 30° lik a1 ve 10 m/s lik hiz yapacak sekilde vuruyor. Buna gére topun
maksimum yiikseklige ¢ikmast igin ne kadar siire gereklidir (g=10 m/s?, Sin30=0,5, Cos30= 0.866)

A)05s B) 0,87 s C)1s D)12s E)2s

13.Dogrusal ve yatay bir yolda V hiziyla ilerleyen bir arabadan, yatayla y
0 acist yapacak dogrultuda ve yere gore Vo hiziyla atilan top yine L
arabanin igine, atildig1 noktaya diistiigiine gére arabanin V hiziyla topun _ _ﬁ'_’ A
V) hiz1 arasinda nasil bir iligki vardir? (Siirtinmeyi ihmal ediniz.) b g
V= ~

Qv )

b) v,cosd

) v,sind

d 2v,

e) 2Vv,cosd
14.Sekildeki P noktasindan egik olarak firlatilan bir
cisim, yoriingesi {izerindeki L noktasindan K noktasina t - g_ PRPO %
siirede gelmistir. LT ' B T8 .
MK uzakligi ve t zamani verildigine gore, cisim N,L,K R . Mgk
noktalarindaki Vy, V_ ve Vi hizlarindan hangileri
bulunabilir?

a) Yalmz Vy,

b) Yalmz V|

c) Yalmz Vg

d) Vive Vg

e) Vn, Vove Vg

15.Kuvvetli esen riizgara ragmen, bir tenis oyuncusu raketiyle tenis topuna vuruyor ve top agmn
iizerinden gegerek rakibin sahasina diigiiyor. Asagidaki kuvvetleri dikkate aliniz:

1. Asagi dogru yer ¢ekimi kuvveti.

2. "Vurmayla" olusan kuvvet.

3. Hava tarafindan uygulanan kuvvet.

Yukaridaki kuvvetlerden hangisi(hangileri) tenis topunun raketle temasim kaybettikten sonra
ve yere degmeden dnce tenis topu iizerine etki etmektedir?

a) Yalniz 1 b)1lve?2 c)lve3 d)2ve3 e)l,2ve3
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1)

2)

VI. Ogrendiklerimizi Genisletelim

(Bireysel ¢alisiniz). Elinizde tenis topu ile okulun koridorunda kostugunuzu disiiniiniiz.
Yerde ilerde duran bir hedefe topu isabet ettirmek istiyorsunuz. Buna gore topun hedefe
¢arpmast i¢in topu hedeften 6nce mi, sonra mi, yoksa hedefe vardiginizda mi diisiiriirsiiniiz?
Neden? (Dikkat: topu firlatmiyorsunuz, diisiiriiyorsunuz.)

>4~

(Grup olarak calisiniz). Grup olarak yukaridaki soruyu tartisiniz. Grubun cevabimi nedenleri
ile birlikte yaziniz.

Tahminlerinizi Test Etme Zamani _
Koridora gegerek tahminlerinizi test edeniz. Ilk olarak tahmin ettiginiz konumda topu diisiiriiniiz,
daha sonra diger iki konumlar1 deneyiniz.

3)

Her ti¢ durum i¢inde topun diistiigli konumu gézlemleyiniz. G6zlemlerinizi yaziniz.

Hatalarimizi Anlayalim

4)

5)

6.

(Bireysel ¢alisiniz). Deney sonuglari tahminlerinizle uyusmuyorsa hata yakalama stratejisini
kullanarak bu farkliligin nedenini agiklayiniz. Yani baslangigtaki diisiincenizin neden yanlis
oldugunu ve bu diisiinceyi nasil degistirdiginizi yaziniz.

Peki, yanliglarinizin dogru oldugu durumlar olabilir mi? Grup olarak tahminleri yanlis olan
arkadaglarinizin, tahminlerinin dogru oldugu durumlar1 belirleyiniz. (Giinlik yasamdaki
deneyimlerinizden yararlaniniz.)

VI. Ogrendiklerimizi Degerlendirelim

(Grup olarak ¢alsiniz). Etkinlik 6 baglarken “Neleri Biliyoruz Gosterelim” kisminda
tartistiginiz sorulart tekrar kendi aranizda tartisiniz. Her bir soru hakkindaki diisiincelerinizi
birbirinize belirtirken neden o sekilde diisiindiigiiniizii gruptaki arkadaslariniza agiklayiniz.
Grup olarak tartigtiktan sonra her bir soru i¢in grubun ortak diigiincelerini yaziniz.

(Bireysel olarak ¢alisiniz). Neleri Biliyoruz Gosterelim kisminda bu sorulara bireysel
olarak verdiginiz yanitlarla simdi grup olarak tartistiktan sonra verdiginiz cevaplar arasinda
fark var m1? Varsa bu farkligin nedenini belirtiniz? ([pucu: Hata Yakalama Stratejisini
Uygulaymiz).
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Adi ve Soyadi:

Sinif:

ETKINLIK 7
I.  Neleri Biliyoruz Gosterelim
Asagidaki sorulari bireysel olarak cevaplayimniz. Cevaplarinizi agiklamay1 unutmayiniz.

(Bireysel ¢alisiniz). Bir bilardo oyununda oyuncu bilardo masasinin ortasinda duran topa
kendi topuyla vuruyor. Carpisma aninda olusan kuvvetler hakkinda ne sdylenebilir? Bu
kuvvetlerin biiyiikliiklerini karsilastiriniz. Cevabinizi agiklayiniz.

(Bireysel ¢alisiniz). 1ki bilardo oyuncusu bilardo masasmin yaninda karsilikli durarak
toplarina ayni kuvvetle vuruyorlar. Toplar masanin ortasinda garpisiyorlar. Carpigsma aninda
olusan kuvvetler hakkinda ne sOylenebilir? Bu kuvvetlerin biiytikliiklerini karsilastiriniz.
Cevabinizi agiklayniz.

(Bireysel ¢alisiniz). Bir sivrisinek otoyolda ¢ok hizli giden bir otobiisiin 6n camina ¢arpiyor.
Carpisma aninda sinegin uyguladigi kuvvet otobiisiin uyguladigi kuvvetten biiyiik, kiigiik
yoksa esit midir? Cevabinizi agiklayniz.

(Bireysel ¢alisiniz). Murat bayram tatilinde memleketine giderken yolda otomobili bozulur.

Hemen tamircisini arar ve tamirci gelinceye kadar arabayi yolun kenarina itmek ister. Neyse

ki arabasi kiiciik bir araba oldugundan tek bagina arabayi ittirebilecegini diisiiniir.

a) Murat ilk denemesinde arabayr hareket ettiremiyor. Bu durumda Murat’in uyguladigi
kuvvet arabanin Murat’a uyguladigi kuvvetten biiyiik, kii¢iik yoksa egit midir?
Cevabinizi agiklayiniz.

b) Murat uyguladigi kuvveti biraz daha artirdiktan sonra araba sabit hizla hareket etmeye
basliyor. Bu durumda Murat’in uyguladigi kuvvet arabanin Murat’a uyguladigi
kuvvetten biiyiik, kiigiik yoksa esit midir? Cevabinizt agiklayiniz.

€) Murat arkadan bir arabanin geldigini goériince kuvveti daha da artiriyor ve araba
hizlanarak hareket etmeye basliyor. Bu durumda Murat’in uyguladig1 kuvvet arabanin
Murat’a uyguladig1 kuvvetten biiyiik, kiiciik yoksa esit midir? Cevabinizi a¢iklayiniz.

C. (Grup olarak ¢alsinz). Yukaridaki sorulan tartisginiz. Her bir soru hakkindaki
diigiincelerinizi  birbirinize belirtirken neden o sekilde diistindiigiiniizii gruptaki
arkadaglariniza aciklayiniz. GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK
VERDIGINIZ CEVAPLARI DEGISTIRMEYINIZ.
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I1l. Arastiralim

Gerekli Malzemeler:

A

Bilgisayar

Arabirim

Hareket Detektorii
Kuvvet Sensorii (2 adet)
Hareket programi
30cmip

Tahmin Yapma Zamani

Halat Cekme Oyunu

1.

(Grup olarak ¢alisiniz). Hemen hemen ayni kilo ve boyda olan iki sporcunun halat ¢ekme
oyunu oynadigini diisiiniiniiz. Her iki sporcu da biitiin giiciiyle halati ¢ekiyor. Her ikisi de
herhangi bir yone hareket etmiyor yani hareketsizler. Bu durum asagidaki sekilde
verilmistir.

Buna gore asagidakilerden hangisi dogrudur. Neden?

a) A sporcusu B sporcusundan daha fazla kuvvet uygular.
b) Her iki sporcu birbirlerine ayn1 kuvveti uygular.
¢) A sporcusu B sporcusundan daha az kuvvet uygular.

(Grup olarak ¢aliginiz). Simdi biri digerinden daha zayif olan iki sporcunun halat ¢ekme
oyunu oynadigint diisiiniiniiz. Her iki sporcu da biitiin giiciiyle halati ¢ekiyor. Her ikisi de
herhangi bir yone hareket etmiyor yani hareketsizler. (A sporcusu B sporcusundan daha
agirdir.) Buna gore asagidakilerden hangisi dogrudur. Neden?

a) A sporcusu B sporcusundan daha fazla kuvvet uygular.

b) Her iki sporcu birbirlerine ayn1 kuvveti uygular.

¢) A sporcusu B sporcusundan daha az kuvvet uygular.

(Grup olarak ¢aliginiz). Simdi biri digerinden daha zayif olan iki sporcunun halat ¢ekme
oyunu oynadigimi ve hafif olan sporcunun (B sporcusu) bir kaykay {izerinde oldugunu
diisliniiniiz. Agir olan sporcunun (A sporcusu) hafif olan sporcuyu kendisine dogru hareket
edecek kadar kuvvetle cektigine gore asagidakilerden hangisi dogrudur. Neden?

a) A sporcusu B sporcusundan daha fazla kuvvet uygular.

b) Her iki sporcu birbirlerine ayn1 kuvveti uygular.

¢) A sporcusu B sporcusundan daha az kuvvet uygular.

267



B.
1.
Onemli

Tahminleri Test Etme Zamam
(Grup olarak ¢aliginiz). Birinci soruya verdiginiz cevabi test ediniz.

Deneye baglamadan 6nce kuvvet sonsorleri kalibre ediniz.

Kalibre etmek icin DENEY meniisii altindaki “kalibre et” i se¢iniz. KN1: Dual Range
Force ‘u segin. “Kalibre et” tusuna tiklayiniz.

[lk sensor iizerindeki kuvvetleri kaldirm ve kancasi asag1 gelecek sekilde dik tutunuz. Deger
1 alanina “0” (sifir) girin ve Deger 1 igin goriinen yazi sabit hale geldiginde “sakla” tusuna
tiklayiniz.

Sensore 1 kg kiitle asiniz. Bu 9,8 N boyutunda bir kuvvet uygular. Deger 2 alanina “9,8”
girin ve Deger 2 i¢in goriinen yazi sabit hale geldiginde “sakla” tusuna tiklayiniz.
11k kuvvet sensériiniin kalibresini tamamlamak icin “son” tusunu tiklayimz.
2. Ikinci sensoriide benzer sekilde kalibre ediniz.

v' Tug-of-War (L07A2-1) deney dosyasini aginiz.

v' Halat ¢ekme oyununda kuvvetlerin yonleri ters oldugundan kuvvet sensorlerinden
birinin yoniinii ters ¢eviriniz.

v Kuvvet sensorlerini sifirlayiniz.

v' Iple gevresi 30 cm olan bir halka yapin. Kuvvet sensérlerinin kancalarini bu halkaya
gegiriniz.

v Bir kuvvet sensériinii bir kisi tutarken digerini gruptaki farkli bir kisi tutsun. (Bu iki
kisinin yam kiloda ve biiyiikliikte kisiler olmasina dikkat ediniz.)

v' Topla tusuna bastiktan sonra kuvvet sonsorelerini tutan Kisiler sensoérleri kendilerine
dogru ¢eksin.

1. Olusan kuvvet-zaman grafiklerini yorumlayarak Kuvvet 1 ve Kuvvet 2 nin biiyiikliklerini
karsilagtiriniz.

Hatalarimizi Anlayalim

(Bireysel ¢alisiniz). Tahminlerinizle simdiki cevaplariniz birbirinden farkli ise hata yakalama
stratejisini kullanarak baglangigtaki diisiincenizin neden yanlis oldugunu ve bu diisiinceyi nasil
degistirdiginizi yaziniz.

2.

Simdi 2. Soru igin yaptiginiz tahmini test ediniz.

v Tug-of-War (L07A2-1) deney dosyasim aginiz.

v' Halat ¢ekme oyununda kuvvetlerin yonleri ters oldugundan kuvvet sensérlerinden
birinin yoniinii ters ¢eviriniz.

v Kuvvet sensorlerini sifirlayiniz.

v' Iple gevresi 30 cm olan bir halka yapmiz. Kuvvet sensérlerinin kancalarini bu halkaya
geciriniz.

v' Bir kuvvet sensoriinii bir kisi tutarken digerini gruptaki farkli bir kisi tutsun. (Bu iki
kisinin farkl iki kiloda ve biiyiikliikte kisiler olmasina dikkat ediniz.)

v" Topla tusuna bastiktan sonra kuvvet sénsorelerini tutan kisiler sensérleri kendilerine
dogru ceksin.

Olusan kuvvet-zaman grafiklerini yorumlayarak Kuvvet 1 ve Kuvvet 2 nin biiytikliiklerini
karsilagtirimiz.
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Hatalarimizi Anlayalim
(Bireysel ¢alisiniz). Tahminlerinizle simdiki cevaplarimiz birbirinden farkli ise hata yakalama
stratejisini kullanarak baglangigtaki diigiincenizin neden yanlis oldugunu ve bu diisiinceyi nasil
degistirdiginizi yaziniz.

4. Simdi 3. Soruya yaptiginiz tahmini test ediniz.

v' Tug-of-War (L07A2-1) deney dosyasini aginiz.

v' Halat ¢ekme oyununda kuvvetlerin yo6nleri ters oldugundan kuvvet sensorlerinden
birinin yOniinii ters ¢eviriniz.

v" Kuvvet sensorlerini sifirlayiniz.

v" Bu deneyde bir kisi tekerlikli sandalye otururken digeri ayakta duracak.

v' Topla tusuna bastiktan sonra ayakta duran kisi, tekerlikli sandalyedeki kisiyi kendisine
dogru hareket edecek sekilde ¢eksin.

5. Olusan kuvvet-zaman grafiklerini yorumlayarak Kuvvet 1 ve Kuvvet 2 nin biyiikliiklerini
karsilagtiriniz.

Hatalarimiz1 Anlayalim
(Bireysel ¢alisiniz). Tahminlerinizle simdiki cevaplarimiz birbirinden farkli ise hata yakalama
stratejisini kullanarak baglangigtaki diigsiincenizin neden yanlis oldugunu ve bu diisiinceyi nasil
degistirdiginizi yaziniz.

o Swmf Tartismasi
V. Ogrendiklerimizi Genisletelim

A. Biiyiik, Kiiciik yoksa Esit mi?
1. (Bireysel ¢alisimiz). Biiyiik bir otobiis, park halindeki i¢inde insan bulunmayan bir
otomobile ¢arpiyor. Sezgisel olarak otomobilin otobiise uyguladigi kuvvet, otobiisiin
otomobile uyguladigi kuvvetten biiyiik, kiiciik yoksa esit midir? Cevabmnizi agiklayiniz

Birgok &grenci yukaridaki soruya asagidaki sekilde cevap vermislerdir.
Sezgisel olarak carpigma aninda otomobil daha ¢ok etkilenir. Bunun igin araba daha ¢ok kuvvet
hisseder yani otobiis daha fazla kuvvet uygular. Bagka bir ifade ile hafif cisimler daha ¢ok etkilenir
sezgisini 6ne siirmiiglerdir.

2. (Grup olarak ¢alisimiz). 1. Soruya verdiginiz yanit yukaridaki yanitla benzer mi, yoksa farkl
mu, agiklayiniz.

3. (Grup olarak ¢alisiniz). Simdi 1. Soruya verdiginizin yanit1 test etmek i¢in asagidaki deney
diizenegini kurunuz. Arabalardan birini daha agwr yapmak igin icine kiitleler yerlestiriniz.
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(Grup olarak ¢alisiniz). Arabalarin birbirine uyguladiklari kuvvetleri karsilastiriniz.

(Grup olarak ¢alisiniz). Sezgilerimizle fizik ¢elistigi zaman ne yapiyorduk?

Sezgisel bilgilerimiz ve Newton’un 3. Yasasi

(Grup olarak ¢alisiniz). Carpisan otomobil ve otobiis sorusuna tekrar donelim. Otobiisiin
2000 kg otomobilin 1000 kg oldugunu diisiiniiniiz. Otobiisiin hiz1 ¢arpisma aninda 5 m/s
azaldigina gore sezgisel olarak ¢arpisma aninda otomobilin hizi ne kadar artar? (Otomobil
carpisma aninda daha ¢ok etkilenir sezgisel bilgisini bu soruya uygulamaya ¢alisiniz ve
otobiisiin 2 kat daha agir oldugunu unutmayiniz.)

(Grup olarak ¢alisiniz). Carpisma aninda otomobille otobiisiin birbirleriyle 0,5 s temas
halinde kaldiklarini diigliniiniiz. Buna gore,

a) Otobiisiin carpigma anindaki ivmesi ne kadardir?

b) Otomobilli ¢arpisma anindaki ivmesi ne kadardir? (1. Soruda buldugunuz hiz degerini
kullaniniz.)

Newton’un ikinci yasasini kullanarak;
a) Otobiisiin carpigma aninda hissettigi kuvveti bulunuz?

b) Otomobilin ¢arpigma aninda hissettigi kuvveti bulunuz?

(Grup olarak ¢alisiniz). Otomobil daha ¢ok etkilenir sezgisel bilgisini kullanarak otomobilin
ne kadar hiz kazandigini tahmin ettikten sonra bu hiz degerini kullanarak otomobilin
carpisma anindaki ivmesini ve hissettigi kuvveti buldunuz. Bu deger Newton’un 3. Yasast ile
uyum igerisinde midir? Uyum igerisinde olup olmadigini nerden anlarsiniz?

(Grup olarak ¢alisiniz).Otomobil daha ¢ok etkilenir sezgisel bilgisinin otomobilin daha fazla
hiz degisimine (yani daha fazla ivme kazandigi) ugradigi anlamma geldigi gordiik. Her iki
ara¢ da ayn1 kuvveti hissettiklerine ragmen neden otomobil daha fazla ivme kazanir?
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6. Asagidaki aritma diyagrami iizerinde grup olarak caliginiz.

Hafif cisimler daha
cok etkilenir.

Ham sezgi

o

.

Hafif cisimler daha ¢ok

Aritilmis sezgiler kuvvet hisseder.

Hafif cisimler daha gok
ivme kazanir (hiz degisimi).

7. (Bireysel ¢alismiz). Sayfa 5° deki birinci soruya cevap verirken yukaridaki aritilmis sezgiden

hangisini kullandiniz?

6. (Bireysel ¢alisiniz). Sayfa 6’ daki 1. soruya cevap verirken yukaridaki aritilmis sezgiden

hangisini kullandiniz?

C. Icerde veya Disarida olmak Cok Sey Degistirir mi?

1.(Grup olarak ¢aliginiz). Yagmurlu bir giinde arabanizin akusii bitti ve arabanin akiisiinii
tekrar baglatmak igin arabayr hareket ettirmek yani itmek zorundasimniz. Arabanin
igindeyken arabanin 6n camini biitiin giicliniizle itmenize ragmen neden arabayi hareket

ettiremiyorsunuz? Aciklayimiz.

ASAGIDAKI SEKIL VE ACIKLAMAYI 2-11 SORULARI iCIN KULLANINIZ.

Bir c¢ocuk i¢i dolu olan A ve B
kutularini, kutular ile zemin arasindaki
siirtiinmenin, kutularin  altindaki
silindirler yardimiyla yok edildigi bir
zemin {izerinde sekildeki gibi itiyor. A
kutusu 75 kg iken B kutusu 25 kg dur.
Cocuk A kutusuna 200 N luk yatay bir

B
75 kg

25 kg

kuvvet uyguluyor. B,

S

i

2.(Grup olarak ¢ahisiniz). Islem yapmadan sezgisel olarak A kutusunun ivmesi B kutusundan

biiytik, kiiciik yoksa esit mi dir. Cevabiniz1 agiklayimiz.

3.(Grup olarak c¢aliginiz). Simdi herhangi bir metodu kullanarak bloklarin ivmelerini

hesaplayiniz.
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4.(Grup olarak ¢alisiniz). Birden fazla cisimden olusan sistem problemlerine iki sekilde
yaklagilir (I) Cisimleri tek bir cisim olarak ele almak; (II) Cisimleri ayr1 ayri ele almak.
Yukaridaki soruda ivmeyi bulurken hangi yaklagimi kullandiniz?

5.(Grup olarak ¢alisiniz). Sistem sorularinda sistemi olusturan cisimlerin ivmelerini bulurken
kuvvet diyagrami ¢izmenin yarart olur mu? Agciklayiniz.

6.(Grup olarak ¢alisiniz). B kutusunda ¢ok iyi paketlenmemis cam tabaklar vardir. Bu tabaklar
uygulanan kuvvet 200 N a yaklasti§i zaman kiriliyor. Cocugun, A kutusunu 200 N luk
kuvvetle ittigini hatirlaymiz. Bu kuvvet B kutusuna aktarilir m1? Yani kutunun i¢indeki
camlar kiritlir m1? Hesap yapmayiniz, sadece mantiginizi kullanarak sezgilerinizle cevap
veriniz. Cevabinizi agiklaymniz.

7.Simdi hesap yapmadan sezgisel olarak B kutusunun 200 N kuvveti hissedip hissetmedigi

bulabilecegimiz bir yol iizerinde duralim. Ilk olarak, her iki kutu i¢in ayri kuvvet
diyagramlari giziniz.

A kutusuna etki eden kuvvetler B kutusuna etki eden kuvvetler

8.Simdi yukarida ¢izdiginiz diyagramlar1 kullanarak, senuglar oyunu oynayiniz. Sonuglar
oyunu dogrulugundan emin olunmayan bir diisiincenin dogrulugunu test etmek icin
kullanilan bir stratejidir. Segilen diigiincenin dogru olmasi durumunda doguracagi
sonuglara odaklaniriz. X dogru ise, Y nin olmasi gerekir. Bazen Y diger fizik bilgileriyle
celisir bu durumda X den vazgeceriz, Bazi durumlarda ise Y diger fizik bilgileriyle uyum
igerisinde olur ve X in dogrulugundan daha ¢ok emin oluruz.
Simdi gecici olarak A kutusuna uygulanan 200 N luk kuvvetin aynen B kutusuna iletildigini
kabul ediniz. Bu kabullenisin doguracagi sonuglari diisiiniiniiz.

a) Eger Fga (B’ ye A tarafindan uygulanan kuvvet) =200 N oldugu dogru ise, Fag (A ya B
tarafindan uygulanan kuvvet) = ?

b) Eger Fga =200 N oldugu dogru ise, A kutusuna etki eden net kuvvet ne kadardir?

¢) Kabullenisin doguracagi sonuca dayanarak, Fga =200 N oldugu yani A kutusuna
¢ocugun uyguladig1 kuvvetin B kutusuna aktarildigi disiincesini kabul mii yoksa ret mi
edersiniz?

9.(Grup olarak ¢alisiniz). Bu soruda kuvvet diyagrami ¢izmek isinizi kolaylastir m1 yoksa
kuvvet diyagrami cizmek sadece sizin hangi kuvvetleri bildiginizi &gretmenlerinize
gostermenin bir yolumu dur?

10. (Grup olarak ¢aliginiz). A kutusunun B kutusuna uyguladigi Fga bulunuz.
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11. Birden fazla cisimden olusan sistem problemlerine iki sekilde yaklagilir (I) Cisimleri tek
bir cisim olarak diigiinmek;(II) Cisimleri ayr1 ayr1 diisiinmek. Yukaridaki soruda kuvveti
bulurken hangi yaklagimi kullandiniz?

12. Eger portakali bir sistem olarak kabul edersek
elmanin portakala uyguladigi kuvvet bir ic
kuvvet yoksa dis kuvvet midir?(Sirtiinme
kuvvetini ihmal ediniz).Bu kuvvetin sitemin
ivmelenmesi iizerinde etkisi nedir?

13. Eger portakal ile elmayr bir sitem olarak
disiiniirsek elmanin portakala uyguladigi kuvvet
bir i¢ kuvvet yoksa dig kuvvet midir?
?(Stirtiinme kuvvetini ihmal ediniz).Bu kuvvetin
sitemin ivmelenmesi iizerinde etkisi nedir?

14. (Grup olarak ¢alisiniz). Simdi sayfa 8 deki 1. soruyu tekrar tartiginiz.

Ogrendiklerimizi Pekistirelim

Asagidaki sorulart grup olarak tartisiniz.

1. Masa iizerinde duran bir kitaba etki eden kuvvetler yer¢ekimi ve masanin uyguladigt normal
kuvvettir. Bu kuvvetler Newton’un 3. Yasasina gore etki- tepki ciftleridir ve birbirlerine esit
ve zit yonliidiir.

Yukaridaki ifadeye katiliyor musunuz? Cevabinizi agiklayiniz.

2. A arabasi serbest birakildiktan sonra ipin A arabasma uyguladigi gerilme kuvveti ile B
cisminin agirhigini karsilastiriniz. Tiim siirtiinmeleri ihmal ediniz.

ma |
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3. M; ve M, kiitleli iki blok bir ip yardimiyla birbirlerine baglaniyor. Bloklar T, gerilme
kuvveti ile saga dogru gekiliyorlar. M, > M; olduguna gore iplerde olusan T; ve T,
gerilmelerini karsilastiriniz. Tiim siirtiinmeler ihmal ediniz.

M;

T2

T

M

4, Bir ipin ucuna bagh bir gelik top sabit bir hizla asagiya dogru indirilmektedir. ipte olusan
gerilme ile topun agirhgmi karsilastiriniz. Cevabimizi agiklayiniz. Havanin direng kuvvetini

ihmal ediniz.

Sabit hizla

5. Ayni top asagiya dogru diiziin yavaglayarak indirilirse ipte olusan gerilme ile topun agirligini
karsilagtiriniz. Cevabinizi agiklayiniz. Havanin direng kuvvetini ihmal ediniz.

6. Aym top asagiya dogru diiziin diizgiin hizlanarak indirilirse Ipte olusan gerilme ile topun
agirhigini karsilastiriniz. Havamin direng kuvvetini ihmal ediniz.

7. Bir ip yardimiyla birbirine baglanan A ve B bloklart bir dis kuvvetle saga dogru sabit bir
kuvvetle c¢ekilmektedir. ma< mg dir. Bloklara etki eden kuvvetler sekil iizerinde
gosterilmistir. Asagidaki ifadelerden hangisi Newton’ un 3. Yasasini kullandigimizda dogru

bir ifadedir.
Na Na
Fea = <—
< | B
|mAi B Fext
Mag Msg

a) Newton’un 3. Yasasina gore her bir blok i¢in Normal kuvvet bloklarin agirliklarina esittir.
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8.

b) Newton’un 3. Yasasina gore Fag = Fga dir.
¢) Newton’un 3. Yasasina gore Fpp ipte olusan gerilme kuvvetine esit ve zit yonlidiir.
d) Yukaridakilerin hepsi.

M ve m kiitleli iki blok siirtiinmesiz
bir yiizey boyunca yatay bir F F
kuvveti ile itilmektedir. | M

a) Kiigiik blogun biiyiik bloga
uyguladigi kuvvet F, M ve m
cinsinden neye esittir.

b) Biiyiik blok iizerine etki eden net kuvvet F, M ve m cinsinden neye esittir.

c) Kiigiik blok iizerine etki eden net kuvvet F, M ve m cinsinden neye esittir.

9. Siirtlinmesiz yatay bir diizlemde, sekildeki gibi
birbirine dokunacak bigimde konmus 4 kg dkg S5kg
kiitleli X kiipii ile 5 kg kiitleli Y kiipii 18 N luk
yatay kuvvetle itiliyor. Her iki kiipe etki eden
net kuvveti hesaplayiniz.

VI. Ogrendiklerimizi Degerlendirelim
8. (Grup olarak ¢aliginiz). Etkinlik 7 baslarken “Neleri Biliyoruz Gosterelim” kisminda
tartistiginiz sorular1 tekrar kendi aranizda tartisiniz. Her bir soru hakkindaki diisiincelerinizi
birbirinize belirtirken neden o sekilde diisiindiigiiniizii gruptaki arkadagslarimiza agiklayniz.
Grup olarak tartistiktan sonra her bir soru i¢in grubun ortak diisiincelerini yaziniz.

9. (Bireysel olarak c¢alisiniz). Neleri Biliyoruz Gosterelim kisminda bu sorulara bireysel
olarak verdiginiz yanitlarla simdi grup olarak tartistiktan sonra verdiginiz cevaplar arasinda
fark var mi1? Varsa bu farkligin nedenini belirtiniz? (/pucu: Hata Yakalama Stratejisini
Uygulaymiz).
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Adi ve Soyadi:

Sinif:

ETKIiNLIK 8

I.  Neleri Biliyoruz Gosterelim

A. (Bireysel ¢alisiniz). Asagidaki sorular bireysel olarak cevaplayiniz. Cevaplarinizi agiklamay1
unutmayiniz.

1.

Asagidaki durumlarin hangisinde bir otobiisiin icindeki yolcularin eylemsizliginden
bahsedilebilir? Cevabinizi agiklaymiz.

a) Duran bir otobiisiin i¢inde bulunan yolcularin

Neden?

b) Sabit hizla ilerleyen bir otobiisiin i¢ginde bulunan yolcularin

Neden?

c) Ivmeli hareket yapan (hizinda degismelerin oldugu) bir otobiisiin i¢inde bulunan yolcularmn
Neden?

2. Otobiis, kamyon gibi motorlu araglarin eylemsizliginden bahsedilebilir mi? Cevabinizi

aciklaymiz.

Ayni kiitleli iki toptan biri 10 m/s sabit hizla gidiyor, digeri 20 m/s sabit hizla gidiyor. Bu
toplarin eylemsizliklerinden bahsedilebilir mi? Bahsedilirse, eylemsizliklerinin biiyiiliiklerini
karsilagtiriniz.

Ayni kiitleli iki toptan biri 4 m/s ? ivmeyle gidiyor, digeri 8 m/s? ivmeyle gidiyor. Bu
toplarin eylemsizliklerinden bahsedilebilir mi? Bahsedilirse, eylemsizliklerinin biiyiiliiklerini
karsilastiriniz

(Grup olarak ¢alisimiz). Yukaridaki sorulart tartisiniz. Her bir soru hakkindaki
diistincelerinizi ~ birbirinize  belirtirken neden o sekilde diisiindiigiiniizii  gruptaki
arkadaglariniza agiklayiiz. GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK
VERDIGINIZ CEVAPLARI DEGISTIRMEYINIZ.

IT1. Arastiralim
(Grup olarak ¢alisiniz). Pigmis ve pismemis iki yumurtayi birbirinden nasil ayirt edersiniz?

(Grup olarak ¢alisiniz). Size verilen yumurtalar1 ayr1 ayri masalarinizin iizerinde g¢eviriniz ve
donen yumurtalara hafifce kisa siireli dokunup birakarak yumurtalarin durmalarini
saglayiniz. Gézlemlerinizi kaydediniz?
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(Grup olarak ¢alisiniz). Gozlemlerinize dayanarak sizce hangi yumurta pismemis olabilir?
Neden bir yumurta déonmezken digeri donmeye devam etti (Ipucu: Yumurtalarin yapisal
Jfarkiliklarina dikkat ediniz.)

(Grup olarak ¢alisiniz). Yumurtalar donerken ivmelimi yoksa sabit hizla m1 hareket ediyor?

Swnif Tartismasi

IV. Ogrendiklerimizi Pekistirelim

Asagidaki durumlari grup olarak tartisiniz.

1.

-

Elin uyguladig1 kuvvet bardagin iizerindeki kartonu ivmelendirirken \
4]

neden para bardagin igine diiser? q&; 5

Cekicin asagi dogru hareket ettirip aniden durmak neden c¢ekisi
sikismasini saglar?

-

VI.Ogrendiklerimizi Genisletelim

(Grup olarak ¢aliginiz). Aym biiyiikliikte iki tane kutu bir masanin iizerinde durmaktadir. Bu
kutulardan biri kum ile doldurulurken digeri pamuk ile doldurulmustur. Bu kutulan
kaldirmadan hangisinde pamuk hangisinde kum oldugunu nasil belirlersiniz? Agiklayiniz.

(Grup olarak ¢aliginiz). Bir belediye otobiisii kirmizi 1s18in yandigim son anda fark edip,
frene basiyor. Otobiisiin i¢inde ayakta duran sisman ve zayif iki yolcudan hangisi daha fazla
one dogru hareket eder neden?

(Grup olarak ¢aliginiz). Bir arkadasiniz eylemsizligi “cismin hareket durumunu degistirmeye
calisan kuvvete karsi gosterilen ve cismin var olan durumunu korumaya ¢alisan kuvvet”
olarak tanimliyor. Arkadasiniza katiliyor musunuz? Agiklaymiz.

(Grup olarak ¢alisiniz). Emniyet kemerini takmak neden 6nemlidir?

(Grup olarak ¢aliginiz). Viraji donen bir arabanin i¢inde oldugunuzu diisiiniiniiz. Araba viraji
donerken neden virajin disina dogru savrulursunuz?

VII. Ogrendiklerimizi Degerlendirelim

1.(Grup olarak ¢alisiniz). Etkinlik 8 baslarken “Neleri Biliyoruz Gosterelim” kisminda tartistiginiz
sorulari tekrar kendi aranizda tartisiniz. Her bir soru hakkindaki diisiincelerinizi birbirinize belirtirken
neden o sekilde diistindiigiiniizii gruptaki arkadagslariniza agiklaymiz. Grup olarak tartigtiktan sonra
her bir soru i¢in grubun ortak diisiincelerini yaziniz.

2.(Bireysel olarak ¢alisiniz). Neleri Biliyoruz Gosterelim kisminda bu sorulara bireysel olarak
verdiginiz yanitlarla simdi grup olarak tartigtiktan sonra verdiginiz cevaplar arasinda fark var mi?
Varsa bu farkligin nedenini belirtiniz? (Ipucu: Hata Yakalama Stratejisini Uygulayiniz).
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APPENDIX K

THE GENERAL TEACHER GUIDE

USTBILISSEL VE EPISTEMOLOJIK OLARAK ZENGINLESTIRILMIiS 7E OGRENME
DONGUSU MODELi UYGULAMA REHBERI

Bu c¢aligmanin amaci ist-bilissel ve epistemolojik olarak zenginlestirilmis 7E 6grenme dongiisii
modeline dayali gelistirilen 6gretimin 10. simf 6grencilerinin kuvvet ve hareket iinitesindeki
basarisina ve epistemolojik gelismelerine etkisini arastirmaktir.

Ust-biligsel ve epistemolojik olarak zenginlestirilmis 7E 6grenme déngiisii modeline dayali 6gretim,
7E 6grenme donglisiiniin 7 basamagina {ist-biligsel ve epistemolojik aktivitelerin yedirilmesi sonucu
olugmaktadir. Asagidaki tabloda bu birlesim 6zetlenmistir.

7E Ogrenme Cevrimi Ust-Biligsel Aktiviteler Epistemolojik Aktiviteler

Onbilgileri ortaya cikarma: Grup Tartigmasi Giinliik Yazimi
Kavram Haritasi
Ginliik Yazimi

Girme

Kesfetme Ust-bilissel yonlendirmeler

Aciklama Ust-bilissel yonlendirmeli Smif
Tartismasi

Derinlestirme Ust-bilissel yonlendirmeler Epistemolojik Stratejiler
Smuf Tartigmasi Smif Tartigmasi

Uzatma Ust-bilissel yonlendirmeler Epistemolojik Stratejiler
Simuf Tartigmasi Smif Tartigmasi

Degerlendirme Kavram Haritas1 Giinliik Yazimi

Ust-bilissel yonlendirmeler
Giinliik Yazimi

7E OGRENME DONGUSU MODELI

Bu 6gretim metodu 7 basamaktan olusmaktadir.

Onbilgilerin ortaya ¢ikarilmast basamaginda ogrencilerin konu hakkindaki onceki bilgileri ve
tecriibeleri gesitli yontemler kullanilarak ortaya ¢ikarilir.

Girme basamaginda Ogrencilerin konuya karst merak duymalarmi ve konu hakkinda zihinlerinde
sorular olusturmay1 saglayacak aktivitelere yer verilir.

Ogrenme dongiisiiniin  kesfetme basamag1 ogrencilere gozlemlemek, bilgileri kayit etmek,
degiskenleri belirlemek, deneyleri planlamak, grafik yaratmak, sonuglari yorumlamak, hipotez
gelistirmek ve sonuglarini diizenlemek igin firsat saglar.

Aciklama basamaginda ise Ogrenciler bir dnceki basamaktaki aragtirdiklari olaylara, sonuglara
aciklamalar getirirler.

Derinlestirme asamasinda ogrenciler 6grenmis oldugu bilgileri benzer durumlara uygularlar. Bu
asamada oOgrenciler benzer sorular ve hipotezler iiretip benzer deneyler yapabilirler. Ogrenme
dongiisiiniin bu evresinde dgrencilere ¢ozebilecekleri sayisal problemlerde sunulabilir.

Yayma basamaginda ise Ogrencilerin &grendikleri bilgileri daha farkli durumlara uygulamalar
beklenir.

Degerlendirme basamagi hem siireg hem de iiriin degerlendirmesini kapsamaktadir. Uriin
degerlendirme igin dgrencilerden yaptiklar1 deneylerin sonuglarii yorumlamalar1 istenebilir, testler
uygulanabilir. Siire¢ degerlendirme 6grenme dongiisiiniin belli bir basamag ile sinirlandirilmamustir.
Ogrenme déngiisii sadece bir yonlii olmadigindan, 6grencilerle etkilesimin oldugu tiim basamaklarda
stire¢ degerlendirilebilir.
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USTBILIS

Ust-bilis basit anlamda diisiinme hakkinda diisiinme olarak tamimlanabilir. Ogrencinin kendi
Ogrenmesini ilgilendiren her tiirlii etkenin farkinda olmasi ve 6grenmesi iizerinde bir kontrole sahip
olmasi olarak da tanimlanabilir.

Ust-biligsel olarak iyi bir durumda olan bir grenci:

e Ogrenen olarak kendisini iyi tantyan, analiz eden,

e Ogrenilecek aktivitenin (yeni 6grenilecek konu, ddev, deney..) nasil galisilacagini, hangi
stratejilerin konu igin uygun oldugu, konun zor mu kolay mi oldugunu farkinda olan,

e  Aktiviteye baglamadan 6nce plan yapan, amaglar belirleyen

e Ogrenme siirecinde 6grenip 6grenmedigini kontrol eden,

e (Ogrenme sonrasinda kendini degerlendiren, amagclarina ulasip ulasmadigmi kontrol eden,
karsilagtig1 zorluklarin, yaptig1 hatalarin farkinda olan 6grencileridir.

Bu calismada, 6grencilerin iist-biligsel olarak aktif olmalar1 i¢in iist-biligsel yonlendirmeler
kullanarak bu becerileri aligkanlik haline getirmeleri amaglanmaktadir.

Kullanilan Belli Bash Ust-Bilissel Aktiviteler

e  Ust-Biligsel Okuma Odevleri

Bu aktivitede 6grencilere okuma odevleri verilecek ve okumalarini okuduklarimi anlayip
anlamadiklarin1 kontrol etmelerine ve oOnceki bilgi ve tecriibeleriyle iliskilendirmelerine yardim
edecek tist-biligsel yonlendirmelerle yapmalari istenecektir.

Ornegin,

1. Size verilen okuma 6devini dikkatlice okuyunuz. Ardindan kendinize konuyu anlayip

anlamadiginiz1 kontrol eden sorular sorun.

Bu sorulardan birkag¢ini yaziniz.

2. Eger kendinize sordugunuz soruyu cevaplayamiyorsaniz, sorunuza cevap bulmak i¢in

ilgili yerleri tekrar okuyunuz.

3. Okuduklarmizla giinliilk yasaminizda kullandiginiz bilgi ve deneyimlerinizle gelisen

bilgilerle oldu mu? Ornek veriniz?
e  Giinliik Yazimu:

Ogrencilerden kendi dgrenmeleri ve ilgili konu hakkindaki bilgi ve tecriibeleri iizerinde
diistinmeleri igin giinliikkler yazmalar1 istenecektir. Giinliikleri yazarken kullanilacak iist-biligsel
yonlendirmeler 6grencilere konuya baslamadan ve konu bitiminden sonra verilecek.

Konuya baglamadan énce verilecek baglica yonlendirmeler:

Konu hakkinda neleri biliyorum?

Konu hakkinda neleri 6grenmek istiyorum?

Konuya ¢alismadan 6nce plan yaptim mi1?

Konuya nasil ¢alisacagim?

Konuya bitiminde verilecek baslica yonlendirmeler:

Konu hakkinda neleri 6grendim?

Amaglarima ulastim mi1?

Konunun hangi kesimlerinde zorlandim, neden?

Calisma yontemim etkili oldu mu?

o Swufve Grup Tartismalari

Konu hakkindaki tartigmalar iist-biligsel yonlendirmeler kullanilarak yiiriitiilecek.

Kullanmlacak baz iist-biligsel yonlendirmeler:

Bu aktivitede (soru, durum ...) nasil diigiindiigiinii bizimle paylagir misin?

Burada bunumu sdylemek istiyorsun?

Arkadaslarinla ayni fikirde misin?

Bu soruya bagka biri nasil cevap verebilirdi, ve neden bu sekilde diisiinmiis olabilir?

Boyle diisiinmene (yanlig diisiince) neden olacak ornek durumlar verebilir misin? O
durumlarla inceledigimiz bu durumlar arasindaki fark nedir?

e  Kavram Haritalar:

Ogrenme déngiisiiniin bilgileri ortaya ¢ikarma ve degerlendirme basamaginda &grencilerin

bildiklerinin farkina varmalar1 amaciyla kullanilacaktir.
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EPISTEMOLOJI

Bilgi kurami olarak da adlandirilan epistemoloji bilginin dogasi ve bilme yollar1 hakkinda
inaniglar olarak tanimlanir. Bu g¢alismada o&grencilerin fizik hakkindaki epistemolojilerinin
gelistirilmesi i¢in epistemolojik aktiviteler uygulanacaktir.

Fizik hakkindaki epistemoloji {ige ayrilir.

e  Fizik bilgisinin yapis1 hakkindaki inanislar: Fizik bilgisi (fizik) birbirinden bagimsiz
bilgi parcalar1 toplulugumu yoksa tutarli tek bir sistem midir?

e Fizigin icerigi hakkinda inanislar: Fizik formiillerden mi ibarettir yoksa formiillere
temel olusturan kavramlardan mi olusur.

e Fizik 6grenme hakkindaki inaniglar: Fizik 6grenmek disaridan pasif bir sekilde bilgi
almak mudir yoksa giindelik yasamda fiziksel olaylar1 agiklamak i¢in kullanilan
sezgisel bilgilerin ve deneyimlerin islenerek yeniden diizenlenmesi midir?

Kullanilacak Belli Bash Epistemolojik Stratejiler

e Hatalar1 Yakalamak

Hatalarinin ve neden hata yaptiginin farkinda olmasi igin kullanilan stratejidir.
e Tutarlik i¢in Kontrol Etmek
Cevaplartyla sahip oldugu diger fizik bilgileri arasinda tutarliligi yakalamak i¢in yapilan stratejidir.

e Sezgisel Bilgilerin Aritilmasi
Bu strateji 6grencilere fizik 6grenmenin giinliik yasamda kullandiklar1 bilgi ve tecriibelerin islenerek
gelistirilmesi oldugu diisiincesini gelistirmeyi amaglamaktadir.

e Kopri Diisiinceleri Segmek
Bu strateji ile 6grencilere bazi durumlarda bir olayin agiklamasi i¢in farkli diigiincelerden hangisini
dogru kabul edip devam edeceklerine karar vermekte zorlandiklari zaman, ilerleyebilmek igin
diisiincelerden birini dogru kabul edip, en azindan belli bir siire i¢in, devam etmeleri 6nerilir.

e Sonuglar Oyunu Oynamak
Bu stratejide 6grenciler segtikleri diisiincenin dogrulugunu test etmek i¢in sonuglar oyunu oynarlar.
Ornegin diisiinceyi sectikten sonra onun doguracag: sonuclar diisiiniirler. Eger X dogru ise, Y nin
olmasi gerekir. Bazen Y diger fizik bilgileriyle gelisir bu durumda X den vazgegeriz, Bazi durumlarda
ise Y diger fizik bilgileriyle uyum igerisinde olur ve X in dogrulugundan daha ¢ok emin oluruz.
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APPENDIX L

THE TEACHER GUIDES FOR ACTIVITY SHEETS

ETKINLiK 1 UYGULAMA REHBERIi
Bu etkinlikten sonra 6grencilerin;

1. Cisim iizerine etki eden kuvvetleri tanimlamasi
2. Cisim tizerine etki eden kuvvetleri etiketlendirmesi ve
3. Kuvvet diyagrami ¢izmesi

beklenmektedir.

Genel olarak bu aktivite ve diger aktivitelerde, 6grenciler bireysel-grup tartigmasi ve simif
tartigmasi sirasim takip ederek ¢alisacaklardir. Her simf tartigmasinda, kendisinden 6nceki bireysel ve
grup calismalarindaki durumlar siifca tartisilarak dzetlenecektir.

.

Bu béliimde, 6grencilerin verilen sorulara dayanarak birbirleriyle tartigmasi saglanir. Tartigma
sirasinda gruplar arasinda dolagilarak 6grenciler yonlendirilir. 5 dakikalik siire sonrasinda 5 dakika
dgrencilerin kavram haritalarmi gizmeleri saglamr. Ogrencilerin ilk kavram haritast oldugu igin
kavram haritasinin nasil ¢izilecegi hakkinda yardimlarda bulunulabilinir.

1.
Bu kisim 6grencilerin derse 1ilgisini ¢ekmek i¢in verilmistir. Hizlica okumalari istenir ve
gevremizde gordigiimiiz fiziksel olaylarin nedenini sorgulamanin 6nemine vurgu yapilir.

1.
Bu kisimda 6grencilerin yaptiklart kii¢iik deneylerle kuvvet ile hareket arasinda iliski kurmalari
beklenir.

V.
“Sonuglar1 paylasalim kisminda” sinif tartigmasi yapilir. Her bir durum i¢in, birkag gruptan
verilerini sinifla paylagsmalari istenir.

Ogrencilerin bu tartigmada {ist-biligsel olarak aktif olmalar1 icin onlara iist-bilissel yonlendirmeler
yapilmalidir:
Ornegin;
e Bu aktivitede nasil diisiindiigiinii bizimle paylasir misin?
e Burada bunu mu sdylemek istiyorsun? (Ogrencinin sdyledikleri farkli bir sekilde
ifade edilir)
e  Arkadaslarinla ayni fikirde misin, farkli diisiinen var mi?
e Tartistigimiz konuda size sezgisel olarak anlamli ya da dogru gelmeyen diigiinceler,
ya da durumlar oldu mu?

Sezgisel bilgi: Kisinin bir olayin nasil olacagi ya da nasil olmasi gerektigine dair beklentisi
olarak tamimlanabilir. Ornegin, agwr cisimlerin itmenin daha zor olacagimn beklentisi bir sezgisel
bilgidir.

e Bu soruya bagka biri nasil cevap verebilirdi ve neden bu sekilde diigiinmiis olabilir?

e Boyle diisiinmene (yanls diisiince) neden olacak oOrnek durumlar (gilindelik
yagsamdan) verebilir misin? O durumlarla inceledigimiz bu durum arasindaki fark
nedir?

Onceki iki soru égrencilerin hatalarinin farkina varmalarina yardim edecektir.
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Sinif tartigmasiin ardindan kuvvet tanimlanir. Kuvvetin, her zaman iki cismin etkilesmesi
sonucu olustugu bunun igin de kuvvet tanimlamirken kuvveti uygulayan ve kuvvetin uygulandigi
cismin mutlaka belirtilmesi gerektigi vurgusu yapilir.

A. Ogrencilerin giindelik yasanmimizda siklikla karsilastigimiz etkilesimler sonucu olusan
kuvvetleri hatirlamalari saglanir.

Belirlenen kuvvetler i¢in hangi harflerin kullanilacagi karara baglanir.

V.

Bu kisimda secgilen 6rnek diger arastirmacilar tarafindan da siklikla kullanilan bir 6rnektir.
Bu ornekte siklikla yapilan hata masanin kitaba kuvvet uygulamayacaginin diisiiniilmesidir. Bu ac¢ik
olmayan hatalardan birisidir ¢iinkii 6grenciler sorular1 ¢g6zerken yukarrya dogru bir kuvveti ¢cizmekte
zorlanmazlar, ama o kuvvetin hangi cisim tarafindan uygulandig: iizerinde pek diistinmezler.

Stnif tartismasinin ardindan kitaba uygulanan kuvvetler:

Yercekimi kuvveti: Kitaba diinya tarafindan uygulanan kuvvet ve
Normal Kuvvet: Kitaba masa tarafindan uygulanan kuvvet olarak tanimlanur.

Bu sinif tartigmasinda da yine {ist-biligsel yonlendirmelerle 6grencilerin iist-bilissel olarak
aktif olmalar1 saglanir.

v
Swf tartigmasi ile kitap iizerine etki eden kuvvetler ¢izilir.

Burada kuvvet diyagraminin 6nemine vurgu yapilir. Kuvvet diyagrami ¢izmenin kuvvet ve
hareket problemlerinin ¢iziminde ¢ok yararli olacag: belirtilir.

Kuvvetler etiketlendirilirken ilk olarak kuvvetin tiiriinii belirten harfin yazilmasimin daha
sonra alt indisler yazilirken ise ilk olarak kuvvetin uygulandigi cismin bas harfi daha sonrada kuvveti
uygulayanin bas harfi yazilmasinin daha anlasilir etiketlendirme i¢in yararli olacagi vurgulanir.

Kitaba diinya tarafindan uygulanan kuvvet: Ggp ve
Normal Kuvvet: Kitaba masa tarafindan uygulanan kuvvet: Ny seklinde etiketlendirilir.

ETKINLIK 1(Devam) UYYGULAMA REHBERI

Pasif kuvvetler sadece aktif kuvvetler uygulandigi zaman ve onlara tepki olarak meydana
gelen kuvvetlerdir. Normal kuvvet, slirtinme kuvveti ve gerilme kuvveti ancak aktif bir kuvvet
uygulandiginda tepki olarak ortaya ¢ikarlar ve uygulanan kuvvete gore biiyiikliiklerini ayarlarlar.

Cogu ogrenci pasif kuvvetlerin (normal kuvvet, siirtinme kuvveti, gerilme kuvveti) aktif
kuvvetlerden (bir insanin kitabr itmesi, yergekimi kuvveti) farkli oldugunu diisiinmektedir. Yani
biitlin kuvvetlerin ortak 6zelliklere sahip oldugu gercegini goz ardi etmektedirler. Oysaki fizikte biitiin
kuvvetlerin bir yonii ve siddeti vardir ve hepsi hareketle benzer sekilde iligkilidir (F=ma). Pasif
kuvvetlerin diger kuvvetlerden ayr1 yere konulmasi fark edilmesi zor bir kavram yanilgisidir. Ciinkii
ogrenciler kuvvet diyagrami ¢izerken ve sorulart ¢ozerken bu kuvvetleri, 6zellikle normal kuvveti,
kullanmakta zorlanmazlar. Ama bazi 6grencilerin normal kuvvetin cismin agirligina esit olmadigi
durumlarda da esit olarak almasi, normal kuvvetin ne oldugunu ve nasil olustugunu
anlamamalarindan kaynaklanmaktadir. Bu etkinlikte Ogrencilerin masanin kitaba kuvvet
uygulamasinin sezgisel olarak da anlamli oldugu ve pasif kuvvetlerin diger aktif kuvvetlerle ayni
ozelliklere sahip oldugu gerceginin farkina varmalar1 beklenmektedir.

l.

Ogrencilerle sezgisel bilgilerin ne oldugu ve &nemi hakkinda siif tartismasi yapilarak
giinliik hayattan birka¢ drnek verilecektir. Sezgisel bilgiler kisinin bir olayin nasil olacagi ya da nasil
olmasi gerektigine dair beklentisi olarak tanimlanabilir. Ornegin, agir cisimleri itmenin daha zor
olacagimin beklentisi bir sezgisel bilgidir. Ogrencilere bu beklentilerinin tersi genelde mantikli
gelmemektedir.

282



1. Arastiralim
Ogrenciler genelde esnek cisimlerin sikistirildiginda kendisini sikistiran cisme kuvvet
uygulayacagi fikrini mantikli bulmaktadirlar. Yapilacak 5 aktivitede gerilmis yay kullanarak,
ogrencilerin bu sezgisel bilgisini aktif ederek ve masa ile yay arasinda benzerlik kurularak masanin
kitaba kuvvet uygulayabildigi fikrinin 6grencilere mantikli gelmesi saglanmaya caligilacaktir. Bu
aktiviteler sonucunda &grencilerin normal kuvvetin gergekte bir itme yani bir kuvvet oldugunu
anlamalar1 beklenmektedir.

Her aktiviteden dnce 6grencilere aktivitede ne yapmalari bekleniyor agiklanacaktir.

1. Yatay olarak sikistirilmis yaym blogu itmesi yani kuvvet uygulamasi dgrenciler tarafindan
gozlenecektir.

2. Bu aktivitede 6grenciler blogun hareket etmesinin karst bir itme ile engellenmesine ragmen
yayin hala bloga kuvvet uyguladigini gozleyeceklerdir.

3. Ogrenciler diisey konumda sikistirilmis yaymn, {izerine konulan blogu ittigini
gozleyeceklerdir.

4. Bu aktivitede blok, yaym iizerinde dengededir. Ogrencilerin bu durumda da yayin
sikistiginin ve yayin iizerinde agirlik olmadigi durum olan denge konumundan daha asagida
oldugunun farkina varmalar1 gerekir. Bundan onceki aktivitelerin dgrencilerin yayin bu
durumdayken yine blogu ittigini gérmelerine yardim edecegi umulmaktadir. Eger 6grenciler
yaym blogu ittigini smif tartismasinda belirtmezlerse, bu aktivitenin 2. aktiviteye
benzedigini, her iki durumda da yayimn sikistigi vurgulanmali ve 2. aktivitede yayin blogu
ittigini ama elimizin blogun hareket etmesini engelledigi, benzer sekilde bu aktivitede yayin
blogu ittigini ama blogun agirliginin blogun hareket etmesini engelledigi belirtilebilir.

5. Burada daha agir blok konuldugunda daha fazla sikistig1 dolayisiyla daha fazla kuvvet
uygulayacagini 6grencilerin farkina varmasi beklenmektedir.

Biitiin kisimlar sinifca tartisildiktan sonra asagidaki soru sorularak dgrencilerle sinif tartismasi
yapilabilir. “ Bu giin derse gelmeden énce masanin kitaba kuvvet uyguladigini zaten biliyordunuz. O
halde bugiin bunlari neden yaptik, bugiinkii dersin ana fikri nedir? ”

Sinif tartigmasinin ardindan &grencilerin masanin kitabi ittigini yani bir kuvvet uygulayabildigi
fikrinin mantikli bulmasi ve pasif kuvvetlerin (normal kuvvet, gerilme kuvveti, siirtinme kuvveti)
gercekte pasif olmadiklari, diger kuvvetlerin sahip oldugu ozellikleri gosterdiklerini anlamalari
beklenmektedir.

Ogrendiklerimizi Degerlendirelim

Bu kisminda 6grencilerin bir onceki ¢izdikleri kavram haritasin1 yeni &grendiklerine baglh
kalarak degistirmeleri ve/veya eklemeler yapmalar1 beklenmektedir. Degisiklikleri neden yaptiklarini
aciklamalari iistbiligsel olarak 6grencilerin aktif olmalarina yardim edecektir.

ETKIiNLIiK 2 UYGULAMA REHBERIi

Bu etkinlikten sonra 6grencilerin,
1. Iki cismin hareketini birbirine gére yorumlamalari ve
2. Hareketli bir ortamdaki cisimlerin hareketlerini farkli gbézlem c¢ergevelerine goére
yorumlayip problemler ¢6zmesi beklenmektedir.

Bu etkinlikte bagil hiz konusunun yaninda Ogrencilerin hatalarimi belirlemede ve oOnlemede
kullanacaklar1 “Hata Yakalama” ve “Sezgilerin Aritilmas1”  stratejilerini  dgrenmeleri
amaglanmaktadir.

. Neleri Biliyoruz Gosterelim
Bu boéliimde 6grencilerin konu hakkinda 6n-bilgilerini ve sezgisel bilgilerini ortaya c¢ikarmak icin
sorular verilmistir. Ogrenciler bireysel olarak bu sorulari cevapladiktan sonra grup olarak ayni
sorular tartisacaklardir.

1. Arabalarm Olgiilen Hizlarim Karsilastirahm

Ogrenciler verilen her ii¢ durum igin A arabasinin hareket detektoriiyle dlgiilen hizlarini tahmin
edeceklerdir. Bu kisimda dgrencilere cevaplarinin dogrulugu hakkinda bilgi verilmeyecektir.
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I1l. Arastiralim

Bu boliimde dgrenciler bir énceki asamada yaptiklari tahminleri test edeceklerdir. Ogrenciler ilk
denemelerinde diizglin grafikler elde edemeyebilirler. Diizgiin grafik elde edinceye kadar siireci
tekrarlamalar1 ve her ii¢ durumda da A arabasina ayni hiz verecek sekilde itmeleri onerilmelidir.

Ogrencilere elde ettikleri hiz-zaman grafiklerinin ilgili yerlerini ve analiz meniisii altinda
“istatistikler”i secerek A arabasinin ortalama hizini hesaplamalarina yardim edilecektir.

IV. Diisiincelerimizi Paylasalim

Bu boliimde Ogrencilerin - Aragtiralim  bolimiindeki gozlem ve sonuglarini  birbirleriyle
paylasmalar1 saglanacak ve Ogrencilerin sonu¢ ve diigiincelerinden yararlanilarak bagil hiz
verilecektir.

Hatalarimizi Anlayalim

Bu alt baglikta 6grencilere “Hata Yakalama” stratejisinin nasil uygulanacagi gosterilecektir. Bu
stratejinin etkili kullanilmasinin hatalar: tespit etmede ve 6nlemede onlara biiyiik bir giic saglayacag:
belirtilerek, 6grenciler stratejiyi 6grenmeye ve uygulamaya tesvik edilebilir.

Ogrenciler bu stratejiyi “Arabalarin Olgiilen Hizlarim Karsilastiralim” béliimiinde yaptiklari
tahmin ve deney sonuglarinin farkli ¢ikmasi durumuna uygulayacaklardir. Verilen 6rnek cevap
aciklanarak benzer sekilde kendi hatalarini belirlemeleri istenecektir.

vhaﬁll = vgﬁzlenen - vgf:l'zlem:i
formiiliniin ancak cisimlerin hizlar1 ortak bir referans sistemine (6rnegin yere) gore verildigi
durumlarda kullanabildigi, hizlar farkli referans sistemlerine gore verilip bagil hiz hesabi istendiginde
bu formiiliin karigikliga yol acabilecegi sdylenir.
Bagil hiz bulunurken hizlarin alt indislerle belirtilmesinin hata yapmay1 6nleyecegi vurgusu yapilir.
Hiz vektorel bir biiyiiklik oldugundan, bagil hiz bulunurken vektorel toplama ve ¢ikarma yapildig:
sOylenir.

A nin yere gore hiz1 (V ay) bulunurken kullanilan indislerin sirasina dikkat ¢ekilerek, esitligin
sag tarafindaki igteki indislerin ayni harf (birinci terimin ikinci ve ikinci terimin birinci indisi, B),
distakilerin de (birinci terimin ilk (A) ve ikinci terimin ikinci indisi (Y)) ,sirasiyla birlestirildiklerinde
S;itligin _(}iger tzgaﬁndaki hizin indislerini (AB) verdigi soylenir.
Vay = Vap + Vv

Hizlarin alt indislerle belirtilip yukaridaki gibi uygun sirada yazilarak toplanmasi ¢ok sayida
hizin s6z konusu oldugu durumlarda bagil hiz1 hata yapmadan bulmaya yardimci olacagi soylenir.

V. Ogrendiklerimizi Pekistirelim

Bu béliimde, 6grencilerin 6grendiklerini benzer durumlara uygulamalari i¢in sorular verilmistir.
Ogrencilerin bagil hizin vektdrel bir biiyiiklik oldugu, bunun i¢in hem biiyiikliigiiniin hem de
yoniiniin belirtilmesi gerektiginin farkina varmalari saglanir.

VI. Ogrendiklerimizi Genisletelim
A. Farkli dogrultularda hareket eden cisimlerin birbirlerine gore bagil hizlarmin nasil
bulunacagi lizerinde durulur.
1. Hizn vektdr oldugu bunun i¢in bagil hizin vektorel islem sonucu bulundugu vurgusu yapilir.
2. Bu soruda karsiya gecme siiresini kayigin akintiya dik bileseninin belirledigi, yatayda alinan
yolun ise kayigin yere gore hizinin yatay bilesenin (kayigin suya gore hizinin yatay bileseni
ile akint1 hizinin vektdrel toplami) belirlediginin 6grenciler tarafindan anlasilmasi dnemlidir.
d kisminda, kayigin A dan B’ ye verilen yolu takip etmesi i¢in yon degistirmesi gerektigini
ve bu yon degistirmesinin ise kayigin diisey bilesenin azalmasina neden olacagim
diisiinmeleri 6grencilerin bu soruyu dogru olarak ¢ézmeleri i¢in 6nemlidir.

B. Ogrenciler, hiz ile ilgili ¢ocukluklarindan beri gesitli gézlem ve tecriibelerini yorumlamalari
sonucu elde ettikleri sezgisel bilgilere sahiptirler. Bu boliimde dnde olan daha hizlidwr sezgisel bilgisi
iizerinde durulacaktir.

a kisminda 6grencilerin bu sezgisel bilgiye sahip olup olmadig: arastirilacaktir.
b ve c kisimlarinda &grencilerin bagil hiz ile sezgisel bilgileri arasinda catisma yagsamalari
beklenmektedir.

Swuif tartismasinda soru tartigilarak ¢atisma durumuna vurgu yapilacaktir.
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C. Bu soruda ogrencilerin uyumsuzluk durumlarinda sezgisel bilgilerine karsi tutumlari
arastirilmaktadir.

D. Sezgisel Bilgilerimizin Aritilmasi

1. Ogrenciler bu soruda sezgisel olarak verdigi cevaplarla fizigin uyum iginde oldugunu
gozlemleyeceklerdir.

Swif tartismasinda 6grencilerin soru hakkindaki disiincelerini birbirleriyle paylagmalart
saglanacaktir.

Simif tartismasinda 2. soruya verilen cevaplar tartisilacaktir. Ogrencilerin bu soruda sezgisel
bilgilerin ne dogru ne de yanlis oldugu, duruma gore degistigi, baz1 durumlarda dogru iken bazi
durumlarda yanlis oldugunu sdylemeleri beklenmektedir.

2. soru kisaca tartigildiktan sonra 6grencilere “sezgisel bilgilerimizle hammaddeler arasinda
benzerlik kurmak istersek nasil bir benzerlik kurabiliriz?” diye sorulup sinif tartigmasindan sonra bu
benzerlik agsagidaki gibi agiklanabilir;

“Nasil ham maddeleri aritarak onlar1 kullanabilir hale getiririz, sezgisel bilgilerimizi de aritarak
onlar1 fizik bilgileri ile uyumlu hale getiririz. Nasil ham maddeleri (petrol, tuz) aritirken istenmeyen
kisimlar1 bir kenara ayirip onlari saflastirip kullanilabilir hale getiriyoruz, benzer sekilde sezgisel
bilgilerimizi de aritirken onlarin ¢alistigi durumlart ve ¢alismadigi durumlari bulup onlarda
diizenlemeler yaparak fizik bilgileri ile tutarli hale getiririz.”

Swnif tartismasinda 3. ve 4. sorular tartisilarak 6grencilere onde olan daha hizlidir sezgisel
bilgisini 4. soruya verdikleri cevaba dayanarak yani yerdegistirme agisindan nasil ariilabilecekleri
sorulur. Ogrencilere aritma diyagramlar1 sunularak ham ve aritilmis sezgi arasindaki farka vurgu
yapilir. Ham sezgi daha genelken, aritilmig sezginin daha 6zel oldugu belirtilir.

6. soruda 6grencilerin sezgisel bilgilerle fizik bilgileri arasindaki uyumsuzlugun ham sezgisel
bilginin yanlis olmasindan degil yanlis olarak aritilmasi sonucu olustugunu ve hangi durumda hangi
aritmayr yaptigimizin farkinda olmamiz hata yapmamizi Onlemede bize yardimci olacagini
sOylemeleri beklenmektedir.

VIl. Kendimizi Degerlendirelim

1. Bagil hiz konusuna baglarken sorulan sorularin 6grencilerin tekrar grup olarak tartigmalart
istenir.

2. Ogrencilerin bireysel olarak hata yakalama stratejisini yaptiklar1 hatalara uygulamalari
istenir.

ETKINLIiK 3 UYGULAMA REHBERI

Bu etkinlikten sonra Ogrencilerin asagidaki kazanimlara sahip olmalari beklenmektedir.
Ogrenciler,

1. Netkuvvet ile hiz degisimi arasindaki iliskiyi irdeler,

2. Net kuvvet ile cismin ivmesi ve kiitlesi arasindaki bagintiy1 kullanarak problemler ¢6zer ve

3. Net kuvvet ve ivme arasindaki iligkiyi irdeler.

I.Neleri Biliyoruz

Bu kisimda 6grencilerin uygulanan kuvvet ile bir cismin hareketi arasindaki iliski hakkindaki
on/sezgisel bilgilerinin ortaya ¢ikarilmasi amaglanmaktadir. Ogrenciler, sorulara cevap verirken
neden o sekilde cevapladiklarini yazmalar1 ve benzer sekilde arkadaglariyla tartisirken de nedenleriyle
birlikte cevaplarin1 sdylemeleri konusunda uyarilmalidirlar.

11. Siz Nedenini Biliyor musunuz?
Bu boliim 6grencilerin derse ilgilerini ¢cekmek amaci ile verilmistir.

III. Arastiralim

Ogrenciler arastiralim kisminda 1. Boliimdeki 2. ve 3. sorulara yaptiklar1 tahminleri test
edeceklerdir.
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A kisminda 6grenciler sabit bir kuvvetin etkisindeki arabanin ivme ve hizindaki degisimi
inceleyeceklerdir. Bu boliimde, 6grencilere diizgiin grafik elde edinceye kadar denemelerine devam
etmeleri soylenir.

2. soruda dgrenciler, genelde arabaya uygulanan kuvvetin ip tarafindan uygulandigini goz
ard1 etmekte, ipin ucuna bagh kiitlelerin kuvvet uyguladigini ifade etmektedirler.

Swif Tartismasinda Ogrencilerin  deney sonuglarimi  ve sorulara verdikleri yanitlar
birbirleriyle paylagmalari saglanir. Sabit bir kuvvetin sabit bir ivme olusturdugunu biitiin 6grencilerin
gdrmesi saglanir.

Hatalarimiz1 Anlayalim
Bu tiir sorular1 6grenciler genelde gereken onemi gdstermemektedirler. Bunun icin biitiin
ogrencilerin bu sorular1 cevaplamalari saglanmali gereken yonlendirmeler yapilmalidir.

B. kisminda &grencilerin F= ma ulagmalar1 beklenmektedir.

Swif tartismasinda Ogrencilerin deney sonuglarini ve sorulara verdikleri cevaplart diger
arkadaglari ile tartigmalar1 saglanir.

7. ve 8. sorular ile 6grencilerin fizik formiillerini nasil algiladiklari arastirilmaktadir.
Ogrencilerin bu sorular1 bireysel cevapladiktan sonra grupla tartismalar1 oldukca dnemlidir.

Simif tartiymasinda 6grencilerin 1. soruya formiilii ezberlemek yerine formiiliin temelini
olusturan kavramlar1 ve bu kavramlar arasindaki iliskileri gozlemleyerek zihinlerinde formiilii
anlamlandirmalari i¢in yaptiklarini ifade etmeleri beklenmektedir.

8. soruda dgrencilerin formiillerin de diger fizik bilgileri (kavramlar, kanunlar, teoriler) gibi
anlamli, mantiklt oldugunu ve fizik kavramlarinin ve/veya bu kavramlar arasindaki iligkilerin
matematiksel bir ifadesinin oldugunu belirtmeleri beklenir.

Ogrencilere “Fizikte her sey anlamli ve birbirleriyle tutarlidir ¢iinkii, fizikteki biitiin
formiiller, teoriler, kavramlar... mutlaka fiziksel bir olayin agiklamasidir. Bunun igin 6grenilen fizik
formiillerinin anlamsiz matematiksel ifadeler olarak degil, kendi tecriibe ve sezgilerimizle
iliskilendirerek onlari anlamli hale getirerek 6grenmeliyiz” vurgusu yapilmalidir.

V.Ogrendiklerimizi Pekistirelim

Bu boliimdeki 1-4 sorularinda, o&grenciler net kuvvetle ivme arasindaki iliskiyi
irdeleyeceklerdir. Bu sorularda 6grencilerin ivmenin biiyiikliigiiniin yaninda yoniine dikkat etmeleri
saglanmalidir.

VI. Ogrendiklerimizi Genisletelim

Bu kisimda 6grenciler sezgisel bilgileri ile Newton’un 2. Yasasini kullanarak ulastiklart
cevaplarin birbirleriyle tutarli olmadigini gozlemleyip, sezgisel bilgilerini fizikle uyumlu hale
getirmek i¢in aritacaklardir.

VI1.Ogrendiklerimizi Degerlendirelim
Bu boliimde, 6grenciler Etkinlik 3 baglarken tartigtiklar1 sorulari tekrar kendi gruplarinda
tartistiktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardir.

ETKIiNLiK 4 UYGULAMA REHBERI

Bu etkinlikten sonra 6grencilerin asagidaki kazanimlar1 gdstermesi beklenmektedir.
1. Cismin hareketi ile ivmesi arasindaki iligkiyi irdeler.
2. Cismin hareketi ile cisme etki eden kuvvet arasindaki iligkiyi irdeler.
3. Cismin limit hiz ile kiitle arasinda iliski kurar.

I. Neleri Biliyoruz

Bu boliimde 6grenciler verilen sorulari ilk olarak bireysel yanitlayip daha sonra grup olarak
tartisacaklardir. Biitiin Ogrencilerin grup tartismalarma katilmalar1 saglanmalidir. Ogrenciler
diisiincelerini nedenleriyle birlikte agiklamalidir. Ogrencilere cevaplarmin dogru ya da yanlish@
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hakkinda bilgi verilmeyecektir. ~Ogrencilere, grupla tartistiktan sonra ilk verdikleri cevaplart
degistirmemeleri sdylenir.

I1. Saskin Kutup Ayisi
Bu boliimde, Ogrenciler, bir kutup ayisinin havada yaptigi hareketi gosteren bir videoyu
izleyeceklerdir. Burada amag 6grencilerin konuya ilgilerini ¢ekmek ve konu ile ilgili zihinlerinde soru
igaretleri olusturmaktir.
Ogrencilere ilk olarak video kesintisiz izlettirilir. Daha sonra video, ilgili yerlerde durdurularak
asagidaki sorular 6grencilere yoneltilir;
1. Kutup ayis1 kusu goriinceye kadar nasil bir hareket yapt1?
2. Bu hareket boyunca etki eden kuvvetler nelerdir? Bunlarin biiyiikliikleri nasil degigir?
3. Boyle bir durumdayken ay1 havada asilim1 yoksa hareket halinde midir?
4. Limit hizla diiserken ayrya hangi kuvvetler etki eder? Peki, sabit bir hizdayken ayiya kuvvet
etki eder mi? Etki ederse bu kuvvetlerin biiyiikliikleri nasildir?
Ay1 limit hiza ulastiktan sonra neden tekrar hizlandi1?
Semsiye acildiktan sonra ay1 tekrar neden yiikseldi?
7. Yere diistiikten sonra ¢antasindakilerin ondan sonra diigmesi bu maddelerin limit hizlari
hakkinda bize ne sdyleyebilir? Yani ayidan dnce mi sonra mi limit hiza ulagirlar?

I

II1. Arastiralim

Bu boéliimde 6grenciler pasta kalibinin ivmesinin nasil degistigi hakkinda yaptiklar1 tahminleri
test edeceklerdir.

1. soruda 6grencilerin hata yakalama stratejisini uygulamalar1 saglanmalidir.

Swnif tartigmasinda Ogrencilerin gbzlemelerini ve sorulara verdikleri cevaplart tartigmalari
saglanarak limit hiz kavrami verilir ve limit hizda pasta kalibina etki eden net kuvvetin sifir oldugu
sonucuna varmalari saglanir.

B. kisminda 6grenciler pasta kalibinin kiitlesinin limit hizin biiylkligiini ve limit hiza ulagsma
stiresini nasil etkiledigini test edecekleridir.

Swnif tartigmasinda Ogrencilerin  gbzlemelerini ve sorulara verdikleri cevaplart tartismalari
saglanir. Tartigma sonunda 6grencilerin kiitle artikga limit hizin biiyiikligiiniin ve limit hiza ulasma
stiresinin arttig1 sonucuna varmalar1 beklenmektedir.

IV. Ogrendiklerimizi Degerlendirelim
Bu boliimde 6grenciler Etkinlik 4 baglarken tartistiklart sorulari tekrar kendi gruplarinda
tartistiktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardir.

ETKIiNLiK 5 UYGULAMA REHBERI

Bu etkinlikten sonra Ogrencilerin asagidaki kazanimlara sahip olmalari beklenmektedir.

Ogrenciler,

1. Verilen kinematik grafiginin metinsel agiklamasini ayirt eder

2. Verilen kinematik grafiginin metinsel agiklamasini yapar

3. Verilen hareket durumunun metinsel agiklamasinin kinematik grafigini ayirt eder

4. Bir hareket durum igin verilen bir kinematik grafiginden diger kinematik grafiklerini

gizer.

5. Konum-zaman grafiginden yararlanarak hizi hesaplar.
Hiz- zaman grafiginden yararlanarak toplam yer degistirmeyi hesaplar.
7. Hiz- zaman grafiginden yararlanarak ivmeyi hesaplar.

e

L.Neleri Biliyoruz Gosterelim
Bu boliimde, A kisminda, verilen tablo ile 6grencilerin konum-zaman, hiz-zaman ve
ivme-zaman grafiklerinin birini kullanarak, diger grafikleri dogru olarak ¢izebilme ve verilen
kinematik grafiginin betimsel agiklamasini yapabilme becerileri arastirilmaktadir.
2. soruda, ogrencilerin, hizin biyikligini kKonum-zaman grafiginin egiminin
belirledigi ve ivmenin biiylikligiinii ise hiz-zaman grafiginin egiminin belirledigi bilgisine
sahip olup olmadiklar arastirilmaktadir.
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II1. Arastiralim

A. Araba hizlamiyor mu yoksa sabit hizla mi ilerliyor?

Bu kisimda, dgrenciler sabit bir kuvvettin etkisinde hizlanan hareketi inceleyeceklerdir. ilk
olarak hareketin konum-zaman, hiz-zaman ve ivme-zaman grafiklerinin nasil olacagini bireysel olarak
tahmin edip, daha sonra grup olarak tartistiktan sonar, grup olarak tahminlerini ¢izmeleri istenecektir.

Tahminlerinizi Test Ediniz
Bu kisimda, 6grenciler yaptiklari tahminleri deneysel yolla test ederek, verilen sorulara
cevap verip, grafikleri yorumlayacaklardir.

Suif tartismasinda 6@rencilerin elde ettikleri sonuglari ve sorulara verdikleri cevaplari arkadaslari ile
tartigmalar1 saglanacaktir. Bu tartisma sonunda Ogrencilerin grafikleri yorumlamanin yaninda
kinematik denklemlerine ulagmalar1 beklenmektedir.

Hatalarimiz1 Anlayalim
Ogrenciler tahminleri ile deney sonuglarini karsilastirarak, hatalarinin nedenlerini bulmalari ve
hataya gotiiren diisiince sekillerini nasil degistireceklerini belirtmeleri saglanacaktir.

B. Arabanin hareket dogrultusuna zit bir kuvvet uygulanirsa ne olur?

Bu kisimda, 6grenciler, sabit bir kuvvetin etkisinde diizgiin yavaglayan ve sonra hizlanan
hareketin grafikleri iizerinde ¢alisacaklardir.

Bu kisimda da bir 6nceki kisimda izlenen yol takip edilecektir. Yani ilk olarak hareketin hiz-
zaman ve ivme-zaman grafiklerinin nasil olacagini bireysel olarak tahmin edip, daha sonra grup
olarak tartistiktan sonra grup olarak tahminlerini ¢izmeleri istenecektir. Daha sonra tahminlerini test
edip verilen sorulart cevaplaylp, smuf tartismasinin  ardindan hata yakalama stratejisini
uygulayacaklardir.

Tahminlerinizi Test Ediniz
Bu kisimda &grenciler yaptiklar tahminleri deneysel yolla test ederek, verilen sorulara cevap
vererek grafikleri yorumlayacaklardir.

Swnif tartismasinda 6grencilerin elde ettikleri sonuglart ve sorulara verdikleri cevaplart arkadaslari ile
tartigmalar1 saglanacaktir. Bu tartisma sonunda Ogrencilerin grafikleri yorumlamanin yaninda
kinematik denklemlerine ulagmalar1 beklenmektedir.

Hatalarimizi Anlayalim
Ogrenciler tahminleri ile deney sonuglarini karsilastirarak, hatalarinin nedenlerini bulmalari ve
hataya gotiiren diisiince sekillerini nasil degistireceklerini belirtmeleri saglanacaktir.

V. Ogrendiklerimizi Pekistirelim
Bu boliimde 6grenciler bir 6nceki boliimlerde dgrendiklerini benzer durumlara uygulamalari
icin drnekler problemler tizerinde galisacaklardir.

VI. Ogrendiklerimizi Genisletelim
Bu bolimde o6grencilerin “Tutarlt olup olamadigini Kontrol Et” stratejisini 6grenip, cesitli
uygulamalar yapmalar1 saglanacaktir.

VI1.Ogrendiklerimizi Degerlendirelim

Bu bolimde 6grenciler Etkinlik 5’e baglarken tartistiklart sorulari tekrar kendi gruplarinda
tartistiktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardir.
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ETKINLiK 6 UYGULAMA REHBERI

Bu etkinlikten sonra ogrencilerin asagidaki kazanimlara sahip olmalar1 beklenmektedir.
Ogrenciler,
1. Iki boyutlu hareketlerde yatay ve diisey boyut i¢in konum-zaman, hiz-zaman ve ivme- zaman
grafiklerini gizer.
2. Atis hareketleri yapan cismin izledigi yolu seger.
3. Iki boyutta sabit ivmeli hareketler ile ilgili problemler ¢dzer.

L.Neleri Biliyoruz Gosterelim
) Bu kisimda 6grencilerin konu hakkinda 6n-bilgilerinin farkina varmalar1 amaglanmaktadir.
Ogrenciler bireysel olarak sorulari cevapladiktan sonra grup olarak ayni sorulari tartisacaklardir

I1. Arastiralim

A. Yuvarlanan Top

Bu kisimda &grenciler yatay atis yapan bir cismin hareketini inceleyeceklerdir. Yatay atis
harekatlerinde &grenciler ¢ogunlukla hizli atilan bir cismin belli bir siire yatayda dogrusal bir yol
alacagini diistinmektedirler. Hareket detektorii sadece tek boyutlu dogrusal hareketler igin
kullanildigindan iki boyutlu hareketler i¢in logger pro programindaki video analiz secenegi
kullanilacaktir. Bireysel ve grup tahminlerinden sonra 6grenciler video analiz programini kullanarak
sorulara verdikleri cevaplarimi test edecek ve ilgili sorularla iki boyutlu harekatin yatay ve diisey hiz
ve ivmelerinin nasil degistigini bulacaklardir.

Hatalarimiz1 Anlayalim

Ogrenciler tahminleri ile deney sonuglarim karsilastirarak, hatalarinin nedenlerini bulmalar
ve hataya gotiiren diisiince sekillerini nasil degistireceklerini belirtmeleri saglanacaktir. Hata
yakalama stratejisi uygulandiktan sonra sinif tartismasiyla dgrencilerin yuvarlanan topun hareketinin
incelenmesinden elde ettikleri bilgileri birbirleriyle paylagmalari saglanir.

Kabul etme ve Anlama

Bu boliimde sorulan soru ile fizikte bilgilerin anlayarak mi ya da kabul edilerek mi
Ogrenildigi hakkinda tartigsma yapilarak, fizik 6grenmenin, olaylarin nedenleri aramaya dayandigi
sonucuna dgrencilerin varmasi saglanir.

V. Ogrendiklerimizi Pekistirelim
Bu boliimde 6grenciler bir 6nceki boliimlerde dgrendiklerini benzer durumlara uygulamalari
icin kavramsal sorular tizerinde grup olarak ¢alisacaklardir.

VI. Ogrendiklerimizi Genisletelim

Bu kisimda &grenciler belli bir hizla ilerleyen bir hareketliden diisen bir cismin hareketini
inceleyeceklerdir. Ogrenciler bireysel ve grup olarak soru iizerinde tartistiktan sonra tahminlerini test
edip hata yakalama stratejisini uygulayacaklardir. Son olarak 6grencilere yanlis olan tahminlerinin
dogru olabildigi durumlarin olup olmayacagi sorulacaktir. Bu soruyla 6grencilerin sezgisel bilgilerin
tamamen yanlis bilgiler olmadigr ve bazi durumlarda okulda 6grenilen fizikle tutarli oldugunun
farkina varmalari amaglanmaktadir. Fizik 6grenmenin giinliilk yasamda kullandigimiz bu sezgisel
bilgilerin islenmesine dayandigi sonucuna varmalari saglanacaktir.

VI1.Ogrendiklerimizi Degerlendirelim
Bu boliimde 6grenciler Etkinlik 6 ya baglarken tartigtiklari sorulari tekrar kendi gruplarinda
tartigtiktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardir.

ETKINLIiK 7 UYGULAMA REHBERI

Bu etkinlikten sonra &grencilerin asagidaki kazanimlara sahip olmalar1 beklenmektedir.
Ogrenciler,
1. Etki tepki kuvvet ciftlerini giinliik yasamdaki olaylara uygular.
2. Etki tepki kuvvet ¢iftlerinin farkli cisimler {izerinde olduguna karar verir.
3. Birden fazla cisimden olusan sistemlerde sistemin ve cisimlerin ivmesini hesaplar.
4. Sistem i¢i kuvvetleri hesaplar.
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L.Neleri Biliyoruz Gosterelim

Bu boliimde 6grencilerin 9. Sinifta temel olarak 6grendikleri Newton’un 3. Yasasini giinliik
yasamdaki olaylara uygulayip uygulayamadiklari arastirilmaktadir. Ogrenciler genelde bu tiir sorulara
sezgisel bilgileri ile yaklagmakta ve epistemolojik agidan ele alindiginda Newton’un 3. Yasasi’nin
bazi durumlarda gecerli olmadigimi diisiinmektedirler. Daha onceki etkinliklerde oldugu gibi
ogrenciler, sorulara cevap verirken neden o sekilde cevapladiklarini yazmalari ve benzer sekilde
arkadaslariyla tartigirken da nedenleriyle birlikte cevaplarini sdylemeleri konusunda uyarilmalidirlar.

III. Arastiralim

Halat Cekme Oyunu

Ogrencilerin bu tiir sorulara yaklagimi genellikle Newton’un 3. Yasasi ile ¢elismektedir. Ogrencilerin
diisiince siireglerini etkileyen iki 6nemli 6zellik vardir: Etkilesen cisimlerin kiitleleri ve etkilesimi
baslatanin hareket durumu. Bu kisimda 6grenciler, ayni1 kiitledeki iki kisinin, farkli kiitledeki ve farkli
kiitlede iki kisiden birinin hareketli oldugu etkilesimlerdeki kuvvetlerin biiytikliiklerini tahmin edip
daha sonra deneysel olarak tahminlerini test edeceklerdir.

Deneye baslamadan once kuvvet sensorlerinin kalibre edilmesi deney sonuglarinin dogrulugu
acisindan oldukg¢a dnemlidir.

. Hatalarimz1 Anlayalim
Ogrenciler bu kisimlarda onlar1 hataya gotiren diisiince sekillerinin farkina varmalar1 icin
yonlendirilmelidir.

Sinif Tartismasinda dgrencilerin deney sonuglarini sinifla paylasmalar saglanarak etkilesen iki cismin
birbirine uyguladiklar1 kuvvetlerin birbirine esit ve zit yonlii oldugu sdylenerek Newton’un 3. Yasasi
ogrencilere hatirlatilir.

V. Ogrendiklerimizi Genisletelim

Bu kisimda 6grencilerin ¢arpismalarda hafif olan daha ¢ok etkilenir sezgisel bilgilerini
fizikle uyumlu hale getirmek icin nasil aritacaklari iizerinde durulur. Ogrenciler genellikle bu sezgisel
bilgiyi kuvvet agisindan igleyip hafif cisimler daha ¢ok etkilendiklerine gore kiitlesi fazla olan
otobiisiin daha fazla kuvvet uyguladigi sonucuna varirlar. Bu kisimda &grencilerin ¢carpismalarda
hafif olan daha ¢ok etkilenir sezgisel bilgisini hiz degisimi yani ivme agisindan iglemelerinin fizikle
uyumlu sonuglar verecegini kavramalari saglantir.

C.lcerde veya Disarida olmak Cok Sey Degistirir mi?
Bu kisimda, 6grencilerin sistem, sistemin ivmesi ve sitem i¢i kuvvetler kavramlari {izerinde
calismalar1 saglanacaktir. Ogrenciler genelde sistemi olusturan cisimlerin ivmelerini hesaplarken
sisteme disaridan etki eden kuvvetin biitlin cisimlere aynen aktarildigint diisiiniip cisimler i¢in farkli
ivme degerleri hesaplamaktadirlar. Bu kisimda 6grencilerin kuvvet diyagramlarinin ¢iziminin sistem
sorularimi ¢6zmede onlara yardimct oldugunu gortirler.

Bu boliimde 6grenciler yeni bir stratejiyi (sonuglar oyunu oynamak) uygulamayi da 6grenip,
fizigin nasil ilerledigi konusunda kendi aralarinda tartigacaklardir.

VI1.Ogrendiklerimizi Pekistirelim
Bu boéliimde 6grenciler bir 6nceki boliimlerde dgrendiklerini benzer durumlara uygulamalari
icin drnekler problemler {izerinde galisacaklardir.

VI1.Ogrendiklerimizi Degerlendirelim

Bu boliimde 6grenciler Etkinlik 7°ye baslarken tartistiklar1 sorulari tekrar kendi gruplarinda
tartistiktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardir.
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ETKINLiK 8 UYGULAMA REHBERI

_ Bu etkinlikten sonra Ogrencilerin asagidaki kazanimlara sahip olmalari beklenmektedir.
Ogrenciler,
1. Eylemsizligi cismin durgun, sabit hizli ve sabit ivmeli hareketinden bagimsiz oldugunu ifade
eder.
2. Cismin eylemsizliginin kiitlesinin bir dl¢iisii oldugunu ifade eder.
3. Kuvvet ve eylemsizligin farkli oldugu ayrimini yapar.

L.Neleri Biliyoruz Gosterelim
Bu boliimde dgrencilerin eylemsizliginin cisimlerin hareket durumuna bagliligi hakkinda 6n bilgileri
arastirilacaktir.

I11l. Arastirahhm
Bu boliimde, dgrenicilerin pismis ve pismemis yumurtayla yaptiklari deneyle ve yumurtalarin yapisal
farkliligina dikkat ederek eylemsizligi tanimlamalar1 saglanacaktir.

Sinif tartismasinda 6grencilerin gdzlemlerini ve diisiincelerini sinifla paylagmalari saglanacaktir.
V. Ogrendiklerimizi Pekistirelim
Bu béliimde 6grenciler bir 6nceki boliimlerde 6grendiklerini benzer durumlara uygulamalar:

icin ornek iki durum iizerinde tartigmalart saglanacaktir.

VI.Ogrendiklerimizi Genisletelim
Bu boliimde 6grencilerin eylemsizlikle kiitle arasinda iliski kurmalar1 saglanacaktir.

VI1.Ogrendiklerimizi Degerlendirelim

Bu boliimde dgrenciler Etkinlik 8’e baslarken tartistiklart sorulari tekrar kendi gruplarinda
tartigtiktan sonra bireysel olarak hata yakalama stratejisini uygulayacaklardir.
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APPENDIX M

HOMEWORK SHEETS

ODEV I
1. Asagidaki sekilde goriildiigii gibi Mehmet ve Biilent i¢inde buzdolabi olan agir bir kutuyu
hareket ettirmeye calistyorlar ama kutu hareket etmiyor. Mehmet eliyle kutuyu iterken
Biilent kutuya bagli ipi ¢ekiyor.

2. Kutuya etki eden kuvvetlerin adlarin1 yazarak tanimlayiiz?

3. Bu kuvvetleri etiketlendiriniz.

4. Etiketlendirdiginiz kuvvetleri asagida kutu {izerinde gosteriniz.

5. Asagida iki arkadagin kuvvet diyagrami hakkindaki tartigmasi verilmistir.
Ogrenci 1: Kuvvet diyagraminda ip tarafindan, Mehmet tarafindan ve Biilent tarafindan
uygulanan kuvvetlerin olmasi gerektigini diigiiniiyorum.
Ogrenci 2: Kuvvet diyagraminda Biilent’in  uyguladigi  kuvvetin  olmasi  gerektigini
diisiinmiiyorum. Ciinkii insanlar dokunmadiklar: cisimlere kuvvet uygulamaziar.
Yukaridaki 6grencilerden hangisine katiliyorsun? Neden?
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Asagidaki aciklama ve sekil sonraki 4 soru ile ilgilidir?

/

o)

5. Araba anlik itme ile firlatildiktan sonra yatayla 6 agisi yapan siirtiinmesiz egik diizlem
tizerinde sekildeki gibi hareket ediyor. Asagidakilerden hangisi araba lizerine etki eden
kuvvetleri gosteren kuvvet diyagramudir.

J_or T

6. Yukarida verdiginiz cevabin nedenini agilayimiz?

7. Sizden farkli diisiinen baska bir arkadasinizin verecegi olasi cevap hangisi olurdu? Neden bu
sekilde cevap vermis olabilir?

8. Arkadasimzi bu cevaba gotiirecek diistince seklindeki yanlis ne olabilir?

Yukaridaki 3 soru (6,7 ve 8) size alisageldigimiz soru tiplerinden farkli gelebilir. Bu sorularda sizden
istenen soruya verdiginiz cevabin nedenini agiklamaniz, sizden farkli diigtinen birinin bu soruya
verebilecegi olasi bir cevabi ve bu cevabi neden verdigi ve son olarak da cevabin neden yanlis oldugu
yoniinde bir agiklama yapmaniz beklenmektedir. Bu ii¢ soru arasindan, sizden farkli diisiinen birisinin
cevabinin neden yanlis oldugunu agiklamak en zor kisimdir. Kars1 diisincenin neden yanlig oldugunu
aciklamanin giizel bir yolu bu disiincenin dogru oldugu durumlari bulmak ve onlarin soruda
tanimlanan durumdan farkli oldugunu agiklamaktir.

Yani soyle denilebilir: Bu diisiince (yanlis olan diisiince) dogru olurdu, eger... fakat bu sorudaki
durum ...

9. Fizik 6grenmendeki amacin nedir?
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Onceki Bildiklerimizle Simdiki Bilgilerimizi Karsilastiralim

Asagida bazi kavramlar ve durumlar hakkinda dersten once bildiklerinizle dersten sonra
ogrendiklerinizi karsilastiracaginiz bazi sorular verilmistir. Bu sorulara verdiginiz cevaplar dogru ya
da yanhs olarak degerlendirilmeyecek sadece sorulari ne kadar detayli yamitladiginiz ve ne kadar
icten oldugunuz degerlendirilecektir. Onceki bildiklerinizin ne oldugunu hatirlamak icin simifta
yapilan etkinliklerdeki sorulara verdiginiz cevaplari, grup ve sinif tartismalarini diisiinebilirsiniz.

la. Kuvveti dersten 6nce nasil tanimliyordun?

1b. Kuvveti simdi nasil tanimliyorsun?

1c. Daha 6nceki tanimda eksik olan kisim var miydi? Var ise belirtiniz.

2. Dersten 6nce masa tizerinde duran bir kitaba etki eden kuvvetler:

3. Dersten sonra masa tizerinde duran bir kitaba etki eden kuvvetler:

4. Dersten Once masanin kitaba kuvvet uygulamas: sezgisel olarak anlamli geliyor muydu yani
masanin kitaba kuvvet uygulayacag fikri size mantikli geliyor muydu?

5.Simdi masanin kitaba kuvvet uygulamasi sezgisel olarak anlamli geliyor mu? Gelmiyorsa litfen
belirtiniz.
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ODEV-2
Asagidaki sekli 1-3 sorulari igin kullaniniz.

—

= «—

Q=i

1. Yukaridaki sekilde goriildiigii gibi siyah araba batiya hareket ederken, ugak ve beyaz araba
doguya dogru hareket ediyor. Ug¢agin hizi her iki arabanin hizindan da biiyiiktiir. Ucakta
bulunan bir gbzlemci arabalar1 hangi yéne dogru gidiyor goriir? Neden?

2. Fizik dersi almamig bagka bir arkadasiniz yukaridaki soruya nasil cevap verirdi? Neden bu
sekilde cevap vermis olabilir?

3. Arkadasinizin bu cevaba gotiirecek diisiince seklindeki yanlig ne olabilir? (yani arkadasinizin
diistince seklini fizikle uyumlu hale getirmek igin artmanin bir yolu var midir?)

(Not: Odev 1 de bu tiir sorulari nasil cevaplayacaginiz hakkinda verilen aciklamayr ve Etkinlik 2

de 10. sayfadaki 7. soruyu nasil ¢ozdiigiimiizii hatirlamaniz sorulari yanmitlamaniza yardim

edecektir. )
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Onceki Bildiklerimizle Simdiki Bilgilerimizi Karsilastiralim
Asagida bazi kavramlar ve durumlar hakkinda dersten once bildiklerinizle dersten sonra
ogrendiklerinizi karsilastiracaginiz bazi sorular verilmistir. Bu sorulara verdiginiz cevaplar dogru ya
da yanls olarak degerlendirilmeyecek sadece sorulart ne kadar detayli yamitladiginiz
degerlendirilecektir. Onceki bildiklerinizin ne oldugunu hatirlamak igin smifta yapilan etkinliklerdeki
sorulara verdiginiz cevaplari, grup ve sinif tartismalarint diisiinebilirsiniz.

1. Bagil hiz konusunda 6nceden neleri biliyordum?

2. Bagil hiz konusunda simdi neleri biliyorum?

3. Etkinlik 2 de 6grenmekte zorlandigim kisimlar?

4. Karsilastigim zorluklari nasil ¢dzebilirim?

5. Etkinlik 2 boyunca 6grendigim en 6nemli sey nedir?

6. Bagil hiz ya da genel olarak hiz hakkinda giindelik yasantilarim sonucu elde ettigim
sezgisel bilgi ve tecriibelerim nelerdir?

7. Etkinlik 2 boyunca fizik bilgileri ile uyumlu hale getirmek i¢in arittigim sezgisel
bilgilerim nelerdir?

ODEV-3

1. Elinizle yatay bir kuvvet uygulayarak bir fizik kitabini sabit bir hizla bir masa iizerinde
ittiginizi disiiniiniiz. Kitaba masa tarafindan uygulanan siirtiinme kuvveti kitabin hareketine
zit yondedir. Buna gore elinizin uyguladigi itme kuvveti siirtiinme kuvvetinden biiyiik
miidiir, kiiciik miidiir, yoksa esit midir? Neden?

2. Fizik dersi almamis baska bir arkadasiniz yukaridaki soruya nasil cevap verirdi? Neden bu
sekilde cevap vermis olabilir?
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3. Arkadagimizin sezgisel bilgilerini kullanarak verdigi cevabi sizin verdiginiz cevapla
uzlagtirmanin bir yolu var mudir? Yoksa arkadasmmiza sadece “deneyler sizin diisiincenizi
desteklediginden sizin cevabimzi kabul etmesini mi sdylersiniz? (Ipucu: Arkadasiniz sezgisel
bilgilerini sizin cevabinizla uyumlu yapabilmek i¢in nasil aritilabilir? )

4. Nicin Hatalara Odaklaniriz?

Hemen hemen biitiin etkinliklerde ve 6devlerde hatta bu ddevde de, yanlig diisiinceler {izerinde
diisiinmeye vurgu yapiyoruz. Hatalar iizerinde bu kadar ¢ok durmamizin ayni hatalari
tekrarlamamizin 6niine gegmenin yaninda baska ne nedeni olabilir? (Bu soru icin tek dogru cevap
olmadigini unutmaywn. Sadece ne diisiiniiyorsaniz onu belirtiniz).

Onceki Bildiklerimizle Simdiki Bilgilerimizi Karsilastirahm
1. Etkinlik 3* ten Once cisim iizerine uygulanan net kuvvetle ivme arasindaki iliskiyi nasil

tanimliyordun? (Yani Bir cisim iizerine net bir kuvvet etki ettifinde ivmesinin artacagini mu,
azalacagini mi, yoksa sabit mi kalacagin diisiiniiyordun ?)

2. Etkinlik 3’ ten sonra bir cisim {izerine net bir kuvvet etki ettiginde ivmesinin artacagini mu,
azalacagin1 mi, yoksa sabit mi kalacagini diisiiniiyorsun? Neden?

3. Kuvvet ile cismin hareketi (hiz1) arasindaki iligki hakkinda giindelik yasantilarim sonucu elde
ettigim sezgisel bilgilerim nelerdir?

4. Etkinlik 3 boyunca fizik bilgileri ile uyumlu hale getirmek icin arittigim sezgisel bilgilerim
nelerdir?

5. Bu ddevdeki performansini nasil degerlendirirsin?
a) Kotii b)Orta c)lyi
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ODEV-5

ASAGIDAKI ACIKLAMAYT 1-5 SORULARI ICIN KULLANINIZ.

Bir araba durgun halden t= 2 s kadar diizglin hizlanarak hareket ediyor. Daha sonra 4 s sabit hizla
ilerlerken, aniden Oniine ¢ikan yayaya ¢arpmamak i¢in frene basiyor ve diizgiin yavaglayarak 3 s
sonra duruyor.

1. 1lk olarak konum-zaman, hiz-zaman ve ivme-zaman grafiklerini birbirinden bagimsiz olarak
ayr1 ayri ¢iziniz.

Tvme T Hiz T

‘ Zaman ‘ Zaman

Konum

Zaman

2. Simdi yukarida ¢izmis oldugunuz konum-zaman ile hiz zaman ve hiz-zaman ile ivme zaman
grafiklerinin birbiriyle tutarli olup olmadigini kontrol ediniz. Tutarlilik i¢in kontrol etme
stratejisini uyguladiktan sonra grafiklerde bir degisiklik olduysa asagidaki eksenlere
grafiklerinizi tekrar ¢iziniz? (Birinci soruya verdiginiz cevabuizin dogru olup olmadig
onemli degil, ikinci grafiklerinizin dogruluguna gére not alacaksiniz. Bunun igin ilk
grafiklerinizi degistirmeyiniz.)

Hiz T Tvme T

Zaman ‘ Faman

Konum

Zaman
3. Eger grafiklerinizde herhangi bir diizeltme yaptiysaniz bunu neden yaptiginizi agiklaymiz.
4. Tutarli olup olmadigini kontrol etme stratejisi ilk grafiklerinizdeki hatalarinizi belirlemede

size yardimcit oldu mu? Yoksa siz grafiklerin birbirleriyle uyumlu olup olmadigim
diistinmeden de ilk grafik ¢izimlerinizde dogru cevaba ulastiniz mi?

5. Bir dgrenci 1. soru i¢in asagidaki grafikleri ¢iziyor:

Konum Hiz

—

Zaman

Zaman
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6. Tutarlillk icin kontrol etme stratejisinin bu Ogrenciye yaptigi hatayr belirlemede ve
diizeltmede nasil yardimci olacagini agiklayiniz?

7. Ogrenci yaptigi hatayr neden yapmus olabilir? Bu 6grencinin gelecekte aymi hatayr
yapmamasi i¢in ona ne onerirsiniz (Hatasini diizeltmesi igin ne soylersiniz)?

Onceki Bildiklerimizle Simdiki Bilgilerimizi Karsilastiralim

1. Etkinlik 5 dan sonra neleri 6grendiniz.

2. Etkinlik 5 boyunca 6grenmekte zorluk yasadigimiz kisimlar neler oldu? Neden bu zorluklari
yasadiniz?

3.Hala anlamakta zorlandiginiz kisimlar kaldi mi?

4. Tutarlt olup olmadigini kontrol etme stratejisini kullanmanin 6grenmenize olumlu katkist olacagini

diisiiniiyor musunuz? Neden?

5. Fizik problemlerini (6rnegin kuvvet ve hareket iinitesindeki problemleri) islemsel problemlerden
aytran Ozellikleri nelerdir?

6. Fizik problemlerini (6rnegin kuvvet ve hareket tinitesindeki problemleri) nasil ¢dzersiniz?
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ODEV-6

Yukaridaki sekilde goriildiigii gibi masa {izerinde duran bir topa ani bir kuvvet verilerek
hareket etmesi saglaniyor. Top kazanmig oldugu hizla masanin kenarina vardiktan sonra yere
diistiyor. Topun yere diisiinceye kadarki hareketinin yatay eksenindeki ivme-zaman, konum-
zaman, hiz-zaman, kuvvet-zaman grafiklerini ayr1 ayr1 ¢iziniz.

X VX

1(s) (s)

1(s)

Fx

Daha sonra dogruluguna en c¢ok emin oldugunuz grafigi kullanarak diger grafiklerin
dogrulugunu, “tutarli olup olmadigini test etme” stratejisini kullanarak kontrol edip
degisiklik yaptiklarimzi asagiya ciziniz. (Ipucu: tutarli olup olmadigi kontrol etme
stratejisini  kullamirken, konum-zaman grafiginin egimi ile hizin, hiz-zaman grafiginin
egimiyle ivmenin, kuvvet ile ivme arasindaki iliskiden yararlanarak da kuvvet-zaman
grafiginin dogrulugunu test edebilirsiniz).

ax X VX

1(s) 1(s) (s)

Fux
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3. Benzer sekilde masa iizerinden diisen ayn1 topun diisey eksenindeki ivme-zaman, konum-
zaman, hiz-zaman, kuvvet-zaman grafiklerini tutarli olup olmadigini kontrol etme stratejisini
kullanarak ¢iziniz.

Ay

1(s)

(5) (s)

Fy

1(s)

4. Fizik dersinde size mantiksiz, anlamsiz gelen, yani giindelik yasaminizda hi¢ isinize
yaramadigimni disiindiigiiniiz bilgiler var midir? Varsa akliniza gelenleri yaziniz. Cevabinizi
nedenleri ile birlikte aciklayiniz.

5. Fizik 6grenirken ezberlemek (anlamadan zihne oldugu gibi yerlestirmek) zorunda kaldiginiz
bilgiler oluyor mu? (a)Oluyorsa, bunlar 6zellikle nelerdir? (b) Bu bilgileri ezberlemenizin
temel nedenleri ne olabilir?

Onceki Bildiklerimizle Simdiki Bilgilerimizi Karsilastirahm

1. Etkinlik 6 den sonra neleri 6grendiniz.

2. Etkinlik 6 boyunca 6grenmekte zorluk yasadiginiz kisimlar neler oldu? Neden bu zorluklart
yasadiniz?

3.Hala anlamakta zorlandigimiz kisimlar kaldi mi?

ODEV-7

1. Bir futbol macinda Ali ile Ahmet kalecinin atti§1 topa vurmak icin birbirlerine dogru
kosmaya basliyorlar. Sporcular birbirlerini fark etmedigi i¢in ¢arpisiyorlar. Carpisma aninda
Ali Ahmet’ten iki kat daha hizli olduguna gore ¢arpisma aninda olusan kuvvetler hakkinda
ne soylenebilir? Kuvvetlerin biiytikliiklerini karsilastiriniz.

2. Simdi ise Ali topa vurmak igin daha 6nce ve sabit hizla kogsmaya basliyor. Ahmet ise daha
sonra, fakat hizin1 artirarak kogmaya basliyor. Carpisma aninda her iki futbolcuda ayni hizda
olduguna gore carpisma aninda olugsan kuvvetler hakkinda ne sdylenebilir? Kuvvetlerin
biiyiikliiklerini karsilastiriniz.
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3. Simdi Ali’nin Ahmet’ten daha agir oldugunu diisiiniiniiz. Carpisma aninda her iki futbolcuda
aynt hizda olduguna gore carpisma aninda olusan kuvvetler hakkinda ne sdylenebilir?
Kuvvetlerin biiytikliiklerini karsilastiriniz.

4. Fizik bilmeyen bir arkadaginiz yukaridaki 3 soruya nasil cevap verirdi? Neden?
1.soru

2.s0ru

3. soru

5. Fizik problemlerini (6rnegin kuvvet ve hareket Tnitesindeki problemleri) islemsel
problemlerden ayiran 6zellikleri nelerdir?

6. Fizik problemlerini (6rnegin kuvvet ve hareket tinitesindeki problemleri) nasil ¢dzersiniz?

Onceki Bildiklerimizle Simdiki Bilgilerimizi Karsilastiralim

1. Etkinlik 7 den sonra 6grendiginiz en 6nemli sey nedir?

2. Etkinlik 7 boyunca ogrenmekte zorluk yasadigimiz kisimlar neler oldu? Neden bu zorluklar

yasadiniz?

3.Etkinlik 7 de 6grendiginiz ama size hala mantiksiz anlamsiz gelen bilgiler var midir? Bunlar
nelerdir?

4. Etkilik 7 boyunca arittiginiz sezgisel bilgileriniz nelerdir?
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birbirleriyle iliskilendirilmesinde etkili olan bir 6grenme ve 6gretme stratejisidir.

CONCEPT MAP DRAWING GUIDE

AP

PENDIX N

Kavram haritas1 insanlarin bir konu hakkinda sahip oldugu kavramlari ve bu kavramlar zihinlerinde
nasil iligkilendirdiklerini géstermek amaciyla cizilen iki boyutlu bir semadir. Kavram haritas1 6grenilen yeni
bilgilerin eski bilgilerle birlestirilmesinde etkili oldugu gibi var olan eski bilgilerin de yeniden diizenlenerek

Kavram haritalar1 olugturulurken agagida belirtilen basamaklar izlenebilir.

Konuyla ilgili tiim kavramlar, ya da verilen kavramla iliskili tiim kavramlar belirlenir.

Kavramlar yakinlik derecesine gore yerlestirilir.

Ilgili kavramlar birbirleriyle oklarla baglanir.

4.  Oklarm istiine iki kavram arasindaki iligkiyi gosteren kelimeler veya ekler yazilir.
Asagida c¢ekirdek ailenin kavram haritasi verilmistir.

1.
2.
3.

Anne —

liyesidir

Cekirdek Aile
> A

-—

iiyesidir

diinyaya getirir Cocuk
> Y

Ornektir

Kiz

7

e .
[——Kkardestir

~ yesidir

\F Baba
i

diinyaya getirir

/

Ornektir

—>

Erkek

Cekirdek aile ile anne arasindaki iliski “anne ¢ekirdek ailenin iiyesidir” seklinde kavram haritasindan
okunabilir. Ya da ¢ocuk ile erkek kavramlari arasindaki iligki “erkek ¢ocuga drnektir” seklinde okunabilir.

Fizikten bir 6rnek verirsek bir cismin ivmesinin nelere bagli oldugu kavram haritasinda asagidaki gibi
gosterilebilir.

,I ivme .

ters orantilidir

y ¢
Kiitle

orantilidir

\E Kuvvet

Ivme ile kiitle arasindaki iliski kavram haritasindan “ivme kiitle ile ters orantilidir” seklinde okunur.

Yukarida verilen 6rneklerde de goriildiigii gibi kavram haritasinin 3 6nemli 6gesi vardir. Bunlar kutucuk igine
alinan kavramlar, oklar ve oklarin {izerine yazilan, kavramlar arasindaki iligkiyi gosteren baglanti
kelimeleridir. Kavram haritas1 okunurken okun bagladigi kavramdan baglanir sonra okun bittigi kavram en
sonunda da baglanti kelimeleri séylenir. Bunun i¢in kavramlar birbirine baglayan okun yoniine dikkat etmek
kavram haritasinin herkes tarafindan ayni sekilde anlagilmasini kolaylastiracaktir.

Kavram Haritas1 Hazirlarken Dikkat Edilmesi Gereken Hususlar

1.

gk~ own

Birbirleriyle iligkili kavramlar oklarla birlestirildikten sonra mutlaka iliskiyi gdsterecek baglanti
kelimeleri veya ekleri yazilmaldir.
Tlgili biitiin kavramlar birbirleriyle oklar yardimiyla iligkilendirilmelidir.
Oklar gizilirken iligkinin yoniine dikkat edilmelidir.

Her kavram harita ¢izilirken sadece bir defa kullanilmalidir
Bir konu i¢in standart bir kavram haritas1 yoktur. Kavram haritalar1 kisiye 6zeldir. Bunun i¢in bir konu
hakkinda bir 6grencinin ¢izdigi kavram haritas1 diger 6grencinin ¢izmis oldugu haritasindan farkl

olabilir.
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APPENDIX O

KEY WORDS

Scientific inquiry
Inquiry-based teaching
Inquiry-based learning
Learning cycle

7E learning cycle
Metacognition

Metacognitive instruction
Metacognitive training
Metacognitive strategy instruction
Metacognitive strategy training
Metacognitive prompts
Concept Map (Mapping)
Epistemology

Epistemological beliefs
Epistemic Beliefs
Epistemological activities
Epistemological instruction
Epistemological curriculum
Epistemological training
Science

Physics

Force and Motion

Different combination of the words given above
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APPENDIX P

STUDENTS’ PRODUCTS

The example of Activity 2

ETKINLIK 2
Bu etlonbgimizde bajil hizs ofrenmervn yaninde hatalonimezi tespit etmeye ve gelecekte aym
hatalsn yopmayr tnlemeye yordime bir metot &grenecediz.
I. Neleri Biliyoruz Gisterelim

A. (Bireysel gakgmiz), Asadpdalo saruler haklonda disuncelervzi ve neden o gekilde diigunduguniizy

yazniz.
Hareketh b cismin iz bogka bir cisme gére sifir olabile mi? Nosi 2 Glniik hayatten Srnek
vererek agikdayniz?

Okn\""b('AJ“' ._‘75“&" gideslarian < ey 33«.—-'.*11 *Fua‘Q,\qrw A uyo

Sk Mesela, bir shomabl yanndan gecen 38 clomebi S mySe g

Hatalaremz hakkinda diginmek snemli midir? Cevebinize agikoywz,

Sk Bnembidic Conko; degevlan, garlesor srocAgite bukunur iz, harla
W dstnerek onlars A=allip Jojege ulosobiUriz,

B, (Grup olarok galewia). Yukaridaki sorulary tarhiginiz. Mer bir sory hakkindaki diginceleronzd
birbirinize belirtirken neden o sekilde dipndinizy gruptoki arkadagioryvza agikiayimz
GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAX VERDIEINIZ CEVAPLART
DESIS TIRMEYINIZ

305



I Arabolorn Olgilen Hizlarim Earglagtiralim
A [ Biraysel caliionz)! Agafidaki g durumda, A eraban, her defasinda gy buapacalite o b dfme
serilerek horekete gegirilivor. Buna gére her durum igin A anabasimin hareket detelctorii aracbdnyla
slgiilen huzlarmin bifyiikliklerirs korglaghicinz. BMeden o gekilde kargilagtindidinin aqikloyniz. {Horeket
detektarll 8 arabas: IT ve TIT dorvmiarmda gy bl hareke! edivor)

[ 4 arabasi duran hareket detektsarld B arcbasing dodru hareket ediyvorken,

=

.i._u-q‘!

% varelodsie Adupndary sadece  Alvan g, \
""I-q =4
II A we B arobalar 21t yonde hareket edivorken,
E—

1=a+h

y Ave B aroglbrnn e Mddnde de b vards

III. A v B orebalar: aym yinde harehket ediyorken,
.‘—

pu—_

“‘-.I'E}:.Dl is da aug jiﬁh q:..l_.,j,.ﬁp eim Afeun
L S ID ul‘u-nh JE'_,-L-I‘_
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III. Aragtirchm
A Simdi yukandaks ug durumu deneysel yolk inceleyenek tahminlermizi test edi
Malzemeler:
Bilgisayor
Haoreket Detektord
Arabirim
Logger Pro program:
Araba (2 adet)
Ray
I Durum: Hareket DetektdrlG Aroba Horeketsizken
¥ Horeket detektorinii bir aroba dzerine kaymayacak sekilde baflayinz ve I. duramdaki
duzenedi kurunuz.
¥ Arabirims bilgisayarc ve harelet detektonim de arobirimin DIG/SONIC 1 KANALINA
badierym.
« “Topla" tuguna bastiktan sonra horeket detektorki arabanm kargindaks archay) harexe?
detektorlu arabayo dedru timez,
Duzgiin bir grafik oluguncaya Kadow sivect tekrar edinz. Arabo hareke? ediyarken horeket
detektarunan dnlnde hig kimsern hareket etmediginden emin olunuz.

1. A arcbasiin ortcloma hazini olugen hiz-zamen grefidinden yarcrionarak buluruz.
Ver = =04

II. Durum: Arabalor Zit Yande Horeket Ediyorken
¥ II duramde venlen deney duzenedini lrunuz.
¥ “Tepla * tuguna bastikicn sorva rayin her iki ucunda buluncn arcbalar birbirine dodru
iiniz. A arabasen I curwmdadr Aczg yokan bir bz verecek selolde itmeye dzen
gasteriniz,

1. A grabasinin ertaloma hizire grafikten bubsuz.
Ve =g 01 20

III Arcbolar Ayn Yénde Hareket Ediyorken
v Hareket detektorsiiz arcbaoy! rayin ortasine hareket detektoriu erabays ise rayin bagna
yerlegtirerek I1I durumdolo deney dizenegine kurunuz,
v “Tepla” tusuna bastiktan sonve crabalan ayri yonde itimz, A ve B arabasw IT.
durumdaks iurlarna yakin b Az verecek sekilde itmeye cren gosteriniz.

1. A arcbasinin ortalama hizew grafikten bulunuz,
V,. s =~ Q0004123 0% s Yo degar >0

V. Ogrerdiklerimizi Pekigtirelim
&Grup alorak asagidaky sorwlary cevaplayinz
1. Bir yol uzerinde A arabas: 10 m/s hizla doduya dodru giderken 8 arobasi 15 m/s. € arabas: ise
20 m/s hizls batiya gitmektedie.

—‘9 —
Mt c;‘-:l <:a_'1 Vey
a) A arobesin iz B arabasima gire nedir?
I-% VN
VAB‘ A- 6 n°= 10--(."‘”)‘ 15 n)/b —Qbos“ J&q:,qk

b) 8 arabasinin hizi A arcbesing gore nedir?
] ——y
Vea = \7: -Va Noa =49-10= -25 /s 28akn yintinda

c) C mabmm Ave B arabalarina gére hizs nedir?

3@.-—\/ V‘.-ao 10=-30 m/s .,6.6‘_,&&

d) Am%du- bu'bmm ge;t-;l':lt(e)n m A.;'Zb::f{a i be bgma gire nedir?

V = NG~ U = 10-(~15) <25 /s - Dagu yanande
*ka\)ow oiciran, _".‘.(..\(ﬂ. Jur\\l.r- .M."ﬂ’vc
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2. Suya giee hizi 2v olan bir gemw ile bir yunus ayni yonde gidryor. Geminm pistinde hareket eden
bir motaskletli yurssu duruyer gibi g¥ruyer. Yunusun suyu glre hiz: v ougw gére,

c:’miidct- gemiye gore heni md:? E"’ VH& VM‘I +VY5
Vl'.‘ = 2\[ "c =Y - o v
-a
7‘15 v Ve = "1 *\/ Vrs =V ?&3&
=0 VL. OgrendiNlerimizi Ganigletelim

A $lmdlyt kadar hep oy dodrultudeki horeketleri nceledik. Simdd farkl dogrultuda hareket eden
cisimlers birbirlerinin hizkers nasil algiladiklar) uzennde duralim.

1. (Srup oharok calgimz). Sekilde goruldudu gits A arabasi 30 m/s ile dedu yoninde hereket
ederien B arabas) kuzey yorinde derliyor. Buro gére

a) A arabosinin iz B arebasing gore redir?

v/ - a
5o /s [C hea [_‘.__.i_',.)\| ‘as‘ ?‘.(0"\ _,D.l-‘nvs..
P ok

b) B arabasinn i A arabasing gore redir? Bulom/s

l-g:’
+ 7 £ ".\-J-Lca ‘:»'-'l‘\‘\

ATV
(o A
2. (Grup olarak galigonZ). Nehre gore 4 m/s sobit huzr olan bir kayik sekilde gevuldugu gibi 3 m/s
sabit hezh bir nehnn akig yorune dik olacak gekilde A rokrasindan harekete baglyor
¥im

T - | ’,"f‘;,ﬂ‘ ‘XK%QS.A Lk t!‘-km‘.‘

100 Vm -3 L vy shreys belirlars
1 ¥ E ‘5{1«))

a) Kepdin yere gire hezi ne :cdnrd-ﬂ

b) Koyk karg kiywa ne kodor siirede ¢ar?

¢} Kapk B noktasindon ne kadar uzoga suriklenir?

d) Keypk A noktasmden B noktasing gitmek igin sekildeki gibi duz ber yolu izliyor. Keyigin bu

o yoluizleyebilmesi ign yoninde dedigiklik yapmasina gerek vor medir? Bu durumda korg:
-f -3 luycyo gegme siiresi dedigir mi? Aikloyiniz.

y \/XV :wa\/“’y 'tE:‘B"-‘ﬁ;ﬁfm/s
N L) @0/in2s s AL
<)

d) Vard s A_y\- Wy Lyl ende  Vacked

-

hveliiit 3Nte. ks
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B. Sexgisel Bilgiler ve Bagil Hiz
1. (Bireysel galiswnz). A ve B arabalorinin 1 saniye zaman oralikh kenumior), agodideki gekilde
numaralonmig karelerle glisterilmigtir, Arcbalar deduye dodru hareket etmektedivler

1) Sexgvsel elarak 3 oninda B orabasi A arobasie doguyo mv fareket ediyor, batye mv hareket
ediyor yoksa duruyor olarak mi gorur? Cevabizi ageklayiniz

boj\aag Joéfu harekel  ediye” larak gove Clas B8 Jur..\..’
A Nala lorket Wolindedi

3) Konum ckserende her kigik cralik & m ise A ve 8 arabalarsun hizi nedir?
Y= Vo4
204 V220 mfs
Ve 200 m/4

¢) Buldugunuz dederlerle 3 erndalo Vg hesaplayinz, Buldodunuz sonug a) kismindaki

cevabimzia tutarl me?
_,

—-’
V; “Va-Vp = 20-20-0

L Sivf Tartsmas
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€. Sezgilermmiz e Fizk Tutersiz Oldudunda Ne Yopmaliyiz
Codu dgrenci ande ok daha hvzbicle sezgisine schiptir, Biraz ence sezgusel clarak verdigimiz

yanite bagel hez formiikiinii kullanarak verdigimiz yomitha celigtigin gordule Simeh ba gelighi drermde
biraz duginelim.

1. (Bireysel galgnz). Asadpdalo lerden hangisi bu tutersizhk durumwuna karg tutumunuzu en ip
sekilde qosterir? Sirden fazla segenek segebilirainz.

a) Bu gibl tutersizhklar Uzerinde diginmek gercksizdir, Sogil hizim ne oldugunu tam clarak
~— ogrermek yeterlidic,
/ b)/Nasil yopelocagm bilmiyorum ama bodel hiz formiki ile sexgilesimizi tutark hale getirmenin
mentemelen bir yols vardir,
¢) Fizik ile sezailerimiz godunlubla birbwrleriyle tutarhidr. Ama yukaridoki sorudae fizik de
sexgilerimiz arasindaki wyumsuzuk gok belirgin oldudundan bu tutarsnzhfi kabut edip devam
etmek torundayrz.

Cevabire 7 agildayenz,
Arasindo muklla Wir Mukor ULk "\“‘q““ &‘.‘-v:d\bnrum.

2. Cevaplorinize gruptoki arkadeglarinizla tartgirez, Ararvzde bir enlagmays vardimz mi, grup iginde
farkd dugunenier ver mi?

D. Sezgisel 8dgllerimizin Arrtdmas:
Bogil bz formilu ile " dndle okw doha Avzhalv® sezgimiz aresinda uzlagtirilamaz ber gatigma
oldugunu kabul etmeden once bir “Uslagtirma Stratejis’ olon " Sexgilerin Arvtimass“adk verdifimiz bir
stratejiyl uyguloyahm,

1. A ve B orabalorinn 1 sarwye zoman arolikh konumlor, esodedale sekilde numarclanmg kerelerle
gsterilmigtir. Arabalor deduya dodru hareket etmekiedeler.

e

Al S 3 4 g h
- n o =) " al
- a - 15 “
B 1 2 R . S o

a) Sexgesel alarok 3 arvnda B arcbas: A arcbasini doguye mu haveke! ediyor, bafiya mi haveker?
edyar yoksa duruyor olarak mi gorlr? Cevebinizs agiklayimz,

hab . > aJ '
WP doBry harclel o elarak 9o Lok A B 'den
M. '.W.;k u‘ ] “’o‘_

b) Kenum ekseninde her kuguk archk 5 m ise A ve B arabalerinn ezt nedir?

K= Va =30 m/s ek =
30evd / dod R s

¢) Buidujunuz dederlerle 3 amindaki Vi hesaplayiniz. Buldugunuz sonug dnde olan araba daha
hizhdir sezgest lle uyum iginde medir? \J As = Vp=Vp = 30 -2.0={0 mfy 4.95.5 a
U‘,-um cindedin,
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o Sevf Tartgmas

2. (&rup olarok galisowz), " Ondle olan dake hezlidie” sezgisel bilgisinl laallandigimiz iki soru cozdii.
1k soruda bu sezgimiz bizi yanhs sonuca gstiinisken ilnci soruda dodru cevaba gatirdis O
halde dnde alan cdaha Al sezgisel bilgisi hakkanda ne oylenebilir? Yanhy mi, dodru mu, yokse
bagka bir gey midir. Acikioymz,

Bou durudands dogre/bem dwwetanda  yasushic

o Sovf Tortigmos:

3. (Grap olarak golgumZ) Onde olon doho hirfdir sezgisel bilgis fink dersi olmaden tnce olugan
hom b sezg) midir? Yoksa fizik ders aldikten scara sekillenen armilmig bir sezge midie? Eger
hom ise cnu nerden 84rendniz?

Ham bir  wegidicDicloarek Accrlivdesrn Jooucs SHmnlim,

4, Hangi durumda A arabasinm 1 anindon 3 arena kader yerdediztirmesi 8 arabasinin

yerdedigtrmesinden buyuiktur? Bunu A crabesinm hizs ile ilighlendirebile miyiz?

L. durunda dava \’wﬁ(,"vn\.:, Vaz\ory p-rk\. oUuawi&-n arada

L‘.( Pdk o\u'm A_’ ‘O -
o Souf Tartismas Bauwo M 7720 m
Aritma Diyogromi

Ondde ofin daha bvzhoir sezgisini ogogidaki gibi iki gekilde antabiliriz,

Ham Sexgisel By Onde olon dsha hihdir
=
Ay zaman eraliindo Sede nde clan her zemen
Sezgisel olon dahe fazla ha hzhdir,
Anniny o rerdedngtirme de yopmiges '
fiahs kezlidir

5, (& olarak caligonz), Yukeridaki eritimig sezglerden hangisi bafil hez formulu ile uyum
wersindedir?
Agns zaren ar\geds snde dan dete Forla yedegishiime de

Jopmiesa deba zlidern
6, Buglinku dersin ana fikri nedir?

Sttt,?W'-m‘;l ve ﬂ&r.;'l Rb‘vl\\'m;ﬂ ~.:7.vv\v BHa 3.3“, SO0 "\Of&lr-
VIT. Kendimizi Degerlendirelim

1L (&rup olorak galgmz) Bogil iz konusuna baglarken “Neler: Biliyoruz Gésterelim” kisfnda
tartigtimz sorulort tekror kendi aranizda tartiginz. Her bir soru hakkindaki dlisuncelenniz
birbirize belirtirken neden ¢ sekide cUsendigiinuzy gruptaki ankadagiarinza ogikaywme. Grop
olarak tarnigtiktan sonra her bir goru 1gin grubun ortek diigincelesin yazimz,
> n:)“' J-'\h .}hﬂan ve Yalos  erdlen &3'3.(\-\'. Au/-(_’or o\ocal

_9& e lin
2, (Bireysel calpniz) Neleri Biliyoruz Gésterelim losminda bu sorulora bireysel olarak verddiniz

yorutlarla simdi grup olarck tartigtikton sorro verddiniz cevaplar anasinda fark vor mi? Vorss
bu forkhgn nedenind belirtiniz? (Jpucw: Hota Yakokime Stretejisw Uyguiayn),
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The example of Activity 3
Adi ve Soyadi:

Sinif:
ETKINLIK 3
I. Neleri Biliyoruz Gosterelim
A. (Bireysel ¢alisiniz). Asagidaki sorular hakkinda diisiincelerinizi ve neden o sekilde diistindiigiintizii
yaziniz.

1. Bir kutu, bir yiizey iizerinde bir ip yardimiyla cekilerek sabit hizla hareket ettiriliyor. Bu
durumda ipin kutuya uyquladigi gerilme kuvveti (Tyi) yiizeyin kutuya uyguladigi ve kutunun
hareketine zit siirtiinme kuvvetinden (fyy) bdyiik miidiir, kiicik mudiir, yoksa esit midir?

- '
in toroFade Q\J)Qu\mm \‘ja.lma Luvee ¥ siknme  ‘uwelne e

Byydleti. g
:j° Jdo &Ur Hve uvvetnden ieule Q\:@d& Edto Bl  EdmE

2. Ayni kutu siirtiinmesiz yiizey iizerinde sabit bir kuvvetle gekiliyor. Bu durumda
a) Kutunun ivmesi artar mi, azalir mi, yoksa sabit midir?

¥ vhonun i Aba ent oo Ok, Wmest de Loune b&\c}\‘ ole-o'e.

artor.

b) Hizi artar mi, azalir mi yoksa sabit mi dir?

Ny \unwe alma A\’%‘ ren \ML ‘er

3. Ayni kutu iki kat kuvvetle gekilirse ivmesi nasil degisir?

favewt 2 Vot orlor

B. (6rup olarak ¢alisiniz). Yukaridaki sorulari tartisiniz. Her bir soru hakkindaki discncelerinizi
birbirinize belirtirken neden o sekilde disindigiinizi gruptaki arkadaslariniza agiklayiniz.
GRUPLA TARTISTIKTAN SONRA BIREYSEL OLARAK VERDIGINIZ CEVAPLART
DEGISTIRMEYINIZ.
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II. Siz Nedenini Biliyor musunuz?

Fizik bunun
cevabini biliyor.
Bu etkinlikte bu
cevaba ulagacagiz.

Bu tagi daha
zor hareket

ettiriyorum.
Neden?

Bu tasi daha
kolay hareket
ettiriyorum.

Neden?

III. Arastiralim

Gerekli Malzemeler:

e Bilgisayar

e Arabirim

¢ Hareket Detektori

e Kuvvet Sensori

¢ Hareket programi

e Hareketli araba

¢ Rampa

e Makara

o Kiitleler (5g, 10g, 50gr, ...)

A. (Grup olarak ¢alisiniz). I. Bolimdeki 2. soruya yaptiginiz tahmini test etmek igin asagidaki
diizenegi kurunuz.

Dikkat!ll

e Kuvvet sensoriiniin araba lizerinden kaymamasi igin miimkiin oldugunca siki bir sekilde
bagladiginizdan emin olunuz.

e Kuvvet sensarii elektronik sinyallerde meydana gelen degisiklere gore kuvveti slctiigiinden,
bilgisayarin kuvvet sensoriine kuvvet uygulanmadigi durumdaki sinyali sifir olarak okumasi
deneye baslamadan dnce onemlidir. Bu isleme "sifirlama” denir. Kuvvet sensorii ile olgiim
yapmadan ance “sifirla” butonu segilerek sifirlama yapilmalidir.

¢ Hareket detektoriiniin biitin hareket boyunca arabayi gordiigiinden emin olunuz.
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v LO3A2-2 (Speeding Up Again) deney dosyasini aginiz.

v Makaraya bagl kiitlelerin arabayi gok hizli hareket ettirmemesi gerekir. Uygun kiitle miktarini
bulmak igin, kiitleler serbest birakildiktan sonra, arabanin ray iizerindeki 2-3 saniyelik
hareketini gozlemleyerek bulunuz.

V" Makaraya bagladiginiz kiitleyi kayit ediniz: __

v Hareket detektorii ve kuvvet sonsorinii sifirlayiniz.

v Hareket detektoriinden tik sesi duyduktan sonra makaraya bagl kiitleleri serbest birakiniz. Iyi
bir grafik elde edinceye kadar denemelerinizi tekrarlayiniz.

1. Ivme-zaman ve kuvvet-zaman grafiklerinin ilgili yerlerini segerek ve arac cubugundaki

w2
“istatistikler" (H ) tusunu tiklayarak ortalama kuvvet ve ivmeyi bulunuz.

Fss= O 20 Y g

@iiis QiROLL

\

s
3. Arabanin ivmesi nasil degisti?

=olLh b

4. Arabanin hizi nasil degisti?

™O203n haakon-

N

o Siif Tartismasi
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Hatalarimizi Anlayalim
1. (Bireysel calisiniz). Eger I. Bolimde 2a daki sabit bir kuvvetin etkisindeki kutunun ivmesi nasil
olur sorusuna verdiginiz cevapla deney sonuglar farkliysa hata yakalama stratejisini kullanarak
bu farkliligin nedenini bulmaya calisiniz. (Hata yakalama stratejisinin nasil uygulandigini 2.
Etkinlikten hatirlayiniz.)
el Vg Luvvedle C,e\f.\\dfal lan Vvme  solei b cunky  Cremia

Lot
stinmeli  Olagydh  vey

W oo sclitdr. Eger (go2ey

QeU\sedéJ fvme o boleilim \ledo

Clsimm  =olot il

0 nololsili- A

2. (Bireysel calisiniz). Benzer sekilde hata yakalama stratejisini 2b deki sabit bir kuvvetin
etkisindeki kutunun hizi nasil degisir sorusuna verdiginiz cevaba uygulayiniz.

B. I.Bolimde 3 soruya verdiginiz cevabi deneysel yolla test ediniz.

v LO3A2-2 (Speeding Up Again) deney dosyasini tekrar aginiz.

v Arabaya daha dnceki kuvvetten daha biiyiik kuvvet uygulayiniz. Bunu yapmak igin makaraya
bagladiginiz kiitleyi yaklasik olarak iki katina gikariniz.

V" Makaraya bagh kiitle:

v Kuvvet sensoriini sifirlayiniz.

1. Ivme-zaman ve kuvvet-zaman grafiklerinden ilgili yerleri secerek ve arag gubugundaki

B
“istatistikler” ( ) tusunu tiklayarak ortalama kuvvet ve ivmeyi bulunuz.
For? =

Qort
2. Daha onceki boliimde ve simdi buldugunuz degerleri kullanarak asagidaki tabloyu doldurunuz.

Ortalama Kuvvet Ortalama Ivme
A k= Q
B 2F 24

3. Degerleri bilgisayara girerek kuvvetin ivmeye baglh grafigini giziniz. Boo ki, Wwweh  menad

F (N) pa
A A = T—_ =M
as i g &
P
I D
v
= 'IL : g = )
“A——-‘—/-—H—}' almls?)
Q 2a ng 4
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4. Grafigin egimi neyi veriyor?

LiHe (m)

5. Arabanin ivmesi ile arabaya etkiyen kuvvet arasindaki matematiksel iliski nasildir? Bu iliskiyi
gosteren formiilii yaziniz ve agiklayiniz. bdjm:.c\ loir s\t ver,

F=m.0

6. Yukarida yazdiginiz formiil fizikteki hangi kanununun matematiksel bir ifadesidir?

" i y¥He g
B clemia liesl V2edne mo\mon tuvvete c’c&«u oronble 1 LU} e\“gt
derae O onh\de

e Sinif tartismasi

7. (Bireysel ¢alisiniz). Yukarida ulastiginiz formiil dogrudan size verilebilirdi. Ama formiile belli
asamalardan sonra ulastiniz. Formiile ulagincaya kadar yapilan islemler amaci ne olabilir?

Fomulin  ohe, olmasi ; eoloer cig’&:\

8. (Bireysel ¢alisiniz). Asagidakilerden hangisi fizik formiilleri hakkindaki goriislerinizi en iyi
sekilde ifade eder. (Birden fazla secenek segebilirsiniz.)

@Birgok fizik kavrami (kuvvet, 'hlz, enerji, vb) anlamlidir ve giinliik hayattaki

tecriibelerimizle iligkilidir; ama fizik formiilleri fizigi zihnimizde anlamlandirmaktan
ziyade, problem ¢ozmek igin kullanilan araglardir.

b) Aslinda formiiliine gore degisir; bazi formiiller anlamlidir, fakat hepsinin anlamli olmasini
beklemiyorum.

) Genelde fizik formiilleri anlamlidir ve giinlik yasamda kullandigimiz sezgi ve

tecribelerimizi bir bakima ifade ederler.
Cevabinizi agiklayiniz.

9. (6rup olarak ¢alisiniz). 7. ve 8. sorulara verdiginiz cevaplarinizi grubunuzdaki arkadaslarinizin
cevaplari ile karsilastiriniz. Grupta farkl diisiinceler varsa, birbirinizi ikna etmek yerine

birbirinizin disiincelerini anlamaya ¢alisiniz. Sizin disiincelerinizden farkli olan ama iyi
noktalara isaret eden arkadaglarinizin goriislerini 6zetleyiniz.

o Sif tartismasi
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IV. Ogrendiklerimizi Pekistirelim
Grup olarak asagidaki sorular: cevaplayiniz.

1. Siirtiinmesiz bir yiizey iizerinde saga dogru 2 N luk sabit bir kuvvetle gekilen 1 kg lik oyuncak
bir arabanin ivmesi nedir?

F= o, a

2=10 a7
0= 2 N

2. Bu arabaya 1 kg lik ikinci bir oyuncak araba baglanirsa ivmesi ne olur?

M.a

M A
n

)
o=1
3. 1kg lik baska bir oyuncak arabanin sola dogru 2 m/s’ lik bir ivme ile hareket edebilmesi igin
hangi yénde ne kadar biyiikliikte bir kuvvet uygulanmasi gerekir?

D N s = ;ﬂ 2 anla

4. 1kg hk araba saga dogru 2 N kuvvetle siirtiinmeli yiizey iizerinde cekiliyor, arabaya 1 N luk bir
stirtiinme kuvveti etki ediyor. Buna gére arabanin ivmesinin yonii ve biyiklugi nedir?

=1 -
=mM.0
N [ |— 2™
=40
Tl— 1N =5net ol mle® ‘5»55

. Park halindeki bir arabay diigiiniiniiz. Arabaya diinya tarafindan uygulanan asagiya dogru
yergekimi kuvvetinin arabaya yiizey tarafindan uygulanan yukariya dogru normal kuvvete esit
olmasinin nedeni agagidakilerden hangisidir? (Birden fazla secenek segebilirsiniz.)

A. Bu kuvvetler etki tepki giftleri oldugundan; Fory1,  cisimler olmoe 6“ ey
~B. " Arabaya etki eden net kuvvet sifir oldugundan;
C. Yukaridakilerden higbiri. Esittir, ¢linki

o Siuf Tartismass

317



V. Ogrendiklerimizi Genisletelim
A. Sezgilerimiz ve Newton'un 2. Yasasi

1. (Bireysel calisiniz). Bir dagci yolculugu sirasinda beklenmedik bir kar firtinasi ile karsilasir ve
dagda mahsur kalir. Dagciyr kurtarmak igin bir kurtarma ekibi bolgeye bir helikopterle
gonderilir. Helikopter dagciya ulastigi zaman kurtarma ekipleri asagiya bir ip sallarlar. Dager bu
ipi beline baglar. Dagcinin agirhigi (dageiya asagiya dogru etki eden yergekimi kuvveti) 650 N
dur. Ip dagcryr yukariya dogru_sabit bir hizla gekerken ipin yukariya dogru uyguladigi kuvvet
sezgisel olarak 650 N dan buyik, kicuk yoksa esit midir. Cevabinizi agiklayiniz.

Biybitir. Cin bl Cuweller  vlelil o do eait o\w@c!‘ eldiepy
UJ\LQ‘ : s e “‘f'-" ﬁ'e\'“ Yuvve + \j&ievl. lec iQ\n

2. (Grup olarak ¢alisiniz). Simdi yukaridaki soruya Newton'un 2. Yasasini kullanarak ipin uyguladigi
kuvvetin 650 N dan bdyik, kicuk yaksa(e;?)mi oldugunu bulunuz.

q:r\e-):O

anli b o

5
Foer=m.a — r=0

e Simuif Tartismasi

3. (Grup olarak ¢alisiniz). Gogu 6grenci yukariya dogru bir hareketin yukariya dogru bir kuvveti
gerektirdigi sezgisine sahiptir. Ornegin yukaridaki soruda dagcinin hareket edebilmesi igin ipin
uyguladigi kuvvetin dagcinin agirhigindan biiyiik oldugunu diigiinmektedirler. Biz bu sezgiyi
Newton'un 2. Yasasini kullanarak buldugumuz sonugla (yukariya dogru kuvvetin asagiya dogru
kuvvete esit oldugu) uyumlu hale getirebilir miyiz? Yoksa bu uyumsuzlugu kabul mii etmeliyiz?

B. Sezgilerimizi Newton'un 2. Yasasi ile Uyumlu Hale Getirmek icin Aritalim
Daha once sezgilerin aritilmasi stratejisini onde olan daha hizlidir sezgisinin uygulayarak bagil hiz
ile uyumlu hale getirmistik. Simdi sezgilerin aritilmasi stratejisinin burada ¢alisip ¢alismadigina bakalim.

1. (Grup olarak ¢alisiniz). Ipin dagciy yukariya dogru gekmeye basladigi itk anda dagcinin durgun
oldugunu diisiiniiniiz. Hareketin bu baslangi¢ asamasinda, yukariya dogru ipin uyguladigi kuvvet
650 N (dagcinin agirhgindan) bdyuk, kiiclik yoksa esit midir? Cevabinizi agiklayiniz.

\ \Cat o Wt
Byydlioe - Cankd L onde W2 olmedg e Qg =

Lihul b~ tuvvet ere \ur.
u\jah_ \9
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2. (Grup olarak calisiniz). Newton'un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde
edersiniz? (Ipucu: Dagcr harekete basladigi anda hizlaniyor mu, yani bir ivmesi-varynidir?)

' o@g\L\r.
Fhet=ma  Clamn hoelet elmes! rein Wzna - O3Mos

Hoa or»hafxelm wire vo . Fnet de 0O don Forbhel

3. (6rup olarak ¢alisiniz). Newton'un 2. Yasasini kullanarak Bulduéunuz cevap sezgilerinizle uyum
icerisinde mi?

U\\jum\u

4-9. sorularinda dagcimin harekete basladigi asamadan sonraki hareketi yani dagcimin yukariya
dogru hareketli oldugunu ddsiininiz.

4. Sezgisel olarak, ipin uyguladigi yukariya dogru kuvvet dagcinin agirligindan biiyiik olursa
(dagcinin harekete basladigi andaki gibi) dager hizlanarak mi, yavaslayarak mi yoksa sabit hizla
mi yiikselir. Kisaca agiklayimiz.

Hi 2 lonore \\j‘;\k_-,e \ir Cuyse b ‘oriha.n dn et Voyve + dd'ﬁcm.r\
o \na, ebugle 4 e
oa q o mu\t e

5. Newton'un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde edersiniz?

The += ma

Ne b CLuwe + 0" dmn Ford ol C\Jsmdm ‘vme  Vorde, By d:,;_ den

Cleaim w2 love,
6. Newton'un 2. Yasasini kullanarak buldugunuz cevap sezgilerinizle uyum icerisinde mi?

LU\"V\ \Crer i-adn de

7. Sezgisel olarak, ipin uyguladigi yukariya dogru kuvvet dagcinin agirligindan kiigiik olursa gocuk
hizlanarak mi, yavaslayarak mi yoksa sabit hizla mi yiikselir. Kisaca agiklayiniz.
\lr\\m.d%of'ok \‘jyl‘(.sci.'. conts Wl Wa  odomn  Lollma: e
degv\gd,, o e Lljovz).s\ﬂ dbece U‘L\‘Lsglrnc devon ede~ ool o
a2ole.
8. Newton'un 2. Yasasini bu soruya uyguladiginizda hangi sonucu elde edersiniz?
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9. Newton'un 2. Yasasini kullanarak buldugunuz cevap sezgilerinizle uyum igerisinde mi?

\_w\m 'IC‘e,r;L_'nclc

10. Simdi yaptiklarimizi birbirleriyle iliskilendirelim. Ipin uyguladigi kuvvet yergekiminden daha
biiyiik olmay: siirdiirdiigiinde dagcinin hizlanmaya devam etmesi ve ipin uyguladigi kuvvetin
yergekiminden daha kiigiik olmaya basladigi zaman dagcinin yavaslamasi artik sezgisel olarak
anlamli gelmektedir. Ayni diisiince sekliyle, ipin uyguladigi kuvvet dagcinin agirligina esit oldugu
zaman (ipin uyguladigi kuvvet dagcinin agirhigindan daha biiyiik olmas ile daha kiigiik olmasinin
ortasinda oldugu zaman) dagcinin hizi hakkinda ne soylenebilir?

) \ S,
Bo’gc\ aolot Wala Woelted eder. Fhed ve wme. nin O QW

Wi okt ol Qu‘n‘\mu @53* erv.
J
11. Cevabiniz Newton'un 2. Yasasi ile uyum igerisinde mi?

U\TN\U

Fretemo s oot Wi
12. Asagidaki aritma diyagrami lizerinde grup olarak galisiniz.

& %
o) o]
Ham sezgi Hareket igin kuvvet eolt Wa tan Foed af
gereklidir. ol
Net bir kuvvet bir cismin Net bir kuvvet bir cismin
Aritilmis Sezgiler hareketini (hizini) devam hareketini (hizini)
ettirmek igin gereklidir. bagslatmak ya da degistirmek
icin gereklidir.
Clemn =olit  \wan deumn

etHeme loin se\ll dr

a) Yukaridaki iki aritilmis sezgisel bilgiden hangisini (belki farkinda olmadan) sayfa 8
deki 4. soruyu cevaplarken kullandiniz?

2.

b) Yukaridaki aritilmis sezgisel biIgEden hangisi Newton'un 2. Yasasi ile uyum igerisinde
dir?
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¢) Yukaridaki iki aritilmis sezgisel bilgiden hangisini (belki farkinda olmadan) sayfa 7
deki 1. soruyu cevaplarken kullandiniz?

1.

13. (6rup olarak ¢alisiniz). Etkinligin 7. sayfasindaki 2. soruda Newton'un 2. Yasasini kullanarak
sabit hizli harekete ipin uyguladigi kuvvetin dagcinin agirligina esit oldugunu gordiik. O soruda
zaten cevabi buldugumuz halde 2. sorudan sonraki yaptiklarimizin amaci ne olabilir?

'Y_,mlql pelietimel Ve mon+Gm \Lovromoe v ve Formillecle

uQuNU \ale &e_-\"-rme\‘

VI. Ogrendiklerimizi Degerlendirelim
1. (Grup olarak ¢calisiniz). Etkinlik 3 baslarken "Neleri Biliyoruz Gosterelim” kisminda tartistiginiz
sorulari tekrar kendi aranizda tartisiniz. Her bir soru hakkindaki disiincelerinizi birbirinize
belirtirken neden o sekilde disindiigiiniizii gruptaki arkadaglariniza agiklayiniz. Grup olarak
tartistiktan sonra her bir soru igin grubun ortak diisiincelerini yaziniz.

hWoelele ba:.\%o)o\\me;\ fetn \cjee\d( olen  uvvel  ciaun dwm
ce .

Poen  kutonun Lovwe dnden oyl

\ooslodihen

) \ ForeFincdon udju\mm Luvvehn ssirKeme
L= 1) \\j‘“ideﬂ T de Claim e tele
spile cm. Ancol  lou = g

Afaind
Bl ﬂseké v, duam =l du:‘u len  esit Qlmes
u\(\;h Lin =anree

ook ¥ Wae P e Ve Newin'y

ve M@t ten U nesst
el clam ok v % ls ForeFindon
elr, Guned 3 ¥ Ve k
0 Fres Ned bovwet de =Fiede
\ime =

n. Mososne @de M et Hir
\ W sartunvie tuyveltne
uvve

w\»\m n G Ime

D
Fnret =m0 4

Toed=0
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The examples of homework 2

ODEV-2

Asagidaki sekli 1-3 sorulars igin kullariniz.

Fanal
24 r i —
X °
—

1. Yukaridaki sekilde gorildugu gibi siyah araba batiya hareket ederken, ugak ve beyaz arcbe
doguya dogru hareket ediyor. Ugadin hizi her_ iki arabanin hizindan da biyiktir. Usakta
bulunan bir gézlemci arabalar hangi yéne dogru gidiyor gorir? Neden?
bl Eedugs b 4 Viugle) VagalmerVegalemci
2 ‘ oy LB

——

2. Fizik dersim bagka bir arkadasiniz yukaridaki soruya nasil cevap verirdi? Neden bu
sekilde cevap vermis olabilir?

d; ' r/, ez
S/jr\ OIDLMl’J’ Lat uiev «) v/u. of o gl CBX bewr cebays cnce
dusu. 0109/1) Joir shee o’qruxéor Jc\\r\_\ Sparach )oqllvn deJ Q,d £ g,
wh qr ch ol b b ﬁe‘cceﬁ'")”‘ Jy Yo Aevek di Sinmie olda ’:,
3. Arkadasinizin bu cevaba gotiirecek diisiince seklindeki ya ilir? (yani erkadasinizin
9 :
disiince seklini fizikle uyumlu hale getirmek igin artmanin bir yolu var midir2) el spms- |

(Not: Odev 1 de bu tir sorulart nasil cevaplayacaginiz hakkinda verilen agiklamayr ve Etkinlik 2 de
10. sayfadaki 7. soruyu nasil ¢szdigimiizii hatirlamanz sorular: yamitlamamza yardim edecektir. )

S cevegp dog’s.‘n O)L‘«c}u eg{' veaX we )093,1_ ordmmn halaf Ve
lc%,qns no\g\q\vn Chﬁ'ﬂ 0\5“‘:#'; O e h»r\ﬁ l’)n_)o,‘ —e h;\pmde
Celorcrs, nWalan bod)
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" Onceki Bildiklerimizle $imdiki Bilgilerimiz Korgilastrahm

Asadida bez kevromlar ve durumlar hakkinda dersten once bildiklerinizle dersten sonra
jrendiklerinizi karsilagtirecadiniz baz: sorular verilmigtie, Su sarularg verdiginz cevaplar dodry yo ca
wilg olarak degerlendirimeyecek sadece sorulart ne kadar detayl yanitiodidinuz degerlendirilecektir.
neek! bildiklerinizin ne oldugun: hatirlamek igin sinifta yopilan etkinliklerdeki sorulane verdiginiz
~aplary, grup ve sinif tartismalarin disunebilirsiniz.

1. Bagil hiz konusunda Gnceden neleri biliyordum?
Snde ot«un Aqhq h.;ln olacq A2yl J-’:s"mhy&fb"\. 0
Gsedar  yomyane oldugund bt ®iniag Hityuge  elornd [EOIL

2. Bagil hiz kenusunde gimdi neleri biliyorum? - >
bade Slan b ik oluyp f-"r"“dty"'-* ‘elean = paklasing bedeel

.Wl";z
C:Sin)bc Yy 4 ema d‘/u%‘”"Ju b"&"."‘“ §'M 'QQ‘S"‘OL’ }"7'\&9}"""‘"‘
in hae e f?tt'd\s roktes na kaderg s j"'"“‘,

3. Etkinlik 2 de éjrenmekte zorlondifim kisimlar?

Tndhsler b -
3 Snm. an/vﬂ-( ,U&t‘, vy

4. Kergilagtigem zorluklar nasi! ¢gzebilirim?

Cenw ogyerrmemime Yeaetindo sovaat GEadine

st . bisaz )’"5‘ blewz manll  bullpagal
C“Ebih.Jia-,,
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ODEV-2

Agadidaki sekii 1-3 sorulart icin kullominiz.

= —

'Lt*dl
2 ~-3-5+-8
—
C@) L-%= -1
Bavrae

1. Yukaridoki gekilde garildugi gibi siych arcba batiya hereket ederken, ugak ve beyaz araba
doguya dogru hareket ediyor. Ugadin hizi her (ki arabanin hizindan da biyiktir. Ugakta
bulunan bir gozlemci arabelars hangi yone dogru gidiyar garir? Neden?

-&da\ Os'ﬂbﬁdu ka 'r'do 7 ,

‘Qd""‘ W Lm"d“ \ gty c\wot \ré.'.'

2. Fizik dersi almamis baska bir arkadaginiz yukaerideki soruya nesil cevep verirdi? Neden bu
sekilde cevap vermig olabilir? %
Glaai erabeyi ¢ ,1_?4‘:3. da’f"»‘ 87&&: c\o'm\c-(o\’r iat é:s.: melilicdi. Clnen

Lhotla  aym  Pade et c;‘?,d, cl-f'!‘,y‘(.\ hercred ¢¢J\'fw-

3, Arkadaginizin bu cevaba gotirecek distince seklindeki yanlis ne olabilir? (yani arkadagmizin
duisiince seklini fizikle uyumlu hale getirmek igin artmanin bir yelu var midir?)

(Not: Odev 1 de bu tir soruler: nasil cevaplayacoginez hakkinda verilen agiklamayr ve Etkinlik 2 de
10 sayfadoki 7. soruyw nasil ¢ordiglmizy hatirlamonz sorular: yanitlamaeniza yardim edecektir, )
Ackadagmn -od.'r,,.‘ cevad rlcfgfv olurda cane g ak ‘w(‘j“ oraka

e~ ‘Juwa} - l;o:j‘-h R PN Thd é‘f" hin \’3?\\:,« ~ Mdlear, 4@,{\51,’\1‘&
boloaur £?e.’ u_("’f"‘ Wit g ' ‘v:,#}fé\m.ma Wy b e \gageht
-
- B -+ al i sy -~ (‘%D‘da f&'iy \Qs(;(t,k'- Amaa Sernle
ULy Aabéa (RCLIW T, .:'.ccll?’. ton u&ﬁ"‘ e ( b?m crbamt

3 slgua 3,&;:-—( bQ-‘-Jo V?(r“d'v L;'SFJ('
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" Bneeki Bildiklerimizle Simdiki Bilgllerimizi Kargilagtralm

Agagide bazi kevramler ve durumlar hokkinda dersten énce bildikierinvizle dersten sonra
ggrendiklerinizi kargilagtiracadimiz bez: serular verilmigtir, Su sorulara verdidiniz cevaplar dogru ya do
yanhg olorak degerlendirilmeyecek sadece sorulary ne kadar detayl yonitiadiginiz degerlendirilecektir.
Oncek bildiklerinizin ne oldujunu hatirlamak igin simifta yapilan etkinliklerdeki sorulara verdiginiz
cevaplar), grup ve sinif tartigmalorini disunebilirsiniz.

1. Bagil hiz kenusunda dnceden neleri biliyordum? v
Bnde  wtamn  doha Hnt elebi 'MA% *‘&"\"."‘JM L= \I "Vj ‘TQ’("\JJ‘

L nden w.;-wy.‘;rw &/'Jordgm ,vn- déf'( ve adm lu'\ll clan cithal ot
bebttetal darvder elarey Gﬂd«\ie..n b8 gorekram.
v

2. Bagil hiz konusunde gimdi neleri bilyarum?
Ende sle~ RV olalille j one sy
-[-O{U PRI DR AN i dan o0&} ladtiarse Sade  olanla ortadotiam Lininan
'Tof‘;';_)'“b“‘*?:‘rd‘ srendon Jndistes ’Jmm@ &prendin~. Oaho Zace ,bifd\‘:.ur
“.!"ile/\udf: L:Q:w': s-fflf WY yE® siden dulmlenle  cislemeininta !
: gallcmclalna Ayl bo‘ﬂd‘ \fidsvp clasany yfﬂ;@ur.

ol grlereni? N phlesnclden - hue L :
|l acat S b“'“’f"“ S by b-—dv v e'{w_ JdE&pcw horrret ddd{ya/
3. Etkinlik 2 de dgrenmekte zorlandigim kisimlar?
506'\_\”(' pe  tadar lslm:'t: ka'c-jla;hr_lo da ben ‘un- 5’gr¢nM¢'l o

2ot lanclim . Haka Spresdicien $e0 Jorder:  (3lamedim Ll ol

rev'eraa: ok Halarincin, 60514'(02: g

[ Senradey Ao olmel I:fetl\cum.

4, Kargilagtiim zerlukler: nesil gozebilirim?

el eue dcn lctea bavaring ade heAYe Jerar . 8r jpvﬂec

27
z?lb‘\ UQ GRUST s &“ @w&flinlvx' C,&'le,y\gJ,ff(Um\ bilea  firidag
; :nrcb-"v-fv- Zm"'h /.W;,/‘,,J/‘,m 2arl. Cé?L/e(f(--l‘r- 3a""‘

" dene. ova'e

::‘ d de-P‘ - ‘&IJQPM JoA g swrlu’mk “'"‘L‘)"’f" reden
;:;old«qwnu AR5 A ter Ja"h‘ef MmO andirian, Gl cl Buna
Jorvce BN WeERAGA  Heack\e  bulabilitp. O 0 d

5. Etkinlik 2 boyunca 6grendigim en enemli sey nedir?
Ayriea blr Sorqye  wenle~ o\

W!\ - V.- vua»n-. U&E‘ﬁ\qﬂ-r. 4 5
RNl X ] Y 10'}“"' Qi it sleFro
o‘ﬂ‘q‘r:é’!.m | R au re AL Laa g nela

dogiamealn  Laeml! olddpone  ceaatelan e v ot
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Example of Concept Maps
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APPENDIX Q

RAW DATA
Table P. The raw data of the study
- - =

| I - x| B .-

5l 5| g €| 2| 2| B = g g &

Z| 8| 8| & 2| ¢ & F| R g| E
1 1 D 2 21,50 | 26,75 |4,50 [73,00 |8500 |[7500 |48,25
2 1 D 2 24,25 |20,75 |9,81 |66,00 |109,00 |83,00 |45,00
3 1 D 1 23,25 | 25,50 [ 13,50 | 84,00 |94,00 |78,00 |48,75
4 1 D 1 28,50 | 17,25 | 10,00 | 70,00 |87,00 |72,41 |45,75
5 1 D 1 33,00 [39,25 | 13,25 |88,00 |119,00 |73,45 |72,25
6 1 D 1 41,00 | 34,25 |13,00 | 82,00 |126,00 |87,00 |75,25
7 1 D 1 12,50 112,75 |7,25 |80,00 |66,00 |55,00 |25,25
8 1 D 2 11,00 | 16,50 10,00 | 93,00 |75,00 |75,00 |27,50
9 1 D 2 27,75 |10,50 |10,75 |76,00 |77,00 |68,00 |38,25
10 |1 D 2 1550 |7,00 |7,75 |69,00 |93,00 |66,00 |2250
11 |1 D 2 19,75 | 21,50 | 15,00 | 49,00 |85,00 |87,00 |41,25
12 |1 D 2 25,00 |16,75 [8,75 |71,00 |88,00 |[84,00 |41,75
13 |1 D 1 19,75 | 15,50 | 13,50 | 87,00 |91,00 |111,00 |35,25
14 |1 D 1 30,25 | 27,25 | 20,75 |93,00 |86,00 |87,00 |57,50
15 |1 D 1 19,50 | 10,50 10,50 | 90,00 |83,00 |81,00 |30,00
16 |1 D 1 14,00 |7,75 |6,75 |68,00 |89,00 |90,00 |21,75
17 |1 D 2 24,75 | 18,00 | 18,50 |81,00 |96,90 |[93,00 |42,75
18 |1 D 2 25,50 |12,75 | 7,00 |100,00 |93,00 [94,00 |38,25
19 |1 D 1 23,00 |19,25 | 13,75 [ 87,00 |107,00 86,00 |42,25
20 |1 D 2 9,75 |525 |3,00 |89,00 |77,24 |86,00 |15,00
21 |1 D 2 30,50 |18,00 | 19,50 |65,00 |72,00 |80,00 |48,50
22 |1 D 2 15,75 | 15,00 |8,00 |63,00 |97,24 |84,00 |30,75
23 |1 D 2 22,75 |11,75 |7,25 |75,00 |99,70 |67,52 |34,50
24 |1 D 2 10,00 | 13,50 12,25 | 45,00 |87,00 |84,62 |2350
25 |1 D 2 1450 |750 |6,75 |88,00 |80,00 |99,00 |22,00
26 |1 D 2 21,25 |2,75 |7,50 |100,00 |54,00 |[57,00 |24,00
27 |1 D 1 25,75 | 14,25 | 4,50 |84,00 |77,00 |[84,00 |40,00
28 |1 D 1 35,25 |11,75 | 11,00 | 77,00 |88,00 |73,00 |47,00
29 |1 C 2 16,25 | 24,25 22,75 | 73,00 |72,00 |87,00 |4050
30 |1 C 1 24,75 |850 ]9,81 |91,00 |9500 |[74,00 |33,25
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Table P. The raw data of the study

- - —

e |5l gl g x| B

g 8| 5| §| | E| & g 2| g °3

2 5| £| @ o o x = o @ o

n n Q) (O] a a a ~ o o —
31 1 C 2 15,75 | 15,75 |8,00 |90,00 |107,00 |96,00 |31,50
32 |1 cC |2 22,00 |18,25 |11,50 | 87,00 |69,00 |81,00 |40,25
33 1 C 2 22,00 |11,00 |7,75 |100,00 |98,00 |96,00 |33,00
34 |1 cC |2 35,75 | 14,25 | 11,75 | 80,00 |104,00 | 90,00 |50,00
35 |1 c |1 26,75 [15,25 |9,00 |70,00 |86,00 |77,00 |42,00
36 1 C 2 34,00 | 26,00 7,50 |71,00 |104,00 |90,00 |60,00
37 |1 c |1 52,00 |33,25 |4,25 |74,00 |89,00 |103,00 |85,25
38 1 C 2 31,00 | 27,50 |7,75 |59,00 |[6500 |60,00 |58,50
39 |1 cC |2 29,75 | 27,25 |12,25 | 79,00 |86,00 |80,00 |57,00
40 1 C 1 40,25 |30,25 |7,50 |70,00 |97,00 |86,00 |70,50
41 1 C 2 32,75 | 35,00 [5,25 |56,00 |[9552 83,00 |67,75
43 |1 cC |2 48,25 35,00 | 7,00 |77,00 |112,00 |92,00 |83,25
44 1 C 2 28,75 | 28,75 |6,25 [82,00 |108,00 |73,00 |57,50
45 |1 cC |2 53,00 |39,50 | 6,50 |86,00 |90,00 |9563 |92,50
46 1 C 1 40,75 | 39,50 (11,25 | 73,00 |128,00 |89,00 |80,25
47 |1 c |1 43,00 |40,25 |9,50 |73,00 |116,00 |89,00 |83,25
48 |1 c |1 41,50 | 26,00 |550 |71,00 |112,00 |85,00 |67,50
49 1 C 2 44,00 | 37,50 {21,00 |70,00 |105,00 |87,00 |81,50
50 |1 cC |2 24,00 |17,75 10,75 |57,00 |89,00 |71,00 |41,75
51 1 C 1 33,50 | 36,25 [11,00 | 71,00 |106,00 |90,00 |69,75
52 |1 cC |2 32,25 | 25,00 |4,00 |66,00 |87,00 |99,00 |57,25
53 1 C 2 37,75 | 29,25 |550 |86,00 |[103,00 |87,00 |67,00
54 1 C 1 47,00 | 36,00 {11,50 | 74,00 |[87,00 |95,61 |83,00
55 |1 cC |2 49,50 |37,75 | 7,00 |72,00 |109,00 |102,00 |87,25
56 1 C 1 23,75 119,00 |6,25 [61,00 |61,00 |74,00 |42,75
57 |1 c |1 27,00 |23,25 |15,00 |67,00 |8500 |90,00 |50,25
58 2 D 1 27,00 | 33,50 |12,50 |60,00 |77,00 |79,00 |60,50
59 |2 D |1 37,00 |35,75 | 11,75 | 67,00 |117,00 |81,00 |72,75
60 |2 D |2 16,25 |13,00 (8,25 [92,00 [9500 |99,00 |29,25
61 2 D 1 17,75 | 11,25 | 10,75 |95,00 |86,00 |74,00 |29,00
62 |2 D |2 26,25 [18,00 |10,25 [ 90,00 |81,00 |71,37 |44,25
63 2 D 2 16,00 | 15,00 |4,75 |76,00 |74,00 |73,80 |31,00
64 |2 D |2 13,50 |12,75 (8,25 [62,00 |7500 |73,00 |26,25
65 2 D 1 19,75 8,25 |8,25 |87,00 |106,00 |95,00 |28,00
66 2 D 1 24,00 |10,00 |11,00 | 95,00 |83,00 |68,00 |34,00
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Table P. The raw data of the study

- - —

e |5l gl g x| B|
g 8 g 2| | =| & g = 3 3
2| 5| £| @ o o @ = o @ L
n n Q) (O] a a a ~ o o -
67 2 D 1 19,50 {8,50 |9,00 |87,00 |78,00 |76,00 |28,00
68 |2 D |2 23,75 | 25,00 | 26,50 | 91,00 |103,00 |91,00 |48,75
69 2 D 1 17,25 16,50 |9,50 |87,00 |100,00 |121,00 |23,75
70 |2 D |2 15,25 |9,75 (850 [81,00 [69,00 |7500 |25,00
71 |2 D |2 10,50 |8,50 [9,75 [92,00 [117,00 |91,00 |19,00
72 |2 D |1 575 |6,00 |9,81 |77,00 |72,95 |84,69 |11,75
73 |2 D |2 18,25 3,00 [5,00 |70,00 |100,00 |76,00 |21,25
74 2 D 1 25,25 |11,50 |9,75 [89,00 |90,00 |91,00 |36,75
75 |2 D |1 13,75 |7,00 [6,00 |6500 |86,00 |109,00 |20,75
76 2 D 2 16,50 | 12,50 |9,25 |[90,00 |119,00 |57,00 |29,00
77 2 D 1 13,25 | 16,50 | 12,25 |74,00 |92,00 |68,00 |29,75
78 |2 D |2 13,75 |9,00 [4,00 |78,00 [80,00 |88,00 |22,75
79 |2 D |2 14,75 |7,00 [7,00 |71,00 [87,00 |61,13 |[21,75
80 |2 D |2 7,25 [6,00 |981 [80,00 |81,00 |84,69 |1325
81 |2 D |1 975 |8,25 |850 |87,00 |87,74 |117,00 |18,00
82 |2 c |1 12,00 |4,00 [450 |98,00 |79,00 |9500 |16,00
83 |2 c |1 17,75 |11,25 [10,75 | 95,00 [86,00 |74,00 |29,00
84 2 C 1 26,25 | 18,00 10,25 |90,00 81,00 |71,37 |44,25
85 |2 c |2 16,00 |15,00 (4,75 |76,00 |74,00 |73,80 |31,00
86 2 C 1 13,50 | 12,75 |8,25 |62,00 |75,00 |73,00 |26,25
88 |2 c |1 19,75 |8,25 (8,25 |87,00 |106,00 |9500 |28,00
89 2 C 1 24,00 |10,00 | 11,00 |95,00 |83,00 |68,00 |34,00
90 2 C 2 19,50 {8,50 |9,00 |87,00 |78,00 |76,00 |28,00
91 |2 c |2 23,75 | 25,00 | 26,50 | 91,00 |103,00 |91,00 |48,75
92 2 C 1 17,25 |6,50 |9,50 |87,00 |100,00 |121,00 |23,75
93 |2 c |2 15,25 |9,75 (850 |81,00 [69,00 |7500 |2500
94 2 C 2 10,50 {8,50 |9,75 [92,00 |117,00 {91,00 |19,00
95 |2 c |2 575 |6,00 |9,81 |77,00 |72,95 |84,69 |11,75
9% |2 c |1 18,25 |3,00 [5,00 |70,00 |100,00 |76,00 |21,25
97 2 C 1 25,25 |11,50 |9,75 [89,00 |90,00 |91,00 |36,75
98 |2 c |1 13,75 |7,00 [6,00 |6500 |86,00 |109,00 |20,75
99 2 C 2 16,50 | 12,50 |9,25 |[90,00 |119,00 |57,00 |29,00
100 |2 c |2 13,25 |16,50 (12,25 | 74,00 |92,00 |68,00 |29,75
101 |2 C 2 13,75 |9,00 |4,00 |78,00 |80,00 |88,00 |22,75
102 |2 c |2 14,75 |7,00 [7,00 |71,00 |87,00 |61,13 |[21,75
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Table P. The raw data of the study

= - — <
|— |—
S Bl Sl 5| B B & 5| 3| B oz
n A G) O a a a [= a a ==
103 C 725 [6,00 (9,81 (80,00 |81,00 |84,69 |[13,25
104 C 9,75 (8,25 (8,50 (87,00 87,74 117,00 |18,00

105 |2 C 1 12,00 |400 |450 [98,00 |79,00 |9500 16,00
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APPENDIX R

FREQUENCY TABLES FOR QUESTIONS IN THE INSRUMENTS

Frequency Tables for Questions in PREFMAT-I

a1 a2
Cumulative Cumulative
Frequency [ Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 62 60.2 602 60.2 valid .00 52 50.5 505 50.5
1.00 4 388 3938 100.0 1.00 59 48.5 495 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Qa3 04
Cumulative Cumulative
Frequency [ Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 100 971 97.1 9741 valid .00 86 83.5 83.5 83.5
1.00 3 28 29 100.0 1.00 17 16.5 16.5 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
as Q6
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid 00 76 738 738 73.8 Valid .00 34 216 216 216
1.00 27 26.2 26.2 100.0 1.00 19 18.4 18.4 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Qr [e1:}
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 00 83 806 80.6 80.6 valid .00 72 9.9 69.9 69.9
1.00 20 194 19.4 100.0 1.00 31 301 301 100.0
Total 103 1000 100.0 Total 103 1000 100.0
a9 Q1o
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 102 99.0 99.0 99.0 Valid .00 78 757 757 757
1.00 1 1.0 1.0 100.0 1.00 25 243 243 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
an Q12
Cumulative
. Cumulative
Frequency Percent | Valid Percent Percent Frequency Percent | Valid Percent Percent
vald .00 93 903 903 031 NEia o0 103 | 1000 000 000
1.00 10 9.7 9.7 100.0
Total 103 100.0 100.0
Q13 a4
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid .00 91 88.3 883 88.3 Valid .00 102 99.0 99.0 99.0
1.00 12 1.7 1.7 100.0 1.00 1 10 1.0 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q15 Q16
Gumulative Cumulative
Frequency | Percent | valid Percent Percent Frequency | Percent | Valid Percent Percent
valid .00 103 100.0 100.0 100.0 Valid .00 EL 95.1 951 851
1.00 5 49 48 100.0
Total 103 100.0 100.0
ulr Q18
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 77 748 748 748 Valid .00 29 86.4 26.4 26.4
1.00 9 a7 87 835 1.00 5 49 4.9 91.3
1.25 2 1.9 1.9 85.4 1.25 1 1.0 10 2.2
3.00 15 146 14.6 100.0 3.00 8 78 78 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
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Q19 a0
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 " 107 107 107 walid [ili] af §93.2 §93.2 932
1.00 47 45.6 45.6 56.3 1.00 7 5.8 5.8 100.0
1.28 21 20.4 20.4 767 Total 103 100.0 100.0
2.00 2 149 149 786
3.00 22 21.4 21.4 100.0
Total 103 100.0 100.0
21 Q22
Cumulative Cumulative
Freguency | Percent | Walid Percent Percent Freguency | Percent | Valid Percent Percent
Valid oo 80 iy T iy Valid oo 7 6.8 6.8 68
1.00 7 68 6.8 845 2 20 15.4 194 26.2
1.25 6 58 58 803 50 8 78 78 340
200 7 6.8 6.8 g71 75 33 320 320 66.0
300 3 24 249 1000 1.00 14 1386 136 796
Total 103 100.0 100.0 1.25 [ 5.8 58 854
1.50 12 "7 1.7 871
175 3 29 249 100.0
Total 103 100.0 100.0
023 Q024
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 00 23 22 22 22 valid .00 24 233 23.3 23.3
2! [ 5.8 5.8 282 ] 3 2.9 29 26.2
50 1 1.0 1.0 291 50 2 19 189 28.2
75 n 204 204 49.5 15 16 155 155 437
1.00 4 3.9 3.9 534 1.00 2 1.9 19 45.6
1.50 46 44.7 44.7 98.1 1.50 33 320 320 777
2.2 2 1.9 1.9 100.0 22 22 214 214 8.0
Total 103 100.0 100.0 3.00 1 10 10 100.0
Total 103 100.0 100.0
Q25 Q26
Curmnulative Curnulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 28 27.2 272 272 Valid .00 85 825 82.5 82.5
1.00 60 58.3 58.3 85.4 1.00 5 4.4 4.9 7.4
1.25 14 136 136 9.0 2.00 7 68 6.8 94.2
2.00 1 1.0 1.0 1000 3.00 6 5.8 5.8 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q27
Curnulative
Frequency [ Percent | Valid Percent Percent
Walid 0o a0 87.4 B7.4 87.4
1.00 1 1.0 1.0 883
1.26 1 1.0 1.0 89.3
2.00 a 7.8 7.8 a7.1
3.00 3 29 248 100.0
Total 103 100.0 100.0
Frequency Tables for Questions in the POFMAT-I1
Q1 a2
Curnulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid .00 43 417 17 417 vaid 0 50 FEY; 185 185
1.00 60 58.3 58.3 100.0 1 53 F1F A1 5 100.0
Total 103 100.0 100.0 Total 102 100.0 100.0
03 Q4
Cumulative Cumulative
Frequency Percent walid Percent Percent Frequency Percent Valid Percent Percent
valid 00 63 66.0 66.0 66.0 Valid 00 59 57.3 57.3 57.3
1.00 35 340 4.0 100.0 1.00 44 42.7 427 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Qs Q8
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Fraquency | Percent | Valid Percent Percent
valid oo 54 524 524 524 Valid oo 67 65.0 65.0 65.0
1.00 49 476 47.6 100.0 1.00 36 350 35.0 100.0
Total 103 100.0 100.0 Total 103 1000 1000
a7 a8
Cumulative Curmulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 0o 69 67.0 87.0 87.0 Valid oo 63 61.2 61.2 61.2
1.00 34 330 330 1000 1.00 40 388 g8 1000
Total 103 100.0 100.0 Total 103 100.0 100.0
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Q9 Q1o
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 a7 94.2 94.2 94.2 Valid .00 75 728 72.8 72.8
1.00 5 58 58 100.0 1.00 28 2722 27.2 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
a Q12
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 0o 85 B2.5 825 825 Valid 0o 46 632 932 932
1.00 18 17.5 17.5 100.0 1.00 7 6.8 6.8 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q13 a4
Cumulative Curnulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 56 54.4 54.4 54.4 Valid .00 91 88.3 88.3 28.3
1.00 47 456 456 100.0 1.00 12 "7 1.7 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q15 e
Cumulative Cumulative
Frequency | FPercent [ Valid Percent Fercent Frequency | Percent | Valid Percent Percent
Valid oo 93 90.3 903 90.3 walid (ili} a0 7.7 77T 7T
1.00 10 av 97 100.0 1.00 23 22 22 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q117 Q18
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid (i} 36 350 350 350 Valid oo 45 437 437 437
1.00 10 9.7 a7 447 1.00 [ 58 58 49.5
1.26 1 1.0 1.0 456 1.25 2 1.9 1.8 51.5
2.00 4 38 39 495 2.00 ] 49 49 56.3
3.00 2 505 50.8 100.0 3.00 45 437 437 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q19 Q20
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Freguency | Percent | Valid Percent Percent
Walid oo 5 43 49 49 valid 0o a7 553 653 553
1.00 28 272 272 3o 1.00 46 447 447 100.0
1.25 2 18 1.9 340 Total 103 100.0 100.0
2.00 B 78 78 a7
3.00 60 58.3 58.3 100.0
Total 103 100.0 100.0
Q21 Q22
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid .00 33 32.0 320 320 valid .00 3 58 58 58
1.00 14 13.6 136 45.6 25 ] 87 a7 148
125 1 1.0 10 46.8 50 ] 78 78 223
2.00 23 22. 22 68.9 75 16 155 155 378
3.00 32 311 311 100.0 1.00 10 97 a7 476
Total 103 100.0 100.0 1.25 3 29 29 505
1.50 13 126 126 63.1
175 8 78 7.8 709
2.00 1 1.0 1.0 71.8
225 12 1.7 1.7 83.5
250 4 39 3.8 87.4
3.00 13 12.8 128 100.0
Total 103 100.0 100.0
Qz23 Qz4
Cumulative Cumulative
Freguency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid 00 10 a7 a7 87 Valid a0 8 78 7.8 78
25 3 29 28 126 25 1 10 1.0 87
50 1 1.0 1.0 136 50 1 10 1.0 a7
75 10 a7 a7 233 78 7 6.8 6.8 16.5
1.00 4 38 38 72 150 16 155 1585 320
150 26 252 252 524 1.75 4 38 38 3589
176 1 10 10 534 2.2 28 272 27.2 631
22 ] 252 252 786 250 1 1.0 1.0 641
3.00 2 21.4 214 1000 3.00 37 359 359 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q25 Q26
Cumulative Cumulative
Frequency | Percent | valid Percent Percent Frequency | Percent | Valid Percent Percent
valid .00 23 223 223 223 valid .00 39 379 37.9 379
25 24 233 213 456 1.00 7 68 68 47
1.00 30 281 291 748 12 8 58 58 505
125 4 39 39 8.8 2.00 1 107 107 612
200 i 10.7 0.7 89.3 3.00 40 388 38.8 100.0
300 " 107 107 1000 Total 103 1000 100.0
Total 103 100.0 100.0
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Qz7

Cumulative
Fraguency | Percent | Valid Percent Percent

Walid .00 52 505 505 a0.5
1.00 7 6.8 6.8 57.3
1.25 7 6.8 6.8 64.1
200 17 16.5 16.5 80.6
3.00 2 19.4 19.4 100.0
Total 103 100.0 100.0

Frequency Tables for Questions in the POFMAT-I11

334

a1 Q2
Cumulative Cumulative
Fraquency | Percant | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Walid .00 53 £1.5 515 1.5 Valid .00 4 age 308 9.8
1.00 50 48.5 485 100.0 1.00 62 60.2 60.2 1000
Total 103 100.0 100.0 Total 103 100.0 1000
Qa3 Q4
) Cumnulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 15 146 148 146 valid .00 T 6.8 5.8 6.8
1.00 as 854 B854 100.0 1.00 95 §3.2 932 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Qs Q6
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid .00 59 513 573 503 | [vaiia .00 34 33.0 33.0 33.0
100 14 427 427 100.0 100 89 87.0 67.0 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
a7 [ot:]
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 52 50.5 50.5 50.5 vand 00 35 243 243 ETE]
1.00 a1 49.5 49.5 100.0 1.00 78 757 757 100.0
Total 103 1000 100.0 Total 103 100.0 100.0
Q9 ato
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 00 35 340 340 340 Valid oo 46 447 447 447
1.00 68 66.0 66.0 100.0 1.00 57 §53 553 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
an Q12
Cumulative Cumulative
Freguency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 22 214 21.4 214 vad o0 T 368 360 360
1.00 81 786 786 1000 1.00 B5 631 631 100.0
Total 103 1000 1000 Total 103 100.0 100.0
Q13 Q14
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 17 16.5 16.5 16.5 Valid i} 42 40.8 408 40.8
1.00 86 8315 835 100.0 1.00 81 59.2 502 1000
Total 103 100.0 100.0 Total 103 100.0 100.0
Q15 Q16
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 20 194 194 19.4 valid .00 42 408 40.8 408
1.00 83 806 806 1000 1.00 61 592 59.2 1000
Total 103 100.0 1000 Total 103 1000 100.0
Q17 Q18
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 00 32 311 IR IR Walid 00 81 786 786 786
1.00 71 68.9 68.9 1000 1.00 22 2.4 21.4 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q19 azo
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid oo 58 56.3 56.3 56.3 Walid 00 34 330 330 330
1.00 45 437 437 100.0 1.00 69 67.0 67.0 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0




az1 Q22
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Fraquency | Percent | Valid Percent Percent
valid .00 10 97 97 9.7 valid il 53 515 515 515
2 1 1.0 1.0 10.7 25 1 10 10 524
1.00 3 289 28 136 1.00 30 291 2061 816
125 a7 456 456 592 125 a 78 78 803
200 2 272 272 864 200 5 49 49 942
3.00 14 136 138 100.0 3.00 [ 58 58 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q23 Q24
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 00 68 66.0 66.0 66.0 Valid .00 25 243 243 243
25 [} 6.8 5.8 718 50 14 136 1386 3749
1.00 49 49 767 1.00 3 249 29 408
1.25 13 126 126 883 1.50 36 350 350 75T
2.00 7 6.8 6.8 896.1 2.00 3 29 28 786
3.00 4 349 349 100.0 2,50 1 1.0 1.0 79.6
Total 103 100.0 100.0 3.00 n 204 204 100.0
Total 103 100.0 100.0
Q25 Q26
Curmulative Cumulative
Frequency [ Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 26 252 252 252 Walid 0o G4 621 621 621
1.00 12 "7 ni 368 1.00 13 126 126 748
1.25 ] 49 49 M7 1.25 [ 58 5.8 0.6
2.00 33 320 320 73ig 2.00 1 49 49 854
3.00 2 262 262 100.0 3.00 15 146 146 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q27 Qaz8
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 23 22 22 22. Walid .00 42 408 408 408
1.00 22 214 214 437 1.00 23 22 22 63.1
1.25 1 1.0 1.0 447 1.25 1 1.0 1.0 641
2.00 8 78 78 52.4 2.00 1 10 10 65.0
3.00 49 476 476 100.0 3.00 36 350 350 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
Q29 [ex11]
Cumulative Cumulative
Frequency | Pereent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid .00 20 19.4 19.4 19.4 Walid 00 kil 301 3041 301
.60 26 252 252 447 1.50 12 "7 1.7 My
1.00 5 4.9 49 49.5 3.00 60 58.3 58.3 100.0
1.50 5 4.9 4.9 4.4 Total 103 100.0 100.0
2.00 16 1545 155 69.9 [*E]]
3.00 3 301 30.1 100.0 Cumulative
Total 103 100.0 100.0 Frequency | Percent | Valid Percent Percent
o Yalid .00 83 61.2 61.2 81.2
. .2 14 13.6 136 748
200 " 107 107 854
3.00 15 14.6 146 100.0
Total 103 100.0 1000
]
Frequency Tables for Items in the PREMPEX
el ez
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Walid Percent Percent
Walid 1 27 26.2 273 273 Valid 1 23 22 230 230
2 54 52.4 545 1.8 2 46 447 46.0 69.0
3 29 30 84.8 3 12 "7 12.0 e1.0
4 13 126 131 93.0 4 15 146 150 96.0
5 2 1.9 2.0 100.0 H 4 38 4.0 100.0
Total 99 96.1 100.0 Total 100 a7.1 100.0
Missing  System 4 349 Missing  System 3 29
Total 103 1000 Total 103 100.0
eF ed
Cumulative Cumulative
Frequency Percent | Valid Percent Percent Frequency Percent | Valid Percent Percent
Valid 1 2 19 20 20 Valid 1 36 350 36.0 36.0
2 3 29 30 50 2 a7 358 370 730
3 10 a7 10.0 180 3 10 9.7 100 830
4 3 369 3e.0 53.0 4 13 128 130 96.0
5 47 456 47.0 1000 5 4 39 40 1000
Total 100 971 100.0 Total 100 971 100.0
Missing  System 3 2 Missing  System 3 29
Total 103 100.0 Total 103 100.0
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e5

ef
Curnulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid 1 8 87 81 8.1 valid 1 2 1.9 2 20
2 23 223 232 223 2 a a7 a1 14
3 26 252 263 56.6 3 24 233 242 354
4 29 282 203 87.9 4 4 408 44 778
5 11 107 114 98.0 5 22 M4 222 100.0
8 1 10 10 100.0 Total a9 96.1 100.0
Total 99 96.1 1000 Missing  System 4 39
Missing  System 4 39 Total 1032 100.0
Total 103 100.0
er e8
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 7 6.8 71 71 Walid 1 20 194 202 202
2 17 16.5 17.2 242 2 38 3748 39.4 59.6
3 23 22 232 475 3 16 155 16.2 758
4 35 340 35.4 828 4 17 165 17.2 §2.9
5 17 16.5 17.2 100.0 5 7 6.8 71 100.0
Total 89 96.1 100.0 Total ag 96.1 100.0
Missing  System 4 39 Missing  System 4 39
Total 103 100.0 Total 103 100.0
ed eln
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Walid 1 [ 58 6.1 61 Walid 1 14 13.6 14.1 141
2 18 175 18.2 242 2 53 51.5 5356 67.7
3 18 175 18.2 424 3 12 1.7 121 798
4 33 320 333 758 4 13 12.6 131 929
5 24 233 242 1000 5 7 6.8 71 100.0
Total 99 96.1 100.0 Total 99 96.1 100.0
Missing  System 4 349 Missing  System 4 38
Total 103 100.0 Total 103 100.0
ell e12
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | ‘alid Percent Percent
Valid 1 14 136 140 140 Valid 1 14 18.4 19.0 190
2 24 233 240 380 2 33 320 330 52.0
3 15 146 150 53.0 3 8 7.8 8.0 60.0
4 33 320 330 86.0 4 30 281 300 890.0
5 14 136 140 100.0 5 10 a7 100 100.0
Total 100 971 1000 Total 100 a7.1 100.0
Missing  System 3 29 Missing  System 3 29
Total 103 100.0 Total 103 100.0
e13 eld
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Walid 1 2 19 2.0 2.0 Valid 1 7 6.8 7A 71
2 12 1.7 12.0 14.0 2 14 1386 143 214
3 17 16.5 17.0 30 3 27 26.2 278 49.0
4 40 388 40.0 7.0 4 32 311 327 81.6
& 29 28.2 29.0 100.0 5 18 1746 18.4 100.0
Total 100 97.1 100.0 Total 98 951 100.0
Missing  System 3 2.4 Missing  System & 449
Total 103 100.0 Total 103 100.0
e15 el6
Cumulative Cumulative
Fraguency | Percent | valid Percent Parcant Frequency | Percent | Valid Percent Percent
Valid 1 21 204 214 214 Valid 1 1 1.0 10 10
2 44 427 449 66.3 2 12 mi 120 13.0
3 12 17 22 786 3 15 148 15.0 280
4 16 15.5 16.3 54.9 4 44 427 44.0 720
5 5 49 51 100.0 5 28 27.2 28.0 100.0
Total ag g5.1 100.0 Total 100 87.1 100.0
Missing  System 5 4.9 Missing  System 3 28
Total 103 100.0 Total 103 100.0
el? e18
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 3 3041 31.0 30 Valid 1 19 18.4 19.2 19.2
2 24 233 240 55.0 2 35 34.0 354 54.5
3 13 128 13.0 68.0 3 19 18.4 19.2 737
4 N 204 21.0 ga.0 4 16 165 16.2 899
& 1" 10.7 11.0 100.0 A 10 97 101 100.0
Total 100 971 1000 Total 88 8961 100.0
Missing  System 3 28 Missing  System 4 39
Total 103 100.0 Total 103 100.0
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e19 e20
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Walid 1 45 437 45.0 45.0 Valid 1 3 58 6.1 6.1
2 4 3o H.0 86.0 2 15 146 152 212
' 3 7 6.8 7.0 930 3 20 19.4 0.2 41.4
4 4 3.9 4.0 97.0 4 38 36.9 384 79.8
3 3 28 30 100.0 5 20 19.4 0.2 100.0
Total 100 a71 100.0 Total 39 96.1 100.0
Missing  System 3 29 Missing  System 4 39
Total 103 100.0 Total 103 100.0
e21 e22
Curnulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Walid 1 g 58 6.1 6.1 Valid 1 35 340 35.0 35.0
2 a7 359 T4 434 2 38 36.9 380 730
3 19 18.4 19.2 62.6 3 13 128 130 86.0
4 2 243 253 87.9 4 10 9.7 100 96.0
5 2 1.7 121 100.0 5 4 38 40 1000
Total a9 86.1 1000 Total 100 4971 100.0
Missing  System 4 39 Missing  System 3 28
Total 103 100.0 Total 103 100.0
e23 e24
CGumulative CGumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent [ Valid Percent Percent
Valid 1 19 18.4 19.2 19.2 Valid 1 23 22. 232 232
2 45 437 455 64.6 2 35 340 354 58.6
3 18 17.5 182 828 3 15 14.6 162 7aT
4 13 12,8 131 96.0 4 18 17.5 182 5189
5 4 39 4.0 100.0 5 g 7.8 8.1 100.0
Total a9 96.1 100.0 Total a9 96.1 100.0
Missing  System 4 38 Missing  System 4 39
Total 103 100.0 Total 103 100.0
e25 e26
Cumulative cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Walid Percent Percent
Walid 1 20 19.4 200 200 Valid 1 4 39 40 40
2 49 476 49.0 69.0 2 29 282 20.0 33.0
3 22 21.4 22 91.0 3 47 456 47.0 80.0
4 7 68 7o 98.0 4 14 136 14.0 94.0
5 2 19 20 1000 5 3 58 6.0 100.0
Total 100 471 1000 Total 100 a7.1 100.0
Missing  System 3 248 Missing  System 3 29
Totzl 103 100.0 Total 103 100.0
e27 e28
Cumulative Curnulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 35 34.0 35.0 35.0 Walid 1 52 50.5 525 525
5 65 63.1 85.0 1000 4 1 1.0 1.0 535
Tatal 100 a7.1 100.0 5 46 447 46.5 100.0
Missing  System 3 249 Total a9 96.1 100.0
Total 103 100.0 Missing  System 4 39
Total 103 100.0
e29
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 1 3 301 36 36
el 67 65.0 68.4 1000
Total ag 951 100.0
Missing  System 5 49
Total 103 100.0
Frequency Tables for Items in the POMPEX
el 87
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 13 126 12.6 126 valid 1 18 17.5 17.5 175
2 37 3509 350 485 2 33 36.9 36.9 544
3 17 16.5 16.5 85.0 3 10 9.7 9.7 641
4 28 27.2 27.2 2.2 1 30 291 291 932
5 8 78 7.8 100.0 5 7 6.8 6.8 100.0
Total 103 100.0 100.0 Total 103 100.0 100.0
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e3 ed
Cumulative Cumulative
Freguency Percent | Valid Percent Percent Freguency Percent | Valid Percent Percent
Walid 1 2 1.9 20 20 Valid 1 36 350 36.0 36.0
2 3 29 30 60 2 a7 3549 7o 730
3 10 87 100 16.0 3 10 a7 10.0 830
4 kl:] 369 380 53.0 4 13 126 13.0 96.0
5 47 456 47.0 100.0 5 4 39 4.0 100.0
Total 100 971 100.0 Total 100 871 100.0
Missing  System 3 2 Missing  System 3 24
Total 103 1000 Total 103 100.0
e5 b
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 9 a7 ER ER Valid [ 2 1.9 2 20
2 23 22 232 323 2 g 8.7 9.1 1.1
3 26 8.2 263 586 3 24 233 4.2 354
4 29 8.2 293 878 4 42 0.8 424 78
g 1" 10.7 1A ga.0 5 22 2.4 2272 100.0
6 1 1.0 10 1000 Total 99 96.1 100.0
Total a9 96.1 1000 Missing  System 4 38
Missing  System 4 38 Total 103 100.0
Total 103 100.0
el e
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
valid 1 7 6.8 71 71 Valid 1 20 19.4 202 202
2 17 16.5 17.2 242 2 39 379 39.4 59.6
3 23 22. 232 475 3 16 155 16.2 75.8
4 35 340 354 828 4 17 16.5 17.2 929
5 17 16.5 17.2 1000 5 7 6.8 71 100.0
Total 99 96.1 100.0 Total EE] 96.1 100.0
Missing  System 4 ER Missing  System 4 39
Total 103 100.0 Total 103 100.0
ed eld
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Walid Percent Percent
Valid 1 8 58 6.1 6.1 Walid 1 14 136 141 14.1
2 18 17.5 18.2 242 2 63 15 £348 B7.7
3 18 17.5 18.2 42.4 3 12 117 121 798
4 33 320 333 758 4 13 126 131 929
5 24 233 242 100.0 5 7 6.8 71 100.0
Total 99 96.1 1000 Total a9 96.1 1000
Missing  System 4 3.4 Missing  System 4 38
Total 103 100.0 Total 103 100.0
ell e12
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 14 13.6 14.0 14.0 valid 1 19 18.4 19.0 19.0
2 24 233 240 380 2 33 320 330 520
3 15 146 15.0 53.0 3 8 78 80 60.0
4 33 320 330 86.0 4 30 291 300 a0.0
5 14 136 140 100.0 5 10 97 100 100.0
Total 100 a7.1 100.0 Total 100 97.1 1000
Missing  System 3 249 Missing  System 3 29
Total 103 100.0 Total 103 100.0
el13 eld
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 ] 15 20 20 Valid 1 7 6.8 71 7.1
2 12 1.7 12.0 140 2 14 138 143 21.4
3 17 165 17.0 310 3 27 26.2 278 49.0
4 40 388 40.0 710 4 32 311 327 816
5 20 282 290 1000 5 18 175 18.4 100.0
Total 100 971 100.0 Total 98 951 1000
Missing ~ System 3 29 Missing  System 5 48
Total 103 100.0 Total 103 1000
el5 el6
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
WValid 1 n 20.4 2.4 21.4 Valid 1 1 1.0 1.0 1.0
2 44 427 449 66.3 2 12 17 120 13.0
3 12 "7 22 786 3 15 146 15.0 280
4 16 155 16.3 849 4 44 427 44.0 720
5 5 4.8 51 100.0 5 28 272 280 1000
Total L] a5.1 100.0 Total 100 ara 100.0
Missing  System 5 49 Missing  System 3 29
Total 103 100.0 Total 103 100.0
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el? el8
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 Ell 3041 3o no Valid 1 19 18.4 19.2 19.2
2 24 233 240 55.0 2 a5 340 354 545
3 13 1286 130 68.0 3 19 18.4 19.2 737
4 2 204 210 88.0 4 16 155 162 899
5 " 107 1.0 100.0 5 10 9.7 10.1 1000
Total 100 a7.1 100.0 Total EE] 96.1 100.0
Missing  System 3 29 Missing  System 4 39
Total 103 100.0 Total 103 100.0
e19 e20
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Walid 1 45 437 450 450 Valid 1 [ 58 6.1 6.1
2 41 39.8 41.0 86.0 2 15 148 152 212
3 7 6.8 7.0 93.0 3 20 19.4 202 414
4 4 ER] 40 a7.0 4 38 36.9 384 78.8
5 3 29 30 100.0 & 20 19.4 202 100.0
Total 100 97.1 100.0 Total 89 96.1 1000
Missing  System 3 28 Missing ~ System 4 39
Total 103 100.0 Total 103 100.0
e21 e22
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Walid 1 6 5.8 6.1 6.1 valid 1 35 340 350 350
2 a7 3549 374 434 2 38 36.9 380 730
3 19 18.4 19.2 62.6 3 13 12.6 13.0 826.0
4 2 243 253 87.4 4 10 a7 100 96.0
5 2 1.7 121 100.0 5 4 38 40 100.0
Total 99 96.1 100.0 Total 100 97.1 100.0
Missing  Systemn 4 349 Missing  System 3 28
Total 103 100.0 Total 103 100.0
e23 e24
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 19 18.4 19.2 19.2 Valid 1 23 22 232 232
2 45 437 455 64.6 2 35 340 35.4 586
3 18 17.6 182 828 3 156 146 162 737
4 13 12,6 131 96.0 4 18 1756 182 91.9
5 4 39 40 100.0 5 8 78 a1 100.0
Total 93 96.1 1000 Total EE] 96.1 100.0
Missing  System 4 38 Missing  System 4 39
Total 103 100.0 Total 103 100.0
e25 €26
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 20 19.4 20.0 20.0 Valid 1 4 39 4.0 4.0
2 49 476 450 69.0 2 29 282 29.0 330
3 22 2.4 22 91.0 3 47 456 47.0 80.0
4 7 6.8 70 980 4 14 136 14.0 94.0
5 2 19 20 100.0 5 [} 68 6.0 100.0
Total 100 971 100.0 Total 100 97.1 100.0
Missing  System 3 29 Missing  System 3 29
Total 103 100.0 Total 103 100.0
e27 e28
Cumulative Cumulative
Frequency | Percent | Valid Percent Percent Frequency | Percent | Valid Percent Percent
Valid 1 35 340 350 350 Walid 1 52 50.5 52.5 525
5 65 631 65.0 100.0 4 1 1.0 1.0 535
Total 100 971 100.0 5 46 447 46.5 100.0
Missing  Systermn 3 29 Total 99 96.1 100.0
Total 103 100.0 Missing  System 4 38
Total 103 100.0
e29
Cumulative
Frequency | Percent | Valid Percent Parcant
Yalid 1 Ell 3041 .6 ERN
] 67 65.0 68.4 100.0
Total ag 951 100.0
Missing System a 4.9
Total 103 100.0
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