EFFECTS OF EPISTEMOLOGICALLY ENHANCED INSTRUCTION ON
NINTH GRADE STUDENTS’ PHYSICS RELATED PERSONAL
EPISTEMOLOGY AND ACHIEVEMENT IN PHYSICS

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

BY

KUBRA OZMEN

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

MAY 2017






Approval of the thesis:

EFFECTS OF EPISTEMOLOGICALLY ENHANCED INSTRUCTION ON
NINTH GRADE STUDENTS’ PHYSICS RELATED PERSONAL
EPISTEMOLOGY AND ACHIEVEMENT IN PHYSICS

submitted by KUBRA OZMEN 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. Giilbin Dural Unver
Dean, Graduate School of Natural and Applied Sciences

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

Assoc. Prof. Dr. Omer Faruk Ozdemir
Supervisor, Dept. of Mathematics and Science Educ., METU

Examining Committee Members:

Prof. Dr. Ozgiil Y1ilmaz-Tiiziin
Department of Mathematics and Science Education, METU

Assoc. Prof. Dr. Omer Faruk Ozdemir
Department of Mathematics and Science Education, METU

Assoc. Prof. Dr. Ali Eryillmaz
Department of Mathematics and Science Education, METU

Assoc. Prof. Dr. Nejla Yiiriik
Department of Mathematics and Science Education, Gazi University

Assist. Prof. Dr. Sevda Yerdelen-Damar
Department of Mathematics and Science Education, YYU

Date: 03/05/2017



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

Name, Last Name: Kiibra Ozmen

Signature:



ABSTRACT

EFFECTS OF EPISTEMOLOGICALLY ENHANCED INSTRUCTION ON
NINTH GRADE STUDENTS’ PHYSICS RELATED PERSONAL
EPISTEMOLOGY AND ACHIEVEMENT IN PHYSICS

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

Supervisor: Assoc. Prof. Dr. Omer Faruk Ozdemir

May 2017, 297 pages

This study investigated the effect of epistemologically enhanced instruction on ninth
grade students’ physics related personal epistemologies and physics achievement on
heat and temperature unit. The participants of the study were 186 (109 female and 77
male) ninth grade students at one Anatolian teacher training high school in Ankara.
For the current study, a quasi-experimental with matching only pretest-posttest
control group research design was adopted. Six classes in the school were randomly
assigned to treatments and control group. Two of the classes were taught based on
the explicit epistemologically enhanced instruction (EEEI), while another two of six
classes were taught based on the implicit epistemologically enhanced instruction
(IEEI). Latter two classes were assigned as control groups and they were instructed
based on the teacher’s conventional instruction (CI). The study was completed in the
second semester of the 2013-2014 academic year. The Heat and Temperature
Achievement Test (HTAT) was administered to assess students’ achievement and the
Physics related Personal Epistemology Questionnaire (PPEQ) was administered to
distinguish changes in students’ epistemological understanding in physics. The
Multivariate Analysis of Covariance (MANCOVA) was employed to examine the

combined effect of teaching methods on the students’ physics related personal

\Y



epistemology and their physics achievement on heat and temperature unit when
students’ age, gender, previous semester physics course grades, pre-physics related
personal epistemology and pre-physics achievement on heat and temperature unit
were controlled. According to MANCOVA results, EEEI was found as the most
effective method when compared to Cl and IEEI on both students’ physics
achievement and their physics related personal epistemology. Also, IEEI was found
as an effective method in terms of students’ achievement on heat and temperature
unit. This study revealed that embedding dimensions of personal epistemology via
different activities in implicit instruction helped students to improve their physics
achievement. However, making these dimensions visible explicitly to students
improved both their physics achievement and their physics related personal

epistemology.
Keywords: Physics related personal epistemology, physics achievement, explicit

epistemologically enhanced instruction, implicit epistemologically enhanced

instruction, heat and temperature, physics education
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0z

EPISTEMOLOJIK YONDEN ZENGINLESTIRILMiS OGRETIM
METODUNUN DOKUZUNCU SINIF OGRENCILERININ FiZiK iLE
ILGILI KiSiSEL EPISTEMOLOJILERINE VE FiZIKTEKI BASARISINA
ETKILERI

Ozmen, Kiibra
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Bolimii

Tez Yoneticisi: Dog. Dr. Omer Faruk Ozdemir

Mayis 2017, 297 Sayfa

Bu calisma, epistemolojik yonden zenginlestirilmis O6gretim metodunun 9. smif
ogrencilerinin fizik ile ilgili kisisel epistemolojileri ve 1s1 ve sicaklik tinitesindeki
fizik basarilar iizerindeki etkisini incelemektedir. Calismaya, Ankara’da bulunan bir
Anadolu 6gretmen lisesindeki 186 (109 kiz ve 77 erkek) dokuzuncu siif 6grencisi
katilmigtir. Calismada yar1 deneysel arastirma deseni kullanilmigtir. Okuldaki altt
siif deney ve kontrol gruplari olarak rastgele atanmistir. Iki smifta belirtik olarak
epistemolojik yonden zenginlestirilmis 6gretim metodu (EEEI) kullanilirken, diger
iki smifta ortiik olarak epistemolojik yonden zenginlestirilmis 6gretim metodu (IEEI)
kullanilmistir. Geriye kalan iki sinif caligmaya katilan 6gretmenin kendine has
ogretim metodu (CI) ile 6grenim goérmiistiir. Caligma 2013-2014 6gretim yilinin
ikinci déneminde tamamlanmustir. Ogrencilerin fizik basarisi Is1 ve Sicaklik Basari
Testt (HTAT) ile olciilmiis fizik ile ilgili epistemolojik anlayislart Fizik ile ilgili
Kisisel Epistemoloji Anketi (PPEQ) ile degerlendirilmistir. Caligmanin verileri, Cok
Degiskenli Kovaryans Analizi (MANCOVA) kullanilarak analiz edilmistir. Bu
analizde 6grencilerin yasi, cinsiyeti, bir dnceki donem aldiklar fizik notlari, 6n fizik

ile ilgili kisisel epistemolojileri ve 6n 1s1 ve sicaklik {initesindeki basarilar1 kontrol
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edilerek 0gretim metotlarinin 6grencilerin kisisel epistemolojilerine ve basarilarina
olan birlestirilmis etkisi test edilmistir. Analiz sonuglar1 EEEI’nin hem 6grencilerin
fizik basarist hem de epistemolojik anlayislarn tlizerinde CI ve IEEI ile
karsilastirildiginda daha etkili bir 6gretim metodu oldugu ortaya koymustur. Ayrica
IEEI’nin 6grencilerin fizik basarisinda CI’ya gore daha etkili bir 6gretim metodu
oldugu sonucuna varilmistir. Bu c¢alisma, oOrtiilk olarak epistemolojik boyutlarin
Ogretime entegre edilmesinin &grencilerin  fizik basarisini  arttirdigini - ancak
epistemolojik boyutlarin belirtik olarak goriintir hale getirilmesinin hem fizik
basarisinin hem de kisisel epistemolojinin gelismesinde daha etkili bir yontem

oldugunu gostermistir.
Anahtar Kelimeler: Fizik ile ilgili kisisel epistemoloji, fizik basarisi, belirtik olarak

epistemolojik yonden zenginlestirilmis 6gretim metodu, ortiikk olarak epistemolojik

yonden zenginlestirilmis 6gretim metodu, 1s1 ve sicaklik, fizik egitimi
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CHAPTER 1

INTRODUCTION

Epistemology is one of the study areas of philosophy that concerns about nature of
knowledge, its limits, and the justified beliefs. Philosophers’ inquiry on how we do
know became interest of educational psychologists after 20™ century. As knowledge,
knowing, and learning are interwoven entities; educational and instructional
psychologists began to direct their attention on studying epistemological beliefs for
educational purposes (Hofer, 2001; Vosniadou, 2007) and ongoing research has been
revealing clues about how epistemic matters are embedded in human cognition

(Chinn, Buckland, & Samarapungavan, 2011).

In educational research, mainly two kinds of epistemology occupy the literature:
personal epistemology and epistemology of science. Personal epistemology refers to
individual’s conceptions about nature of knowledge and knowing (Hofer, 2001)
whereas epistemology of science addresses the beliefs about nature of science and
scientific knowledge (Sandoval, 2003; Sandoval, 2005).

The studies related to personal epistemology turned out to be a large body of
research that attempt to theorize models for personal epistemology and
epistemological development in early years. These models are recapitulated in
Chapter 2. Most of the inquiries on personal epistemology were conducted with
college students and adult learners where researchers assumed one’s personal
epistemology could be stable in those years (e.g. Perry, 1997; King & Kitchener,
1994). Consequently, less attention was given to elementary and high school students

during the early years of the research.



Later on, few in number but particularly important studies were conducted for
exploration of younger students’ personal epistemologies (e.g. Kuhn, Cheney &
Weinstock, 2000; Elder, 2002; Mansfield & Clinchy, 2002; Burr & Hofer; 2002;
Haerle & Bendixen, 2008). These studies showed that even in early ages, students
held various personal epistemologies ranging from naive to sophisticated (Kuhn,
1991; Feucht, 2010). Consequently, related research implies a rationale to conduct
intervention studies on development of younger students’ personal epistemologies
similar to experimental studies on students’ understanding of nature of science

(NOS), aka epistemology of science.

Studies related to epistemology of science took much more attention than personal
epistemology especially by the community of science educators and quite an
extensive research was conducted on epistemology of science. This is why research
on epistemology of science seems to put some lights on the possible direction of
research on personal epistemology. Previous research on epistemology of science
mainly relied on identification of students’ existing NOS profiles and reflections of
these profiles in classroom instruction and discourse (Lederman, 2007). Inherent
structure of scientific knowledge and scientific method was accounted as declarative
knowledge (Hogan, 2000) that most frequently refers to importance of empirical
testing, tentativeness, and amoral nature of scientific knowledge. Specification of
such aspects led researchers to develop instruments about the variations of beliefs
related epistemology of science (e.g. Views on Science Technology Society, Test of
Understanding Science). Later, NOS research changed its trend to qualitative
research methods which are heavily relied on interviews. These interviews also

tapped student’s views about epistemology of science.

As far as the methodologies of personal epistemology and epistemology of science
are concerned, they followed similar traditions (initially descriptive, then quantitative
measures followed by qualitative approach). However, implementation studies are

mostly conducted on epistemology of science as NOS understanding became an
2



essential component of the current science curriculum (Lederman, 2007) and
developing instructional strategies to improve NOS became one of the major
objectives of science educators. In addition, NOS research proposed consensus view
on characteristic features of science and scientific method that presents a concrete
framework to integrate NOS into classroom practices. If the multidimensional
structure of personal epistemology suggested in literature is considered, these
dimensions might be integrated into classroom context by using the approaches

recommended in NOS studies in order to develop students’ personal epistemology.

Initial NOS studies focused on modeling nature of science (e.g. Kimball, 1967) and
scientific knowledge (e.g. Rubba & Anderson, 1978) through the use of history of
science. In the literature, there are two approaches used to promote better NOS
understanding: implicit approach and explicit and reflective approach (Akerson,
Abd-El-Khalick & Lederman, 2000). The implicit approach suggested that students’
NOS understanding would be enhanced by facilitating hands-on inquiry based
activities and teaching science process skills. In other words, students would come to
understand NOS aspects by doing science as scientists do automatically. Thus,
advocators of implicit approach claim that NOS views are constructed as a
consequence of the implicit inquiry (Schwartz, Lederman & Crawford, 2004).
However, results of numerous empirical studies showed that implicit inquiry oriented
instructions were not effective to improve students’ NOS understanding (e.g. Abd-
El-Khalick, Bell & Lederman, 1998; Bell, Abd-El-Khalick & Lederman, 1998).
Khisfe and Abd-El-Khalick (2002) discussed that ineffectiveness of implicit
approach was emerged from realizing NOS understanding as affective variable rather

than “cognitive learning outcome” to be taught (p.554).

On the other hand, explicit and reflective approach aims to improve individual’s
NOS understanding through presenting NOS aspects during instruction in an
organized way and explicitly addressed during inquiry-based activities (e.g. Abd-El-

Khalick, 2001; Abell, Martini & George, 2001; Khisfe, 2008). To promote
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improvement in NOS understanding through explicit approach learning objectives,
appropriate instructional strategies and assessment procedures should be regulated
(Schwartz et al., 2004, p.614). In this approach, NOS aspects are purposively
highlighted via class discussions, explicit reflection of ideas, scientific investigations,
and specific examples from history and philosophy of science during instruction.

Meanwhile, personal epistemology studies were generally conducted in correlational
designs after emergence of multidimensional view of personal epistemology.
Development of quantitative measures (epistemological beliefs questionnaires)
encouraged researchers to continue with this methodology. In these measures, there
appear to be five common hypothetical dimensions of personal epistemology, which
were referred as simplicity of knowledge (structure of knowledge), certainty of
knowledge, source of knowledge, innate ability to learn and fixed ability. Schommer
(1990) indicated relationship between some dimensions of epistemological beliefs
(according to Schommer’s model) and learning. Text comprehension studies
revealed such relationship that students who adopt the information given in text as
certain knowledge, their comprehension indicated absolute nature of knowledge.
Other links between learning factors, such as learning strategies, academic
achievement (e.g. Schommer, 1993), students’ theories of knowledge (e.g. Hofer &
Pintrich, 1997), and personal epistemology were revealed (Hofer, 2000). Conceptual
change studies had also a particular interest in studying personal epistemologies.
Qian and Alvermann (1995) found negative correlation between the success of
conceptual change strategies and students’ beliefs about knowledge as certain and

simple.

Even though findings of correlational studies suggest that personal epistemology
plays effective role in learning or cognitive processes, quite a few studies exist to
clarify the possible links between instructional methods and personal epistemology
(Hofer, 2001). Southerland, Sinatra and Matthews (2001) indicated that students’

epistemological profile has a role in students’ learning. For instance, Tsai (1999)
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investigated eight-grade students’ epistemological views (domain-specific personal
epistemology) and their learning in laboratory. Students who held constructivist view
of science were found to perceive school laboratory activities differently than who
held empiricist view of science. Constructivist students were likely to prefer
laboratory activities where they believe they can engage with concepts deeply. On
the other hand, empiricist students recognized laboratory activities as assist to

memorize scientific truths.

Sandoval (2014) criticized that researchers have been proposed different theories for
personal epistemology with very few empirical agreement “while also overly
simplistic in conceptualizing disciplinary practices of knowledge production” (p.384).
Since various relationships between personal epistemology and learning have been
established, more empirical investigations are needed to support findings (Kuhn et al.,
2000). Yet, the number of intervention studies to improve younger students’ personal
epistemology is very limited despite the importance of personal epistemology argued
in literature (Feucht, 2010). Moreover, implicit and explicit approaches in
intervention studies are few in number to make comparison about their effectiveness
on enhancement of personal epistemologies (Yerdelen-Damar & Eryilmaz, 2016).
Only one example of intervention study (i.e. Yerdelen-Damar, 2013) was found
which investigated effectiveness of explicit epistemological instruction on students’

epistemological beliefs and academic achievement in physics in Turkish setting.

1.1. Purpose of the Study

The purpose of this study is to contribute to the literature by exploring the
effectiveness of implicit versus explicit epistemologically enhanced instruction on
students’ physics-related personal epistemologies and academic achievement in a
physics unit. This elaboration will be realized by conducting a quasi-experimental

design. With this design it is intended to reveal the effect of different instructional



methods on students’ personal epistemologies as well as achievements in physics

related subjects.

1.2. The Main Problem

The main problem of this study is: What are the effects of the explicit
epistemologically enhanced instruction (EEEI) and implicit epistemologically
enhanced instruction (IEEI) compared to the conventional instruction (CI) on ninth
grade Anatolian teacher training high school (ATTHS) students’ physics
achievement on heat and temperature and students’ physics related personal

epistemologies in Cankaya district of Ankara?

1.2.1. The Sub-Problems

The sub-problems (SPs) of the study are as follows:

SP1: What are the effects of the EEEI and IEEI compared to the CI on ninth grade
ATTHS students’ physics achievement on heat and temperature unit in Cankaya

district of Ankara?

SP2: What are the effects of the EEEI, and IEEI compared to CI on ninth grade
ATTHS students’ physics-related personal epistemologies in Cankaya district of

Ankara?

SP3: What are the effects of the EEEI and IEEI compared to the CI on ninth grade
ATTHS students’ physics-related personal epistemologies in terms of coherent
structure of knowledge, hierarchical structure of knowledge, justification of
knowledge, changeability of knowledge, source of knowledge and quick learning

dimensions in Cankaya district of Ankara?



1.3. Null Hypotheses

The main problem and sub- problems are tested with the following null hypotheses:

Hol: There is no significant overall effect of the instructions (EEEI, IEEI and CI) on
the population means of the combined dependent variables of ninth grade ATTHS
students’ posttest scores on physics achievement in heat and temperature unit and
posttest scores on physics related personal epistemology when students’ age, gender,
previous semester physics course grades, pretest scores on physics achievement in
heat and temperature unit and pretest scores on physics related personal

epistemology are controlled.

Ho2: There is no significant effect of the instructions (EEEI, IEEI and CI) on the
population means of ninth grade ATTHS students’ posttest scores on physics
achievement in heat and temperature when students’ age, gender, previous semester
physics course grades, pretest scores on physics achievement in heat and temperature

unit and pretest scores on physics related personal epistemology are controlled.

Ho3: There is no significant effect of the instructions (EEEI, IEEI and CI) on the
population means of ninth grade ATTHS students’ posttest scores on physics related
personal epistemology when students’ age, gender, previous semester physics course
grades, pretest scores on physics achievement in heat and temperature unit and

pretest scores on physics related personal epistemology are controlled.

Ho4: There is no significant effect of the instructions (EEEI, IEEI and CI) on the
population means of ninth grade ATTHS students’ posttest scores on physics related
personal epistemology dimensions (i.e. coherent structure of knowledge, hierarchical
structure of knowledge, justification of knowledge, changeability of knowledge,
source of knowledge and quick learning) when students’ age, gender, previous

semester physics course grades, pretest scores on physics achievement in heat and
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temperature unit and pretest scores on physics related personal epistemology are

controlled.

1.4. Significance of the Study

Related research on personal epistemology indicates links between personal
epistemology and certain variables such as learning strategies and academic
achievement. These relationships constitute a base for conducting empirical research
to investigate causal relationships between these constructs. However, quite a few
studies focused on how to improve students’ personal epistemologies by instruction
and consequently to foster students’ academic achievement in physics (e.g. Hammer
& Elby, 2002; Yerdelen-Damar, 2013). In the available studies, researchers used
different instructional strategies such as explicit reflections (e.g. Brownlee, Purdie &
Boulton-Lewis, 2001), refutational text (e.g. Gill, Ashton & Algina), inquiry-oriented
instructions (e.g. Conley, Pintrich, Vekiri & Harrison, 2004) or conceptual change
strategies (e.g. Yaman, 2013) to enhance students’ personal epistemologies. However
as the literature reveals a particular instructional method can tab only particular
dimension of personal epistemology or cause no change at all. In this study, different
approaches (implicit and explicit) were used to promote changes in dimensions of
personal epistemology in high school level. For this aim, the researcher matched
different instructional strategies (with epistemic potentials) to probe dimensions of
personal epistemology.

The instructional practices in classrooms convey their epistemic considerations
implicitly such as teacher-centered and student-centered approaches direct focus on
different learning approaches: Teacher transfers knowledge to students and student is
responsible for construction of his/her knowledge. In other words, implicit epistemic
instruction can be done through the classroom practices. As in previous research
studies (e.g. Yerdelen-Damar, 2013; Yaman, 2013), the researcher did not use a

particular instructional method to enhance personal epistemologies in the current
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study. Instead, depending on subject matter the researcher elaborated which
epistemological dimension would be probed adequately in that context by

instructional strategies.

In present study, explicit epistemologically enhanced instruction aims to provoke
individual awareness about how one can know. Knowing about self-
learning/knowing process might be helpful for students to plan and monitor their
goals about learning and achievement in physics. Instruction starts with a class
discussion on an epistemological dimension (i.e. structure of knowledge,
changeability of knowledge) and continues with covering physics subject matter (i.e.
predict-observe-explain activities, laboratory investigations or historical stories and
historical materials, problem solving). At the final quarter of the lesson, the teacher
allowed students reflect their opinions about epistemological dimension by referring
to scientific activity in that lesson. And the teacher covers up discussion by a final
talk on epistemological aspect (s). In order to make comparison due to effectiveness
of explicit integration of epistemological dimensions, implicit epistemologically
enhanced instruction was designed. In implicit instruction, researcher avoided
directly creating awareness of epistemology by students. Students engaged with
subject matter through same procedures used in explicit instruction. By this way,
overall effect of epistemic potentials of instructional strategies will be possible to

detect through this intervention study.

In addition, most of the research conducted on personal epistemology focused on
college level students and preservice teachers. However, the literature implies that
students hold different levels of epistemological sophistication in early years of
education (Kuhn, 1991; Hofer, 1997). These findings encourage researchers to
investigate elementary (e.g. Conley et al., 2004; Rosenberg, Hammer & Phelan,
2006; Ryu & Sandoval, 2012) and high school (e.g. Yerdelen-Damar, 2013; Yaman,

2013) students’ personal epistemologies. The current study will also contribute to



literature by investigating effectiveness of this type of epistemologically enhanced

instruction in high school level in physics context and in Turkish educational setting.

1.5. Definition of Important Terms

The important constructs which built up the current study can be defined as follows:

Physics related personal epistemology refers to one’s beliefs and views about nature

of his/her own physics knowledge and learning. Dimensions of the personal
epistemology were adopted and modified by using Schommer’s (1990) and Hofer
and Pintrich’s (1997) schemes. These are structure of knowledge, justification of
knowing, changeability of knowledge, and fixed ability and quick learning. In this
study, physics related personal epistemology was measured by the Physics related
Personal Epistemology Questionnaire (PPEQ) developed by the researcher
(Appendix I).

Implicit epistemologically enhanced instruction (IEEI) is the instruction in which

dimensions of personal epistemology is integrated by use of different instructional
strategies. For instance, cognitive conflict strategy is used to remediate
misconceptions related to heat and temperature unit. Remediation actually represents
changeability of conceptions. Here, there is no voice for directly speaking on change
in students’ knowledge. Indirectly, students may develop understanding about their
knowledge can change by adequate evidence or by use of logical reasoning. In this
instructional method, students were expected to make their own realization about

their physics knowledge. The lesson plans for IEEI are given in Appendix N.

Explicit epistemologically enhanced instruction (EEEI) is the instruction, which aims

tab and improve students’ personal epistemology by integrating epistemological
discussions at the beginning and through the end of the lesson. For this purpose, the

content is contextualized to probe students’ personal epistemologies. For example,
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connecting and making links between previous and new knowledge was used to
point out the structure of knowledge. Experimentation and observations as well as
cognitive tools were used to focus on justification of knowing. Readings and
discussions on history of science were used to show the dynamic nature of
knowledge. Students’ progression within time was also a part of discussions to
demonstrate how students’ knowledge develops and changes with effort and

persistence. See Appendix N for lesson plans implemented in EEEI.

Conventional instruction (CI) refers to the instruction given by the physics teacher

participated in this study. In CI classes of the study, students are mostly active
listeners and respondents and teacher is in a role of transferring knowledge. Teacher
regularly introduced content knowledge by herself, asked few conceptual questions
and solved questions requiring mathematical calculations as much as possible. For

more information, see section 3.5.2.1.

Physics achievement in heat and temperature is a measurement of students’

knowledge and skills about heat and temperature according to learning objectives
defined in Turkish ninth grade physics curriculum by Ministry of National Education
(MONE). In this study, students’ achievement was measured by Heat and
Temperature Achievement Test (HTAT) developed by the researcher (see Appendix
E).
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CHAPTER 2

REVIEW OF THE RELATED LITERATURE

In this chapter, theoretical background of personal epistemology research is
presented by illustrating qualitative and quantitative approaches in the field.
Accordingly, developed instruments aim to explore dimensions of personal
epistemology are examined. Later, intervention studies on personal epistemology are
introduced in detail. Finally, findings in literature are recapitulated in the last section
of this chapter.

2.1. Personal Epistemology in Education Research

As a word, epistemology has been used by common people despite of complexity of
defining the term. Etymology of the word indicates that it is the combination of two
Greek words; “episteme” which means knowledge, and “logos” science of. The
Oxford Handbook of Epistemology defines epistemology as “the study of the nature
of knowledge and justification: in particular, the study of (a) the defining
components, (b) the substantive conditions or sources, and (c) the limits of

knowledge and justification” (Moser, 2002, p.3).

Inquiry of what constructs knowledge, how do we know, or to what extent
knowledge can be known with certainty have been the major concern of the
philosophers for ages (Kardash & Scholes, 1996). Educational psychologists also
joined to this inquiry in mid-twentieth century as they recognized the effect of
personal and social epistemologies on academic learning. Thus, for science learning

we pose similar epistemological questions “what is learned, how it is learned, and by
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whom, and under what conditions” (Kelly, McDonald & Wickman, 2012, p.281). In
their comprehensive review on science learning and epistemology, Kelly et al. (2012)
presented conceptualizations of epistemology affecting science learning in three
perspectives. In disciplinary perspective, epistemology (or scientific epistemology,
NOS) is recognized as discipline (e.g. Lederman, 2007; Southerland et al., 2001)
which examines structure of knowledge in science, nature of evidence, role of
scientific methodology and so on (p.282). Psychological studies on learning promote
personal perspective (e.g. Hofer, 2001) which examines how individuals construct
knowledge and how their personal views of knowledge are effective on their learning.
And third one is social practices perspective which investigates how learning,
justification, making sense and construction of knowledge claims are negotiated in
an epistemic culture. In the current study, researcher will focus on conceptualization

of science learning in personal perspective.

Personal epistemology studies, in other words beliefs about nature of knowledge and
knowing, started with comprehensive work of William Perry that addressed the
questions of how epistemological beliefs change and develop (Conley et al., 2004).
Earlier studies focused higher education’s role on advancement of personal
epistemology separately from psychology and cognitive development studies. These
studies were qualitative in nature and based on interviews with undergraduate and
graduate students or adults (e.g. Perry, 1970; Belenky, Clinchy, Goldberger, &
Tarule, 1986; Baxter Magolda, 1987). On the contrary, some studies revealed that
epistemological sophistication can be observed in earlier ages (e.g. Kuhn, 1991;
Hofer, 2001; Burr & Hofer, 2002; Pintrich, 2002) that more empirical evidence

should be obtained by research on younger children as well.

In the light of initial research’s findings, numerous studies proposed new models for
epistemological development (Stathopoulou & Vosniadou, 2007). These models can
be covered under three major theoretical positions: (1) personal epistemology has

coherent unidimensional (unitary) structure that develops through stages (e.g. Perry,
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1970; King & Kitchener, 1994), (2) personal epistemology is formed by small
number of fragmented dimensions which are not necessarily interrelated (e.g.
Schommer, 1990), and (3) individually held epistemology is a system formed by
different dimensions which works in tandem with each other (e.g. Hofer & Pintrich,
1997). Additionally, Hammer and Elby (2002) proposed a newer model emanated
from conceptual change literature that individuals hold various epistemological

resources which become productive or unproductive resources in different contexts.

Quantitative studies on personal epistemology started with Schommer’s attempt on
developing questionnaire to explore dimensionality of the construct (Braten, Stromse
& Samuelstuen, 2008). Further factor-analytic research on this methodology brought
factors in two dimensions: (1) beliefs about nature of knowledge (certain knowledge
and simple knowledge) and (2) beliefs about learning (quick learning) and
intelligence (fixed ability). Hofer and Pintrich’s (1997) attempt took attention that in
their proposal of defining personal epistemology to avoid the dimensions about
beliefs on learning and intelligence. Later, some researchers directed attention on
content and context dependency of epistemological beliefs (Buehl & Alexander,
2001; Hofer, 2006; Limoén, 2006) that issue of domain-generality and domain-
specificity of personal epistemology were argued in the field. Meanwhile new
quantitative instruments were developed in order to identify potential differences
across domains. In next sections, detailed information related to aforementioned

studies and more are presented and discussed.

2.1.1. Early Studies: Developmental Models

Epistemological beliefs research in psychology ignited with longitudinal studies of
William Perry, in mid-1950s. Perry’s work (1968) attained to form a model on
college students’ reflections on how they view their educational experiences. In order
to collect data on students’ experiences in university, he developed the Checklist of

Educational Values (CLEV) instrument in order to select students for interviews.
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Theoretically, CLEV was relying on personality and belief research. Sample
questions in CLEV were including “It’s a waste of time to work on problems which
have no possibility of coming out with a clear-cut and unambiguous answer.”,
“There is nothing more annoying than a question that may have two answers.”, “The
best thing about science courses is that most problems have only one right answer.”
The checklist was implemented on 313 first year college students which were
followed by interviews with 31 students. The main idea behind it was to show
changes in the students’ understanding of knowledge and how it affects their
methods of knowledge acquisition (such as studying). According to preliminary
findings from the interviews, Perry (1968) proposed the scheme of intellectual and
ethical development with nine stages (or position) in four clustered sequential

positions. The four clustered positions are listed as follows:

(a) Dualism
Position 1 — Basic duality: Individuals perceive the world as collection of duality
such as right or wrong and good or bad. They display obedience to the authority.
Position 2 — Multiplicity pre-legitimate: Individuals perceive multiplicity not as
an uncertainty of knowledge but others as wrong or unreal.

(b) Multiplicity
Position 3 — Multiplicity subordinate: Authority is still trusted source for
individuals even though there are unanswered questions by authority.
Position 4 — Multiplicity correlate or relativism subordinate: Absolute
knowledge may be questioned rather than right-wrong dualism. Conflict
between ideas may exist, but truth is still knowable.

(c) Relativism
Position 5 — Relativism correlate, competing, or diffuse: There are some subject
areas (e.g. physics) that authority has direct answers. However, relativism is

required in some areas (e.g. literature).
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Position 6 — Commitment foreseen: Individuals perceives relativism in their
judgment with commitment emerged from logical necessity. The truth may
change depending on the individual’s perspective.

(d) Commitment within relativism
Position 7 — Initial commitment: Individuals affirm that their decisions are based
on their experiences even though there may be other alternatives (including risk-
analysis).
Position 8 — Orientation in implications of commitment: In order to fit in a world
view, individuals seek out several commitments.
Position 9 — Developing commitment: Variety of ideas and judgments allow
individuals to examine or compare the situations. Individuals have considered
choice and take actions by self as being aware of relativism. Individuals take
responsibility of their commitments and decide priority of different
commitments that can be changed (tentative nature).

Second longitudinal study (four year long) for validation of the proposed scheme was
conducted on randomly selected sample including109 freshman students (85 men
and 24 women). Hofer (1997) noted that Perry reported only two women’s results as
fitting to their scheme without mentioning the other 22 women in the study. Besides
the study has various limitations that only one college’s students were participated
voluntarily and the sample was including elite and mostly male college students at
Harvard University. Perry acknowledged that students who had dualistic view at the
beginning of their education came closer to relativistic view as they encountered with
different viewpoints during their college education (Kardash & Scholes, 1996). In
other words, college students progressed toward simple to complex view of
knowledge as an outcome of their educational experience but not because of their

personalities (Hofer, 1997).

After Perry’s work, qualitative trend of research designs were followed by

researchers. Well-known models in the field including women’s way of knowing
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(Belenky et al., 1986), epistemological reflection (Baxter Magolda, 1992), reflective
judgment (King & Kitchener, 1994) and argumentative reasoning (Kuhn, 1991) were

based on qualitative data collected by interview protocols.

Perry’s work has been criticized for gender bias. However, he suggested the pattern
identified for men could also be used for women (Perry, 1970). Another
controversial study, this time conducted with only women, was designed by Belenky
et al. (1986). 135 women were participated in the study and 90 of them were
studying in different academic institutions. Phenomenological approach was adopted
by researchers that data collection was done by semi-structured interviews. Due to
education level of women, the interview protocol showed differences. More educated
women were expected to give few comments on statements about knowledge. Then
they were exposed to specific examples that they should make intellectual judgments.
On the other hand, less educated ones responded five short questions about their
learning. According to results of the study, Belenky and her colleagues (1986)
concluded that individual’s cognitive development relies on development of self and
it is related with inner (self) and external (others) source of knowledge as well as
understanding the knowledge by self. They proposed five epistemological
perspectives in Women’s Way of Knowing model. However, these perspectives were
not defined as stages as in Perry’s work. Five epistemological perspectives are

summarized as follows:

(a) Silence: The individual exists without voice to make claim about knowledge and
readily obey to authority.

(b) Received knowledge: The individual perceives the knowledge with dual nature
and she believes in absolute truth (good or bad). The source of knowledge is
authority (external) however they can speak about the knowledge.

(c) Subjective knowledge: The individual recognizes self as the source of knowledge

or authority. Truth is subjectively known.

18



(d) Procedural knowledge: The individual seeks out rules and procedures of knowing
to make judgments and justifications related with the knowledge. Reasoning is
the main course of this perspective. There are two categorization of knowing:
connected knowing and separate knowing. A separate knower tries to justify
knowledge claims from others by using personal filters. On the contrary, a
connected knower tries to evaluate knowledge by putting themselves on other’s
shoes.

(e) Constructed knowledge: The individual appreciates complexity, ambiguity and
contradictions in knowledge during construction of knowledge. She seeks nature
of knowledge as tentative: it can be decomposed, recomposed and composed

again in time.

When Perry’s (1970) and Belenky et al.’s (1986) works are compared, there are
differences as well as similarities between two models. Perry indicated intellectual
development evolves with transitions through stages. However, Belenky and her
colleagues asserted less linear but varying epistemological perspectives in cognitive
development of college students. These comprehensive studies shed light upon how
epistemological perspectives changes within time, experience or developmental
stages. The major criticism for these two studies was about gender bias that may

influence the interpretation of results.

In order to fill the discrepancies of findings between studies with only men and only
women participants, Baxter Magolda (1987) conducted a longitudinal study based on
Perry’s scheme with randomly selected 101 students from Miami University. The
participants of the study included 50 male and 51 female students. Data collection
was done through open-ended interviews and the Measure of Epistemological
Reflection (MER) (Baxter Magolda, 1987). In MER, students were asked to write
short essay according to questions about role of the lecturer, learners, classmates and
role of evaluation of learning, and nature of knowledge. Coding scheme was matched

with Perry’s Position 1 to Position 5. 70 complete longitudinal sets were taken into
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account to develop the model, which is called Epistemological Reflection (ER)
Model. According to the ER model, epistemological reflections refer to
epistemological assumptions (i.e. nature of knowledge, limits of knowledge,
certainty of knowledge). Findings were categorized into four qualitatively different
categories in the college context which were also aligned with the Perry’s model:

(@) The individuals who seek the source of knowledge from authorities are called as
absolute knower.

(b) The individuals do not seek authorities as knowing all and view knowledge as
uncertain are called as transitional knower.

(c) Independent knower judges the accuracy of knowledge conveyed from authorities
and holds their ideas as valid as others.

(d) Contextual knower is the individual that construct their own perspective and able

to question the validity of knowledge in the context.

Similar limitations existed in the Baxter Magolda’s study as in previous studies, for
instance study was conducted at one university. As the study adopted qualitative
approach, researcher presented thick descriptions about the context of the university
and cultural background of students. However, results of the study were in line with
previous research that identifies the patterns of epistemological development. Later,
Baxter Magolda (1992) mentioned the need of comparative studies across diverse

student populations in different contexts.

Research studies after Perry’s and Baxter Magolda’s works continued focusing on
categorization of younger students’ perceptions on their learning experiences. Based
on individual’s argumentative reasoning, Kuhn (1991) examined epistemological
theories about knowing via conducting interviews with children. She claimed that
epistemological understanding started forming in childhood. Kuhn et al. (2000)

identified four levels of epistemological understanding as:
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(@) Realistic theories: Child perceives reality as directly observable and knowable
through external reality. Therefore, knowledge comes from external source and
it is certain in nature. There is no need of evidence for justification.

(b) Absolutist theories: Child recognizes reality can be interpreted in different ways
(correct or incorrect). Still external reality is directly observable coming from
external source. However, child makes comparisons based on his/her reasoning
skills about knowledge’s reliability.

(c) Multiplist theories: Adolescent perceives knowledge is constructed by self rather
than adopted from an external source. It is a transition from perception of
objective knowledge to subjective knowledge.

(d) Evaluative theories: Adolescent makes judgments on knowledge and justification

of knowing by examining evidences and arguments.

Kuhn (2009) stated that consideration of epistemological understanding through
developmental stages would be fruitful to support academic progress. For instance,
realization of different theories existed in adolescences might be effective to
challenge thinking in that level to develop more sophisticated intellectual values.
Improvement of argumentative skills might trigger changes in epistemological

understanding, or vice versa.

King and Kitchener (1994) explored the conceptions of knowledge and reality
through a 15 years long study with a wide range of age groups from high school
students to middle age adults. In the study, an interview was designed with four-ill-
structured problems that participants were expected to justify their answers. Six-
follow-up questions were directed to explore their views about nature of knowing
and its possible sources. Trained and certified scorers completed the scoring that an
inter-rater reliability coefficient is found to be .70. Internal consistency of individual
scores was reported by a median alpha level across studies .77. As a result of the
study, Reflective Judgment Model (RJM) was proposed including seven qualitatively

different stages. The model can be seen as most extensive and elaborated scheme to
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explain development with epistemic elements. Developmental progression was
classified into three levels (stage numbers refers to order of categories) in RIM (King
& Kitchener, 2004, p.7-8):

(@) Pre-reflective thinking
Stage 1: Knowledge is perceived as concrete without any abstraction which is
obtained by direct observations. There is no need for justified belief as the
knowledge is the absolute truth.
Stage 2: Knowledge is perceived as certain which is obtained from observations
or conveyed from a source of authority. Beliefs are justified due to source of
knowledge or not justified (through observations).
Stage 3: Knowledge is perceived as absolute from source of authority. If there is
any uncertainty, it is not permanent. Till the absolute knowledge is obtained,
beliefs cannot be known. Justification of beliefs relies on credibility of authority.
(b) Quasi-reflective thinking
Stage 4: Knowledge is not absolute due to inherent ambiguity in situations.
Justification of beliefs relies on provided reasons and evidence.
Stage 5: Knowledge is subjective because of personal judgment. Beliefs are
justified by inquiry in the context. Context specific beliefs can exist.
(c) Reflective thinking
Stage 6: Knowledge is the product of individual processing due to evaluation of
various sources. Therefore, individuals justify their beliefs by comparing different
evidences and views from others and weighing these sources according to self
evaluation criteria.
Stage 7: Justification of belief relies on different factors such as interpretation of
evidence and their explanatory values, possibility of arriving wrong conclusions,

etc. and contribution of all these factors.

Hofer (1997) criticized that only investigating the reasoning about ill-structured

problems to explore epistemological beliefs is one of the limits of King and
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Kitchener’s (1994) study. These hypothetical problems do not give sufficient
understanding about how students’ beliefs are activated in a real experience. And
there is no implication for how reflective judgment develops within years and how

education makes difference.

In general, developmental models draw same pattern to understand how
epistemological beliefs are constructed (Hofer, 2001). The pattern emerged from the
studies shows that development starts with the objectivist perspective and dual nature
of knowledge and continues with multiplicity and more uncertain nature of
knowledge. And in final stages, nature of knowledge becomes evolutionary rather
than static and the knowledge is constructed by the learner. Different terms were also
suggested such as evaluatism, empiricism, logical positivism, relativism etc. (Huglin,
2003) to define epistemological perspectives. Objectivist perspective separates the
objective knowledge with emotions of individual where the authority plays an
essential role as source of knowledge. In educational context, teacher is the source of
objective knowledge where students take passive role in classroom. The other end of
the continuum, subjectivism, is based on individual’s interpretation of knowledge
which denies the separation of knowledge from one’s feelings or emotions. In fact,
learners are active makers of meaning that refers to “person construct reality”
paradigm (Huglin, 2003, p.13).

For instance, Roth and Roychoudhury (1994) conducted a gender biased study on 42
high school students (all male, 4 from Grade 10 and 38 from Grade 11, all college-
bound physics students) to document students’ epistemologies and perceptions about
knowing and learning. Qualitative and quantitative data were collected by using
interview protocols, essay writing task, short answer questions, and classroom
environment inventory. Students were informed about the content at the beginning of
each unit in introductory physics course, which was illustrated by “experiments,
reading and concept mapping, textbook problems, and essay problems” (p.8). Thus,

students had opportunity to make their own investigation about daily life phenomena.
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After completing problem-solving, students were expected to write essays on
“knowing and learning physics” and “objectivity in science” (p.9). Results of data
analysis showed that students had a spectrum of epistemological commitments
ranged between objectivism and constructivist-relativism. Some students had already
constructivist views about their learning and knowing physics. But most of the
students held also experientialist position that experience (of oneself or others) is a
criterion for knowledge production or justification. Developmental stage models
assert that older people hold more sophisticated epistemologies and students are seen
as progressing between stages (Louca, Elby, Hammer & Kagey, 2004). Moreover,
constructivist learning environment in a classroom did not necessarily cause change
in students’ epistemologies. The study implies that students may develop
sophisticated personal epistemologies in younger ages but constructivist

interventions are not sufficient enough to promote change.

2.1.2. Personal Epistemology as Independent Belief System

After several proposals on developmental models, an alternative approach was
suggested by Schommer (1990). By referring to Ryan’s (1982) work on
epistemological standards, Perry’s unidimensional personal epistemology assumption
was criticized by Schommer. Ryan (1982) categorized participants according to
Perry’s scheme as dualists and relativists in order to compare their text
comprehension skills (knowledge monitoring vs. comprehension/application
monitoring). Results indicated significant positive difference between two groups in
terms of knowledge monitoring. Even though dualists preferred knowledge
monitoring mostly, 44 percent of relativists did also. Schommer’s standing point was
beliefs about knowledge, knowing and learning were more or less independent rather
than developing in an organized way and gradually reaching more sophisticated
levels (Schommer, 1990; Hofer, 2001). Thus she developed a quantitative instrument,
the Epistemological Beliefs Questionnaire (EBQ), by elaborating the initial

qualitative studies’ findings such as Perry’s and King and Kitchener’s works. The
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instrument was designed to measure five hypothetical dimensions with 12 sub-
dimensions. However, factor analyses suggested four-factor structure for EBQ (see
Table 2.1) that source of knowledge dimension was not generated as a factor in

empirical work.

Table 2.1 Factors in Schommer’s (1990) Epistemological Beliefs Questionnaire
(p.500)

Hypothetical Dimensions Factors
1. Simple Knowledge
1.1 Seek single answers Factor 2: Simple Knowledge
1.2 Avoid integration Factor 2: Simple Knowledge
2. Certain Knowledge
2.1 Avoid ambiguity Factor 2: Simple Knowledge
2.2 Knowledge is certain Factor 4: Certain Knowledge
3. Omniscient Authority
3.1 Don’t criticize authority Loaded into any factor
3.2 Depend on authority Loaded into any factor
4. Innate Ability
4.1 Can’t learn how to learn Factor 1: Innate Ability
4.2 Success is unrelated to hard work Factor 1: Innate Ability
4.3 Ability to learn is innate Loaded into any factor
5. Quick Learning
5.1 Learning is quick Factor 3: Quick Learning
5.2 Learn first time Factor 1: Innate Ability

5.3 Concentrated effort is a waste of time Loaded into any factor

According to Schommer (1990), results indicated multi-dimensional structure of
epistemological beliefs rather than a one-factor solution as suggested in previous
research. Schommer’s approach encouraged a group of researchers to explicitly
measure the relationship between epistemological beliefs and learning (Schommer-
Aikins, 2004). Epistemological belief system approach facilitates studying on
subcomponents of personal epistemology. But it is still a controversial issue that

whether these factors constitute the personal epistemology adequately (Conley et al.,
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2004). 1t is argued that quick learning and fixed ability factors are not

epistemological dimensions instead related with the nature of learning.

2.1.3. Epistemological Theories

Another proposal that advocates the structure of the personal epistemology as the
interrelated epistemological theories was suggested by Hofer and Pintrich (1997).
Epistemological theory should be seen as “an explanatory structure with some
coherence and not a well-formed scientific theory” (Stathopoulou & Vosniadou,
2007, p.256). This model is similar to proposed multidimensional structure as in
Schommer’s model. However, the dimensions were found to be interrelated with
each other rather than independent system as in Schommer’s (1990, 1993) model. In
fact, how we define personal epistemology gained importance for further research on
the construct. Hofer and Pintrich (1997) attempted to clarify the definition of
construct by focusing on beliefs about knowledge and knowing and avoiding the
intelligence factor as found in Schommer’s study (Braten, Stremse & Samuelstuen,
2008). They proposed two main dimensions associated with four sub-dimensions as
core of epistemological theories (Hofer, 2004):

(a) Nature of knowledge questions “what one believes knowledge is” (p.130).
Certainty of knowledge refers to views range between fixed or absolute truth
exists (existing knowledge is never subject to change) and knowledge can be
refined or change.

Simplicity of knowledge refers to views range between knowledge is discrete
(not related with each other) and knowledge is “relative, contingent and
contextual” (p.131).

(b) Nature/process of knowing questions “how one comes to know” (p.131).

Source of knowledge refers to views range between knowledge is transmitted
from external source (authoritative source) and knowledge is constructed by

individual due to his/her relation with environment.
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Justification for knowing refers to action of the process of making knowledge
reasonable to oneself. One can justify his/her beliefs by logical reasoning or can

do justification depending on authority.

Differently from Schommer’s categorization (e.g. fixed ability), they put emphasis
on latter factor justification of knowing. The factor refers to justification of
knowledge via authority, observation, intuitions of oneself, inquiry and use of
different sources for evaluation. Hammer and Elby (2002) mentioned advantageous
use of defining personal epistemology in terms of theories that these are more
understandable for introducing epistemological considerations. They associated
theories in personal epistemology with alternative conceptions in students’ intuitive
content knowledge. This stance was proposed as active and inactive epistemological

resources in different contexts. This proposal is explained in the next section.

2.1.4. Epistemological Resources

Epistemological resources model emerged parallel to conceptual change literature,
especially associated with diSessa’s studies on phenomenological primitives (p-
prims) (Hammer & Elby, 2002). Naive physics understanding of students are made
up almost by misconceptions (e.g. if an object moves, there is an active force on the
objective in the direction of motion) as cognitive science accepted that differ from
expert’s understanding (e.g. if there is net force, the object accelerates). Hammer
(2000) presented a potential link between epistemological resources and conceptual
resources. For instance, misconceptions can be emanated from conceptual resources
which might be productive in another context. Therefore conceptual structure can be
built up from mixture of these resources. Same goes for epistemological resources or
beliefs that some resources are activated in different context. Hammer and Elby
(2002) exemplified similarity with epistemology studies as unsophisticated beliefs
(e.g. scientific knowledge is certain) differs from sophisticated beliefs (e.g. scientific

knowledge is tentative).
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Hammer and Elby (2002) listed and explained epistemological resources framework
in detail by categorizing resources (a) for understanding the nature and source of
knowledge: knowledge as propagated stuff, knowledge as free creation, knowledge
as fabricated stuff, (b) for understanding epistemological activities: accumulation,
formation, checking , (c) for understanding epistemological forms: stories, rule
systems, songs, etc., and (d) for understanding epistemological stances: doubting,
understanding, acceptance. Comparing to previous models, epistemological
resources are still new and not much is known about them. However, it challenges
existing models attempting to describe more situated structure of personal
epistemology which is consistent across contexts. In other words, research on this
approach indicates consistency of epistemological beliefs in a particular context such

as in physics course.

2.2. Domain Generality-Specificity in Personal Epistemology

Dominance of early studies on stage models (i.e. Kuhn, 1991; Baxter Magolda, 1987)
of epistemological sophistication was influential on viewing personal epistemology
as domain general construct in literature (Op’t Eynde, De Corte, & Verschaffel,
2006). Students’ personal epistemologies were recognized as evolving from naive to
sophisticated beliefs independent from the context. Although understanding of the
personal epistemology construct became clearer by collected comprehensive data,
some issues such as domain-generality and domain-specificity issues emerged in the
field (Limon, 2006). Actually main issue was related to how the “domain” should be
conceptualized (Hofer, 2006; Limén, 2006). Hofer (2006) identified two major use
of domain word in literature that some researchers indicated domain as academic
discipline (or subject area) and others referred to domain as judgment (e.g. aesthetics,
values). Buehl and Alexander (2001) pointed out classification in academic
disciplines as well-structured (e.g. mathematics, physics) and ill-structured domains
(e.g. history, reading). As the approaches and types of knowledge in both domains

are different from each other inherently, researchers preferred to study within a
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specific domain rather than crossing domains. Hofer (2006) discussed that if domain
knowledge was accepted as knowledge in an academic discipline, it would restrict
the domain knowledge into “schooled knowledge” (p.87). And she suggested using
discipline term rather than domain. Mathematics and science are the major academic
disciplines in which discipline-specific personal epistemology research is conducted.

When epistemological models are examined in terms of role of content, some of the
developmental models consider possible differences across content domain (i.e.
Kuhn & Weinstock, 2002; King & Kitchener, 2004). In independent belief system
models, as in Schommer’s (1990), domain-general epistemological beliefs were
measured without any emphasis on domain-specific beliefs. In their study,
Schommer and Walker (1995) tested whether college students’ epistemological
beliefs were independent from academic domains. Results showed that students
displayed consistency in terms of epistemological sophistication across social science
or mathematics. On the other hand, Buehl and Alexander (2001) suggested
coexistence of domain-general and domain-specific epistemological beliefs. Hofer
(2000) showed differences in personal epistemologies emerged across different
disciplinary domains (psychology and science) and differences between domain-
general and domain-specific epistemological beliefs in her study. Epistemological
resources model also took the disciplinary content into account such as physics (Elby
& Hammer, 2002). Palmer and Marra (2004) emphasized notion of differences in
epistemological perspectives across academic domains (knowledge in science and

social science) in their grounded theory of domain epistemologies.

The domain generality and specificity discussions in field led researchers to develop
new instruments to identify the difference across different contexts and contents
(Hofer, 2006). In the next section, measurement of personal epistemology and
developed instruments are discussed starting from earlier studies to domain-specific

instruments.
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2.2.1. Domain-General and Domain-Specific Measurement of Personal
Epistemology

As mentioned before in Section 2.1.2, Schommer (1990) developed an instrument
called EBQ to reveal multidimensional structure of epistemological beliefs. 63
statements were written for five hypothetical dimensions (see Table 2.1). 28
statements were written in the form of negative sentence, and others were in
affirmative sentences. Likert type scale was used in which 1 indicates strongly
disagree and 5 indicates strongly agree. The instrument aims to assess domain-
general epistemological beliefs without seeking difference across different domains.
Factor analyses of the questionnaire within different studies (Schommer, 1990; 1993)
yielded four-factor solution for EBQ. These factors are (a) certain knowledge
(tentativeness versus certainty of knowledge), (b) simple knowledge (body of
isolated concepts versus interrelated concepts), (c) quick learning (quick versus
gradual learning), and (d) fixed ability (intelligence is fixed versus intelligence is a
result of growth).

Qian and Alvermann (1995) modified and shortened Schommer’s questionnaire by
eliminating the fifth hypothetical factor (omniscient authority). The questionnaire
included 53 statements on other four factors (i.e. certain knowledge, innate ability)
which were rated on likert-type scale (from 1 to 5). According to factor analysis
results, 21 items were deleted due to factor loadings (less than .30). Remaining 32
items were distributed into three factors: (a) 15 items loaded into “learning is quick”
factor with internal consistency coefficient (o) was found .79, (b) 11 items in
“simple/certain knowledge” with 0=.68, and (c) 6 items in “ability to learn is innate”
with a=.62. Differently from the Schommer’s (1990) factors, three factors were
yielded that certain and simple knowledge dimensions were merged into one factor
(p.286).
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The results of Schommer’s (1990, 1993) work on multi-dimensionality in
epistemological beliefs structure inspired Schraw, Dunkle and Bendixen (1995) to
develop the Epistemic Beliefs Inventory (EBI). Preliminarily 60 items (12 item for
each dimension) were written for five dimensions hypothesized by Schommer (1990).
After pilot studies, the EBI was formed by 32 items rated on a likert-type scale.
Bendixen, Schraw and Dunkle (1998) attained five-factor structure for EBI that
results of the factor structure is summarized in Table 2.2. Researchers emphasized
that they produced different statements for Schommer’s omniscient authority
dimension. The dimension could not be found in her results because of irrelevant
items in the EBQ.

Table 2.2 Factors of EBI (Bendixen et al., 1998, p.200)

Factor Sample Item Eigenvalue  Cronbach’s
Alpha
Certain knowledge “What is true today will be true 1.77 .76
tomorrow.”
Innate ability “Some people will never be smart no 1.27 .87

matter how hard they work.”

Quick learning “If you don’t understand something 1.24 74
the first time through, going back
over it won’t help.”

Simple knowledge “Instructors should focus on facts 1.21 .67
instead of theories.”

Omniscient authority ~ “When someone in authority tells me 1.16 .76
what to do, | usually do it.”

Halloun and Hestenes (1996) introduced the Views about Science Survey (VASS) to
assess both students’ views about science and science learning. For this purpose
researchers included four epistemological (i.e. “structure and validity of scientific
knowledge”) and three pedagogical (i.e. learnability of science) dimensions in the
instrument. By considering potential differentiation in students’ views on different

content (different laws in a theory), researchers provided same type of questions in
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different contexts. After revisions on instrument, mathematics dimension in
epistemology of science was integrated into methodology dimension (Halloun &
Hestenes, 1998). VASS-P204 version includes 50 items for physics course (Halloun
2004) and researcher modified the taxonomy of VASS in revised version. As concern
of the current study is students’ physics related epistemologies about knowledge and
knowing, examining pedagogic dimensions of VASS could be fruitful. These are
readiness to learning (7 items), reflective thinking (10 items) and personal relevance
(5 items). Sample items related to pedagogical dimension of VASS are presented in
Table 2.3. Readiness to learning dimension resembles to innate ability and quick
learning dimensions in Schommer’s EBQ. Researcher also included strategies related
to studying physics such as making preparations before the subject matter covered in
classroom, examining different resources for scientific information and discussing
findings with classmates. Reflective thinking dimension is parallel with justification
of knowledge and knowing (as suggested by Hofer, 2000). Halloun (2004) integrated
“model a situation and investigate it in many ways, instead of relying exclusively on
a formula-centered approach” into this dimension. Personal relevance dimension
concerns with understanding the relevance of science into individual’s life and

therefore studying physics is not a frustration but “self-satisfying experience”.

Table 2.3 Sample items from VASS-P201 (Halloun, 2004)

Sample Items Dimensions
41. I would like my physics course to allow me relate physics: Personal
(a) to the way I think about certain things in the natural world. relevance

(b) to other sciences and their ways of dealing with the natural world.

31. I go over the main body of a physics chapter: Readiness
(a) before the chapter is covered in class. to learning
(b) after the chapter is covered in class.

37. After the teacher solves a physics problem for which 1 got awrong  Reflective
solution: thinking
(@) I discard my solution and learn the one presented by the teacher.

(b) I try to figure out how the teachers’ solution differs from mine.
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Redish, Saul and Steinberg (1998) emphasized the students’ cognitive expectations
and beliefs about nature of science were important determinant in their science
learning. By referring to Perry’s and Belenky et al.’s studies in university level, they
underlined students’ expectations about their knowledge evolved in time. In order to
assess students’ expectations in university level, Redish et al. (1998) developed
Maryland Physics Expectations (MPEX) survey based on particularly three
dimensions proposed by Hammer (1994). Dimensions in Hammer’s (1994) basic
framework were (a) beliefs about the structure (pieces versus coherence), (b) beliefs
about the content of physics knowledge (formulas versus concepts) and (c) beliefs
about learning physics (by authority versus independent) (pp.157-161). He modified
the basic framework after interviews with six students were analyzed. Modified

framework is illustrated in Figure 2.1.

/ _ \ / Modified Framework \
Basic Framework

i Beliefs about structure
~ Beliefs about structure Pieces Weak Coherence  Coherence
Pleces Coherence Beliefs about content
Beliefs about content > Apparent Concepts
Formulas Concepts Formulas and/or Concepts
Beliefs about learning Weak Concepts
@y Authority Independentj Beliefs about learning

Qy Authority Independeny

Figure 2.1 Hammer’s (1994) frameworks for beliefs about physics knowledge (p.157,
p. 163)

In addition to Hammer’s framework, Redish et al. (1998) proposed three more
dimensions for MPEX survey as shown in Table 2.4. These are: (a) reality link
(beliefs about making connections with real life experiences and physics knowledge),
(b) math link (beliefs about use of mathematics in physics knowledge) and (c) effort
(beliefs about or students’ expectations to learn physics throughout different
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activities or tasks). Factor analysis or reliability analysis of empirical work were not

reported by the researchers.

Table 2.4 Hypothetical factors of MPEX (Redish et al., 1998, p.218-220)

N of
Factors Sample Item .
Items
Independence “Learning physics is a matter of acquiring knowledge that is 6
specifically located in the laws, principles, and equations given
in class and/or in the textbook.”
Coherence “Knowledge in physics consists of many pieces of information 5
each of which applies primarily to a specific situation.”
Concepts “The most crucial thing in solving a physics problem is finding 5
the right equation to use.”
Reality link “Physical laws have little relation to what I experience in the 4
real world.”
Math link “The derivations or proofs of equations in class or in the text 5
have little to do with solving problems or with the skills | need
to succeed in this course.”
Effort “I go over my class notes carefully to prepare for tests in this 5

course.”

In the following year, White, Elby, Frederiksen and Schwarz (1999) developed
another domain-specific instrument which was called the Epistemological Beliefs
Assessment for Physical Science (EBAPS) survey. The survey was aim to assess
students’ epistemological beliefs not only in physics (as in MPEX) but science in
general. Researchers adopted multidimensional perspective from Schommer’s
studies (1990) however criticized the dimensions proposed in the literature (Elby &
Hammer, 2001, p.556). Moreover, they sought to measure students’ beliefs rather
than students’ expectations as in MPEX. Multiple types of items were used in
EBAPS such as 17 agree/disagree likert type items, six multiple choice (MC)
questions and seven debate items (as shown in Figure 2.2). In total, the EBAPS

consists of 30 items for five dimensions: (a) structure of scientific knowledge (5
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likert, 3 MC, and 2 debate items), (b) nature of knowing and learning (5 likert, 1 MC,
and 2 debate items), (c) real-life applicability (2 likert, 1 MC, and 1 debate items), (d)
evolving knowledge (1 likert and 2 debate items), and (e) source of ability to learn
((3 likert, 1 MC, and 1 debate items). Construct-related validity evidence by factor
analysis or any reliability analysis was not provided by the researchers.

Justin:  WhenI'mlearning science concepts for a test, [ like to put things in my own words, so that they
make sense tome.

Dave:  But putting things in your own words doesn't help you learn. The textbook was written by
people who know science really well. You should learn things the way the textbook presents
them.

a
b

{a) Iagree almostentirely with Justin.

(

(c) lagree(or disagree) equally with Justin and Dave.
(

(

Although [ agree more with Justin, I think Dave makes some good points.

d) Althoughlagree more with Dave, I think Justin makes some good points.
e) lagree almost entirely with Dave.

Figure 2.2 Sample debate item in nature of knowing and learning dimension in
EBAPS (Redish, 2003, p.114)

Another quantitative measurement instrument, the Epistemic Doubt Questionnaire
(EDQ) was developed by Krettenauer, Hallett and Chandler (as cited in Hallett,
2000). The questionnaire was based on Chandler, Boyes and Ball’s (1990)
restructured epistemological positions adopted from Perry’s scheme as (a) realism, (b)
dogmatism, (c) skepticism and (d) rationalism. The EDQ consists of 12 items and
dilemmatic knowledge claims were presented in each item (Hallett, 2000, p.26).
Accordingly each item contains four response options based on different epistemic
positions. And participants rate each response options from 1 (completely agree) to 5
(completely disagree). A sample question in the EDQ is presented in Figure 2.3.
Hallett (2000) reported that EDQ was unable to make distinction between dogmatism
and realism. Instead, a new stance was added in the form of “objectivism” (Hallett,
Chandler, & Krettenauer, 2002, p.296). Objectivism was also divided into two

categories, Obj1: Objectivism (expertise) and Obj2: Objectivism (personal certainty).
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Indicate your answer by placing one of the following numbers on the line beside the
statement:

| = completely agree

2 = moderately agree

3 = equally agree and disagree
4 = moderately disagree

5 = completely disagree

5. Some people argue that the universe was created suddenly. Other
people say that it evolved over a long period of time. I think that:

(a) We’ll never know what happened a million years ago. So whichever of these

viewpoints you choose is arbitrary. SKE
(b) A careful analysis of what really happened will make the answer clear. ------- oBJ1
(c) When people argue about things like this they don’t have the facts straight.

It is quite clear which point of view is right. ———————_ QBJ2
(d) Itis possible for both theories to explain many of the facts about the origin

of the universe, -mmcoccmmm . - RAT

WHICH STATEMENT EXPRESSES YOUR OWN VIEWPOINT BEST?
CIRCLE ONE: (a) (b) (c) (d)

Figure 2.3 A sample question from the EDQ (Hallett, 2000, p.55)

Hofer and Pintrich (1997) proposed four-factor structure for the dimensionality of
personal epistemology (see Section 2.1.3) by excluding learning aspect (quick
learning and innate ability). These were including certainty of knowledge, simplicity
of knowledge, source of knowledge and justification for knowing. In order to assess
dimensionality and differences across domains, Hofer (2000) developed the
discipline-focused epistemological beliefs questionnaire (DEBQ) with a team of
researchers in the field. The instrument was an adaptation of preexisting instruments
such as CLEV, MER, and EBQ. The DEBQ is a likert-type scale including 27 items.
Each item points out a field, subject matter or reference such as “In this field,
knowledge is certain.” (p.388). Factor analysis revealed similar results as in Qian and
Alvermann’s (1995) study that certain and simple knowledge dimensions were
loaded as one factor. The factors relied on DEBQ were determined as (a)
certainty/simplicity of knowledge, (b) justification for knowing: personal, (c) source
of knowledge: authority, (d) Attainability of truth. However, justification for

knowing and source of knowledge factors were not represented as hypothesized
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according to items loaded in factors. For instance, justification of knowing was
limited to justification by individual rather than assessment of external knowledge

such as evidence, or expert opinion.

After development of MPEX, a second version (MPEX-II) of the survey released by
Elby, McCaskey, Lippmann and Redish (2001). In this version, MPEX and EBAPS
items were reexamined and Hammer’s (1994) framework (see Figure 2.2) was
adopted as theoretical background. MPEX-II consists of 32 items in total: 25 likert-
type items (5 point rating scale), three multiple choice, and four debate questions.
Clusters in MPEX-II and sample items are given in Table 2.5. One item in the survey
(#19: “A significant problem in this course will be being able to memorize all the
information I need to know.”) was integrated into coherence and concepts clusters.
Even though epistemological dimension are probed with several items, the survey
aims to collect information about students’ views and expectations in physics

learning.

Table 2.5 Dimensions of MPEX-II (Elby et al., 2001)

Clusters Sample items N of items

“The extent to which the student sees physics knowledge
Coherence (math, ]
] as coherent and sensible as opposed to a bunch of 12
reality, other) ) )
disconnected pieces.”

“The extent to which students see concepts as the
Concepts substance of physics -- as opposed to thinking of them as 9

mere cues for which formulas to use.”

Independence “The extent to which the student sees learning physics as
(epistemology, a matter of constructing her own understanding rather 12
personal) than absorbing knowledge from authority.”
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On the purpose of creating domain-specific instrument, Buehl, Alexander, & Murphy
(2002) developed the Domain-Specific Belief Questionnaire (DBSQ) parallel to four-
dimensional EBQ. Mathematics and history were selected as domains. Initial version
of DBSQ consisted of 82 items created for four-factor structure as in Schommer’s
(1990). However, two-factor model vyielded from factor analysis results that
researchers pointed out sample size could cause such a result (Buehl et al., 2002,
p.426). By reducing the number of items and increasing number of participants, they
conducted another validation study. Exploratory factor analysis revealed a four-
factor solution for 22-item version of DBSQ as shown in Table 2.6. Factors are

distinguished in instrument according to mathematics and history domains.

Table 2.6 Factors of DBSQ (Buehl et al., 2002, p.436)

Factors Sample items N of items  Cronbach’s a
Need for effort in “Even if it takes a long time to 5 .68
mathematics learn a math concept, it is best to

keep trying.”
Integration of “It is a waste of time to work on 6 .70

information and problem  math problems that have no

solving in math precise answers.”

Need for effort in history  “Even if it takes a long time to 5 .61
learn a history concept, it is best to
keep trying.”

Integration of “It is a good use of time to work in 6 75

information and problem history questions that have no

solving in history precise answers.”

An alternative to physics related domain specific instrument, a group of researcher in
University of Colorado designed the Colorado Learning Attitudes about Science
Survey (CLASS) (Adams, Perkins, Podolefsky, Dubson, Finkelstein, & Wieman,
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2006). There are 42 items in the survey for physics course. Researchers proposed
eight categories for the CLASS, however there are six items uncategorized.
Categories are: real world connection, personal interest, sense making/effort,
conceptual connections, applied conceptual understanding, problem solving general,
problem solving confidence and problem solving sophistication. It should be noted
that some items are put into more than one category or two categories. For example,
sixth item “Knowledge in physics consists of many disconnected topics.” is related
with conceptual connections and applied conceptual understanding by researchers. It
is difficult to find out how these two categories differ. In addition, there are some
items that concerns attitude toward problem solving in physics such as “I enjoy
solving physics problems.” Researchers included very few items on students’ views
about physics knowledge. Understanding physics is mostly recognized being able to
solve physics problems as in 29th item: “To learn physics, | only need to memorize

solutions to sample problems.”

Stahl and Bromme (2007) selected a different approach to measure domain-specific

b1

epistemological beliefs. They suggested distinguishing denotative (students’ “explicit
beliefs about the philosophy of science that effects their concrete image of nature of
knowledge”) and connotative (“evaluative associations”) aspects in order to obtain
deeper understanding about students’ epistemological beliefs. In the Connotative
Aspects of Epistemological Beliefs (CAEB) questionnaire, semantic differential
technique was used. Hypothetical structure of CAEB was based on three factors:
simplicity of knowledge, certainty of knowledge, and source of knowledge.
Researchers created adjective pairs related to each factor and these were analyzed in
terms of relevance and appropriateness by four raters. Initial version of CAEB
consisted of 24 items in total. For instance, “simple-complex” or “connected-divided”
adjective pairs were included in simplicity of knowledge factor whereas “stable-
unstable”, “flexible-inflexible” in certainty of knowledge, and “refutable-irrefutable”,

“constructed-preexisting” in source of knowledge factor. Each adjective pair was

rated on a 7 point-scale.
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In order to test whether CAEB assesses domain specific differences, it was
administered in three different subject areas (i.e. plant identification, genetics and
physics.) Researchers identified two-factor structure based on factor analysis result
(including 17 items) as shown in Table 2.7. Stahl and Bromme (2007) coded these
factors differently from previous studies. Texture factor can be associated with
structure of knowledge and variability with certainty of knowledge. Moreover, they
confirmed that CAEB distinguished students’ epistemological beliefs across three

academic domains (p.780).

Table 2.7 Factors of CAEB (Stahl & Bromme, 2007, p. 778-9)

Factors Explanations Sample Adjective Pairs N of items  Cronbach’s a

Texture refers to “beliefs “sorted-unsorted” 10 Plants: .78
about structure “confirmable- Genetics: .75
and accuracy of unconfirmable” Physics: .83
knowledge” “objective-subjective”

Variability refers to “beliefs “completed- 7 Plants:.75
about stability and uncompleted” Genetics: .73
dynamics of “stable-unstable” Physics: .76
knowledge” “dynamic-static”

Stathopoulou and Vosniadou (2007) developed the Greek Epistemological Beliefs
Evaluation instrument for Physics (GEBEP) to assess students’ beliefs about nature
of knowledge as well as process of obtaining knowledge in physics. In spite of
existing domain-specific instruments, researchers aimed to construct “an instrument
more akin to general cultural and education context within which the learning of
physics takes place in Greek secondary schools” (p.262).The instrument focuses on
four hypothetical dimensions of students’ physics-related epistemological beliefs
mentioned in Section 2.1.3 as shown in Table 2.8. Four-factor model for GEBEP
yielded from factor analysis which was different than the proposed model.
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Justification of knowing factor did not appear even though researchers hypothesized

that dimension as core beliefs about process of knowing.

Table 2.8 Factors of GEBEP (Stathopoulou & Vosnidaou, 2007, p.265-7)

Factors Sample Items N of Items Cronbach’s a
Structure of “It is useful to check whether and 10 statement .67
knowledge how new physics knowledge is items
related with what you already know.”
Construction “Physics textbooks present theories 7 statement .56
and stability of  that have been confirmed by items
knowledge scientists and are not going to
change.”
Attainability of  “Sooner or later scientists will reveal 4 statement .66
absolute truth all the secrets of nature.” items
Source of “How much physics knowledge we 2 statement Not reported
knowing get from school mostly depends on and 2 debate

the quality of our teachers.” items

Briten and Stremse (2009) proposed an alternative instrument to domain-specific
level questionnaires. Their aim was to measure topic-specific level epistemological
beliefs on climate change. Theoretical framework of the Topic-Specific Epistemic
Belief Questionnaire (TSEBQ) was based on Hofer and Pintrich’s (1997) model (see
Section 2.1.3). Preliminarily, 49 items were written for hypothetical four-factor
structures. Each item was rated on a 10 point-scale (1: strongly disagree; 10: strongly
agree). Factor analysis yielded four-factor solution with 24 items in total (as given in
Table 2.9). However, Braten and Stremse (2009) considered certainty and simplicity
of knowledge factors as core dimensions within personal epistemology and did not
use source and justification components in their study without giving any reasonable

explanation.
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Table 2.9 Factors of TSEBQ (Braten & Stremsg, 2009, p.14)

Factors Sample Items N of Items  Cronbach’s o
Certainty of “What is considered to be certain 6 .70
knowledge about  knowledge about climate today, may be
climate change considered to be false tomorrow.”

“Theories about climate can be

disproved at any time.”
Simplicity of “With respect to knowledge about 6 .60
knowledge about  climate, there are seldom connections
climate change among different issues.”

“Within climate research, various

theories about the same will make things

unnecessary complicated.”
Source of No sample item 5 Not reported
knowledge about
climate change
Justification for No sample item 7 Not reported

knowing about

climate change

2.3. Intervention Studies on Personal Epistemology in Education Research

The studies on personal epistemology heavily rely on relational studies which

explore relationships between epistemological beliefs and other measures such as

domain/discipline (e.g. Schommer & Walker, 1995; Hofer, 2000), gender (e.g.

Baxter Magolda, 1987), academic achievement (e.g. Schommer, Calvert, Garglietti,

& Bajaj, 1997), learning orientations (e.g. Tsai, 1998; Tsai, 2007), conceptions about

teaching and learning (e.g. Chan & Elliot, 2004), and so on. Based on the findings of

previous associational research, some researchers began to conduct intervention

studies on developing personal epistemologies in educational context (e.g. Conley et
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al., 2004; Valanides & Angeli, 2005; Rosenberg et al., 2006; Ryu & Sandoval, 2012;
Yerdelen-Damar, 2013; Yaman, 2013). Intervention studies are discussed in this

section.

2.3.1. Implicit Interventions to Tap Students’ Personal Epistemologies in

Education Research

Based on findings of educational research that relates epistemological sophistication
with academic achievement, Elby (2001) designed a course to promote
epistemological development. Course was given to two different samples including
high school students at different academic years. California sample consisted of 27
high school students in San Francisco. The other sample consisted of 55 physics
students from gifted and talented students in Virginia. He administered two
epistemological surveys in the study. The Maryland Physics Expectations Survey
(MPEX) was developed by Redish, Saul and Steinberg (1998). The survey was
constructed from six dimensions: independence, coherence, concepts, reality link,
math link and effort. The Epistemological Beliefs Assessment for Physical Science
(EBAPS) was developed by White et al. (1999). The EBAPS was constructed from
five non-orthogonal dimensions: structure of scientific knowledge, nature of
knowing and learning, real-life applicability, evolving knowledge and source of
ability to learn. California sample took EBAPS as pretest and posttest. However,
Virginia sample took both tests at the beginning and at the end of the academic year.
MPEX results of Virginia sample showed that students’ gains were statistically
significant for each dimension in the survey. When EBAPS scores were considered,
Virginia students’ gains were statistically significant for overall survey. However,
findings revealed that course was not effective on changing students’ views on
evolving knowledge and source of ability to learn dimensions. Similar to Virginia
sample, California students’ gains were statistically significant for overall survey.
Students’ views were changed significantly on two dimensions out of five except

real-life applicability, evolving knowledge and source of ability to learn dimensions.
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Elby (2001) discussed that epistemology-focused course might influence students’
epistemological views about structure of knowledge (coherent and conceptual
structure of physics) and constructive nature of learning dimensions for both average
and gifted students (p.S57). In spite of improvement of students’ epistemological
views, there are some issues related with research design. Absence of control group
is a weakness of study to attain success to course itself. For instance, maturation of
students throughout an academic year might be a potential source for change in
epistemological views. Another issue was comparison of two unique samples.
Virginia students were all talented and gifted students. Lastly, researcher’s position

as instructor might be potential threat for internal validity of the study.

Conley et al. (2004) conducted research to examine how epistemological beliefs of
elementary school students change over time. 187 fifth graders from 12 elementary
schools were participated in the study. Self-reports as measurement instruments were
used for data collection before starting and after the completion of a science unit. The
instrument consists of 26-item to measure epistemological beliefs along four
dimensions. Instruction on the chemical properties of substances was constant in
every classroom in the sample. Science process skills and also ability to perform
scientific investigation were emphasized in the unit. Teachers encouraged their
students to explore the introduced facts and make their own investigations during the
class. Next, teachers were expected to start discussion depending on a guideline with
suggestions given before the instruction. In general, instruction was formed by three
phases. Firstly, teacher reminded of the previous activity and the main concepts and
introduces new hands-on activity while giving instructions on what students are
expected to record on their notebooks. In second phase, students work in small
groups for hands-on activity in the guidance of teacher. And in third phase, whole
class discusses the activity at the end of the lecture. Researchers reported zero-order
correlations achievement and epistemological beliefs in science. Correlations
between first and last measures of the same belief ranged from r= .44 to .76, which

suggests both change and stability over time. The results of the analysis show that
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students who had higher levels of achievement also held more sophisticated beliefs.
It is questionable to indicate the changes within the subdimensions of
epistemological beliefs (source, certainty, development and justification) over time.
In addition, mean score differences across the subdimensions are very small

(about .30) to indicate any improvement within those dimensions.

Another intervention study targeting teacher education program was conducted by
Gill, Ashton and Algina (2004). Participants of the study were 161 preservice
elementary teachers. 90 percent of the students were female. Participants were
randomly assigned to experimental and control groups. In experimental group,
augmented activation message and refutational texts were used to stimulate particular
epistemological beliefs. Augmented activation message presents information that
direct students’ attention to conflicting ideas with their own. Meanwhile, students
have chance to examine different views by this technique. After this instructional text,
students read refutational text. The aim of using refutational text is to create
dissatisfaction on students’ existing beliefs by presenting scientific evidence. In
control group, students completed word scramble while experimental group reading
augment message. Later, they read an expository text presents information about
constructivist epistemology and teaching practices in mathematics without
challenging ideas as in refutational text. To assess pre-service teachers’ explicit
epistemological beliefs, first and third subscales of Cognitively Guided Instruction
Belief Survey (CGIl) were used. First subscale is about how children learn
mathematics and third subscale concerns about teachers’ beliefs about methods to
teach addition and subtraction. Moreover, eight teaching scenarios on mathematics
were developed to get deeper understanding about students’ implicit epistemological
mathematics beliefs. Students’ general epistemological beliefs were measured by
Schommer’s (1990) Epistemological Beliefs Questionnaire. Researchers used
thought-listing task in order to assess degree of students’ systematic processing of
refutational and expository texts. Pretest (including 30 CGI items, 11 epistemological

questions and eight scenarios) administered before students were introduced with
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constructivism subject. One week later, students were exposed to treatment and
posttests. Short time gap between pre and posttest administration is one of the
possible threat to internal validity of findings. Simultaneous equation model (path
analysis method) was used to find out effect of intervention on epistemological
change. Statistically significant difference was found between experimental and
control groups on preservice teachers’ implicit epistemological beliefs on
mathematics due to standardized direct effect of constructivist scenario intervention
(SDE = .18, Cohen’s d = .36, z = 2.75, p < .01), due to standardized direct effect of
systematic processing (SDE = .15, z = 2.29, p <.025) and due to standardized direct
effect of procedural scenarios intervention (SDE = -.14, Cohen’s d = -.27, z = -1.86,
p < .05). Moreover, there was statistically significant difference between
experimental and control groups on preservice teachers’ explicit epistemological
beliefs on mathematics due to standardized direct effect of treatment (SDE=.16,
Cohen’s d = .31, z = 2.46, p < .01). Findings revealed that intervention of augmented
activation message and refutational text resulted with more improvement in
preservice teachers’ epistemological beliefs when compared to standard expository
text. However, it should be noted that effect sizes were found small. Also, duration

of intervention was too short that it is difficult to underestimate novelty effect.

Valanides and Angeli’s (2005) research on effectiveness of teaching critical thinking
principles to change university students’ epistemological beliefs are an example of
intervention studies. 108 undergraduate college students are participated in the study.
These participants are randomly assigned to three different intervention session. In
first session students are introduced with an ill-defined problem. Students read and
summarized the article. In second session, three different methods are used
separately in three groups. (1) General teaching intervention consists of reading and
outlining task. (2) Infusion teaching intervention consists of discussion, preparation
of outline, reflection of ideas, lecturing, and completion of outline for the task. (3)
Immersion teaching intervention is implemented starting with discussion and

continued with preparation of outline, reflection of ideas, Socratic questioning, and
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completion of outline for the task. And third session was same with the first session.
The data collection is done by Epistemic Belief Questionnaire Form A and Form B
adapted from King and Kitchener’s (1994) interview questions. Researchers reported
correlation between pre and post measures of epistemological beliefs were
significantly correlated, either as .05 or .01. The findings indicated that posttest
scores were higher than pretest scores for each teaching session. Repeated measures
of ANOVA was used as a statistical analysis that results show that posttest
performance is significantly higher than pretest performance (F (2, 105) = 19.769, p
=.00), and the main effect related to the between subjects independent variable was
significant (F (2, 105) = 3.995, p = .021). The interaction effect between treatment
and epistemological beliefs was not found to be significant (F (2, 105) = .933,
p=.397).

Finkelstein and Pollock (2005) investigated the effectiveness of “Tutorials in
Introductory Physics” on university students’ conceptual understanding. These
tutorials were designed to assists classical calculus based physics instruction by
modification of recitation hours. Meanwhile, they explored if there would be any
change in students’ beliefs about physics and physics learning by administering
CLASS. Researchers claimed that the course implicitly conveys “metamessages”
about “how, why and by whom science is learned” (p. 010101-4). Force Concept
Inventory (FCI) and Force Motion Conceptual Evaluation (FMCE) were used to
measure students’ conceptual gains after tutorials. Although normalized gain was
calculated as 0.67 which indicates high-gain for conceptual scores, the results of
CLASS revealed no significant change in students’ beliefs about learning. In addition,
researchers reported low but statistically significant correlations between CLASS
score and pre and post FMCE scores (.24 and .34 respectively). They concluded that
students’ belief about learning may be affected by learning experience by referring to

correlations.
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To investigate coherency of the cognitive structure accounted for students’ personal
epistemologies, Rosenberg et al. (2006) conducted a case study on eight graders.
Researchers advocated that variability of the cognitive structure in a particular
domain will indicate a complex model rather than a coherent system of beliefs. The
purpose of this case study was to observe nature and role of epistemology in
classroom context instead of using interviews or surveys. Source of data were
students’ statements and argumentations during the discussion. The focus was not on
nature of knowledge. Twenty-two eighth graders in a suburban middle school were
participants of the study. Students were expected to read a worksheet about “How
are rocks formed?” In first discussion segment after reading worksheet, students
discussed the question. Authors stated that students are not very productive in
discussion where they even misused the technical words. In second segment, teacher
started the discussion with a statement “start from what you know”. Based on
teacher’s intervention, students were expected to focus on one way to engage with
the epistemic activity. In third segment, students seemed to be more flexible about
forming their knowledge. Because they did not feel themselves dependent on the text
(as source of knowledge) that they became the source of making meaning. And in
last segment, students are expected to discuss “where does it get heat and pressure?”
question. Students tried to find casual evidence based on already formed knowledge
and they began to find discrepancies in the story and the information they need to
answer this question. Authors explained these changing situations as shifts in

students’ epistemologies.

Kienhues, Bromme and Stahl (2008) studied with 58 university students from
different departments (e.g. psychology, education) in a German university. They
conducted a short-term intervention study to explore to what extent individuals
change their epistemological beliefs by the refutational epistemological instruction.
They gave “pure information” to comparison group by informational instruction
(p.549). Researchers pointed out that these instructions might affect different existing

epistemological beliefs. It should be also noted that instruction refers to reading task
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in this study. Research design was 2x2 factorial pretest and posttest design to
examine effect of instruction type (refutational epistemological instruction vs.
informational instruction) and students’ epistemological profiles (naive Vvs.
sophisticated). Students’ epistemological beliefs were measured by two instruments:
(@) German version of Hofer’s (2000) Discipline-Focused Epistemological Beliefs
Questionnaire (DBEQ), and (b) Stahl and Bromme’s (2007) Connotative Aspects of
Epistemological Beliefs (CAEB). These two instruments are not necessarily
measures same aspects of the epistemological beliefs. In addition to epistemological
measures, researchers collected more data for control variables such as students’
need for cognition, verbal intelligence and knowledge of genetics. For
epistemological instruction, the subject was selected as research on DNA
fingerprinting. In comparison group the reading task was written as in traditional
textbooks to convey information about fingerprinting without controversial ideas. In
treatment group, refutational text begins with “DNA fingerprinting is a safe method”.
This part introduced knowledge on DNA fingerprinting as known and certain. Then,
“the uncertainties and difficulties in DNA fingerprinting” was discussed in text.
Epistemologically, certainty of knowledge dimension was stimulated in this group.
Participants reached out these texts on-line. MANOVA for repeated measures was
performed to assess effectiveness of instruction, prior epistemological beliefs and
interaction effect. Main effect of instruction type and interaction between instruction
type and prior epistemological beliefs were found non-significant. However, main
effect of prior epistemological beliefs was found significant (F (6, 49) = 32.91, p
< .01, partial eta squared = .80). There was statistically and practically significant
difference between pre and post measurements regarding to stability factor (F (1, 54)
= 9.55, p < .01, partial eta squared = .15) and simplicity and certainty factor in
DEBQ (F (1, 54) = 21.19, p < .01, partial eta squared = .28). Researchers reported
that they failed to promote significant changes in naive refutational group as
expected. Meanwhile, results of CAEB provided evidence for change in

epistemological beliefs due to instruction type. Only naive and sophisticated
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refutational group displayed significant changes between pre and posttest measures.

Naive group improved their scores but sophisticated group views became more naive.

Redish and Hammer (2009) conducted a project to transform introductory algebra-
based course by examining the components of the curricula. They designed a physics
course for biologist based on their needs to stimulate students’ productive conceptual
and epistemological resources. In the course, epistemological integration was explicit
and these integrations were categorized as shopping for ideas, sense making, seeking
coherence, restricting the scope, etc. They adapted Peer Instruction into classes
which start with clicker questions. Lectures illustrated with interactive lecture
demonstrations. Researchers used variety of data collection tools, such as
videotaping tutorials, laboratory activities, courses, students’ responses to clicker
question in peer instruction, quizzes, homework and exams, semi-structured
interviews with volunteer students, conceptual surveys (FCI) and FMCE),
epistemological surveys (MPEX-11). MPEX-1I was prepared by researchers by using
items from MPEX and EBAPS. It consists of 32 items (25 statements and seven
multiple choice items). Results on concept learning showed that average gains in
treatment class were between 0.44 and 0.47 which indicated moderate improvement.
In reformed laboratories, students spent more time (about %20) on sense-making
when compared to a traditional laboratory session. On the other hand,
epistemological survey results (MPEX-II) indicated strong gains in class. These
strong gains were calculated for concepts and coherence categories. Researchers
noted that they were able to improve reality category from 66 percent to 73 percent
favorable response. However, non-significant gain was found for independence
category. In accordance with the results, researchers concluded that reforming
instructional environment with well-known practices in science education promoted
higher improvement in concept learning despite of little change in expectations and

attitudes about course.
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From a different perspective, Ryu and Sandoval (2012) investigated the effect of
scientific argumentation on students’ personal epistemological understanding. More
specifically, they focused on whether argumentation improves practical use of
“epistemic criteria for scientific arguments” (p.489) such as use of coherency of
causal claims and justification of knowledge with appropriate evidence. In detail,
four epistemic criteria were determined: (a) causal structure, (b) causal coherence, (c)
citation of evidence, and (d) evidentiary justification. For the study, sample was
selected from third and fourth grade classrooms. In total, 21 students participated in
the study including nine third grader and 12 fourth graders. In classrooms, scientific
content was integrated with different student activity like epistemological activity,
guided activity, open-ended group experiment, planning presentation and final
presentation. The teacher often directed epistemic questions such as “how do we
know what we know?”” and “How can a hospital administrator convince others that
longer visiting hours are good?” (p.496). Researchers developed “an argument
construction task” (p.499) for assessment. Students encountered with scientific
questions and they were expected to provide claims by using available information.
Later, students’ written arguments are evaluated by using a rubric concerning
epistemic criteria. Results of the study showed that students performed better after
implementation (pretest: M = 3.19, SD = 0.75; posttest M = 3.90, SD = 0.39; t(20) =
5.08, p < .001) (p.503). They also noted that children demonstrated better
performance to comprehend causal structure, evidence citation and explicit
justification. However, they performed worse at causal coherence which might be

difficult task for that age group.

Muis and Duffy (2013) designed an instruction in order to foster changes in s
students’ beliefs, learning strategies and to improve their achievement. The
intervention was applied to a graduate-level statistics class that students displayed
less constructivist beliefs in the subject-domain, students’ learning strategies were
primarily rote memorization and they had low motivation level. There were 63

graduate university students (46 female, 17 male) enrolled in graduate programs in
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education, nursing, health promotion, psychology, etc. 32 participants were in control
group class and 31 were in intervention group. Research design was multiple time
testing and control group design. To assess students’ epistemic beliefs, Hofer’s (2000)
Discipline-Focused Epistemic Beliefs Questionnaire (DFEBQ) was used in the study.
In order to assess critical thinking skills, Motivated Strategies for Learning
Questionnaire (MSLQ) was administered to participants. And for achievement,
students’ scores on exams and assignments including final grade they get from
statistics course were used. Intervention in instruction was done in four
epistemological dimensions. Certainty and simplicity of knowledge dimensions were
stimulated by a question asked by instructor. In small groups, students studied
together to give answer and presented their results in class. Furthermore, these
presentations led to new discussions. Also instructors introduced different evolving
statistical approaches and debates about them during the course. For source
dimension, students were encouraged to interact with their peers and study
collaboratively. The aim was to give message about knowledge is constructed by
personal learning and interaction with others. Justification dimension was pointed out
by the professor “relying on logic and reason to justify why approaches and solutions
to problems were correct” (p.218). In other words, intervention class focused on
justification of knowledge by the process and product of inquiry, self opinions and
individual experiences. The uniqueness of the study was based on five time
measurement (week 2, 4, 8, 12, 15) in the semester. Researchers were able to
examine whether epistemological dimensions started to change between consecutive
weeks. Main effect of time was only found significant for attainability of truth
dimension (F (4, 58) = 2.50, p < .01, partial eta squared = .15). Main effect of the
instructional group was significant for justification of knowledge (F (1, 61) =4.97, p
< .01, partial eta squared = .06), attainability of truth (F (1, 61) = 8.86, p < .01,
partial eta squared = .13), certainty and simplicity of knowledge dimensions (F (4, 61)
= 11.75, p < .001, partial eta squared =. 16). These results also practically large
effect sizes when partial eta squared values are considered. Researchers reported

significant interactions between time and instructional group in each epistemological
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dimension. In accordance with the results, intervention method was effective to
promote epistemological change in students’ beliefs. In fact, these changes in beliefs

did not occur quickly bur gradually.

Another doctoral study (Yaman, 2013) completed in same year was also investigated
the effects of instructions based on conceptual change strategies (i.e. cognitive
bridging and cognitive conflict) on students’ conceptual understanding,
epistemological beliefs and self-efficacy. Researcher hypothesized that different
conceptual change strategies has distinct potential to effect students’ with different
personal epistemologies. 206 ninth grade high school students from two different
schools participated in the study. Within this sample, one control and two treatment
groups were selected from each school. The duration of implementation including
pre and post testing process took six weeks in total. Researcher used translated
version of EBAPS (White et al., 1999) by himself to measure students’
epistemological beliefs. Validation process was not reported in detail except content
validity and face validity. Construct validity was not the concern. Reliability of the
test, Cronbach’s alpha, reported as .43. According to results, no significant difference
was observed between two groups treated with different conceptual change strategies

in terms of epistemological beliefs at the end of the treatment.

2.3.2. Explicit Interventions to Tap Students’ Personal Epistemologies in

Education Research

Brownlee, Purdie and Boulton-Lewis (2001) explored the influence of an enhanced
teaching program on pre-service teachers’ epistemological beliefs at the Queensland
University of Technology in Australia. This study was the first phase (Phase 1) of a
longitudinal project. They selected two groups: research group (RG) and comparison
group (CG). Participants of the RG were selected purposively from who enrolled into
enhanced teaching program (29 Graduate Diploma in Education students). These

students had already undergraduate degrees (i.e. business, social science, psychology,
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etc.). And they enrolled in this one year long teaching program to obtain diploma to
teach in primary schools. The CG was formed by 25 students. Main difference
between RG and CG was that RG students were expected to make reflections on the
content by establishing link with epistemological beliefs literature and their personal
epistemologies. These students kept personal journal to record their reflections
explicitly. Reflections on the journal and the feedback given on these reflections
were used in interviews with students. Then emergent constructions were shared and
discussed with next interviewee. Later in a whole group discussion, all constructions
were represented and new discussions were prompted. Schommers’ (1990)
Epistemological Beliefs Questionnaire was administered both RG and CG for twice
(Time 1 and Time 2) in order to collect quantitative data. Qualitative data was
collected by 35-60 minutes interviews from RG for twice. In CG, qualitative data
was collected by a task “to complete written Statement about their beliefs about
knowing” (p.255). This task was given at the beginning and at the end of the year.
Results of the repeated measures ANOVA showed that there were significant
differences between two groups in two dimensions: quick learning (calculated
Cohen’s d= .61, medium effect size) and certain knowledge (calculated Cohen’s
d= .12, small effect size). Students in CG revealed more responses close to learning
should be quick while number of students in RG decreased in terms of quick learning.
On the other hand, RG students displayed progress toward relativistic view of truth
while CG students did not change their views over time in terms of certain
knowledge. Researchers had extended five dimensions in epistemological beliefs
questionnaire into 12 dimensions. Accordingly, they found out difference between
RG and CG for two more sub-dimensions: (a) “Cannot learn how to learn” in innate
ability dimension, and (b) “Depend on authority” in omniscient authority dimension.
Number of students in RG increased who responded as ability to learn is changeable
whereas less number of students in the group responded that individual should
depend on authority. Qualitative data analysis was also supported the quantitative
analysis that more students in RG gave sophisticated answers than students in CG at

Time 2. Results of the study showed that explicit reflections on epistemological
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beliefs promoted development in students’ epistemologies. However, it should be
noted that practical significance of the finding was medium for quick learning and
small for certain knowledge. And number of participants was small to make

generalizations from results of the study.

In Phase 2, Stacey, Brownlee, Thorpe and Reeves (2005) examined the effect of
explicit reflection in a research method course on early childhood pre-service
teachers’ personal epistemologies. 65 pre-service teachers (60 female and 5 male)
participated into the study. It is worth to note that participants were also co-
researchers in current study and they were expected to write an empirical report for
assessment. In order to stimulate personal epistemologies, students interviewed their
critical friends on their beliefs and critical friends interviewed these students in
return. They were expected to write interview result as a report in terms of personal
epistemology literature. In the course, students engaged with multiple research
methods and they tried to make associations with epistemology literature. To assess
epistemological beliefs, online version of Schommer’s (1998) EBQ was used as pre
and post tests. They reused 12 subscales in Phase 2 emerged from Schommer’s scale
in Phase 1. Repeated measures t-test was performed to evaluate change in
epistemological beliefs. Results showed that there were significant changes occurred
in students’ epistemological beliefs after intervention especially in Innate Ability
scale (t(51) = 2.62, p = .012). Significant changes observed in following subscales:
“Avoid Integration” (t(52) = 2.84, p =.006), “Knowledge is Certain” (t(53) = 2.09, p
= .041), “Don’t Criticize Authority”(t(53) = 2.77, p = .008), “Ability to Learn is
Innate”(t (51) = 2.04, p =.046) and “Success Unrelated to Hard Work” (t (51) = 2.62,
p < .001). These changes indicated movements from naive beliefs to sophisticated
beliefs. There are limitations of study that no control group was formed for
comparison. Therefore only pre and posttest results of sample were compared.
Gender bias due to selection of department also restricts generalization of results. As
participants were co-researchers, they were aware of the research questions that may

also cause researcher bias.
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Brownlee, Petriwskyj, Thorpe, Stacey and Gibson (2011) kept on exploring effects
of explicit reflections in integrated teaching program on students’ personal
epistemologies as Phase 3 study. The program was adopted social constructivist
approach to foster epistemological change through implicit and explicit reflections
on epistemology. In this program students were engaged with themes such as
evidence-based thinking and practice, multiplicity in ways of knowing, etc. Four
units in the program were selected for the current study. Research in Early
Childhood Education lecture was the last lesson in which students shared their
thoughts emanated from at the end of the program. In this lecture, students were
expected to submit a short research project in order to make explicit reflection on
their personal epistemologies. Research design was mixed-method design including
quantitative and qualitative data collection processes. To assess changes in student
epistemologies, Kardash and Wood’s (2000) the Epistemological Beliefs Survey
(EBS) was used. 73 students were responded to the survey. Qualitative data was
gathered from open-ended questions on the EBS (N=25) and students’ journal
reflections (N=51). According to results of quantitative analysis, there was
significant positive change in students’ epistemological beliefs at the end of the
program (for “structure and integration of knowledge” t(23) = -4.07, p < .001,
Calculated Cohen’s d = 0.42; for “speed of knowledge acquisition” t(23) = -3.28, p
=.003, Calculated Cohen’s d = 0.57; for “knowledge as the construction of personal
meaning” t(23) = -2.16, p = .041, Calculated Cohen’s d = 0.31; and “view of student
success as based on innate ability” t(23) = -2.16, p = .042, Calculated Cohen’s d =
0.30). It should be noted that even though statistical significance was found for these
subscales, practically small effect sizes for each subscale were observed except speed
of knowledge acquisition (moderate effect). Results of qualitative analysis revealed
that as students acquired more or “increased knowledge”, they made more explicit

associations between different units (p.486).

A study on epistemological understanding in physics was conducted by Yerdelen-

Damar (2013) as a doctoral thesis in Turkey. Her study focused on the effect of
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epistemologically and metacognitively stimulated 7E learning cycle (EM-7ELC)
method on students’ physics achievement and epistemological understanding. 107
tenth grade students in an Anatolian Teacher Training High School (ATTHS) were
participated in the study. Each component of the learning cycle was enhanced by
different epistemic activities. For example, “elicit phase” was illustrated by concept
mapping, “group discussion led by metacognitive and epistemological prompts”
(p.64). The aim of such activities was to make aware of students about their own
knowledge, their intuitive knowledge and their classmates’ knowledge. In “extend
phase”, refinement diagrams and implication games were embedded to assist
students’ to refine their own knowledge. To assess students’ achievement two
different tests were used: the force and motion test-1 and Il. The Turkish Physics
Expectation Survey was administered to assess students’ epistemological
understanding in physics. This test was adapted by Yerdelen-Damar, Elby and
Eryilmaz (2012) from the Maryland Physics Expectations Survey-11 (MPEX-II).
Internal consistency coefficient was reported as .64 for pretest and .72 for the posttest
scores. Results of the study showed that EM-7ELC was an effective method to
develop students’ epistemological understanding when compared to traditional

instruction (F (1, 100) = 19.97, p <.001, partial eta squared = 0.17).

2.4. Summary of the Literature Review

Initial research recognized that individuals’ perspectives about knowledge and
knowing were influential on their learning process. Emanating from this point,
researchers argued about how students’ perspectives, in other words, personal
epistemologies change over time. Perry (1968) was pioneer of developmental view
of personal epistemology in the field and Belenky et al. (1986) and Baxter Magolda
(1987) conducted comprehensive works on this view. In general, early studies
suggested individual’s personal epistemology develops through stages ranges
between unsophisticated (e.g. absolutist, dualist, etc.) and sophisticated

epistemologies (e.g. relativist). Another common feature of this view was adopting
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unitary structure of personal epistemology which was independent of content and
context. Research focusing on relationship between text comprehension and personal
epistemologies indicated discrepancies about existing models (e.g. Ryan, 1982).
Accordingly, Schommer (1990) proposed a multidimensional structure that each
dimension was independent from each other which also suggests different
progression can be observed across dimensions over time. In her studies, Schommer
(1990, 1993) used the five hypothetical dimensions in her model (and in EBQ) that
inspired further research to investigate which epistemological elements compose
personal epistemology (e.g. Hofer, 2001). In the current study, multidimensional
perspective on personal epistemology was adopted instead of unitary structure
suggested by earlier studies. The literature on personal epistemology brought out
various hypothetical dimensions suggested by educational psychology researchers.
There are similarities as well as differences in these dimensions. In order to get
benefit from each perspective (such as epistemological theories or epistemological
resources approach), there is a need for more elaborated structure which defines

personal epistemology.

In previous studies, there are examples of intervention studies based on different
conceptual frameworks related to personal epistemology. Despite of very limited
information provided in most of the studies about what had been done in actual
classrooms, there are two different approaches followed by the researchers: implicit
versus explicit. The implicit approach in intervention studies (e.g. Finkelstein &
Pollock, 2005) did not make intended contribution for fostering students’ personal
epistemologies when compared to explicit approaches (e.g. Elby, 2001; Redish &
Hammer, 2009; Yerdelen-Damar, 2013). In Turkish settings, there is only one unique
example of explicit approach (Yerdelen-Damar, 2013) that researcher developed a
specific instruction to foster students’ personal epistemologies and achievement in
force and motion unit. Results of the study indicated that epistemologically and
metacognitively enhanced learning cycle instruction fostered both students’

epistemological understanding as well as conceptual understanding in physics.
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Intervention studies on personal epistemology were conducted mostly on
undergraduates (e.g. Elby, 2001; Valanides & Angeli, 2005; Kienhues et al., 2008;
Redish & Hammer, 2009), post-graduates (e.g. Muis & Duffy, 2013) and pre-service
teachers (e.g. Brownlee et al., 2001; Gill et al., 2004; Stacey et al., 2005; Brownlee
et al., 2011). In recent research studies, elementary and middle school students’ (e.g.
Conley et al., 2004; Rosenberg et al., 2006; Ryu & Sandoval, 2012) and high school
students’ personal epistemologies (e.g. Yerdelen-Damar, 2013; Yaman, 2013;
Yerdelen-Damar & Eryilmaz, 2016) were also recognized as essential component in
science learning. Therefore, recognition of personal epistemology in early ages may
help students to be more successful in science courses. For this purpose, more
intervention studies on younger students should be conducted to grasp idea about

how to design more efficient instruction to convey epistemic messages.
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CHAPTER 3

METHOD

This chapter provides detailed information about the methodology of the research
used in the study. In the first section, population and sample of the study are
presented. The variables of the study and the instruments used for data collection are
introduced in the following sections. In the fourth section, instructional materials
developed for the treatment groups are presented. Research design of the study,
procedures used for controlling internal validity threats, the procedure followed for
the implementation of treatments and the issues about treatment fidelity, treatment
verification, statistical analysis of the data, power analysis, assumptions and

limitations of the study are discussed in the following sections.
3.1. Population and Sample

The target population was all ninth (9™) grade students in Anatolian teacher training
high schools (ATTHS) in Ankara. There were 10 ATTHSs in Ankara between 2013-
2014 years. In total, 1362 ninth graders were enrolled in these schools. The
accessible population of this study is defined as all ninth grade students at Anatolian
teacher training high schools in Cankaya district of Ankara, Turkey. Sample of the
study was selected from two ATTHSs in accessible population. There were 440
students in these two schools. Purposive sampling was used as the sampling method
because two conditions were required to conduct the research effectively. The first
condition was that teachers with at least three classes were needed to control possible
teacher effects and the second condition was the availability of physics laboratory

facilities for the implementation of treatments.
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Only one of the two ATTHSs in Cankaya with six classes met the required
conditions to be included in the study. This sample included 186 students which
corresponded to 42 percent of the accessible population and 14 percent of the target
population. Therefore, treatment and control groups were randomly assigned to the
already-existing classes. Two out of them were instructed on explicit
epistemologically enhanced instruction (EEEI) while implicit epistemologically
enhanced instruction (IEEI) was implemented in another two classes Latter two
classes were instructed based on conventional instruction (CI). All of the classes
were taught by the same teacher. The sample of the study was consisted of 186
students. This sample size was also larger than the value of 69.3 obtained using
Cohen’s tables for power analysis (Cohen, Cohen, West & Aiken, 2003), which will
be discussed later in power analysis section in this chapter. Detailed demographic

information about students’ distribution in different groups is presented in Table 3.1.

Table 3.1 Sample of the study in terms of instructional grouping, age and gender

Gender
Female Male Total

Group Age N % N % N %

14 6 3.22 2 1.08 8 4.30
EEEI 15 30 16.12 18 9.68 48 25.80

16 1 0.54 5 2.69 6 3.23
subtotal 37 19.88 25 13.45 62 33.33

14 4 2.15 4 2.15 8 4.30
IEEI 15 29 15.60 18 9.67 47 25.27

16 6 3.23 3 1.61 9 4.84
subtotal 39 20.98 25 13.43 64 34.41

14 3 1.61 8 4.30 11 5.91
Cl 15 30 16.13 19 10.21 49 26.34

16 0 0.00 0 0.00 0 0.00
subtotal 33 17.74 27 14,51 60 32.25
Total 109 58.60 77 41.40 186 100
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As can be seen from Table 3.1, percentage of female students (% 58.60) is higher
than male students (% 41.40). But for each group type, number of students (in terms
of gender) was almost homogeneously distributed (which was done by the school
administration at the beginning of the school year). In addition, students’ age average
was about 15 (~14.94). Older students at age 16 were mostly found in IEEI groups.
Moreover, data of students’ achievements in physics course in the first semester was
directly provided by the physics teacher. Achievement means for each class of
experimental and control groups were given in Table 3.2. Due to differences among
groups in terms of age, gender and previous semester physics course grade (out of
100), these variables can be used as potential covariates in the current study.

Table 3.2 Class averages of previous semester physics course grades (out of 100)

Treatment Groups Control Groups
EEEI IEEI Cl
Class Mean Mean Mean
9A - 72.39 -
9B - 73.13 -
9C - - 70.33
aD - - 74.19
9E 75.65 - -
9F 72.00 - -

In the school, there were two physics teachers and only one of them was responsible
from six ninth grade physics classrooms. Therefore, one teacher involved in this
study. The teacher was female and has almost 20-year experience in the field. She
had been participated another thesis study about physics related epistemological
beliefs which was held 2 years ago. She was familiar with the purpose and

conceptual framework of the study.
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3.2. Variables

In this study, there are six independent variables (IVs). These are the students’
gender, age, type of instruction (METHOD), previous semester physics course grade
(PPHYSCQG), pretest scores on Heat and Temperature Achievement Test (PREHTAT)
and the pretest scores on Physics Related Personal Epistemology Questionnaire
(PREPPEQ).

PPHYSCG, PREHTAT, PREPPEQ, and age are continuous variables. Gender and
METHOD are categorical variables. METHOD has three different levels: explicit
epistemologically enhanced instruction, implicit epistemologically enhanced

instruction, and conventional instruction in this study.

There are two dependent variables (DVs) which are the posttest scores on the Heat
and Temperature Achievement Test (POSTHTAT) and the posttest scores on the
Physics related Personal Epistemology Questionnaire (POSTPPEQ). These are
continuous variables, which are measured on interval scale. The list of variables

included in the study is given in Table 3.3.

Table 3.3 List of variables used in the study

Name Type Nature Scale
GENDER v Categorical Nominal
INSTRUCTION v Categorical Nominal
AGE v Continuous Interval
PPHYSCG v Continuous Interval
PREHTAT v Continuous Interval
PREPPEQ v Continuous Interval
POSTHTAT DV Continuous Interval
POSTPPEQ DV Continuous Interval
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3.3. Research Design

Due to mandatory situation took place in Turkish school system; it was not possible
to form new classes by random selection. For this reason, intact groups in the school
were randomly assigned to control and treatment groups. In addition, these groups
were statistically controlled on some related variables by using covariance analysis.
As a result, the study adopts quasi-experimental design; more specifically pretest-

posttest control group design was employed (Fraenkel & Wallen, 2006).

As shown in Table 3.4, firstly all groups took pretests of the PPEQ and the HTAT
two weeks before the treatments. Treatments were started at the first week of April,
2014. After administration of pretests, one of the treatment groups was instructed by
the EEEI while other treatment groups by IEEI and control group was taught by
conventional instruction until the end of May. At the end of the treatments, the first

of week of June, the PPEQ and the HTAT were administered again as posttests.

Table 3.4 The research design of the study

Group Pretest Matching Treatment Posttest

EEEI group PPEQ Statistical  Instruction based on explicit PPEQ

(Treatment 1) HTAT matching  epistemologically enhanced HTAT
instruction

IEEI group PPEQ Statistical  Instruction based on implicit PPEQ

(Treatment 2) HTAT matching  epistemologically enhanced HTAT
instruction

Cl group PPEQ Statistical  Instruction based on PPEQ

(Control) HTAT matching  conventional instruction HTAT
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3.4. Instruments

Two measurement instruments were used in this study: the Heat and Temperature
Achievement Test (HTAT) and the Physics related Personal Epistemology
Questionnaire (PPEQ). For treatment verification, the classroom observation
checklist was used. In the following sections, further information about these

instruments is given.

3.4.1. The Heat and Temperature Achievement Test (HTAT)

The HTAT was developed by the researcher by considering objective list presented
in 2013 high school physics curriculum published by the Ministry of National
Education. This test aims to assess ninth grade students’ academic achievement in
heat and temperature unit. Prior to construction of the HTAT, the objective list of the
heat and temperature unit in ninth grade level was examined. The table of test
specification was prepared based on these objectives (see Appendix A). First version
of the HTAT is given in Appendix B. At least one question for each objective was
written by the researcher or adopted from other resources such as textbooks and

internet.

For the construct and content validity of the HTAT, the expert opinion checklist was
developed by the researcher (see Appendix C). The checklist was used for assessing
the compatibility of objective levels and objectives as well as the compatibility of
objectives and test items. In total, six experts including one associate professor and
four assistant professors (PhD in physics education) and one high school physics
teacher (four-year experience in teaching) reviewed the test and completed the
checklist. They evaluated the answer key and the scoring rubric as well as

appropriate use of language for each item.
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According to experts’ feedbacks and suggestions, the test was modified (revised
version of the HTAT in Appendix E and answer key in Appendix F). Individual
analysis of objectives showed that objectives ranged between remembering and
analyzing levels according to Bloom’s revised taxonomy (see Appendix D). First
version of HTAT was administered to three high school students. Observations
during implementation of the test gave hints about testing time and student’s
opinions were taken after completion of the test. Students gave feedback mostly
about clarity of expressions in the test. Due to experts’ opinion and researcher’s
observation results, final version of the test was prepared. The feedbacks provided by
different sources and the revisions made by the researcher can be summarized as

follows:

e Compatibility of objective levels and objectives: Some of the objectives
coded as remembering and understanding were revised according to the
feedback provided by the experts.

e Compatibility of objectives and test items: All experts agreed that test items
are compatible with the table of test specification prepared according to the
objectives and cognitive level of each objective.

e Testing time: Students had difficulty to complete the test in 45 minutes
because of the open-ended questions. There were four open ended questions
and none of the students were able to answer two of the questions (question
34 and 36) in the first version of the test. After discussion with experts,
researcher decided to delete those items because there were other items
measuring the same objectives.

e Readability of the test: Students did not find any difficulty while reading the
text and related graphs of the test items. Experts and high school teacher were
also agreed with the readability of texts.

e Compatibility of the expressions (e.g. vocabulary, length of sentences etc.) in

the test with students’ level: As aforementioned, both questions 34 and 36
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were found problematic in the first version by both students and experts. The
length of the question seemed to be inappropriate for students to comprehend.
Other test items were found appropriate for students’ level by experts and
high school physics teacher.

Revised version of the test was consisted of five parts and 34 questions in total.
These parts included: (a) 10 true-false (TF), (b) 10 short answer (SA), (c) seven
matching, (d) six multiple-choice (MC), and (e) one structured open-ended questions
respectively. Students’ responses to test items in the Post-HTAT were analyzed by
using SPSS to examine item statistics in terms of item difficulty (p-value) and item
discrimination index (point-biserial correlation). Item difficulty indicates the
proportion of individuals answered the item correctly (Crocker & Algina, 1986). It
ranges between 0.00 and 1.00. Hambleton, Swaminathan and Rogers (1991)
suggested that item difficulty indices may vary between .20 and .80 for a classroom
achievement test. As the value gets closer to 1.00, it indicates that difficulty of item

is easy.

Another statistics, item discrimination, indicates whether an item can differentiate
between low and high achievers. Item discrimination index ranges between -1.00 and
+1.00. Higher positive item discrimination index shows that the item was correctly
answered mostly by high achievers within group (Crocker & Algina, 1986). Internal
reliability coefficient for the post-HTAT was found as .841. However, the coefficient
was found as .858 when essay questions were excluded. The difference may emanate
from the low response rate for the essay type question. In Table 3.5, internal
reliability coefficients of post-HTAT are presented for each item type. Reliability of
selective type items (i.e. TF, matching, and MC) are higher than written response
items (i.e. SA). Interestingly, students were not willing to write a sentence or a

phrase for short answer and essay type questions.
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Table 3.5 Internal reliability coefficients of item types

Item type Cronbach’s alpha coefficient
TF 0.835
SA 0.626
Matching 0.821
MC 0.674
Overall 0.858

For True/False questions, internal reliability coefficient was .835. Table 3.6 presents
corrected item-total correlation values (point-biserial correlation) and p-values (item
difficulty). Difficulty level ranged between .075 (difficult) and .866 (very easy). The
most challenging question in this part for the sample was TF04. The question was
related with the misconception “matters do not contain heat.” Similarly, when
researcher asked “we cannot talk about heat of a substance” in TF08, most of the
students did not answer the item correctly. Even though questions are in

remembering and comprehension level, the students found the test difficult.

Table 3.6 Item statistics for TF questions in Post-HTAT

Corrected Item-Total p- Corrected Item-Total p-
Correlation value Correlation value
TFO1 .758 866  TF06 347 242
TF02 .389 247  TFO7 779 709
TFO3 .764 839 TF08 439 156
TFO04 257 075 TF09 713 .629
TF05 370 457  TF10 392 296

Short answer items were found a little bit problematic according to students’
responses (see Table 3.7). None of the students responded to SA13 (related to rate of
energy transfer in comprehension level) and SA14 (related to heat insulation). Lower

rates of responses were reflected to the item statistics as shown in below. When the
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researcher revisited experts’ opinion, these questions were found as appropriate for
students’ grade level and content. In order to provide content validity, any of these

items from the students’ data was excluded.

Table 3.7 Item statistics for SA questions in Post-HTAT

Corrected Item-Total p- Corrected Item-Total p-

Correlation value Correlation value
SAl1l 479 419 SAleC .362 .005
SA12 .364 468 SAL7A 303 156
SA13 .000 - SA17B 312 194
SA14 .000 - SA17C 284 129
SA15 429 333 SA18 471 419
SA16A 391 156 SA19 198 .005
SA16B .340 .005 SA20 277 021

Internal reliability coefficient for matching items was .821. Item difficulty ranges
between .167 (difficult) and .667 (moderately easy). Result of item statistics for
matching items are given in Table 3.8. Recommended point-biserial value for an
item between .15 and .25 indicates a good item. Matching26 item has the lowest
point-biserial value of .205. This is probably because in ways of energy transfer topic,
students examined various situations in daily life and concluded that there may be

more than one way of energy transfer occurring simultaneously.

Table 3.8 Item statistics for matching items in Post-HTAT

Corrected Item- p- Corrected Item- p-

Total Correlation  value Total Correlation  value
Matching21 478 489  Matching25 243 167
Matching22 503 559  Matching26 205 .280
Matching23 580 667  Matching27 332 290
Matching24 .640 .667
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In matching type items dominant ways of energy transfer in a particular situation
were asked. Students’ selections are shown in Table 3.9. Students encountered
difficulty to distinguish between convection and radiation for fireplace in 25th item.
From a closer distance, radiation is the dominant way of energy transfer due to burnt
coal and wood. Majority of the students chose convection as a way of energy transfer,
most probably because of existence of air between fireplace and oneself. Similar

responses are observed for 26th item.

Table 3.9 Students’ responses in matching part in Post-HTAT

Item No. A: Conduction B: Convection C: Radiation
Matching21 33 (% 18.1) *91 (% 50.0) 58 (% 31.9)
Matching22 *104 (% 57.1) 20 (% 11.0) 58 (% 31.9)
Matching23 10 (% 5.5) 50 (% 27.5) *122 (% 67.0)
Matching24 *124 (% 68.1) 12 (% 6.6) 46 (% 25.3)
Matching25 30 (% 16.5) 121 (% 66.5) *31 (% 17.0)
Matching26 38 (% 20.9) 92 (% 50.6) *52 (% 28.5)
Matching27 128 (% 70.3) *54 (% 29.7) 0 (% 0)

* Correct answer

Internal reliability coefficient for multiple-choice questions was found .674. Item
discrimination index of each MC item is higher than the acceptable value of .25 (see
Table 3.10). P-values ranged between .203 (difficult) and .727 (easy) which indicates

that MC questions varied in difficulty level.

Table 3.10 Item statistics for MC questions in Post-HTAT

Corrected ltem- Corrected ltem-
) p-value ) p-value
Total Correlation Total Correlation
MC28 494 .203 MC31 592 522
MC29 .252 727 MC32 .596 411
MC30 409 627 MC33 .326 .647
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The most difficult MC question for the sample appears to be MC28. Actually, MC28
requires only a simple calculation to make conversion between Fahrenheit to Celsius
temperature scales. This question is the only question that student needs to make
computation. The discrimination index is high for this item that high scoring students
were able to give correct response more than low achievers. Distracter analyses for
MC questions are presented in Table 3.11. Alternatives in MC part worked quite well
except for a few items (i.e., E option for MC29 and B for MC30). When these
distracters were examined, they are meaningful (possible) distracters that students
may select. Therefore, we include all MC questions in the calculation of Post-HTAT

Scores.

Table 3.11 Distracter analysis for MC questions in Post-HTAT

Item No. A B C D E
MC28 18 (%10.14) 26 (%14.49) 55 (% 30.43) 45 (% 24.64)  *37 (% 20.29)
MC29 10 (% 5.47) 16 (% 8.59) 23 (% 12.50) *132 (% 72.66) 1 (% 0.78)

MC30 19 (% 10.45) 7(%3.73) 31 (% 17.16) 11 (%5.97) *114 (% 62.69)
MC31 29 (% 15.67) 10 (%5.22) 26 (% 14.18) 23 (% 12.69)  *95 (% 52.24)
MC32 17 (% 9.30) *75 (% 41.09) 21 (% 11.63) 30 (% 16.28) 40 (% 21.71)
MC33 4(%226) 16(%9.02) 19 (% 10.53) *118 (% 64.66) 25 (% 13.53)

*Correct answer

A simple analytic rubric was formed to score structured essay type items as shown in
Table 3.12. Firstly, we examined all students’ responses to the items. Meaningful
partial answers including using formula, half correct calculations, or line drawing in
graphs were all coded in order to give possible scores. For instance if student does
not write down any calculation but writes a random number (it may be the correct
answer), it is coded as CODE A for Essay34a, 34b and 34c. If student writes
appropriate formula for the calculation but does not make any numerical calculation,
it is coded as CODE B. Moreover, CODE C indicates that student is able to do

further calculation but does not complete the whole solution. And CODE D refers to
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the correct answer with the required solution steps. For Essay34d, these codes are
arranged according to the requirements of the question, which is related to drawing
graphs. We did not focus on the scale of the graph while scoring. Instead, the
important criterion for this question was choosing appropriate values for x- and y-
axis and line drawing. Accordingly, we categorized the given responses and coded

them as shown in Table 3.12.

Table 3.12 Coding and scoring rubric for structured essay type items in Post-HTAT

Item Code Numerical Explanation Score
Code
Essay34a A 1 Empty, no calculation 0
B 2 Figure out formula 1
C 3 Figure out formula and calculation 2
D 4 Correct answer 3
Essay34b A 1 Empty, no calculation 0
B 2 Figure out formula 1
C 3 Figure out formula and calculation 2
D 4 Correct answer 4
Essay34c A 1 Empty, no calculation 0
B 2 Figure out formula 1
C 3 Figure out formula and half of the 3
calculation
D Correct answer 5
Essay34d A 1 Empty, no drawing 0
B 2 Correct numbers on axis without line 2
drawing
C 3 Line drawing without correct numbers on 2
axis
D 4 Correct numbers on axis with partial correct 4
lines
E 5 Correct numbers on axis with correct lines 6

Students’ responses are presented in Table 3.13. When we look at CODE A column,
low number of responses are obvious. Few students attempted to answer the essay

type questions. Only for Essay 34a, more than 20 percent of students were able to
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give correct answer. And this ratio decreased for other questions, especially for
drawing graph.

Table 3.13 Students’ responses to structured essay type item

Item No. A B C D E

Essay3da 128 (%70.33) 8 (% 4.40) 4 (%2.20) 42 (% 23.07)
Essay34b 145 (%79.67) 6 (%3.29) 5(%2.75) 26 (% 14.29)
Essay34c 150 (% 82.42) 13(%7.14) 4(%220) 15 (% 8.24)
Essay34d 161 (%88.46) 4 (%2.20) 2(%1.10) 6(%3.29) 9 (% 4.95)

3.4.2. The Physics Related Personal Epistemology Questionnaire (PPEQ)

As mentioned in Section 2.2.1, researchers developed various domain-general and
domain-specific instruments to assess epistemological beliefs. Firstly, relevant
studies showed that there are differences in epistemological beliefs on different
academic domain or discipline. Domain-specific epistemological beliefs
questionnaire, especially related with physics, were scrutinized in terms of
appropriateness for the current study. The EBAPS, VASS (physics version), MPEX,
MPEX-II and GEBEP were the questionnaires included statements directly related

with physics knowledge.

Secondly, content and construct validity of questionnaires were taken into account.
For EBAPS, VASS, MPEX and MPEX-II, researchers did not report any analysis for
construct validity of the surveys such as factor analysis. Additionally, students’
expectations about physics course are related but do not refer to students’
epistemological beliefs theoretically. In these surveys, researchers integrated
different dimensions of personal epistemology from the research on students’
expectations about how to improve achievements in physics courses. Analysis of
students’ views about physics knowledge was performed through items related with

problem-solving and use of mathematical formulation (e.g. MPEX- Item26: “When I
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solve most exam or homework problems, | explicitly think about the concepts that
underlie the problem.”). Nonetheless, dimensions of these questionnaires do not
include multidimensional model of personal epistemology adopted for this study. On
the other hand, physics version of VASS included statements about scientific
epistemology besides epistemological beliefs (e.g. VASS-Item32: | attempt to solve
homework problems: (a) before they are solved in class (b) after they are solved in
class.”). In this study, researcher only focused on personal epistemology that using
VASS by omitting those items would create problems for validity and reliability. For
the GEBEP, the internal reliability coefficient was reported as .72 and four-factor
structure (explaining %26 of variance) was proposed according to factor analysis
results. The items in “structure of knowledge” and “construction and stability of
knowledge” dimensions were directly posing statements about not personal physics
knowledge but scientists’ endeavors (e.g. “Scientists use their imagination to
understand what they cannot directly observe.”, “Scientists get to their discoveries by

meticulously following some well known prescribed steps.”).

Thirdly, adequacy of questionnaires for target age group in Turkish context was
examined. MPEX-II was developed for assessing epistemological beliefs of high
school students and university students. Turkish version of MPEX-II was developed
by Yerdelen-Damar, Elby and Eryilmaz (2012). They conducted exploratory and
confirmatory factor analysis for MPEX-I1 which suggested three factor solution for
the survey including, “coherence”, “concepts” and “independence” dimensions. The
overall survey was reliable (0=.80) but not in two dimensions (a=.51 for “coherence”;

a=.52 for “independence”). Researchers claimed that “From the beliefs perspective,

the survey is therefore of only limited use.” (p. 010104-6).

Issues associated with validity (measuring intended dimensions of personal
epistemology) and reliability of the instruments also directed our attention to study
on a new instrument which should be appropriate for high school students in their

early years in Turkish educational setting. Our concern was to use a valid instrument
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to make more effective judgments about students’ physics related personal
epistemologies. Researcher inspired from aforementioned instruments while
constructing the PPEQ.

First version of the test was developed considering six factors originated from
personal epistemology models in literature and from researcher’s personal
experiences in physics learning and teaching. These factors are (a) SK: structure of
knowledge (coherent structure, link between concepts, and hierarchical structure), (b)
JK: justification of knowledge and knowing, (c) CK: changeability of knowledge, (d)
EQ: equations in physics, (e) Source: source of knowledge (self-constructive
knowledge, authority), and (f) QL: quick learning.

In the first version of PPEQ (see Appendix H), 42 short statement items were written
for six hypothesized factors in total: 10 statements on SK, 8 statements on JK, 6
statements on CK, 5 statements on EQ, 6 statements on QL, and 7 statements on
source of knowledge. For each statement, “I” language (individual and internal
expressions) was used rather than “E” language (external) as long as “personal
epistemology” was main concern of the study. An example from the PPEQ is “Fizik
dersinde yeni bilgileri sahip oldugum bilgilerle iliskilendirerek ogrenirim.” (In
physics lecture, | do learn by establishing link between my previous/past knowledge
and new knowledge). The PPEQ was constructed as a likert type scale that
participants scored each statement 1 to 5 (strongly disagree to strongly agree). Initial
version of the PPEQ was delivered to three experts who have a doctoral degree in
science education and have been conducting studies on epistemological beliefs. They
gave feedback about the clarity of items and consistency between factors and related
items. By considering experts’ opinion, first version of the PPEQ was formed.
Explanations related with factors and sample items for each factor are given in Table
3.14.
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Table 3.14 Hypothetical dimensions in the PPEQ

Factors Explanation

Examples

Structure of
knowledge
(SK)

This factor questions whether
self-knowledge is formed by

establishing link between

previous and new physics

knowledge, has a coherent

vS. incoherent structure, and

hierarchical vs. fragmented

structure.
Justification
of knowledge
(JK)

processes (i.e. logical

This factor questions whether
one justifies his/her physics

knowledge by use of mental

reasoning), use of evidence

from experimentation,

inquiry emanated from

conflicts between previous

experiences and novel

situations.
Changeability
of knowledge
(CK) change or fixed

(unchangeable).

This factor questions whether

self-knowledge is subject to

AO02. Fizik dersinde yeni bilgileri
sahip oldugum bilgilerle

iliskilendirerek 6grenirim.

AQ09. Fizik dersinde verilen bilgilerle
onceden 6grendigim bilgiler uyumlu

olmalidir.

B02.Fizik dersinde 6grendigim
bilgilerle giinliik hayattaki
tecriibelerim celisirse sorgulamadan
derste verilen bilgileri dogru kabul

ederim.

BO04. Fizik dersinde verilen bilgilerin
dogrulugunu yapabilecegim

deneylerle test ederim.

CO02. Fizik dersinde 6grendigim
bilgiler hi¢bir zaman degismeyecek
fiziksel gergeklerdir; bu yiizden
kendi bilgilerim de degismeyecektir.

CO04. Mantikl1 agiklamalarla
desteklenen yeni bilgiler sunulursa

onceki fizik bilgilerimi degistiririm.
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Table 3.14 (Continued)

Factors Explanation Examples
Equations in This factor questions whether  DOL1. Fizik dersinde verilen
physics (EQ) memorizing mathematical formiilleri bilmem konuyu

Quick learning

(QL)

Source of
knowledge
(Source)

formulas is sufficient enough
to “know physics” or
equations only show
mathematical relations
between physical concepts to
“understand physics”.

This factor questions whether
one takes time to construct
physics knowledge (a gradual
process of meaning making)
or one adopts knowledge very
quickly.

This factor questions whether
knowledge is constructed by
individual or accepted
directly from authority (i.e.
textbooks, teachers,
scientists). Note that even
authoritative knowledge can
be reconstructed after
checking validity of
information by mental
processing.

anlamam i¢in yeterlidir; bu
yiizden konuyla ilgili baska bir
sey 0grenmem gerekmez.

DO04. Fizik dersinde verilen
formiiller, konuyla ilgili
kavramlarin arasindaki iliskileri
gosterir.

EOQ3. Fizikte anlayamadigim bir
konu iizerinde tekrar tekrar
diistinsem de konunun mantigini
anlayamam.

E06. Fizik dersinde verilen
bilgileri ilk seferde
anlamayabilirim, bu fizigi
anlamayacagim anlamina gelmez.

F02. Fizik dersinde 6grendigim
bilgiler bilim insanlari tarafindan
kabul edilmis gergeklerdir, bu
bilgileri sorgulamam gerekmez.

FO4. Fizigi anlamamin sebebi
fizik bilgisini dogrudan anlatan
bir ders kitabina sahip olmamdir.
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To assure construct validity of the PPEQ, a two-staged pilot study was conducted
before the current study. In order to investigate relationship between observed
variables and latent variables (factors), researchers frequently use factor analysis (FA)
(Byrne, 2010). FA provides information about covariance among the set of observed
variables which are assumed to be related with a latent variable. There are two types
of FA for different purposes; (a) exploratory factor analysis (EFA) and (b)
confirmatory factor analysis (CFA). EFA is conducted when the relation between
observed variables and factors are unknown. EFA designed to illustrate how
observed variables and latent variables are linked. On the other hand, CFA is
performed when we have knowledge about observed variables and underlying factors

depending on a theory, etc.

At the first-stage, the questionnaire was administered to 362 ninth grade students in
three Anatolian high schools in Cankaya district, in March 2014. Administration of
test was completed about 15 to 20 minutes of a lecture hour. According to EFA
results of first-stage of the pilot study, the questionnaire was revised and later
administered to a different sample. Number of participants in second-stage for
validation of the instrument was 350 ninth graders. There were 190 female and 160
male students. Lastly, CFA was performed to examine whether the hypothesized

model works. The factor analyses results are presented in next two sections.

3.4.2.1. Exploratory Factor Analysis of PPEQ

After collection of data, exploratory factor analysis was conducted to identify factors
underlying the personal epistemology construct. By considering the related literature
and the results of FA, factors were identified for CFA. The collected data from PPEQ
were analyzed by IBM SPSS Statistics 21. The data was analyzed in order to satisfy
the conditions to conduct FA. Patterns in responses were examined and deleted. 345
students’ data remained out of 362. In other words, 4.7 percent of data was excluded

from the analysis. Statistical analyses, such as EFA, could be affected by the missing
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values. In order to examine these values, missing data analyses was performed by
SPSS (see Table 3.15).

Table 3.15 Missing value analysis for each variable in the PPEQ

Missing Missing
N Count  Percent N Count Percent
ITEMAOL 344 1 3 ITEMC04 344 1 3
ITEMAO2 344 1 3 ITEMCO5 342 3 9
ITEMAO3 343 2 .6 ITEMCO6 344 1 3
ITEMAO4 344 1 3 ITEMD01 343 2 .6
ITEMAOS 341 4 1.2 ITEMD02 343 2 .6
ITEMAOG6 342 3 9 ITEMD03 343 2 .6
ITEMAQO7 342 3 9 ITEMD04 342 3 9
ITEMAO8 343 2 .6 ITEMDO5 342 3 9
ITEMAQO9 340 5 14 ITEMEO1 343 2 .6
ITEMALO0 342 3 9 ITEMEO2 343 2 .6
ITEMBO1 345 0 0 ITEMEO3 341 4 1.2
ITEMB02 344 1 3 ITEMEO4 342 3 9
ITEMB03 344 1 3 ITEMEOS 341 4 1.2
ITEMB04 344 1 3 ITEMEO6 343 2 .6
ITEMB0O5 345 0 0 ITEMFO1 343 2 .6
ITEMB0O6 343 2 .6 ITEMF02 343 2 .6
ITEMBO7 342 3 9 ITEMFO3 343 2 .6
ITEMB08 343 2 .6 ITEMFO4 343 2 .6
ITEMCO1 344 1 3 ITEMFO5 343 2 .6
ITEMCO02 343 2 .6 ITEMFO6 343 2 .6
ITEMCO03 343 2 .6 ITEMFO7 343 2 .6

When the percentages were examined, 1.4 % was the highest value in the study
which is in an acceptable range (Pallant, 2007). Before performing factor analysis, it
is important to check univariate normality of items in order to gather information
about multivariate normality. Skewness and kurtosis values of each item were

examined for this purpose (see Table 3.16).
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Table 3.16 Descriptive statistics for the PPEQ items in pilot study

Skewness Kurtosis Skewness Kurtosis

Statistic S.E. Statistic S.E. Statistic S.E. Statistic S.E.
ITEMAO1 -0.661 .131 -0.329 .262|ITEMCO04 -1.027 .131 0.833 .262
ITEMAO2 -0.935 .131 0.700 .262|ITEMCO5 -0.545 .132 -0.341 .263
ITEMAO3 -1.853 .132 2.719 .263|ITEMCO06 -1.438 .131 2175 .262
ITEMAO4 -1.158 .131 0.589 .262|ITEMDO01 -1.198 .132 0.715 .263
ITEMAO5 -0.455 .132 -0.397 .263|ITEMDO02 0.227 .132 -1.125 .263
ITEMAO6 -1.779 .132 2.775 .263|ITEMD03 0416 .132 -0.911 .263
ITEMAO7 -1598 .132 2.194 .263|ITEMD04 -0.952 .132 0.479 .263
ITEMAO8 -0.956 .132 0.728 .263|ITEMDO05 -0.122 .132 -1.049 .263
ITEMAQ9 -1.177 .132 1.077 .264|ITEMEO1 -1.315 .132 1.019 .263
ITEMA10 -0.590 .132 -0.782 .263|ITEME02 -0.268 .132 -0.619 .263
ITEMB01 -1.454 .131 1.653 .262|ITEMEO03 -0.775 .132 0.050 .263
ITEMB02 -0.908 .131 -0.015 .262|ITEMEO04 -0.994 .132 0.606 .263
ITEMB03 -0.534 .131 -0.323 .262|ITEMEO5 -1.287 .132 1.554 .263
ITEMB04 -0.130 .131 -0.778 .262|ITEMEO6 -1.454 .132 1.411 .263
ITEMB05 -1.561 .131 1.753 .262|ITEMFO1 -0.882 .132 0.264 .263
ITEMB06 -0.860 .132 0.043 .263|ITEMF02 -0.881 .132 0.059 .263
ITEMB0O7 -1.021 .132 0.733 .263|ITEMF03 0.264 .132 -0.819 .263
ITEMB08 -0.687 .132 -0.131 .263|ITEMF04 -0.441 .132 -0.741 .263
ITEMCO01 -0.341 .131 -0.578 .262|ITEMF05 -0.897 .132 0.130 .263
ITEMC02 -0.763 .132 -0.016 .263|ITEMF06 -0.850 .132 0.248 .263
ITEMCO3 -0.869 .132 0.248 .263|ITEMF0O7 -0.427 .132 -0.695 .263

Statistical research asserts that skewness is influential on test means meanwhile
kurtosis is effective on test of variances and covariance (Byrne, 2010). As can be
seen from Table 3.16, skewness and kurtosis values for each item were located
between + 3. DeCarlo (1997) stated that “[t]henormal distribution has a kurtosis of 3”
(p.292). As a result, no item was found kurtotic. Firstly, Kaiser-Meyer-Olkin
Measures of Sampling Adequacy (KMO) and Bartlett’s test of sphericity (BTS)

values were analyzed in order to make valid interpretations from EFA results.
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Tabachnick and Fidell (2001) recommended that the KMO value should be bigger
than .60. Here, the KMO value was calculated as .894 which was relatively large.
Bartlett’s test was found statistically significant (BTS= 5645.099, p<0.001). The
anti-image correlations ranged between .502 and .945 that should be greater than .50.
The results showed that it was possible to investigate underlying structure of the
PPEQ.

The first version of PPEQ including 42 items was analyzed to examine the number of
factors underlying the latent variable. 11 factors were loaded which have eigenvalues
greater than 1 and all factor loadings were bigger than .30 threshold value. When the
factor loadings were examined, some factors did not fit well with theoretical base
which means that loaded items did not create a meaningful factor. Following 10
items were deleted because of loading more than one factor with coefficient more
than .30; ITEMA10 (SK), ITEMB02 (JK), ITEMB03 (JK), ITEMB04 (JK),
ITEMCO1 (CK), ITEMEO2 (QL), ITEMEO5 (QL), ITEMFO3 (Source), ITEMF04
(Source), ITEMFOQ7 (Source). And EQ factor was not loaded as expected according
to the EFA results. In total 15 items were deleted from the questionnaire. When
remaining 27 items were reanalyzed, KMO and BTS values were found better than
the first analysis and adequate to continue EFA (see Table 3.17).As the factor EQ

was omitted from the questionnaire, there were five factors remained in PPEQ.

Table 3.17 SPSS Output of KMO and Bartlett’s Test for PPEQ Items

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of 913
Sampling Adequacy
Bartlett's Test of Sphericity Approx. Chi-Square 3731.148
df 351
Sig. .000

For EFA, communality value of the items should be equal to or greater than .50.

Table 3.18 presents the SPSS output for communalities of items. All items have
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sufficient communality value. Moreover, these items had high factor loadings (more
than .30) and created six-factor structural model for PPEQ. This model explained
60.183 % of cumulative variance in ninth grade students’ physics related personal

epistemology.

Table 3.18 SPSS Output of Item Communalities

Communalities

Item Initial Extraction
ITEMAO1SK 1.000 565
ITEMAO2SK 1.000 576
ITEMAO3SK 1.000 .635
ITEMAO4SK 1.000 570
ITEMAO5SK 1.000 594
ITEMAOG6SK 1.000 .686
ITEMAO7SK 1.000 .602
ITEMAO8SK 1.000 597
ITEMAQ9SK 1.000 597
ITEMBO1JK 1.000 594
ITEMBO05JK 1.000 576
ITEMBO6JK 1.000 547
ITEMBO7JK 1.000 .660
ITEMB08JK 1.000 .638
ITEMCO02CK 1.000 .554
ITEMCO3CK 1.000 .616
ITEMCO04CK 1.000 561
ITEMCO5CK 1.000 504
ITEMCO06CK 1.000 .586
ITEMEO1QL 1.000 .662
ITEMEO3QL 1.000 .508
ITEMEO4QL 1.000 506
ITEMEO6QL 1.000 .633
ITEMFO1Source 1.000 719
ITEMFO2Source 1.000 733
ITEMFO5Source 1.000 .708
ITEMFO6Source 1.000 .552

Extraction Method: Principal Component Analysis.
83



Factor loadings are shown in Table 3.19. When factor loadings were examined, SK
factor was divided into two different factors. These are reported as SK_1 and SK_2

because of SK items are loaded under these factors.

Table 3.19 EFA results of PPEQ (Pattern Matrix)

Factors

JK Source CK QL SK 1 SK 2

ITEMBO8JK .808
ITEMBO7JK .765
ITEMBO1JK .602
ITEMBO5JK .556
ITEMBO6JK 552

ITEMFO1Source .819
ITEMFO5Source 779
ITEMF02Source 759
ITEMFO6Source 434

ITEMCO3CK .669
ITEMCO5CK .656
ITEMCO4CK .584
ITEMCO2CK 546
ITEMCO6CK .505

ITEMEO6QL 174
ITEMEO1QL 762
ITEMEO3QL 624
ITEMEO4QL 542

ITEMAOGSK 770
ITEMAO9SK .689
ITEMAO7SK .685
ITEMAO4SK .676
ITEMAO3SK .656

ITEMAOLISK 712
ITEMAOSSK .657
ITEMAO2SK 527
ITEMAO8SK 483

Extraction Method: Principal Component Analysis.
Rotation Method: Oblimin with Kaiser Normalization.
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The items loaded in SK_1 and SK_2 factors can be seen from Table 3.20. Even
though statements in newly emerged factors were interrelated, there was a unique
difference. In SK_1 factor, coherency and consistency related items were loaded
mostly. On the other hand, SK_2 factor was consisted of items (or views) underlying
new knowledge should be linked with previous knowledge which can be called as
hierarchical structure. Thus, it would be practical to rename SK_1 and SK_2 factors
as SK Coherence (SKC) and SK Hierarchical (SKH) factors respectively. To sum up,
EFA results showed six-factor structure associated with the PPEQ which is a little bit
different from the prior model. JK, CK, QL and Source factors were remained and
items related with SK factor loaded into two different factors.

Table 3.20 Two emerged factors from SK factor in PPEQ

Item PPEQ Statement

Fizik dersinde bir konuyu anlayabilmem i¢in konuyla

ITEMAO3
ilgili temel kavramlar1 anlamam gerekir.
SK_1 Factor Fizik dersinde 6grendigim bilgiler birbiriyle tutarli
ITEMAO4 o
(Coherent, (uyumlu) olmak zorunda degil.
consistent ITEMAOG Fizik dersinde karmasik ya da iist diizey konular1
structure of anlayabilmem i¢in temel kavramlar1 anlamam gerekir.
physics Fizik dersinde bir konuyu anlayabilmem i¢in dnceden
ITEMAO7 | e o
knowledge) 6grendigim bilgilere ihtiyacim yok.
ITEMAO9 F'121%< dersinde verilen bilgilerle dnceden 6grendigim
bilgiler uyumlu olmalidir.
ITEMAOL Fizik dersindeki farkli konularda 6grendigim bilgilerin

SK_2 Factor birbirleriyle iliskisini kurmam.

(Hierarchical |TEMAO02
structure of

physics ITEMAO5
knowledge)

Fizik dersinde yeni bilgileri sahip oldugum bilgilerle
iliskilendirerek 6grenirim.

Fizik dersinde bir konuyu dnceden 6grendigim bilgiler
sayesinde anlarim.

Fizik dersinde yeni konuyla ilgili kavramlar

ITEMA
08 bildiklerimle iligkilendirerek anlamlandiririm.
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As a measure of internal consistency, Cronbach’s Alpha coefficients were calculated
for each factor and for the scores obtained from the questionnaire as shown in Table
3.21. Reliability coefficients for the PPEQ factors ranged between .701 and .833. In
social science research, the acceptable value should be .70 or higher for an
instrument to be used (Fraenkel & Wallen, 2006). The reliability coefficient of the

overall PPEQ was found .918 for 27 items which is relatively high value.

Table 3.21 Reliability coefficients for the PPEQ scores and factors

Factor Cronbach’s Alpha Coefficient Number of Item
Source .833 4
JK 821 5
SKC 813 5
CK 751 5
QL 749 4
SKH .701 4
Overall Test 918 27

3.4.2.2. Confirmatory Factor Analysis of PPEQ

By considering EFA result of the initial version, revised version of PPEQ was
prepared with 27 items considered appropriate for validation study (see Appendix 1).
Before data analysis, items were re-coded due to changes in the model (see Appendix
J). In order to test construct validity of proposed model for PPEQ, CFA was
performed by using IBM SPSS AMOS 24 program. In the analysis, Physics Related
Personal Epistemology was the latent variable with six underlying factors (JK,
Source, QL, CK, SKC, SKH) and 27 items in PPEQ were included as observed

variables as shown in Figure 3.1.
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Figure 3.1 Hypothesized six-factor CFA model of the PPEQ

Regression weights (or regression coefficient) of factor loadings are presented in
Table 3.22. These values show the relation between latent variables and observed
variables. Higher values indicate relative effectiveness of a variable in a group on
independent variable. Estimated regression weights, standard error (S.E.), critical
ratio (C.R.) and probability values (P) are listed in Table 3.22.
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Table 3.22 AMOS output for hypothesized six-factor CFA model: Regression
weights (*probability < .00)

Estimate S.E. C.R. P

JK <--- PPE 1.000

QL <--- PPE .950 .099 9.549 *
SKH <--- PPE .909 .086 10.522 *
Source <--- PPE .843 .089 9.449 *
SKC <--- PPE .834 .090 9.276 *
CK <--- PPE .822 .084 9.757 *
ITEMBO02 <-mn JK 1.000

ITEMBO1 <--- JK .964 .081 11.954 *
ITEMBO03 <--- JK .878 .094 9.307 *
ITEMBO04 <--- JK .841 .079 10.685 *
ITEMBO05 <--- JK 167 .083 9.193 *
ITEMDO4 <--- Source 1.000

ITEMDO02 <-mn Source .997 .108 9.244 *
ITEMDO3 <-mn Source .944 .095 9.885 *
ITEMDO1 <--- Source .768 .098 7.844 *
ITEMCO05 <--- CK 1.000

ITEMCO3 <--- CK .920 .097 9.534 *
ITEMCO02 <--- CK .892 .099 8.990 *
ITEMCO1 <--- CK .659 .108 6.089 *
ITEMCO4 <--- CK .619 .108 5.756 *
ITEMEO1 <-e- QL 1.000

ITEMEO2 <-e- QL 821 .091 9.073 *
ITEMEO3 <--- QL .880 .095 9.220 *
ITEMEO4 <--- QL .866 .091 9.551 *
ITEMAQ7 <--- SKC 1.000

ITEMAO3 <--- SKC .980 .108 9.089 *
ITEMAOG <--- SKC .936 .097 9.609 *
ITEMAO4 <ame SKC 914 .104 8.745 *
ITEMAQ9 <ame SKC .885 .100 8.885 *
ITEMAO8 <ame SKH 1.000

ITEMAO2 <ame SKH 871 .080 10.918 *
ITEMAOS <--- SKH .660 .091 7.283 *
ITEMAO1 <--- SKH .560 .099 5.686

The unstandardized solution shows that all estimates are statistically significant and
acceptable and standard errors are in good range. For better illustration of factor

loadings, standardized regression weights can be examined. These values indicate
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how well observable variables predict the latent variable and also show the location
of an item in a particular group (factor). In Table 3.23, standardized regression

weights are presented.

Table 3.23 AMOS output for standardized regression weights

Standardized Regression Weights

ITEMBO1 <--- JK .643
ITEMBO02 <--- JK .657
ITEMBO03 <--- JK 574
ITEMB04 <--- JK 591
ITEMBO05 <--- JK 510
ITEMDO1 <--- Source 432
ITEMDO02 <--- Source 535
ITEMDO3 <--- Source 520
ITEMDO4 <--- Source .584
ITEMCO1 <--- CK .348
ITEMCO2 <--- CK 493
ITEMCO3 <--- CK 525
ITEMCO04 <--- CK 324
ITEMCO05 <--- CK .606
ITEMEO1 <--- QL .594
ITEMEO2 <--- QL .504
ITEMEO3 <--- QL .589
ITEMEO4 <--- QL .526
ITEMAO3 <--- SKC .536
ITEMAO4 <--- SKC 485
ITEMAOG <--- SKC .545
ITEMAOQO7 <--- SKC 573
ITEMAQ9 <--- SKC 532
ITEMAO1 <--- SKH 318
ITEMAO2 <--- SKH .590
ITEMAOS <--- SKH 401
ITEMAO8 <--- SKH .664

Standardized regression weights ranged between .318 and .664. Three items
(ITEMCO1, ITEMCO04, and ITEMAO1) have lower weights (<.40) comparing to
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other items in PPEQ. In order to reexamine the effect of these items on CFA results,
researcher deleted one of the items per time. Only deletion of ITEMCO1 was created
impact on goodness-of-fit indices even though standardized regression weight was
higher than other items. Deletion of ITEMCO04 or ITEMAO1 at once brought out no
better solution. Therefore, only ITEMCO01 was deleted. Standardized regression
weight estimates of the modified PPEQ model is illustrated in Figure 3.2.
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Figure 3.2 Standardized parameter estimates of the modified the PPEQ Model
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After revision due to modification indices suggested by AMOS, the fit indices of the
model were found as follows: AGFI of .882, GFI of .912, RMSEA of .45, NNFI
of .935, CFI of .947, RMR of .049, and S-RMR of .0435. The summary of goodness-
of-fit statistics for the six-factor CFA model of PPEQ is presented in Appendix K.
The acceptable range for goodness-of-fit indices and obtained values from the CFA

are given in Table 3.24.

Table 3.24 Criterion for fit indices and values obtained from model of PPEQ

Fit Index Criterion Value

Chi-Square (%2 Non-significant Significant

Chi-Square (y?)/ Degrees of Freedom (d
a ) 8 (@D Ratio of ¢ to df <2 =1.694

(CMIN/df)

Root Mean Square Residual (RMR) <.050 =.049
Standardized Root Mean Square Residual

(SRMR) <.050 =.0435
Root Mean Square Error of Approximation

(RMSEA) <.050 =.045
Parsimony Goodness of Fit Index (PGFI) higher the better =.681
Parsimony Normed Fit Index (PNFI) higher the better =711
Normed Fit Index (NFI) >.90 =.883
Non-normed Fit Index (NNFI) >.90 =935
Comeparative Fit Index (CFI) >.90 =.947
Incremental Fit Index (IFI) >.90 =.948
Relative Fit Index (RFI) >.90 =.854
Tucker-Lewis Index (TLI) >.90 =.935
Goodness-of-Fit Index (GFI) close to 1.0 =912
Adjusted Goodness of Fit Index (AGFI) close to 1.0 =.882

Likelihood Ratio Test (test of y2 statistic) was found significant that suggesting the fit

of the data to the hypothesized model was inadequate. It should be noted that
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Likelihood Ratio test is highly sensitive to sample size and the result was not
unexpected for the current analysis (Bryne, 2010). Referring to sample size problem,
Tabachnick and Fidell (2001) recommended a rough rule that “a good-fitting model
may be indicated when the ratio of the y? to the degrees of freedom is less than 2”
(p.698). This value is presented as CMIN/df in AMOS output and the value (1.694)

was smaller than 2 for current data.

To obtain more evidence for model fit, other fit indices were also examined. RMR
and S-RMR values were less than .05 which refers to a good fit (Kline, 2005).
RMSEA value was found .045 that also indicated good model data fit (Bryne, 2010).
NFI makes estimation by comparing y*> values for hypothesized model and
independence model (Tabachnick & Fidell, 2001). Values higher than .90 indicates
to good fit. For the current analysis, it was found .883. Similar to Likelihood Ratio
Test, interpretation of NFI may be problematic because of sample size. Another fit
index suggested for smaller samples, non-normed fit index (NNFI), was calculated in
order to check model fit. The value was calculated as .935. The IFI of .948 and CFI
of .948 indicated good model fit as well as NNFI. The GFI and AGFI values can be
interpreted as moderate fit that values closer to 1.0 are much better.

To sum up, goodness of fit indices provided evidence that the hypothesized model
displays good fit with the observed data. In other words, the physics related personal
epistemology construct has a structure of six factors and the PPEQ assesses these six
factors due to good fit between hypothesized model and observed data. Additionally,
internal reliability coefficients of pre-PPEQ was found 0=.879 and a= .860 for post-
PPEQ in the main study.

3.4.3. The Classroom Observation Checklist

To verify that treatment groups and control groups were received the intended

instructions, a classroom observation checklist was developed by the researcher. The
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checklist is available in Appendix G and its results are presented in Section 4.5
which was used for treatment verification. The classroom observation checklist used
in this study includes 26 items. There are specific items written for explicit
epistemologically enhanced instruction (i.e. item no. 5, 6, 8, 12, 15, 19, 21, 22, 24, 25
and 26). These items were written in bold in the checklist. These action statements
were characterizing the explicit instruction and assisting observer to distinguish
EEEI from implicit instruction (IEEI). Other items were written for both implicit and

explicit instruction. There are only two alternatives in the checklist: yes and no.

The data collection technique, non-participant observation, was used during
classroom observations. The researcher observed the classroom discourse and
implementations without taking an active part in classroom setting. In order to handle
Hawthorne effect, the situation that the people may act or behave differently while
being observed, the researcher observed each class for few number of lecture hours
before the current study. Therefore, observation during implementation was not a

novel event for the students.

The researcher sat on an empty seat behind the classroom and took notes of live
observations besides completing the classroom observation checklist. The researcher
attended and observed each class in treatment and control groups. Each classroom
observation took two lecture hours (90 minutes) for each class. The Heat and
Temperature unit was completed in seven weeks which corresponds to 14 lecture-

hours for each group. In total, 84 lecture hours were observed.

For the wvalidation of observations, another observer was invited to make
observations in randomly selected classes for 12 lecture hours (%14 of whole study).
This observer was a doctoral student in the department of Secondary Science and
Mathematics Education at METU. Correlation between observations by different
observers was calculated (for the CI groups r=.92, for the IEEI groups r=.87; for the

EEEI groups r=.87). These correlations refer to acceptable level of agreement among
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raters (the researcher and the observer). Results of the classroom observation

checklist are presented in Section 4.5.

3.5. Instructional Materials and Treatments

Instructional materials that were used in treatment groups are introduced in the
following section. These materials included teacher guidebook and lesson plans.
Thereafter, detailed information about the instructions in treatment and control

groups is presented.

3.5.1. Teacher Guide Book and Lesson Plans for Treatment Groups

Before implementations, a guidebook was developed for the teacher to support her
instructional practices for treatment groups. Teacher guidebook is important to
ensure treatment fidelity. This guidebook includes core materials about subject
matter knowledge on heat and temperature unit, the epistemological discussion
questions before and after lecturing, and all other directions which should be
followed step by step during instruction. Also, teacher and students’ roles in the
class defined clearly (See Appendix N for each lesson plan). Additionally, researcher
prepared PowerPoint presentations for each lesson in IEElI and EEEI. These

presentations were quite helpful for teacher to follow sequence of the instruction.

3.5.2. Treatments

There are two types of instruction implemented in the study: (1) explicit
epistemologically enhanced instruction, and (2) implicit epistemologically enhanced
instruction. For the sake of integrating epistemic dimensions into instruction, firstly
the researcher adopted a framework of personal epistemology which included five
interrelated dimensions. These are structure of physics knowledge, justification of

physics knowledge, changeability of physics knowledge, source of knowledge, and
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lastly fixed ability to learn physics knowledge. While developing instructional plan,
firstly sequence of the physics content was rearranged differently from ninth grade

physics program as shown in Figure 3.3.
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Figure 3.3 Sequence of physics content in EEEI and IEEI classes

3.5.2.1. Explicit Epistemologically Enhanced Instruction (EEEI)
Widely known teaching strategies and methods that are used in physics instructions

are determined to probe specific personal epistemology dimensions. These are

presented in Table 3.25
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Table 3.25 Instructional activities to probe dimensions of personal epistemology

Instructional Activities

Dimension of personal epistemology

Discussions based on retrieval of students’
previous knowledge
- Reflection Papers: “What do I know?”

*Hierarchical structure of knowledge
*Source of knowledge

Making connections between previous and
new learning experiences
- Reflection Papers: “What did I learn?”

*Hierarchical structure of knowledge
*Coherent structure of knowledge
*Source of knowledge

Conceptual change strategies
Checking inconsistency in previous and new
learning experiences

*Coherent structure of knowledge
*Changeability of knowledge

Checking inconsistency in an animation

*Coherent structure of knowledge
*Source of knowledge

Predict-Observe-Explain(  via classroom
demonstrations)

Laboratory experiments and explorations
(inquiry strategies)

* Justification of knowledge
* Source of knowledge

Solving quantitative physics questions
(simple to complex)

* Quick learning

Presentation/Discussion of historical
examples to illustrate how knowledge
change

* Changeability of knowledge

(a) Epistemological Dimension 1: Structure of Physics Knowledge

Motto: | make connections between my personal knowledge and new scientific

knowledge (Connection)

Students bring their prior knowledge from earlier science classrooms. In this probe,

we build bridges to connect their prior knowledge and new scientific knowledge.

This connection will be helpful for two aims: (1) we make sense of knowledge by

making links with our previous learning, and (2) if we are able to connect them

meaningfully, this indicates that there should be a coherent structure. In other words,

there should be no contradiction or dissatisfaction in our knowledge system. The
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probe also deals with the naive view that individual’s scientific knowledge is a
collection of different bits of knowledge. Dividing physics into different chapters and
dealing with them one by one without establishing links between concepts may be
one of the sources for creating such views. To overcome aforementioned view, each
concept was presented by establishing links with the new concept. It should be
clarified that main focus is on student’s own knowledge. New scientific knowledge
also indicates how student make sense of new knowledge in his/her own knowledge
system. Therefore, aim of instruction was to help students to establish links between
their previous knowledge and new learning. For this sake, researcher focused on
previous knowledge from primary school including 4th to 8th grade science and
technology classes and prior subjects to “Heat and Temperature” in 9th grade physics
curriculum. Teacher will emphasize how useful to make connections between past
and present learning. Researcher assumed that students would be able to transfer
coherency from conceptual to epistemological coherency with teacher’s talk and

class discussions.

Purpose of the EEEI was to enable students to build up coherent conceptualization
about heat and temperature unit and to motivate students to take responsibility while
constructing their own knowledge. Previous subject matter was energy unit. Students’
understanding about energy was activated to build up a perspective on heat,
temperature, internal and thermal energy concepts. In these classes, lectures started
with small discussion sessions. Students were asked to make connections with macro
world and micro world in terms of energy as shown in Figure 3.4. For this, teacher
asked conceptually bridging questions to associate previous knowledge with new
ones. lteratively, students were expected to make connections with main concepts of

the unit and new mathematical models introduced during classes.
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/ Recalling previous \ m/laking connections With

knowledge previous knowledge and
ongoing learning process

® 8th Grade: States of 1. Emphasizing e Relating kinetic and
Matter and Heat Unit hierarchical potential energy concepts in
(Properties of solid, liquid structure of micro level with molecules’
and gases, molecules’ knowledge movement
movement, definition of heat) > e Defining temperature

. 2. Coherent internal energy, thermal |
° o G_r ade: Energy Unit structure of energy and heat in terms of
(I_Ener_gy N Macro Ievgl, knowledge kinetic and potential energy
Kinetic energy, potential ¢ Relating aforementioned

Qergy) J chepts with each other /

Figure 3.4 Epistemological emphases on coherent structure of knowledge

At the end of each lecture, teacher showed concepts such as internal energy,
temperature and heat and asked students whether these concepts are related with each
other. To sum up, teacher showed slides making conceptual links as shown in Figure
3.5.

IC ENERJI, SICAKLIK VEE IS ARASINDAKI ILISKI

molekiillerin kinefik ve
potansivel eneriileri toplamdir.

Sicaklik dedisimi, Is1 yani enerji aktarmi
cismin/maddenin ic sonueu i¢ enerji
enerjisinin degisiminin bir dedisir.

sonucudur.
o food o P

molekiiler diizeyde ortalama

kinetik enerjisinin bir dlciisidiir.

Figure 3.5 Connecting internal energy concept with temperature and heat concepts
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Later, teacher encouraged students to realize how past learning experiences are
efficient in learning process. For structure of knowledge dimension, some discussion

questions were posed as follow:

e “Are there any new concepts that you learnt today? Try to define new concepts
by using previous ones.”

¢“Did you get benefit from your previous knowledge during today’s lecture?
How?”

e “Are there any difference between daily usage of temperature and heat words

and definition of these concepts in physics? If yes, does it make sense?”

(b) Epistemological Dimension 2: Justification of Knowledge and Knowing

Motto: I justify knowledge by using my reasoning tools to integrate into my personal
understanding (Justification)

Students are the major actors of their learning. To make sense of new knowledge,
students should be able to develop reasoning tool such as determining criteria for
consistency, seeking for evidence, using mathematical relationships to judge
reliability of findings considering uncertainty. Adopting knowledge provided by the
authority (i.e. scientists or teachers) without justification is accepted as an indication
for unsophisticated epistemology. In the following activity, students were
encouraged to think about how they decide on the reliability of a knowledge claim

(see Figure 3.6).
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“20°C sicakiiktaki metal bir kagik 20°C
sicakhiktaki su dolu bir kabin iging
kenulursa, sicakliklan nasil degisir?”

“20°C sicakhiktaki bir miktar suyun igine
30°C sicaklikta bir miktar su konulursa,
suyun son sicakhdi ne olur?”

(Gdirencilerin bu sorulara verdikleri
cevaplaria dn bilgilerini ortaya gikaralim.)

1. Bir dnceki derste konugtudumuz “sicakiik
mi yoksa enerji mi aktanlir?® sorusu tekrar
glndeme getirilir.

Ofrenciler sicaklik artar ya da azalir
dediklerinde bu dedigim ne zaman sona erer
SOMUSU yonedtilir.

Bu sorulara verdiginiz cevaplarin mantikli olup olmadigini nasil test edebiliriz?

Deney 1 - 1s1 Ahgverigi Ne Zaman Biter?

2.Densy sonrasinda drencilerin ulaghid)
bilgiler sinif oriaminda paylagilir.

Sicak su ve sofduk su Kisa bir sire sonra
iklagacakir. Bu siregte, suyun belirii bir
sicakhdindan bahsedemeyecektik. COnkd
sicak ve sojuk su arasinda enerji
aktanmi devam edecekti. Sicaklik ve
sicaklda bagh dediskenler artik
dedismedigi andan itibaren suyun 151l
dengeye ulagtid) stylenir. Deneyde de
plastik kaplar 121l dengeye ulaghginda,
ikisi de egit sicakliktadir. 1s1l dengeye
ulagan sistemler aym sicakhktadir ve
birbirleri arasinda enerji
aktanmi/transferi (1s1) gergeklegmez.

Deersin baginda sorulan sorular hatirflablarak
verdikleri cevabin mantikh olup olmadigi
tekrar sorulur.

Here, students were
expected to justify
their answers by
figuring out a
simple experiment.

A

(Gdirencilerin dneriler dinlenir. Sonrasinda 6grenciler gruplara aynlarak deney yaptiniir.)

Simiilasyon Etkinligi

Similasyon dosyasi: enerji_bicimleri jar

Ulaglamadig durumda indirmek igin bu linki
kullanin:

5 al ' o
changes trjar Q
kadidindaki bogluklan doldurmalan istenir.
Daha sonra her bir durum similasyon

By using obtained
evidence from their
findings, students
expected to answer
related questions.

Ji =imal
Bu etkinlikte dncelikle dgrencilerin akfivite
uzerinde denenir.

“Deneyde kullandigimiz termometrelerin
gdsterdigi degerleri gaz dninde
bulundurursak, termometrelerin Slgtiga
sicaklik neyin sicakhgidir?®

“Termometre aslinda kendi sicakligim
dlger diyebilir miyiz? Sizee bu mantikh
mi?"

3.Termometre, bir 1zl sistemin sicakligim
nicel olarak dlgen bir arachr; genellikle
sistemin sicakhigryla 1sil dengeye gelerek
dlgiim almamiz) saglar.

Sistemle 121l dengeye gelen termometre,
sistemle ayni sicakhktadir. Termometre kendi

sicakhigin lgyor diyebiliz.

Here, students are
experts to test a
simulation whether
it works correctly.

Figure 3.6 Engagement activities to provoke justification probe

As an epistemological probe, simple inquiry activities were conducted (see Figure

3.7). Students worked in groups in these activities. They generated and tested their

hypotheses for given issue. Their own interpretations of findings would help students

to realize that they are the actor of their learning process. The goal was to encourage

students to be aware of and continue to use their own reasoning tools.
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Deney 1(B): Farkh maddeler icin Isi1-Sicakhk Degisimi Oram Ay Midwr?
Arag geregler

Terazi

Su

Alkol

Siviyag

Ug adettermometre

Cam beher

Ug adet bzdes deney tipi
Kronometre

Deneyin yapilig

1. Cam beheri sicak suile doldurahm.

2. Deney tiplerine esitkitle ve sicaklikta su, alkolve sivi yag koyahm.

3. Deney tlplerini dik olacak sekilde behere bantla tutturahm.

4. Tuplerdeki sivilara termometre koyalm ve sivilaninilk sicakhk dederlerini dlcelim.
5. Belirli sirelerde termometre ile yaphigimiz algimleritabloya kaydedelim.

Sicaklik (*C) Su Etil Alkol Sivi1Yag
Ik sicaklik

1. Olglim

2. Olglim

F. Olglim

Sonuca Wagahm

1. Tahminleriniz ve gbzlem sonuclanniz tutarh mi? Farkhlikvarsa s ebeplen ne(ler) olabilir?
2. Streilerledikce siilann sicaklan nasil dedisti?

3. Siwilan, sicaklik arhis miktarlanna gére biylkten kiicide dogru siralayiniz.

4. Ayni grafik dzerindesu, etil alkolve yagin sicaklk—zaman grafigini cizelim.

Figure 3.7 Experimenting to provoke justification probe

For instance, in the objective 9.5.1.3.b students were expected to explain why
different temperature and heat units were emerged. For this objective, teacher
discussed and presented comprehensive amount of historical elements to illustrate
how scientists constructed temperature and heat concepts for two different lecture
hours. Short version of the lesson plan was provided to show how teacher stimulated
justification (see Figure 3.8). How temperature was measured by using instruments
in history was presented in the lecture. By time, scientists developed more reliable
instruments. As they searched more about materials’ physical properties (e.g. thermal
expansion coefficients) and enhanced conceptualization of scales by considering
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“fixed points” (e.g. water’s boiling point) allowed us to measure temperature.
Accordingly, students were expected to build their own thermometers by using

simple items and scale their thermometers to observe changes due to temperature

changes.
1. Bir énceki derste genlesme kavramiyla “Sizce tahminen hangi yillarda sicaklik bir
termometrelerin calisma ilkesini dlgim araciyla dlgiimeye baglanmistir?®
agiklamaya galigtk. “Termometreler cok basit bir ilkeyle ¢aligryor.
Bugin bir dlgim aleti olarak Sizee bilim insanlan kolayca akil edip
termometrelerin nasil gelistirildigini termometre geligtirmis midir?”

inceleyecegiz. Ve ortaya ¢ikan farkl
gicaklik birimleri Gzerinde kenugacagiz.

Termoskop

2. Bilinen ik sicaklik dedigimlerinigbsteran
alet Galileo Galilei tarafindan 1593 yilinda
geligtirlen su termoskobudur.

Su dolu bir borunun igerisine farkl renkte
sivilarla dolu cam baloncuklar konulur.
Herbirinin kitlesi farkhdir. Sudaki sicaklk
dedigimlerine gare bu baloncuklar hareket
eder.

-

Daha éncesinde ancak hislere dayal
sicaklikla ilgil nitel gdzlemler
yapilmaktaydi (sojuk-sicak).

ool

Termoskoplar sayesinde farkh sicakliklar

gizlenebilir ve birbirleriyle kiyaslanabilir LRI me s

bu arag vasitasiyla gdzlemlenmeye baslandi.

hale gelmistir_

3. Bilim insanlan sicakhigi tanimlamakta 4, Termoskobun bilim insanlan tarafindan
giglik cekiyoriard: ve birgogunun benimsenmesinin bir sebebi de duyu
kendisine has sicaklk tamimlan vardi. organlanmizla yaphgimiz

. gizlemlerimizidestekliyor olmasmydi.
Termoskop sayesinde sicakhk

degisimlerini gdzlemleyebilecekleri bir Cinki eski bilim insanlannin yaptiklan bir

ara ortaya cikmighir. Bu iliskilendirme cok gozlem dncelikle duyularia algilanan

daha sonra daha givenilir Slgim aracini durumlar Gzerinde yapiliyordu. Elaborating
gelgtime surecine donugmustur. Bu yizden termoskobun icadi sicaklik source of
Givenirlik, ayni durumu her dlgtiginizde kavraminin olugturuimasi agisindan atiimig information in
aymi sonucy elde edebilmek olarak ilk adimlardan biri oldugunu sdyleyebiliriz.

tanimlanabilir. —— order to make

Bu siregte hala sicakldin net bir tanim jUS’[Iflcatlon

yoktur.

“Sicakhdi gdzlemlerken insan duyulanna ne" 5. Sicak =u ve =ojuk =ojuya parmaklanmizi
kadar givenebiliriz?" batiralim, daha sonra bu parmaklanmizi ik
suya batiralim. Biri soguk dijer sicak
higsedecektir.

“Sicak bir yaz gindnde bir arkadaginiz ok
Uglidagind sdyliyor. Bu durumu nasil
agiklarsiniz?” Duyulanmizdan daha net dlciim alabimek icin

. ne yapmak gerekir?
“Insan duyularim temel alan bir dlgim aleti ypg

givenilir olabilir mi?" Bilim insanlarin izledigi yol izerinde
konusalim.

Figure 3.8 Inquiries for source of information in justification probe
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6. Dogada gergeklegen bazi olaylarin

7. Elbette bu sabit noktalan belifemek de

—

Introducing
knowledge
from history
of science

olugturdudu Fahrenheit digekiendirmesini

Olgekte suyun donma sicakhkgini 32

sirekli ayni sicaklikta gergeklestigini oldukga uzun zaman almigtir,
diglnerek termoskop icin sabit noktalar Y
5 “Yagamimizda referans yani baglangig
T YO shpe. noktasi olarak alabilecegimiz ne var?"
Bu dnemki bir gelismedir. Neya gore sicak sorusy bilim insanlanni farkh cevaplara
veya sojuk diyebilecegimizi yoneltmigtir.
Neccedeyiemune s odwau: b Tablo 1.'de bilm insanlarinin belirediklen
farkl sabit noktalar veriimigtir.
8.Sabit noktalar belirfendikten sonra 9.1742'de Anders Celsius, Celcius dlgegini
Sigekiendirme bilim insaninin belifediji geligtimistir.
Y ’ Santigrat 6i¢edi olarak de bilinen bu dicek, bu
1714'de Gabnel Fahrenheit, cival ismi “100 dereceye bokinmis” oimasindan
termometreyi icat etmigti. 1724'de kendi alir,

Bu digek suyun donma sicakiigini O Celsius
derece, kaynama sicakhdini 100 Celsius
derece olarak belirler. |

Fahrenheit derece olarak befirlemigt, 96 ¢

Fahrenheit derece ise saglikh bir insanin
vilcut sicakhigi olarak sabit nokta olarak
alinmigts,

10.Celcius digeklendirmesini yaptiginda saf
suyun kaynama sicakhgini 0 derece,
donma sicakigini ise 100 derece almigty.
Daha sonra bu durum tersine cevrilmigtir.

Bundan sonraki sirecte artik tarmometrede
kullandacak akigkanlann ne kadar dogru

sonuglar verdidini aragtirmaya bagladilar.
Tablo 2yi inceleyelim.

Celsius, olgeginin en yukardaki sicakhgm
0 en alttaki sicaklig: 100 olarak
igaretlemigtir. Bunun nedeni ne
olabilir?(Odrenciier fikir Gretsinler.)

11.Sizce hangi sivi termometrede

Fahrenheit’s
justification for
conceptualizing
temperature
scale

kullanikmaya eiverigiidir?

Esit miktarda istildiklannda, gosterdikler
sicakiik degerleri herbirinde farkidikgosteriyor.
Sadece buz ve buhar sicakirklan aymi,

zaman aralklannda alinan Sigimierde civa

her aralikta esit miktarda atnug(genlegmis),
alkol ve sy ise farkh miktarlarda artmig,

By using
knowledge of
thermal
expansion,
students were
expected to
justify their
answers.

12. Bagka bir nokta ise, termometrenin
yapildi§: camun tGriydd. Sivilar gibi
katlarinda genlegtigini biliyoruz.

Tablo 3'te farkh cam tUrerinin kullanikdig

14. Lord Kelvin'in amaci sicaklik kavramini
maddelerin 6zellikierinden badimsz bir
hale getirmekti. Omegin Fahrenheit
termometresinde suyun donma ve
kaynama sicaklikian sabit noktalar olarak
belirlenmigti. Lord Kelvin ise sicakligi suyun
bu 6zelikierine bagh kaimasmi istemiyordu.

Dider bir nokta ise Celsius
termometresindeki sifir, matematiksel
olarak yokluk ifade eden sdir e aym
anlama geimiyordu. Cink{ sdir Celcius'un

—
— >

altinda da sicaklik degerier vards.

Figure 3.8 (continued)

13. Bu gekilde guvenilir Sicimier alabilmek
igin pek cok termometre gelistinimigtir.
Gordiginiz gibi sicakhdin sayilaria ifade
ediebilir hale gelmesi yaklagik 300 sene
1848 yiina gelindiginde William Thomson
(Lord Kelvin) mutiak sicaklik kavramini
ortaya atmigtir.

Inspection of error
sources in measurement

Kelvin’s attempt
to conceptualize
temperature
independent from
nature of matters
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After completion of subject matter, teacher delivered a paper (see Figure 3.9) to start

new epistemological discussion. Even though the text is pointing out more than one

epistemological dimension, it emphasizes mental processing of human being to

justify the knowledge claims.

Swcakhk Kavramim Tammlamadan 6I§mr,r¢ Galizmak

Duyu organlarimizi kullanarak pek qok durumy algilamaya caligiriz. Gordiklerimiz ve
hissettiklerimiz ¢ogu 2aman bilgilerimizi olugturmak igin kullandigimiz kaynaklardir. Sicaklik
kavrami bu yiizden bize yabanci bir kavram degildir. Genellikle, sicaklik deyince aklimiza iki
it ug nokta olarak sicak ve soduk kelimelerini kullarriz. Bu sebeple pek gok farkh
diginceler geligtiririz. Bunlardan bazilar sunlardir:

+  Soguk cisimlerin sicaklgr yoktur. Clnki sicakhk sicak kelimesiyle ayni kikten geldigi
icin, sicakhik sicak kelimesiyle dzdeslegtirilic,

¢ Sicakhk ve 151 aym anlama gelir. Clinki srtilan maddelerin sicakhg artar. Yani 1151
artar.,

5iz de buna benzer digincelere sohip misiniz?

Dedigimiz gibd hayatimizin erken donemlerinde genellikle bilgilerimizi gy
organlarmuzia algiladiklarimiza dayal olugtururuz, 16, yizpldaki bilim insanlor: da benzer
bir yantemle bilimsel bilgi olugturmaya caliymaktalard:. Ama duyularimiz bize her zaman
giivenilir sonuglar vermeyebilic Bilim insanlarimin kullandigi bir diger yéntemse mantik
yuritmedir Bazen dzunde ne oldugunu bilmedigimiz olaylori basitcecikarimlar yaparak
anlatmaya cahgiriz| Bunu sadece bilim insanlort dedil. bizler de yopariz. Ornegin

a) Istilan cisimlerin sicakhgi artmaktadir.
b) Is ve sicakhk aymi anlama gelir.
&) © raman isitilan cisimlerin isisi da artar,

Bu tiir gikarimlar sizler de yopryor musunuz?

Bilim tarihindeki bilgi Gretme sireci, bizim genglik dénemlerimizden olgunluk
dinemimize kadar bilgi iretme sirecimize paralellik gisterir. Baz: bilim insanlar, bilimsel
bilgrye ancak deneysel (ampirik] yontemle ulagilabilecegin savunurken, bazlar: deneyin yani
sira bilim insonm disince yapisinin da bilimsel bilgr irken etkin olduguny savunur,
Bizler de kends bilgi yapimuiz olugtururken farkh donemlerde

arkll diigincelere sahip oluruz,

*Iyi bir 6gretmen demek. o dersi iyi dgrenecegim anlamina gelir.” Ya gretmenimin her
dedigini anlomadan ezberlemeye qul:;wnrsumﬂ‘benq yapmama gerek yok her sey kitapta
yazyor.” Ya kitapta bir yanhighk varsa? Unutmamak gerekir ki her bilgi ancak kendi mantik
suzgecimizden gegebilirse bizim icin kalici ve anlamli bilgi olur,

Ogrenme bir sirestir ve de qaba gdsterilmesi gereken bir siregtir. Fizigi Sgrenirken
de yapmaniz gereken her yeni bilgiyi bir onceki bilgiyle iligkilendirmektir. Ancak bu soyede
dgrenme sirecimizin sonucunda anlaml bir bilgi yapis elde ederiz.

Figure 3.9 Reading task to provoke justification probe
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(c) Epistemological Dimension 3: Changeability of Physics Knowledge

Motto: My physics knowledge may transform or change by new evidence

(Transformation or Modification)

Conceptual change literature shed light upon understanding changeability of
knowledge. Some ideas that students formed in science classes or from daily life
observations may create difficulty in learning physics. In this probe, the focus is on
students’ tendency to change their own ideas. Cognitive conflict situations were
created by introducing misconception questions. Discussions about prevailed ideas
were important for this probe. Defense of individual ideas by students also allow us
to detect which reasoning tools are activated, and why students resist changing their
ideas. History of science elements was also integrated for achieving the goal of this
probe (see Figure 3.10). Construction of scientific knowledge can inspire students
that any idea can be proposed in terms of explaining a phenomenon unless they are
refutable. Students were not expected to change their ideas quickly, but to form
principles/reasoning tools to judge their own knowledge and accordingly transform
or modify their knowledge.

1. Bir dneceki derste sicaklik kavraminin
tarihsel geligimi dzerinde durduk.

Kisaca neler hatiladiginizi syleyebili
misiniz?

Bugiin ise 151 kavramininortaya gikigi ve
bugiinki bilimsel calismalarda nasil
tanmlandigi Gzerinde konugacadiz.

“Gindmizdeki 151 kavraminin ortaya gikigi
hakkinda bir fikriniz var mi?*

(* Eskiden de 151 kavraminin agiklamasi
ayniydi. Highir degisim olmamigtrr.

* Farkl bilim insanlannin ¢alizmalaryla isi
kavraminin agiklamas: degigmigtir.)

2.insanoglunun dinyay anlama cabasi,
basit gdzlemlers dayanmaktadir. Birylk
iskender zamaninda yasayan Aristo gizlem
yaptidini bildigimiz ilk doga filozoflanndan
biridir. “Bilim insanr® kavrami ancak 17.
yiizyildan sonra gikbdi igin dogay
anlamaya ve doda olaylann agiklamaya
caligan insanlara doda filozofu deniliyordu.

3. Arnisto, basit diizeyde astronomi ile
ilgilenmekteydi. Dinyanin / doganin dért
temel elementten olugtudunu gézlemlemigti:
toprak, su, hava ve ates.

Her bir elementin iki birbirine zit niteligi
oldugunu digndyordu: sicak-soguk, slak-
Kuru.

Figure 3.10 Introducing how heat concept changed by time to provoke changeability
of knowledge probe
105



4, Toprak: soguk ve kuru
Su: soduk ve 1zlak

Hava: sicak ve 1slak
Ates: sicak ve kuru

Bu elementler birbirleriyle etkilegerek
birbirlerinin niteliklerini alabiliferdi.

Su kaynarsa, sicak ve kuru ates sogukla
birlesir, 1slak su sicak ve islak hava retir.
Aristo’ya ve pek ¢ok orta ¢ag flozofuna
gdre 131 (ve soduk) maddesel dinyanin en
temel niteligiydi.

“Aristo'ya gdre dort eleme_nﬁn dzelliklen nasil
siniflandinimigolabilir?” (Odrenciler derse
entegre etmek icin sorulabilir)

Inspecting
possible
ontological
misconceptions
about heat

5. Ortaya gikan iki temel 151 tammim su
sekilde dzetieyehilirz:

4. |51 temel elementlerden “ates” ile aym
maddeydi. Maddenin yogunlugu ne kadar
fazla ise, o kadar fazla 15121 vardir.

Diger gérils ise: S
b. 151, basit bir maddenin parcaciklannin
hizh hareketinin bir sonucudur. Bu hareket
ne kadar etkinfenerjik ise o kadar ¢ok 151
anlamina geliyordu.

“Bu agiklamalardan sizin 151 tammmiza uyan
bir ifade var mi?”

“Hangi agidan benzerhiklerffarklihklar var?

T~~~

Conceptualization of
heat in 18th century

6. Birinci gorisd benimseyenler maddesel
disinirken, ikinci gorisd benimseyenler
ise dinamik (hareketh) bir 131 kavrami ortaya
atrmiglardir.

Gozlemler ve akil yoritmeler sonucunda
olugan alt yapi, yeni doda filozeflanm yeni
aragtirma metotianna yoneitti. Aletle dlcim
almak gibi

Gegen derste (zerinde konugtugumuz
termometrelenn yapimi 17. yizyilin
ortalanna rastlar. Bu yizyilin sonunda
varigini devam ettiren sicaklik dlgekleri
Fahrenheit, Celsius'dur. {Reumorda bunlar
arasindadir.)

7. 18. yizyila girilmesiyle birikte bilim
insanlannin gorisleri 1simin maddesel bir
kavram oldugu teorisine dogru kayar.

Is1, goze carpmayan/kolayca fark ediemeyen
hir akigkan olarak gérilmeye baslanmigtir. Bu
akiskana “kalorik® madde denildi. (1740lar)

Enerji birimi kalori de buradan tiretilmigtir.

8. Franziz bilim insanlan Lavosier ve
Laplace ize kimyasal olarak kalorik
maddeyi ele almiglardi.Kalorik maddenin
hizsedilebilir oldugunu (Gmedin
termometrede sicaklik degigimini
garebiliriz), agifigi olan bir maddeye
badglanirsa tespit edilemez oldugunu
savunuyordu.

Bilimsel agidan israrla savunulan kalorik
teori, 19. yiizyihin baslaninda etkisini
yitirmeye basladi. Cinki kalorik teoriyi
curitebilecek bilimsel deliller ortaya
cikmaya baglamisti.

“Bilim insanlarinin 1srarla savundugdu 181y
madde olarak gdren kalorik teor neden
dedistiriimek istenmigtir?”

Bilimde bir tanimin degismesi igin ne
gereklidir?

(somut dediller, akil yiritme sonucu ulagilan
farkhlik yaratacak mantikh sonuclar)

—

Figure 3.10 (continued)

I

Evidence required for
refutation of existing
conceptualization
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9. Farkinda olmadan kalorik teoriyi
glriitecek delil bulan Kont Rumford oldu.
Onu Benjamin Thomaon olarak tanryonuz
(atom teorileri).

Kont Rumford, Minih'te bir bombardiman
silahi olan topun Gretildidi bir askeri Gstte
gareviiydi. Topun firlatildign boruyu delmek
igin yapilan uygulamalan seyrederken
delme iglemi esnasinda strtinmeden
dolayl 121 agida giktigim fark etti.

10. Demir delginin piring Uzerinde
sirtinmesiyle 151 agiga gikmigt.

Rumford delme sonucu ¢ikan artik Kisimian
dikkatle inceledi. Bu artiklar birebir silindire
ayni olan metalden oldugu, dolayisiyla
kendilerinden hichir sey kaybetmediklerini
diigindi.

ani 1s1 ortaya ¢ikbginda maddesel bir kayip
yoktu.

Sekil 1 Rumford'in yaptidi deney mekanizmas:

11. Kont Rumford, 1zica yalitilmig bir
kutunun icinden piringten yapilmisg ici dolu
silindir geginr. Ve kutuyu suyla doldurur.
Piring silindir ortasindan delinirken, silindir
kendi etrafinda dondiniimektedir.

Su gozlemleri yapar:

*Silindir dakikada 32 tur donmekte. Kisa
siire dondikten sonra silindirin i=indigm,
ayni zamanda suyunda isindigm
gdziemier.

12. “Bir saatin sonunda, termometreyi suya
koydujumda, gimdiki sicakhi@inin
Fahrenheit Slgedine gdre 107 dereceye
ulagtigmi, yani sicakhinin 47 derece daha
yikseldigini girdim. .. iki saatin sonunda,
suyun sicakhdimin 178 “Fa yokseldigini

buldum. 2 saat 20 dakikada sicakhdmn 200 °F

oldugunu ve iki buguk saat sonra suyun
kaynadigim gorddm.” P

/

Data collection in order to understand
nature of phenomenon

“Fahrenheit Slgegindeki sicakhd) nasil
Celsius'a ¢evinyorduk?”

107-32=85/1.6 =47,22°C
178-32=146/1.8= 81,11°C
200-32=168/1.8 = 93,33°C

“Kont Rumnford’in bulgulan simin maddesel
olmadigina sizi ikna etti mi?™

(Meden ve hangi agidan ikna edici olup
olmadigim soralim. )

“Kont Rumford'in bulgulan sizee bilim
insanlarini ikna edebilmis midir?*

13. Rumford, sirtinmeden dolay iIsinmanin
gergeklestigini sdylemis; 1sica yalitilmig bir
ortamda digardan bir geyin yani “kalorik
maddenin® geldigini sdylemenin manasiz
oldugunu savunmustur. lsinmanin sebebinin
bir tir hareket oldugunu sdylemistir.

Rumford'in séyledikler bilim ¢evrelerince
kabul gdrmemistir. Hendz agikca yeni bir
teori getirimedidi ve kalork teoriyi
savunanlann hala etkin olmas: sebebiyle
kalorik teonden vazgegilmemistir. P

M

14, (Dénemle ilgili bilgiler) 18. yuzyila
gelindijinde hala “enerjinin tanimi
yapilamiyordu. “ir;" kavram da net degildi.
is kavraminin tarimi Szellikle Fransiz
mihendiglerin ¢aligmalan sonucunda netlik
kazanmistir.

ingiliz mihendisler ise “giig” kavramiyla
ilgileniyorlard:. insangiici, beygirgle
kavramlannin bu donemde gikbidini
siyleyebiliriz. Makinenin birim zamanda ig
yapabilme kapasitesini bir insan ya da bir
beyagirin is yapabilme kapasitesiyle
orantilryoriardi.

Resistance of scientific community

Figure 3.10 (continued)
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15. GinOomdzdeki enerji, kinetik ve
potansiyel eneri kavramlan 19. yazyilin ilk
yansinda anlasilir hale gelmisti.

Bu donemde ilgi elektrik ve manyetizma
konulanna dodru kaymigt. Bu alanda
yapilan caligmalar bazi bilim insanlannin
1=y daha ivi anlamasina yardimict oldu.

Bunlardan biri James Joule'dir. Elektrik ve
manyetizma lzerin ¢caligan Joule,
deneylerinde kullandidi Greteglerin elektrik
akimi dretmesi sonucu tellerde meydana
gelen isinmay kalorik teoriyle agiklamaya
cahsmisti. Uretecteki kalorik madde direnci
yani tele aktaninyor bu sayede tel
Izinyordu.

16. Joule uzun sire cahismalan esnasinda
farkh deneyler yapmistir. Bunlardan en ok
bilineni kirekli cark deneyidir.

e
g 1%

From: P bosopisc! Tranesetors of the Royal Soetey
Fofume i41), paps 61 [185)

17. Enerji Unitesinde yapilan igin harcanan
enerjiyle olan baglantis Gzerinde
konusmusgtuk .

Joule'lin deneyi de bu badlantiyi ortaya
cikartmistir.

1. Yaltilmig bir silindirin igine ¢ark
yerlestinlir ve igi su doldurulur.

2. Carkn déndiriimesiyle suda
gerceklesek iminma, carkin déndimek igin
yapilan ig ile denklegtirilip 121 miktan
hesaplanabilecekti.

n

{

Justifiable evidence to refute
caloric view of heat

Figure 3.10 (continued)

18. James Joule bilim adina bayok bir adim
atmigtir. Binlerce yildir tanim
netlestirilemeyen ve hesaplanamayan “1s°
kavrami bu sayede netlik kazanmigtir.

Deneysel ve matematiksel kanitlar bilim
¢evrelerini ikna etmisti. Kalorik teoriden
daha fazla ige yarayan yeni bir teorinin

ortaya ¢ikmasina neden olmustu.

Gilndmuzde artik enerji birimi olarak Joule:
kullaniimakta ve kalon birimi kullanma
gelenedi terk edilmektedir.

Bu iki eneri birimi arasindaki iliski ise su
bagintiyla veriimektedir:

1 Kalori = 4,18 Joule

1cal=4.184J

(d) Epistemological Dimension 4: Source of Knowledge

Motto: Source of information can be external (not necessarily) but we reconstruct the

knowledge

Source of knowledge dimension is closely related with justification dimension.
However, “good” physics teachers and “good” textbooks are perceived as primary

sources of knowledge in our educational system. In order to make shift from external
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source of knowledge to the role of internal processes, teacher emphasized that
individual’s mental processing is essential to create one’s own knowledge system.
Content of teacher’s talk was accordingly planned to discuss several issues as
follows. Physics knowledge can be obtained from authority (physics teachers or
textbook authors) or from nature (experimenting or making observation on nature).
However, learning takes place when individuals make sense from obtained
information. Therefore, we reconstruct the external information and integrate them

into our knowledge system by testing coherency and consistency.

(e) Epistemological Dimension 5: Fixed Ability and Quick Leaning

Motto: Everybody have potential to learn physics (Potential for Learning Physics)

By little steps and little efforts, and cumulative effect of both would be helpful for
students to diminish negative image of learning physics. Especially providing
examples from observable nature, less mathematical focus and more conceptual
discussions might be useful for changing beliefs. Construction of hierarchical
structure of knowledge view might support the belief that everybody has the
potential for learning physics. Throughout the instructions, students were constantly
reminded that their previous learning is vital for their future learning and students
studied on problems with varying difficulty levels beginning from simple to
complicated. In addition, teacher’s verbal reinforcement was used to encourage

students and show their progress throughout instructions.

3.5.2.2. Implicit Epistemologically Enhanced Instruction (IEEI)

In this instructional method, content of the instruction was exactly same with EEEI.
Epistemological discussions and students’ reflections after the lecture were excluded

in this method. Again, connections within the subject matter knowledge were done as
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shown in Figure 3.3. Teacher avoided explicit emphasis on epistemological

dimensions. Instead, she spent more time on content knowledge.

3.6. Instruction in the Control Groups: Conventional Instruction

In control groups, students were taught based on teacher’s conventional instruction.
The instruction mostly based on lectures. The teacher presented the related physics
content knowledge from textbook and solved questions parallel to university
entrance exam questions. In some parts of the lecture, there were student-teacher
interactions to stimulate students engage in the subject matter knowledge with real-

life situations.

In general, the sequence of the lecture was determined by the textbook followed by
the teacher. There was not any specific effort to make connections between students’
previously learnt concepts. Teacher tend to ask simple questions to students about
daily life situations, but these interactions did not lead to any further discussion.
After introducing main concepts and related mathematical equations, teacher solved
one or two questions on the board. These questions were taken from textbook
directly. If time left, teacher allowed students to solve a few more questions on the

board.

Teacher’s lectures were mainly relied on textbook content rather than objectives in
the 9th grade physics program. Even though conceptualization of heat and
temperature unit was the first objective in the program, she preferred her students to
be able to solve more questions requiring mathematical calculations than conceptual
understanding. The main reason behind this situation was the term exams. She
reported that she preferred calculation problems mostly in examinations. She avoided
essay or short answer type questions because of students’ incompetence on verbal

performance. Interestingly, students also leave open ended questions empty without
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even reading them. Therefore, teacher was willing to spend more time on solving

quantitative problems.

Students’ roles in the CI class were active listeners during lecturing and active
participants during question solving. Students were asked to recall specific piece of
knowledge from previous lectures, such as defining heat or temperature or recalling
formula of transferred energy Q = m ¢ AT. In order to give more insight about the
teacher’s convention of teaching, an excerpt from teacher’s discourse and writings on
board in a CI session was provided from field reports. An example of classroom

discourse was as follows:

Teacher: Let’s remember. How do we use the energy given out or taken in?
Student A: If a matter gives off energy, it gets colder. But temperature will
increase in environment.

Student B: By giving energy, we can also melt down an ice for example.
Teacher: As the kinetic energy does not change, the temperature of a matter will
not change during phase change. Now, please write on your notebook. “During
phase change, the energy required to melt down 1 gram of matter is called latent
heat of fusion.

Student C: Is the latent heat of fusion same with specific heat?

Teacher: No. Specific heat is the energy required for 1 gram of matter to change
its temperature by 1°C degree. For latent heat, we did not talk about temperature
change.

Teacher’s writing on board:

“Melting — opposite to freezing”

“Latent heat of fusion (melting) = Latent heat of fusion (freezing)”

Teacher: When we pour salt on ice, melting point of ice will decrease. If volume
of a matter increases by melting, melting point of these matters will increase by

external pressure. Bismuth (Bi) and antimony (Sh) are examples to these matters.
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When ice melts down, its volume will decrease. With external pressure, its
melting point will decrease.

Student D: M’am, the snow on the high mountains does not melt down for so
long. It is because of external pressure, right?

Teacher: External pressure is different than atmospheric pressure. Do not mix
them. Now, let’s continue with the boiling point. Now, write on your notebooks.
“When external pressure and internal vapor pressure becomes equal, it is the
temperature which matters start to boil. It is called boiling point. Boiling point
differs for every matter.” What is the difference between boiling and
vaporization?

Student E: For boiling, matter should reach higher temperature.

Teacher: Vaporization occurs at every temperature. However, water boils at
100°C. Another example, you can dry out your clothes in either winter or
summer because of vaporization. Only rate of vaporization changes due to
season. Vaporization takes place on the surface. We can increase the number of
examples. When liquids take “heat” from environment, environment cools down.
Cologne is a good example. When your body temperature rises, you can cool
down by applying wet cloth on your forehead. Moreover, moisture refers to
water vapor in air. The rate of vaporization decreases with moisture.

Teacher’s writing on the board:

1
Pressure — Rate of vaporization
a

Teacher: In a windy day, atmospheric pressure decreases. Therefore rate of
vaporization will increase. They are inversely proportional.

Teacher’s writing on the board:

“Latent heat of vaporization = Latent heat of condensation”

“Type of matter” (affects boiling point)

“Purity of matter” = (affects boiling point) Salty water boils at 105°C.

“Pressure” = (affects boiling point) In Ankara, water boils at 96°C.
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3.7. Procedure

Firstly, the research problem of the study was determined while articulating related
literature review about personal epistemology. After determining research problem,
intense and detailed literature review was conducted by using key words given in
Appendix P. By using these keywords and their combinations, systematical analysis
of resources took place. ProQuest (UMI) Dissertations and Theses, the Middle East
Technical University (METU) Library Theses and Dissertations Archive,
METUnique search, Web of Science, EKUAL and Google Scholar were used as
general resources. In addition, MS and PhD thesis studies in Turkey were searched

from Turkish Council of Higher Education National Thesis Center database.

Collected papers related to the current study were classified and summarized in
literature review chapter. Based on the literature review, treatments were started to
be developed in the form of detailed lesson plans. Then, the treatments were
reviewed by the supervisor and some revisions were made. A year before the study,
the researcher had already begun to develop PPEQ instrument. Two staged data
collection was conducted by the researcher in terms of pilot and validation of the test.
Meanwhile, The HTAT was developed, validated and administered for pilot study.
Following the item analysis and required permission from the Directorate of National
Education in Ankara, in the fall semester of 2013-2014 academic year, the treatments
were implemented in a school (see Appendix L).

Next step was to determine sample and population of the study and accordingly the
related physics unit was determined. Before implementation of treatment, researcher
and teacher made meetings to check out lesson plans and instructional materials
(reflection papers, experiment handouts). Two weeks before implementation, pretests
were implemented by taking permission from school administration and teachers.

Treatments lasted for seven weeks. One week later posttests were delivered. Later,

113



raw data were entered to electronic format in MS Excel and SPSS programs. By

using PASW Statistics 18, the data was analyzed.

3.8. Treatment Fidelity and Verification

Treatment fidelity can be described as “the extent to which core components of
interventions are delivered as intended by protocols” (Gearing, El-Bassel,
Ghesquiere, Baldwin, & Ngeow, 2007, p.79). Instructional materials for treatment
groups were developed by the researcher and reviewed by the experts including the
teacher participated in the study. In this process, the supervisor of the study gave
feedback routinely after each produced material. According to feedbacks, materials
were revised or enhanced. These instructional materials were also shared with thesis
monitoring committee members for cross checking. Only one committee member
had convenient time for planned meetings to take detailed feedbacks. Accordingly,

the researcher reshaped the instructional materials.

In order to improve treatment fidelity, the treatment verification was done via the
classroom observation checklist as mentioned in Section 3.4.3. After completion of
development of the instructional materials, the key components of the explicit and
implicit instruction were determined and the classroom observation checklist was
constructed accordingly. This checklist was completed by the researcher for each
lesson and by an observer for randomly selected lessons. By the way, the researcher
always had chance to take immediate feedback from the classroom discourse and had
time to make necessary changes for other lectures (e.g. when teacher did not mention
particular content in the treatment groups, the content was integrated in the following
session). For CI classrooms, instruction was always being checked that teacher did

not use the same materials or examples given in the treatment groups.
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3.9. Controlling Internal Validity Threats

Internal validity is an important issue that should be controlled in many aspects to
minimize effects of undesired extraneous variables. For matching-only pretest-
posttest control group research design, Fraenkel and Wallen (2008) asserted that
there is some control over subject-characteristics, mortality, instrument decay, testing,
history, maturation and regression threats and there is weak control over location,
data collector characteristics and data collector bias, attitude of subjects and
implementation threats (p.276). In order to improve internal validity of the current
study, how threats for interpretable results were controlled is discussed in this section:

(@) Subject Characteristics: The study was conducted in purposively selected
schools with intact classes. Students in the ninth grade classes could not have
been randomly selected for two treatment groups and control groups. Instead,
researcher randomly assigned classes to these groups. Data related to gender,
age, physics achievement in first semester, pretest scores in HTAT and PPEQ
were collected by the researcher in order to describe the common students’
characteristics. These variables were considered as potential confounding
variables based on literature review. Results of the descriptive analysis are
presented in Chapter 4 that student groups displayed similar characteristics.
Additionally, researcher used statistical matching by using covariates (pretest
scores in HTAT and PPEQ) in data analysis in order to control effect of
subject characteristics.

(b) Loss of subjects (Mortality): In order to reduce the possibility of this threat,
administration of pretests and posttests were done in appropriate times
decided with the teacher. The researcher was present in school during the test
administration week that we could make rearrangements for implementations
by considering number of absentees in a class. For absentees in pretests,
researcher took permission from school administration and the teacher who

had lecture in that hour to apply test. In spite of all cautions, there were still
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(©)

few students who did not take the tests at the end of the study. Missing data
analysis is presented in Section 4.2. The percentage of missing data was
about 3.2% of the sample that researcher assumed that it will not cause
mortality effect.

Location: Physics teacher did not have any interest to do laboratory session in
her ninth grade classrooms. She claimed that classroom management was
difficult in laboratory because of the classroom settings. However,
experimental groups were required to attend lecture in laboratory class during
implementation. This could be a possible threat for internal validity of this
study that laboratory and classroom conditions are different than each other.
In order to control location threat, the weeks that students in the IEEI and
EEEIl went to laboratory, the physics teacher instructed CI groups in

laboratory also.

(d) Instrument Decay: This threat was controlled by using scoring rubrics for

(€)

(f)

scoring one essay type item in HTAT (as shown in Table 3.12) which did not
permit different interpretation of results.

Data Collector Characteristics: Before implementations, researcher attended
and observed classes in the sample during their physics lectures. As students
got familiar with the researcher, researcher’s existence became a routine of
the classes. In order to control data collector characteristics, the researcher
collected all data by herself.

Data Collector Bias: For test administration, the researcher standardized the
procedures for each class. During classroom observations, in order to
eliminate data collector bias, another observer attended a sample of lectures.
And she was not informed about which groups are treatment or control

groups.

(g) Testing: In order to examine students’ achievement levels and already

existing personal epistemology, pretests were administered to all class in the

sample. Pretesting might alert some students that would affect their
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performance on posttests. As all groups are exposed to pretests, the effect of

testing is assumed to be in similar level.

(h) History: The researcher was always in contact with the physics teacher and

(i)

()

most of the time she was present in the school. There was no specific or
extraordinary event occurred during the treatment both in school and
specifically in classrooms.

Maturation: As the students in each groups displayed similar characteristics
(such as age level, percentage of girls and boys in each class), the maturation
was not a serious potential threat for the internal validity of the study.
Attitude of Subjects: Students in each group received consent form at the
beginning of the study including control group (available in Appendix M). By
the way, researcher informed all students that they would be the subject of an
experimental study and there would be only classroom observations during
seven weeks. Students were unaware of how the experiment would be
conducted in their physics classes. Researcher tried to equalize the number of
class and laboratory sessions in each group. In CI groups, simple
demonstrations were done by the teacher such as introducing thermometer
and how it works. Additionally, researcher did not receive any different
reaction (e.g. demoralization) or complaints from control group and

experimental group students.

(k) Statistical Regression: Students’ pretest scores and physics achievement in

(1)

first semester were initially analyzed that there was no significant difference
among groups.

Implementer and Implementation: One teacher was assigned to all classes in
the study. Before the treatment, researcher gave instructions about how the
treatment would be integrated in lectures and provided guidebook and lesson
plans. Before and after each class, researcher and teacher discussed the
materials and researcher gave regular feedback about teacher’s performance.

the researcher observed every lesson both in treatment and control groups by

117



filling the classroom observation checklist. It also helped researcher to

control CI group to prevent usage of same activities in treatment groups.

In order to reduce the effect of unexpected events in school during test administration
and implementation process, the researcher made an action plan at the beginning of

the study as given in Table 3.26 by considering date of common examinations among

ninth grades and national holidays.

Table 3.26 Action plan of the current study in school setting

Week Dates Research Event  Holiday(s) and Class will
common exams be affected
24 March — 28 March  Pretesting - All classes
31 March — 4 April Recovery (for 4™ April — 1. All classes
missing pretests) Physics exam
07 April — 11 April First lecture - -
14 April — 18 April Second lecture - -
21 April — 25 April Third lecture 23 April 9C
(Holiday)
6 28 April — 02 May Fourth lecture 29 April — Exam 9E
(4. lesson)
01 May (Holiday) 9A and 9B
7 05 May — 09 May Fifth lecture 06 May — Exam oF
(4. lesson)
12 May — 16 May Sixth lecture - -
19 May - 23 May Seventh lecture 19 May (Holiday)
21 May — II.
Physics Exam All classes
10 26 May — 30 May Recovery (for 30 May — Exam oF
lectures) (4. lesson)
11 02 June — 06 June Post testing 03 June — Exam 9E
(3. lesson)
12 09 June — 13 June Recovery (for - -
missing post
tests)
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In spite of planning the implementation and testing process, an unwanted situation
took place in administration of posttests. Last physics exam of the ninth grades was
held before administration of the post-HTAT. In spite of increase in post-HTAT
scores, it was not as high as expected. It seems that students did not perform with full

concentration during the posttests.

3.10. Analysis of Data

For the current study, type of instruction (INSTRCUTION) was identified as the
independent variable. Students’ pretest scores on the HTAT (PREHTAT), pretest
scores on the PPEQ (PREPPEQ) and physics achievement in first semester
(PPHYSCG), age and gender were identified as five potential covariates. Posttest
scores on HTAT (POSTHTAT) and posttest scores on PPEQ (POSTPPEQ) were two

dependent variables of the study.

In order to generalize results from sample to a population, Multivariate Analysis of
Covariance (MANCOVA) was used as an inferential statistics analysis. MANCOVA
was selected to be able to control effects of possible differences between treatment
and control groups due to selecting samples from intact groups. Before conducting
MANCOVA, assumptions of the statistical analysis were tested. The raw data is

provided in Appendix O.

3.11. Power Analysis

The significance level of the study (o) was set to .05 which is commonly used value
in education literature. Initially, minimum desired power value was set to .80 that
was recommended by Hinkle, Wiersma and Jurs (2003). For the current study,
estimated sample size for the desired power value was calculated by the following
equation given by Cohen, Cohen, West and Aiken (2003, p.177):
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n= f£2+ ky+kp+1
The “n” represents sample size in the equation. “ka” refers to number of covariates.
For this study, ka was equal to five. And “kg” refers to numbers of IVs (group
membership variables). The number of IVs is obtained by “kg=Qg-1”, where g
represents the number of levels of the group membership variables. In this study,
group membership variable was teaching method that requires three levels. Therefore,
ks was equal to two. For computation by hand, value of “L” for the k, by
considering desired power and alpha level could be found from tables given in
appendices by Cohen et al. (2003, p. 651). L value for the current study was
determined as 9.64 using 0=.05 and $=.80, and kg=2. Preset index of effect size ()
was set by looking at the results of related studies. Unfortunately, there were only a
few studies similar to current study to consider; therefore, the effect size was set to
medium effect size of f=.06. Finally, the minimum sample size was calculated as
169 for the desired power by using the formula given before. In the current study,

there were 186 students in the sample.
3.12. Unit of Analysis

For assumption of independence of observation, unit of analysis and experimental
unit should have been same. Experimental unit can be defined as randomly assigned
smallest unit of study in which units are allowed to give reaction independently
(Burstein, 1980). In this study, the unit of analysis was each student and
experimental unit was each intact classroom. Interactions among students in a
classroom and between students of different classrooms were inevitably existed at
some level because of the nature of educational settings. It is difficult to claim that
independence of assumption was met sufficiently. However, during data collection,
independence of observation was ensured by teacher by not allowing interaction

among students who took tests.
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3.13. Assumptions and Limitations

Assumptions of this study are:

Students participated in this study responded every measurement tool
seriously and honestly.

Students of treatment groups did not interact with students in control groups.

Delimitations of this study are:

The study is conducted in one school.

Only one teacher participated into the study.

Number of participants was limited to 186 ninth grade students.

The results of this study were limited to ninth grade ATTHS students.

The results of this study were limited to “heat and temperature unit” in ninth
grade.

Students’ physics related personal epistemology was relied on five sub-
dimensions: structure of knowledge, justification of knowledge and knowing,
changeability of knowledge, source of knowledge, and fixed ability and quick
learning.

The duration of the study was limited to seven weeks.
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CHAPTER 4

RESULTS

Results of the current study will be introduced in this chapter. There are six sections:
data cleaning, missing data analysis, descriptive statistics, inferential statistics,

results of the classroom observation checklist and summary of the findings.

4.1. Data Cleaning

Before handling missing values, patterns in each variable were examined. The
researcher detected specific patterns in students’ responses such as coding all PPEQ
tests items as 1 (or 5), responding all true/false questions as true (or false), or
responding only half of the questions in PPEQ which were accepted as the signs of
unattended responses. As a result, eight subjects (four subjects in CI and four in
EEEI groups) were removed from the whole data set. Missing data analysis was

continued with remaining 178 subjects.

4.2. Missing Data Analysis

To perform descriptive and inferential statistics, missing data analysis was conducted.
Number of ninth grade students participated in the study was 186 in total.
Demographic information about students including students’ physics scores from
previous semester were collected from teacher’s records. Students’ gender and age
were gathered from the PPEQ. The pre-PPEQ was administered to 185 students and
the pre-HTAT was taken by 181 students. On the other hand, three students were

absent during the administration of post-PPEQ and four students did not take post-
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HTAT. Within these absentees, one of the students did not take post-PPEQ and post-
HTAT. These students were not reachable because of their early leave, before the
end of the semester. For this reason, there were six missing values which were
equivalent to 3.22 % of the sample. As Cohen and Cohen (1983) suggested that
missing values in dependent variables might be excluded from the further analysis.
Consequently, data analyses were conducted with data of 172 students. Missing

values associated with each variable in each group are given in Table 4.1.

Table 4.1 Missing values of the variables in the study with respect to each
instructional method

Cl IEEI EEEI Total

Variables N Missing N Missing N Missing N  Missing Missing %
Gender 60 0 64 0 62 0 186 0 0

Age 60 0 64 0 62 0 186 0 0
PPHYSCG 60 0 64 0 62 0 186 0 0
PREPPEQ 60 0 64 0 61 1 185 1 0.53
PREHTAT 59 1 63 1 59 3 181 5 2.67
POSTPPEQ 60 0 62 2 61 1 183 3 1.61
POSTHTAT 59 1 62 2 61 1 182 4 2.15

Subjects were deleted who did not take either one or both posttests and applied data
replacement by means of series for missing subjects in pretests. As suggested by
Tabachnick and Fidell (2001), missing values less than 5 % can be handled by
replacing their missing values by the mean of the variable. There are 0.53 and 2.67 %
missing values in pre-PPEQ and pre-HTAT, respectively that did not exceed the

threshold value.

4.3. Descriptive Statistics

After handling missing values, 172 subjects’ data (106 female (61.6%) and 66 male
(38.4%) students), were included into data analysis. When students” PREACH scores
are considered, sample mean was found 73.27 out of 100. Group means are close to

sample mean which ranges between 71.86 and 74.10. For the PPEQ, subjects can get
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a possible minimum score of 26 and a maximum of 130. When pretest and posttest
scores on PPEQ are considered, students scores ranged from 76 to 126. And for the
HTAT, students can get scores between 0 and 100 as usual in achievement tests. In
this study, students’ scores ranged from 10 to 69. Pre-PPEQ and pre-HTAT results
showed that control group (CI) has greater mean value than treatment groups but
there is not much difference between the group means. The descriptive statistics of

continuous 1V and DVs for each teaching method are given in Table 4.2.

Table 4.2 Descriptive statistics of continuous Vs and DVs in the study

N Mean Min. Max. S.D. Skewness Kurtosis

Stat. S.E. Stat. S.E.

PPHYSCG

Cl 55 71.86 50.75 87.00 7.74 -0.461 322 0.261 .322
|EEI 60 7376 51.00 86.25 7.35 -0.718 .309 0771 .309
EEEI 57 7410 50.00 9150 863 -0.313 316 0173 .316
Total 172 7327 50.00 9150 7.93 -0.437 .185 0.305 .368
PREPPEQ

Cl 55  102.75 78 125 8584 -0.398 .322 0301 .322
|EEI 60  102.95 78 121 843 -0.198 .309 0296 .309
EEEI 57 10157 78 123 104 -0.093 .316 -0.260 .316
Total 172 102.43 78 123 793 -0239 .185 0.038 .368
PREHTAT

Cl 55 26.35 13 42 736 0241 322 -0319 322
|EEI 60 26.29 12 48 847 0271 .309 -0.397 .309
EEEI 57 24.91 10 41 776 0302 316 -0.494 316
Total 172 25.85 10 48 7.88 0271 .185 -0.458 .368
POSTPPEQ

Cl 55  101.01 76 124 1124 -0.156 .322 -0.607 .322
|EEI 60  104.86 83 122 979 -0.160 .309 -0.415 .309
EEEI 57  105.83 85 126 10.82 -0.301 .316 -0.626 .316
Total 172 103.95 76 126 1075 -0.236 .185 -0.536 .368
POSTHTAT

Cl 55 29.14 16 43 769 0031 .322 -0.788 .322
|EEI 60 38.44 12 50 971 -0511 .309 0.084 .309
EEEI 57 42.98 17 69 1070 -0.239 316 -0.135 .316
Total 172 36.97 12 69 11.01 0041 .185 -0.458 .368
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When descriptive statistics of DVs are considered, mean differences between control
group and treatment groups were observed. EEEI group performed better than other
treatment group of IEEI and much better than CI on post-PPEQ. Same differences
were observed for post-HTAT scores as well. Sample size of each group (55 for Cl,
60 for IEEI and 57 for EEEI) is close to each other and greater than 20, which allow
assuring normality assumption (Tabachnick & Fidell, 2001). In addition to the
normality assumption, skewness and kurtosis values of each variable for each group
are between -1 and +1. In other words, all distributions within sample are normal.
Histograms with normal curves of IVs (PPHYSCG, PREHTAT and PREPPEQ) and
DVs (POSTHTAT and POSTPPEQ) for CI, IEEI and EEEI groups are illustrated in
Figure 4.1 and Figure 4.2 respectively.

Instructional Methods
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PPHYSCG

PREPPEQ
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? F ii 0

'PREHTAT

Figure 4.1 Histograms of PPHYSCG, PREHTAT and PREPPEQ scores for Cl, IEEI
and EEEI groups
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Instructional Methods
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Figure 4.2 Histograms of POSTPPEQ and POSTHTAT scores for Cl, IEEI and EEEI

groups

4.3.1. Dimensional Analysis of PREPPEQ and POSTPPEQ

In order to examine dimensional changes between and within groups, students’
responses in each dimension was summed up and new subscores for SKH, SKC, JK,
CK, Source and QL dimensions were obtained. This summation was done for both
PREPPEQ and POSTPPEQ scores. Subscores of each test with respect to teaching
method are given in Table 4.3. When initial and final sum of the dimensions are
compared, there is no drastic change occurred but some differences were observed
within different groups. Only SKH subscores are increased besides decline in
subscores of JK, CK, Source and QL dimensions in CI groups. In IEEI groups,
subscores of SKH, SKC and CK are increased. However, their subscores on JK,
Source and QL dimensions are decreased. For EEEI groups, some positive changes
are observed in SKH, SKC, JK and Source dimensions with small increase in CK

and QL dimensions.
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Table 4.3 Subscores obtained from PREPPEQ and POSTPPEQ for each group
PREPPEQ POSTPPEQ
Min Max Mean S.D. Min Max Mean S.D.

Cl
SUM_SKH 5 19 1452 263 PSUM_SKH 10 20 1529 255
SUM_SKC 10 25 20.74 3.27 PSUM_SKC 13 25 20.74 3.10

SUM_JK 13 25 20.23 294 PSUM_JK 12 25 19.34 3.35
SUM_CK 8 20 1558 250 PSUM_CK 6 20 1536 2.95
SUM_Source 6 20 15.12 3.43 PSUM_Source 7 20 1476 3.23
SUM_QL 6 20 16.52 282 PSUM_QL 7 20 1541 3.33
IEEI

SUM_SKH 4 20 1490 2.88 PSUM_SKH 4 20 15.63 2.68
SUM_SKC 9 25 20.68 3.08 PSUM_SKC 5 25 2071 3.25

SUM_JK 14 25 19.73 2.74 PSUM_JK 9 25 19.71 3.36
SUM_CK 7 20 1556 2.35 PSUM_CK 10 20 16.43 225
SUM Source 9 20 15.78 2.62 PSUM Source 4 20 15.66 3.68
SUM_QL 8 20 16.75 2.23 PSUM QL 9 20 16.50 2.36
EEEI

SUM_SKH 10 20 14.40 2.29 PSUM_SKH 11 20 16.21 2.34
SUM_SKC 8 25 20.05 3.63 PSUM_SKC 11 25 20.71 3.24

SUM_JK 12 25 20.10 298 PSUM_JK 12 25 2043 3.24
SUM_CK 8 20 1557 255 PSUM CK 9 20 1559 2.78
SUM Source 8 20 1554 275 PSUM Source 8 20 16.21 3.02
SUM_QL 8 20 16.15 2.88 PSUM QL 8 20 16.22 2.95

4.4. Inferential Statistics

Since there are two dependent variables and potential covariates in this study,

Multivariate Analysis of Covariance (MANCOVA) was selected to perform data
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analysis. Firstly, covariates were determined and then assumptions of MANCOVA
were checked. MANCOVA results were presented and discussed with follow-up

analysis of covariance (ANCOVA) tests.

4.4.1. Determination of Covariates

In order to determine covariates among five independent variables, correlations
between all variables are examined. As can be seen from Table 4.4, either gender or
age variables are not correlated with any 1Vs and DVs in the study. These variables

will be excluded from further inferential tests.

Table 4.4 Correlations among independent and dependent variables in the study

Variables AGE PPHYSCG PREPPEQ PREHTAT POSTPPEQ POSTHTAT

GENDER  -.010 -.098 -.067 -.039 .022 -.007
AGE -.033 107 -.031 .056 .065
PPHYSCG 110 181* .078 .288*
PREPPEQ .008 .564* 109
PREHTAT .035 .345*
POSTPPEQ .290*

*Correlation is significant at the 0.05 level (2-tailed).

The dependent variable POSTPPEQ had significant correlation with PREPPEQ only.
Other dependent variable, POSTHTAT, had significant correlation with both
PPHYSCG and PREHTAT. However, there is a significant low correlation between
PPHYSCG and PREHTAT (r = .181, p <. 05). Therefore, both PREHTAT and
PPHYSCG can be selected as covariates. Correlation between PREHTAT and
POSTHTAT and correlation between PREPPEQ and POSTPPEQ are significant
at .01 levels. These correlations are less than .80 and there is no significant
correlation between PREPPEQ and PREHTAT as desired. As a result, PPHYSCG,
PREHTAT and PREPPEQ are decided to be used as three covariates in the data

analysis.
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4.4.2. Assumptions of MANCOVA

In order to conduct MANCOVA, there are five assumptions should be met: (a)
independence of observations, (b) multivariate normality, (c) linearity and
multicollinearity, (d) homogeneity of variance-covariance matrices, and (e)
homogeneity of regression slopes.

4.4.2.1. Independence of Observations

Data collectors, researcher and teacher, observed each test administration process
and verified that students completed their tasks on their own for each test. No
violation was detected during data collection. Therefore, assumption of independence

of observations was met.

4.4.2.2. Multivariate Normality

Univariate normality is important criteria to obtain evidence for multivariate
normality. To check whether normality assumption was met, skewness and kurtosis
values in Table 4.2 were examined initially. As values are between -2 and +2, normal
distribution was observed among variables. As MANCOVA is quite sensitive to
outliers in the data, univariate outliers were also examined. Each dependent variable
was checked in order to see outliers, but there were no big differences in the series to

call an outlier. Therefore, all subjects were remained in analysis.

Other tests for univariate normality (i.e. Kolmogorov-Smirnov, Shapiro-Wilk tests)
provided by SPSS were also checked. These tests calculate probability that the
sample is selected from a normal population. Therefore, insignificant results of these
tests assure univariate normality. In Shapiro-Wilk test, obtaining value W = 1
corresponds to perfect normal distribution in data. As shown in Table 4.5, tests

results are not statistically significant (p > .05). W values range between .964
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and .988, very close to 1.0. Therefore, each variable score was normally distributed

for all groups.

Table 4.5 Univariate normality tests’ results for [Vs and DVs in the study

Teaching Kolmogorov-Smirnov Shapiro-Wilk
Method Statistic ~ df Sig.  Statistic  df Sig.

Cl .096 55  .200* 974 55 275

PPHYSCG IEEI .093 60  .200* .964 60 072
EEEI .060 57  .200* .984 57 671

Cl 112 55  .080 979 55 442

PREPPEQ IEEI 071 60  .200* .988 60 .844
EEEI .082 57  .200* .983 57 579

Cl 074 55  .200* 975 55 318

PREHTAT IEEI .082 60  .200* .978 60 .345
EEEI .078 57  .200* 973 57 239

Cl .081 55  .200* .982 55 596

POSTPPEQ IEEI 077 60  .200* 973 60 196
EEEI .082 57  .200* .964 57 .083

Cl .068 55  .200* .966 55 118

POSTHTAT IEEI .097 60  .200* 977 60 .306
EEEI .085 57  .200* .988 57 .826

Note: This is a lower bound of the true significance.

To check multivariate outliers, Mahalanobis distance for each case was calculated
firstly. Mahalanobis distance is the distance of an individual case from the centroid
which is the point created by the means of all variables (Tabachnick & Fidell, 2001).
By looking at Mahalanobis distance, discrepancies within the sample such as outliers
can be detected. For two dependent variables, critical value of Mahalanobis distance
is 13.82. If there is any value greater than critical value, multivariate outlier exists in
the sample (see Table 4.6). Maximum values for CI, IEEI and EEEI are 6.360, 8.239
and 7.495 respectively, which do not exceed the critical value. It shows that there is

no multivariate outlier in this sample.
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Table 4.6 Mahalanobis distances of two dependent variables for each group

Teaching Method Min Max Mean S.D. N
Cl .026 6.360 1.964 1.715 55
IEEI .008 8.239 1.967 1.872 60
EEEI .081 7.495 1.965 1.608 57

Note: Dependent variables: POSTHTAT and POSTPPEQ

4.4.2.3. Linearity and Absence of Multicollinearity

Linearity assumption seeks out the existence of a linear, straight-line, relationship
between dependent variables (Pallant, 2001, p.223). In order to check the assumption,
simple scatterplots of POSTPPEQ and POSTHTAT were produced for each group
shown in Figure 4.3. These scatterplots do not display non-linearity that the
assumption is met.
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Figure 4.3 Scatterplots of POSTPPEQ versus POSTHTAT for CI, IEEI and EEEI
groups

Multicollinearity is observed when dependent variables are highly correlated with
each other. The POSTPPEQ and POSTHTAT scores were lowly correlated (r =.290,
p < .01) as can be seen in Table 4.4. As a result, assumption of absence of

multicollinearity is not violated.
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4.4.2.4. Homogeneity of Variance-Covariance Matrices

Homogeneity of variance refers to variance-covariance matrices are equal across the
cells due to between-subject effects. In order to test this assumption, Box’s Test of
Equality of Covariance Matrices (Box’s M test) was checked. The assumption is not
violated if the Sig. value of Box’s M test is larger than .001 (Pallant, 2001, p.228;
Tabachnick & Fidell, 2001, p.330). Result of Box’s M test is given in Table 4.7. Sig.

value is found .158 (p > .001). The assumption is verified.

Table 4.7 Results of Box’s M test

Box’s M 9.441

F 1.547

dfl 6

df2 688678.510
Sig. 158

The assumption of equality of variance for dependent variables can be checked by
looking at Levene’s Test of Equality of Error Variances. Null hypothesis of the test is
that the error variance of dependent variable is equal across the groups. If Sig. value
is less than .05, it indicates violation of the assumption (Pallant, 2001, p.228). For
these two dependent variables, Sig. values are greater than .05 as shown in Table 4.8.
Therefore, the assumption of equality of variance is also verified for both dependent

variables.

Table 4.8 Results of Levene’s Test
F dfl df2 Sig.
POSTPPEQ .366 2 169 .694
POSTHTAT 1.985 2 169 .141
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4.4.2.5. Homogeneity of Regression

In MANCOVA, assumption of homogeneity of regression indicates that “the
regression between covariates and DVs in one group is the same as the regression in
other groups” (Tabachnick & Fidell, 2001, p.331). Violation of this assumption
implies interaction between independent variables and covariates. Moreover, it
becomes more likely to make Type Il errors. In order to test this assumption for
MANCOVA, tests for overall and step-down homogeneity of regression are
suggested by Tabachnick and Fidell (2001). For the current data analysis, PPHYSCG,
PREPPEQ and PREHTAT were determined as covariates. There is only one
independent variable, which is TEACHING METHOD. As it has 3 level group

memberships, two dummy variables were created as M1 and M2:

Groups | M1 M2
EEEI 1 0
IEEI 0 1
Cl 0 0

Tabachnick and Fidell (2001) illustrated syntax for testing of homogeneity of
regression for MANCOVA (p.364). Based on explanation in the chapter, the
following syntax was written for all tests in order to check assumption of
homogeneity of regression, which is shown in Figure 4.4. The /ANALY SIS sentence
with two dependent variables is for overall test while /ANALYSIS sentence with one

dependent variable performs stepdown analysis.
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MANOVA PPHYSCG, PREHTAT, PREPPEQ, POSTHTAT, POSTPPEQ BY M1(0,1)

M2(0,1)

IPRINT=SIGNIF(BRIEF)

JANALYSIS=POSTPPEQ, POSTHTAT

IDESIGN=PPHYSCG, PREHTAT, PREPPEQ, M1, M2
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M1 +
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M2 +
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M1 BY M2

JANALYSIS=POSTPPEQ

IDESIGN=PPHYSCG, PREHTAT, PREPPEQ, M1, M2
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M1 +
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M2 +
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M1 BY M2

IANALYSIS=POSTHTAT

IDESIGN=PPHYSCG, PREHTAT, PREPPEQ, M1, M2
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M1 +
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M2 +
POOL(PPHYSCG, PREHTAT, PREPPEQ) BY M1 BY M2.

Figure 4.4 Syntax for tests homogeneity of regression for MANCOVA

The ANALYSIS sentence with two dependent variables is for overall test while

ANALYSIS sentence with one dependent variable performs stepdown analysis. After

performing analysis by syntax, researcher checked out “POOL” results to consult

homogeneity of regression assumption. SPSS output for overall test is shown in

Table 4.9. Sig. value is .456 (p > .01) that homogeneity of regression assumption is

not violated.

Table 4.9 Homogeneity of regression test: Overall test for MANCOVA

Source of Variation Wilks df  Errordf Sig.of F
Lambda
PPHYSCG .983 1.355 2 159 261
PREHTAT .872 11.611 2 159 .000
PREPPEQ T72 23.429 2 159 .000
M1 .986 1.067 2 159 .346
M2 .986 1.048 2 159 .353
POOL (PPHYSCG, PREHTAT, .929 .992 12 318 456

PREPPEQ) BY M1 + POOL (PPHYSCG,
PREHTAT, PREPPEQ) BY M2 + POOL

(PP
M1

HYSCG, PREHTAT PREPPEQ) BY
BY M2
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The second ANALYSIS sentence in syntax performs test for the POSTPPEQ and
output for the stepdown analysis is shown in Table 4.10. Here the POSTPPEQ serves
as dependent variable with PPHYSCG, PREPPEQ and PREHTAT as covariates and
M1 and M2 independent factors. The F value for homogeneity of regression is F (6,
160) = .48, p = .821. As Sig. of F value is greater than alpha level (.01), the
homogeneity of regression assumption is verified for the dependent variable, the
POSTPPEQ.

Table 4.10 Homogeneity of regression test for the POSTPPEQ

Source of Variation SS df MS F Sig. of F
WITHIN+RESIDUAL 12296.92 160 76.86

PPHYSCG .06 1 .06 .00 979
PREHTAT .01 1 .01 .00 991
PREPPEQ 3572.22 1 3572.22  46.48 .000
M1 133.43 1 133.43 1.74 190
M2 32.50 1 32.50 42 516
POOL (PPHYSCG, PREHTAT, 222.59 6 37.10 48 821

PREPPEQ) BY M1 + POOL
(PPHYSCG, PREHTAT, PREPPEQ)
BY M2 + POOL (PPHYSCG,
PREHTAT PREPPEQ) BY M1 BY
M2

Third ANALYSIS sentence in syntax performs test for POSTHTAT and output for
stepdown analysis is shown in Table 4.11. Here, POSTHTAT serves as dependent
variable with PPHYSCG, PREPPEQ and PREHTAT as covariates. The F value for
homogeneity of regression is F (6, 160) = 1.50, p = .181. Homogeneity of regression
assumption is not violated for the dependent variable POSTPPEQ either.
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Table 4.11 Homogeneity of regression test for the POSTHTAT

Source of Variation SS df MS F Sig. of F
WITHIN+RESIDUAL 11060.83 160 69.13

PPHYSCG 182.12 1 182.12 2.63 107
PREHTAT 1567.47 1 1567.47  22.67 .000
PREPPEQ 267.95 1 267.95 3.88 .051
M1 11.55 1 11.55 17 .683
M2 94.58 1 94.58 1.37 244
POOL (PPHYSCG, PREHTAT, 622.87 6 103.81 1.50 181

PREPPEQ) BY M1 + POOL
(PPHYSCG, PREHTAT, PREPPEQ)
BY M2 + POOL (PPHYSCG,
PREHTAT PREPPEQ) BY M1 BY M2

4.4 3. Results of MANCOVA

Assumptions of MANCOVA analysis were verified in the previous section, which
allowed us to perform MANCOVA to test the null hypotheses. For the test,
PPHYSCG, PREHTAT and PREPPEQ were set as covariates while POSTHTAT and
POSTPPEQ were defined as the dependent variables of the study. The independent
variable was teaching method that included three group memberships: (1) EEEI, (2)
IEEI, and (3) CI.

4.4.3.1. Main Problem

The null hypothesis for the main problem was “Hpl: There is no significant overall
effect of the instructions (EEEI, IEEI and CI) on the population means of the
combined dependent variables of ninth grade ATTHS students’ post-test scores of
physics achievement in heat and temperature unit and post-test scores of physics
related personal epistemologies when students’ age, gender, physics achievement in
first semester, pre-test scores of physics achievement in heat and temperature unit

and pre-test scores of physics related personal epistemologies are controlled.”
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In order to examine if there is statistically significant effect of instruction,
MANCOVA test was performed. The results of MANCOVA, as shown in Table 4.12,
indicated that there is a significant mean difference on the combined dependent
variables of the POSTHTAT and the POSTPPEQ between CI, IEEI, and EEEI
groups when the effects of covariates were controlled (Wilks” A = .603, F (6, 330) =
15.809, p < .05, partial eta-squared = .223). Therefore, the first null hypothesis was
rejected. Observed power was greater than preset value, .80. Moreover, partial eta
squared value is interpreted for effect-size of the independent variables on dependent
variables. The value of 0.01 indicates small effect, 0.06 refers to medium effect, and
0.14 refers to large effect as interpreted by Cohen (1988). For this study, partial eta

squared value was found .223 which indicates a large effect size.

Table 4.12 Results of MANCOVA test

Effect r;irlnktj;la F df  Errordf  Sig. 23:;1?& ICD):stzrrved
PPHYSCG .986 1142 2 165 322 .014 .249
PREPPEQ .660 42561 2 165 .000  .340 1.000
PREHTAT  .816 18.648 2 165 000 .184 1.000
METHOD 603 15809 6 330 000  .223 1.000

As can be seen from Table 4.12, PREPPEQ and PREHTAT are contributed
significantly to combined dependent variables of physics achievement and physics
related personal epistemologies (Wilks” A = .660, F (2, 165) = 42.561, p < .05,
partial eta squared = .340 for PREPPEQ and Wilks” A =.816, F (2, 165) = 18.648, p
< .05, partial eta squared = .184 for PREHTAT ). Large effect was found for both
covariates. However, the third covariate (PPHYSCG) did not make any significant
contribution to model (Wilks> A = .986, F (2, 165) = 1.142, p > .05, partial eta
squared = .014).
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Table 4.13 Estimated marginal means for POSTHTAT and POSTPPEQ

Estimated
Dependent Teaching .
Variable Method Mean Marginal Std. Error
Mean
POSTPPEQ Cl 101.01 100.72* 1.179
IEEI 104.86 104.49* 1.123
EEEI 105.83 106.49* 1.159
POSTHTAT Cl 29.14 29.00* 1.139
IEEI 38.44 38.08* 1.085
EEEI 42.98 43.48* 1.119

Note: Covariates appearing in the model are evaluated at the following values:
PPHYSCG =73.27, PREPPEQ = 102.43, PREHTAT = 25.85.

The estimated marginal means for the dependent variables are given in Table 4.13.
Estimated marginal means are the adjusted mean values with the effect of covariates.
The difference between estimated marginal means of Cl and IEEI groups on
POSTPPEQ was 3.771. It was 5.774 when CI and EEEI groups were compared, and
the difference was 2.003 when EEEI and IEEI groups were compared. Without
adjustment of covariates’ effect, differences between the group means on
POSTPPEQ were 3.85, 4.82 and 0.97 respectively. Similarly, the difference between
estimated marginal means of Cl and IEEI groups on post-HTAT was 9.078. It was
14.478 when CI and EEEI groups were compared and, the difference was 5.401
when EEEI and IEEI groups were compared. Without adjustment of covariates’
effect, differences between the group means on POSTHTAT were 9.3, 13.84 and
4.54 respectively.

Table 4.14 summarizes the effect of instructions and effect of each single covariate

on dependent variables separately. The results will be discussed in following sections.
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Table 4.14 SPSS output for tests of between-subjects effects

Source Dependent  df Mean F Sig. Partial Observed
Variable Square Eta Power
Squared
POSTHTAT 1 139.184 1.977 .162 .012 287
PPHYSCG
POSTPPEQ 1 7.841 104 748 .001 .062
POSTHTAT 1 302.513 4.298 .040 .025 540
PREPPEQ

POSTPPEQ 1 6437.417  85.356 .000 .340 1.000

POSTHTAT 1 2636.555 37.460 .000 .184 1.000
PREHTAT
POSTPPEQ 1 45.796 607 .437 .004 121
POSTHTAT 3 1943.049 27.606 .000 333 1.000
METHOD
POSTPPEQ 3 665.204 8.820 .000 137 .995
POSTHTAT 166 70.384
Error
POSTPPEQ 166 75.419
POSTHTAT 172
Total

POSTPPEQ 172

For MANCOVA analysis, preset value of alpha was set to .05 in which multiple
comparisons were done simultaneously. In order to reduce the probability of making
Type-I error for multiple comparisons separately for each dependent variable,
Bonferroni adjustment was suggested (Tabachnick & Fidell, 2001). Bonferroni
adjustment was done by dividing alpha by the number of dependent variables. The
result of pairwise comparisons of the effect of teaching methods on POSTHTAT and
POSTPPEQ are given in Table 4.15.
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Table 4.15 SPSS output for pairwise comparisons on DVs

Dependent  (l) Teaching  (J) Teaching Mean Std. Sig.”
Variable Method Method Difference (I-J) Error
IEEI 5.401 1.560 .002
EEEI
Cl 14.478 1.607 .000
EEEI -5.401 1.560 .002
POSTHTAT IEEI
Cl 9.078 1.574 .000
cl EEEI -14.478 1.607 .000
IEEI -9.078 1574 .000
IEEI 2.003 1.615 .650
EEEI
Cl 5.774 1.664 .002
EEEI -2.003 1.615 .650
POSTPPEQ IEEI
Cl 3.771 1.629 .066
cl EEEI -5.774 1.664 .002
IEEI -3.771 1.629 .066

Note: Pairwise comparisons are based on estimated marginal means. The mean
difference is significant at the .05 level. Bonferroni adjustment was done for multiple

comparisons.

To contrast effect of instructional methods separately, dummy variables M1 and M2
are used as in Section 4.4.2.5. The results of MANCOVA test by using dummy

variables are given in Table 4.16.

Table 4.16 Results of MANCOVA test by using dummy variables

Wilks’ Partial Eta  Observed
Effect df Errordf  Sig.

Lambda Squared Power
PPHYSCG .986 1.142 2 165 322 014 249
PREPPEQ .660 42.561 2 165 .000 .340 1.000
PREHTAT .816 18.648 2 165 .000 184 1.000
M1 661 42.300 2 165 .000 1889 1.000
M2 .825 17.457 2 165 .000 175 1.000
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The results of MANCOVA by using dummy variables, as shown in Table 4.16,
indicated that there is a significant mean difference on the combined dependent
variables of the POSTHTAT and the POSTPPEQ between EEEI and other groups
when the effects of covariates were controlled (Wilks’ A = .661, F (2, 165) = 42.300,
p < .05, partial eta-squared = .339). Similarly, there is a significant mean difference
on the combined dependent variables of the POSTHTAT and the POSTPPEQ
between IEEI and other groups when the effects of covariates were controlled (Wilks’
A = .825, F (2, 165) = 17.457, p < .05, partial eta-squared = .175). Effects of
independent variable on each dependent variable are shown in Table 4.17.

Table 4.17 SPSS output for tests of between-subjects effects by using M1 and M2

Source Dependent df Mean F Sig. Partial Eta Observed
Variable Square Squared Power
POSTHTAT 1 139.184 1977 .162 .012 .287

PPHYSCG
POSTPPEQ 1 7.841 104 748 .001 .062
POSTHTAT 1 302513 4.298 .040 .025 540

PREPPEQ
POSTPPEQ 1 6437.417 85.356 .000 .340 1.000
POSTHTAT 1 2636.555 37.460 .000 184 1.000

PREHTAT
POSTPPEQ 1 45796  .607 .437 .004 121
POSTHTAT 1 5712.250 81.159 .000 .328 1.000

M1
POSTPPEQ 1 908.610 12.048 .001 .068 .932
POSTHTAT 1 2340.701 33.256 .000 167 1.000

M2
POSTPPEQ 1 404.026 5.357 .022 .031 .634
POSTHTAT 166 70.384

Error
POSTPPEQ 166 75.419
POSTHTAT 172

Total

POSTPPEQ 172
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Tabachnick and Fidell (2001) stated that “it is appropriate to investigate further the
nature of the relationships among Vs and DVs” in spite of significant main effects
obtained from multivariate analysis (p.286). In order to clarify the relationships
between DVs, step-down analysis were suggested as an additional follow-up
procedure. In the analysis, univariate F tests are used to explore mean differences
between groups on a single DV and “the difference in shared variance across
dependent variables given an a priori ordering of these dependent variables” (Krach,
2001, p.3). Stevens (2009) emphasized two advantages of step-down analysis over
univariate F tests: (a) It relies on a theoretical basis for priority ordering of DVs, and
(b) it is statistically more desirable approach to estimate false rejections of null
hypothesis (p.323).

There are only two DVs (POSTHTAT and POSTPPEQ) in the study. The related
literature brought out evidence that achievement and personal epistemology are
essentially interrelated constructs. Accordingly, the step-down analysis was
conducted in order to explore unique effect of the epistemologically enhanced
instructions on achievement and personal epistemology separately. In the analysis,
highest priority was attributed to dependent variable of physics achievement

(POSTHTAT) and second dependent variable was used as covariate.

Effects of type of instruction after adjustments for covariates (including POSTPPEQ)
were investigated via step-down ANCOVA test, in which post achievement was
given highest priority. Results of the analysis are summarized in Table 4.18. The
effect of explicit epistemologically enhanced instruction was found significant (F (2,
165) = 67.711; p = .00) when compared to other groups. And the effect of implicit
epistemologically enhanced instruction was found significant (F (2, 165) = 28.663; p
= .00) when compared to other groups. These results indicated that the effect of
epistemologically enhanced instruction on physics achievement after controlling the
effect of posttest scores on physics related personal epistemology (POSTPPEQ) was

significant. Moreover, physics achievement was also uniquely and significantly
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affected by the teaching method after its significant and unique effect on personal

epistemology.

Table 4.18 Step-down ANCOVA test for the POSTHTAT variable by using the
POSTPPEQ as covariate

Partial Eta Observed

Source SS df MS F  Sig. Squared Power
PPHYSCG 149.998 1 149.998 2.180 .142 .013 219
PREPPEQ 12.765 1 12.765 185  .667 .001 .039
PREHTAT 2515.980 1 2515.980 36.559 .000 181 1.000
POSTPPEQ 328494 1 328494 4.773 .030 .028 471
M1 4659.839 1 4659.839 67.711  .000 291  1.000
M2 1972.594 1 1972.594 28.663 .000 148 999
Error 11355.211 165 68.819

Total 255830.916 172

Note: a=.025

When the POSTPPEQ scores were analyzed by attributing POSTHTAT scores as
another covariate besides existing covariates in the data analysis, the effect of the
teaching method was not significant (For EEEI: F (1, 165) = 2.640; p = .106, and for
IEEIL: F (1, 165) = 1.547; p = .215) as shown in Table 4.19. This result can be
interpreted as students’ physics related personal epistemology was not significantly
and uniquely affected by the instruction beyond its effect on physics achievement. In
other words, students’ physics related personal epistemology was indirectly affected
by teaching method.
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Table 4.19 Step-down ANCOVA test for the POSTPPEQ variable by using the
POSTHTAT as covariate

Partial Eta Observed

Source SS df MS F Sig.

Squared  Power
PPHYSCG 23225 1 23225 315 575 .002 .049
PREPPEQ 5811.623 1 5811.623 78.810 .000 323 1.000
PREHTAT 3.754 1 3.754 051 .822 .000 .029
POSTPPEQ 351.993 1 351993 4.773 .030 .028 471
M1 194.668 1 194.668 2.640 .106 016 .265
M2 114.099 1 114.099 1547 215 .009 157
Error 12167.514 165 73.743
Total 1878301.522 172
Note: a=.025

4.4.3.2. Sub-problem 1

The null hypothesis for the first sub-problem was “Hg2: There is no significant effect
of the instructions (EEEI, IEEI and CI) on the population means of ninth grade
ATTHS students’ post-test scores of physics achievement in heat and temperature
when students’ age, gender, physics achievement in first semester, pre-test scores of
physics achievement in heat and temperature unit and pre-test scores of physics

related personal epistemologies are controlled.”

Results of test of between subject effects are presented in Table 4.14. Results
revealed that there was statistically significant mean difference on the POSTHTAT
variable between CI, IEEI, and EEEI groups when the covariates PPHYSCG,
PREHTAT and PREPPEQ were controlled (F (3,166) = 27.606, p < .05). The

observed effect size was found .333 which indicates large effect of the instructional
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method on students’ achievement. Observed power was 1.00 which was greater than
preset value. There is statistically significant mean difference between explicit
epistemologically instruction when compared to Cl and IEEI groups on physics
achievement. Moreover, the mean difference on POSTHTAT scores between IEEI

and CI groups was found significant.

Some statistical differences are observed when dummy variables are integrated into
MANCOVA test as shown in 4.17. The results indicated that there is statistically
significant mean difference with large effect between EEEI and other groups based
on physics achievement in heat and temperature (F (1,166) = 81.159, p = .00, partial
eta squared = .328). Implicit epistemologically enhanced instruction was also found
effective method when compared to other groups with large effect size (F (1,166) =
33.256, p = .00, partial eta squared = .167).

4.4.4.2. Sub-problem 2

The null hypothesis for the second sub-problem was “Hg3: There is no significant
effect of the instructions (EEEI. IEEI and CI) on the population means of ninth grade
ATTHS students’ post-test scores of physics related personal epistemologies when
students’ age, gender, physics achievement in first semester, pre-test scores of
physics achievement in heat and temperature unit and pre-test scores of physics

related personal epistemologies are controlled.”

Results of univariate test provided in MANCOVA were presented in Table 4.14.
The results indicated that there is a statistically significant mean difference on the
POSTPPEQ variable between CI, IEElI and EEEI groups when the effect of
covariates (PPHYSCG, PREHTAT and PREPPEQ) were controlled (F (3, 166) =
8.820, p < .05). The effect of instructional method on physics related personal
epistemology was observed as large (partial eta squared = .137). Observed power

was .995 which was greater than preset value. When Table 4.15 is considered, there
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Is statistically significant mean difference between explicit epistemologically
instruction when compared to CI on students’ physics related personal epistemology.
However, there is no statistically significant mean difference on POSTPPEQ scores
between explicit and implicit instruction. Also, the mean difference on epistemology
scores between IEEI and CI groups was not significant.

Performing MANCOVA by using dummy variables revealed that there is statistically
significant difference between EEEI and other groups based on students’ physics
related personal epistemology with medium effect (F (1,166) = 12.048, p = .001,
partial eta squared = .068) as shown in Table 4.17. However, implicit
epistemologically enhanced instruction (IEEI) was not found practically effective
method when compared to other (F (1,166) = 5.357, p = .022, partial eta squared
=.031). The observed power (.634) was below the pre-set value (.80).

4.4.4.3. Sub-problem 3

The null hypothesis for the third sub-problem was “Ho4: There is no significant
effect of the instructions (EEEI, IEEI and CI) on the population means of ninth grade
ATTHS students’ post-test subscores on physics related personal epistemology
dimensions (i.e. coherent structure of knowledge, hierarchical structure of knowledge,
justification of knowledge, changeability of knowledge, source of knowledge and
quick learning) when students’ age, gender, physics achievement in first semester,
pre-test scores of physics achievement in heat and temperature unit and pre-test

scores of physics related personal epistemologies are controlled.”

The total score on the POSTPPEQ was included into previous MANCOVA test
rather than using subscores on POSTPPEQ dimensions. In order to investigate any
difference observed between PPEQ dimensions, another MANCOVA test was
performed by using POSTHTAT and six dimensions of PPEQ (SKC, SKH, CK, JK,

Source and QL) as dependent variables. For grouping variable, two dummy variables
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(M1 and M2) were used. Same covariates (PPHYSCG, PREHTAT and PREPPEQ)
were included into this MANCOVA test as in the previous one. The results are
presented in Table 4.20.

Table 4.20 Results of MANCOVA test for the six dimensions of the POSTPPEQ

Wilks’ Error Partial Eta  Observed
Effect F df Sig.

Lambda df Squared Power
PPHYSCG .959 974 7 160 452 041 411
PREPPEQ  .943 1.370 7 160 221 057 570
PREHTAT .806 5.518 7 160 .000 194 .998
M1 .638 12.955 7 160 .000 .362 1.000
M2 784 6.314 7 160 .000 216 1.000

By integrating six dimensions of the PPEQ as dependent variables into analysis, the
observed effect sizes of the instructions are increased statistically. Still, the effect of
teaching methods is statistically significant on combined dependent variables in the
study with large effect (for EEEL: Wilks” A = .638, F (7,160) = 12.955, p < .05,
partial eta squared = .362 and for IEEI: Wilks” A =.784, F (7,160) = 6.314, p < .05,
partial eta squared = .216). In order to explore any significant change occurred
between dimensions of PPEQ, results of the test between subjects effects are given in
Table 4.21.

Results of the MANCOVA test showed that there is statistically significant small to
medium effect on changeability of knowledge dimension (F (1, 166) = 7.286, p < .05,
partial eta squared = .042), there are no statistically significant mean differences on
other dimensions between the EEEI and other groups. There is statistically
significant medium effect of IEEI on coherent structure of knowledge dimension
when compared to Cl and EEEI (F (1, 166) = 9.604, p < .05, partial eta squared
=.055). Observed power (.869) is above the preset value.
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Table 4.21 SPSS output for tests of between-subjects effects

Source DV df MS F Sig.  Partial Eta  Observed
Squared Power
POSTHTAT 1 139.184 1.977  .162 012 .287
SKC 1 .259 .042  .837 .000 .055
SKH 1 9.485 931  .336 .006 .160
PPHYSCG JK 1 7.863 708 401 .004 133
CK 1 4.093 577 449 .003 117
SOURCE 1 3.496 310  .578 .002 .086
QL 1 7.396 .8564 357 .005 151
POSTHTAT 1 302.513 4298  .040 .025 540
SKC 1 26.614 4353  .038 .026 546
SKH 1 14.320 1.405  .238 .008 .218
PREPPEQ JK 1 7.905 712 400 .004 134
CK 1 13.953 1.967  .163 012 .286
SOURCE 1 6.850 .608 437 .004 121
QL 1 8.134 939 334 .006 161
POSTHTAT 1 2636.555 37.460  .000 184 1.000
SKC 1 4.883 799 373 .005 144
SKH 1 8.501 .834  .362 .005 148
PREHTAT JK 1 .265 .024 877 .000 .053
CK 1 2.465 .347 556 .002 .090
SOURCE 1 571 .051  .822 .000 .056
QL 1 1.784 206 .651 .001 074
POSTHTAT 1 5712.250 81.159  .000 .328 1.000
SKC 1 20.285 3.318  .070 .020 441
SKH 1 21.572 2117 148 .013 .304
M1 JK 1 3.631 327  .568 .002 .088
CK 1 51.699 7.286  .008 .042 .765
SOURCE 1 14.006 1.244 266 .007 .198
QL 1 4917 .568 452 .003 116
POSTHTAT 1 2340.701 33.256  .000 167 1.000
SKC 1 58.716 9.604  .002 .055 .869
SKH 1 5.538 543 462 .003 113
M2 JK 1 30.258 2725 101 .016 375
CK 1 8.023 1.131  .289 .007 .185
SOURCE 1 53.708 4770  .030 .028 .584
QL 1 .032 .004 951 .000 .050
POSTHTAT 166 70.384
SKC 166 6.114
SKH 166 10.191
Error JK 166 11.104
CK 166 7.095
SOURCE 166 11.260
QL 166 8.661
POSTHTAT 172
SKC 172
SKH 172
Total JK 172
CK 172
SOURCE 172
QL 172
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4.5. Results of the Classroom Observation Checklist

As aforementioned in Section, classroom observation checklist was developed in
order to make valid observations about both treatment and control groups. The
checklist was filled accordingly to ensure whether the instructions were implemented
as stated in the study. The researcher attended and observed all of the sessions in all
groups by using the classroom observation checklist. Each week, ninth grades took
physics course for 2 lecture-hours and the implementation had continued for seven
weeks. 14 observations were done for each class which means 84 classroom

observations in total.

In order to confirm whether implementation was conducted as intended, quantitative
analysis was done by scoring the checklist. There are two alternatives in the checklist
that “yes” response scored as “1” and “no” response was scored as “0”. There are 26
items in the classroom observation checklist. In Table 4.22, items in the checklist are
grouped regarding to teaching method. There are 10 specific items for explicit
instruction. And there are 11 items which include common characteristics of
epistemologically enhanced instructions. And there are five items which can be

observed in treatment and control groups.

Table 4.22 Grouping items in the classroom observation checklist

Groups Item No. N
EEEI 5,6,8,12,15, 19, 21, 22, 24, 25 10
Common for EEEI and IEEI 1,2,4,7,611,13, 14, 16, 18, 20, 26 11
Common for EEELI, IEEI and CI 3,9,10,17, 23 5

The descriptive results of the classroom observation checklist are presented in Table
4.23. Number of observations (# of Obs.) was calculated in terms of weeks. The
mean and standard deviation of each item was provided according the group

membership.
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Table 4.23 Descriptive results of classroom observation checklist for each group

Experimental Groups

Control Groups

The EEEI The IEEI The CI
# of # of # of
ltem Obs. Mean S.D. Obs. Mean S.D. Obs. Mean S.D.
(Week) (Week) (Week)
1 7 1.00 0.00 7 1.00 0.00 7 071 047
2 7 0.71  0.47 7 0.71 047 7 0.00 0.00
3 7 1.00 0.00 7 1.00 0.00 7 0.86 0.36
4 7 0.71  0.47 7 0.71 047 7 0.00 0.00
5 7 057 051 7 0.00 0.00 7 0.00 0.00
6 7 043 051 7 0.00 0.00 7 0.00 0.00
7 7 0.86 0.36 7 0.71 047 7 0.00 0.00
8 7 0.71  0.47 7 0.00 0.00 7 0.00 0.00
9 7 0.43 0.51 7 0.43 0.51 7 0.71 0.47
10 7 0.71  0.47 7 0.71 047 7 057 051
11 7 043 051 7 043 051 7 0.00 0.00
12 7 057 051 7 0.00 0.00 7 0.00 0.00
13 7 0.14 0.36 7 0.14 0.36 7 0.00 0.00
14 7 0.14 0.36 7 0.14 0.36 7 0.00 0.00
15 7 0.29 047 7 0.00 0.00 7 0.00 0.00
16 7 043 051 7 043 051 7 0.00 0.00
17 7 0.86 0.36 7 093 0.27 7 029 047
18 7 029 047 7 029 047 7 0.00 0.00
19 7 0.71  0.47 7 0.00 0.00 7 0.00 0.00
20 7 057 051 7 057 051 7 0.00 0.00
21 7 0.71  0.47 7 0.00 0.00 7 0.00 0.00
22 7 043 051 7 0.00 0.00 7 0.00 0.00
23 7 0.43 0.51 7 0.57 0.51 7 0.57 0.51
24 7 029 047 7 0.00 0.00 7 0.00 0.00
25 7 043 051 7 0.00 0.00 7 0.00 0.00
26 7 029 047 7 0.00 0.00 7 0.00 0.00
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The descriptive statistics for the items in the classroom checklist were indicated
specific differences between EEEI, IEEI and CI groups. In order to test the
differences due to type of instruction in both treatment and control groups, a non-
parametric test which is called Kruskal-Wallis H test was conducted. This test allows
comparison of two or more independent groups of an IV on an ordinal DV.
According to results of the Kruskal-Wallis H test, there were statistically significant
differences in 19 items out of 26 (excluding items no. 3, 9, 10, 13, 14, 18 and 23)
between different types of instruction. Item no. 3, 9, 10, and 23 were observed events
in all groups that non-significant results were expectable. The difference in items 13
and 14 related to changeability of knowledge via historical content was found non-
significant. These items were checked for only two weeks in EEEI and IEEI groups
within seven weeks that might be the reason for non-significant result. For the items
which are distinguishing characteristics of the EEEI from other instructions (see
Table 4.22), the test results were statistically significant as shown in Table 4.24.

Table 4.24 Results of Kruskal Wallis H test for the items in classroom observation

checklist

Items ¥ df Sig.
Item_1 8.632 2 013
Item_2 18.636 2 .000
Item_3 4.100 2 129
Item_4 18.636 2 .000
Item_5 Explicit — SK(1) 19.294 2 .000
Item_6 Explicit — SK(2) 13.667 2 .001
Item_7 23.109 2 .000
Item_8 Explicit JK(1) + Source 25.625 2 .000
Item_9 2.982 2 225
Item_10 0.837 2 .658
Item_11 8.200 2 .017
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Table 4.24 (continued)

2

Items X df Sig.
Item_12 Explicit — SK(3) 19.294 2 .000
Iltem_13 2.158 2 .340
Iltem_14 2.158 2 .340
Item_15 Explicit — CK(1) 8.632 2 013
Iltem_16 8.200 2 .017
Item_17 15.878 2 .000
Iltem_18 4.824 2 .090
Item_19 Explicit — JK (2) + Source 25.625 2 .000
Item_20 12.615 2 .002
Item_21 Explicit — CK(2) 25.625 2 .000
Item_22 Explicit — QL(1) 13.667 2 .001
Iltem_23 0.745 2 .689
Item_24 Explicit — QL(2) 8.632 2 .013
Item_25 Explicit — QL(3) 13.667 2 .001
Iltem_26 8.632 2 .013

In order to test whether implicit and explicit epistemologically enhanced instruction
are distinguishable according to classroom observation checklist, the post-hoc
analysis was conducted by using the non-parametric test: Mann-Whitney U test. The
results of the test showed that there are significant differences in aforementioned
items which included distinguishing characteristics of the EEEI. And no difference
between two groups was observed for the remaining items. The results of Mann-
Whitney U test is presented in Table 4.25. To conclude, the results of classroom
observations showed that the teacher implemented characteristics of both IEEI and
EEEI adequately as intended in treatment groups. In control groups, the teacher did
not use same instructional strategies as provided in treatment groups. It can be stated

that treatment verification of the study was established by the classroom observations.
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Table 4.25 Results of Mann-Whitney U test for the items in classroom observation

checklist

Items Mann-Whitney U Z Sig.
Item_5 Explicit — SK(1) 42.000 -3.286 .001
Item_6 Explicit — SK(2) 56.000 -2.714 .007
Item_8 Explicit JK(1) + Source 28.000 -3.873 .001
Item_12 Explicit — SK(3) 42.000 -3.286 .001
Item_15 Explicit — CK(1) 70.000 -2.121 .034
Item_19 Explicit — JK (2) + Source 28.000 -3.873 .001
Item_21 Explicit — CK(2) 28.000 -3.873 .001
Item_22 Explicit — QL(1) 56.000 -2.714 .007
ltem_24 Explicit — QL(2) 70.000 -2.121 034
Item_25 Explicit — QL(3) 56.000 -2.714 .007

4.6. Summary of Findings

The results obtained from the current study can be summarized as follows:

Type of instruction (EEEI, IEEI and CI) has statistically significant large
effect on combined dependent variables (students’ achievement on heat and
temperature and physics-related personal epistemology) with a large effect
size.

The explicit epistemologically enhanced instruction (EEEI) is the most
effective method to promote positive changes on students’ physics
achievement.

Also, the implicit epistemologically enhanced instruction (IEEI) was found as
an effective method to promote positive changes on students’ physics
achievement with large effect.

When the effect of types of instruction on students’ physics-related personal

epistemology is concerned, the EEEI was found the most effective instruction
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when compared to other groups with medium effect size. Pairwise
comparisons revealed that there is statistically significant mean difference
between the EEEI and CI groups. However, no significant mean difference
was found between EEEI and IEEI.

The IEEI was not an influential method on improving students’ personal
epistemology. The mean difference on POSTPPEQ score was significant
between IEEI and CI groups with low power value. The results indicated low
practical significance of IEEI on improving students’ physics-related personal
epistemologies.

To sum up, explicit approach is superior to implicit approach in terms of
improving students’ physics-related personal epistemologies.

The stepdown analysis indicated that type of instruction has direct and unique
effect on students’ physics achievement when POSTPPEQ scores are
controlled with other covariates. On the contrary, unique effect of type of
instruction was not found on students’ physics related personal epistemology
when POSTHTAT scores are controlled.

When the six dimensions of personal epistemology were considered, there are
few changes observed within dimensions. There is statically small to medium
effect found on changeability of knowledge when the EEEI groups are
compared with other groups. Also, there is statically medium effect found on
coherent structure of knowledge when the IEEI groups are compared with
other groups.

No interaction is found between independent and dependent variables.
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CHAPTER 5

DISCUSSION, IMPLICATIONS, SUGGESTIONS AND CONCLUSION

This chapter is divided into four sections. First section presents discussions about the
contributions and limitations of the study. Second section includes the potential
implications of the findings theoretically and practically, and presents suggestions for
further research. Third section presents external validity of the study and the last

section brings the thesis to a conclusion.

5.1. Discussion

This study investigated the effectiveness of explicit (EEEI) and implicit
epistemologically enhanced instruction (IEEI) on ninth grade students’ physics
achievement on heat and temperature unit and their physics-related personal
epistemology. For this purpose, two comparison groups and a control group design
was adopted to test whether any changes occurred in aforementioned constructs due
to effect of instructional methods. Comparison groups were exposed to different
types of epistemologically enhanced instructions whereas control groups were

instructed with a physics teacher’s conventional teaching.

Epistemological enhancement was done explicitly and implicitly via different but
interrelated instructions. In IEEI, dimensions of personal epistemology were
embedded via different instructional strategies without explicit discussions on these
dimensions. This instruction includes concept teaching, inquiry (mostly supplied by
experimentations and observations), demonstrations, seeking consistency,

constructing criteria to assess reliability of knowledge, effective use of reliable
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sources, opportunities to test (students’ own) hypothesis, and use of logical reasoning.
Teacher’s role in IEEI was mostly facilitator; however, in some particular cases
teacher was also becomes the source of knowledge in order to present content in an
organized way by leading students to reach information. On the other hand, EEEI
(explicit instruction) was enhanced by making implicit instruction explicit through
iterative discussions on the dimensions of personal epistemology and teacher’s
purposive talks to create awareness on these dimensions. Instructions in both groups
took seven weeks but the teacher put more effort and spent more time on presenting
epistemological dimensions via discussions and talks in EEEI. Consequently, content
teaching was shortened in EEEI when compared to IEEI.

By controlling the effects of students’ physics achievement in first semester, pre-
existing physics-related personal epistemologies and pre-achievement on heat and
temperature unit, statistical significance with large effect (partial eta squared = .223)
was found between instructional methods in the study. More specifically, the results
of the study revealed that EEEI was more influential instructional method than IEEI
and conventional instruction on the improvement of students’ achievement in heat
and temperature unit. Tapping students’ personal epistemologies to improve their
beliefs on how one knows, organizes his/her knowledge in an academic discipline,
obtains information by judging credibility of external sources, justifies his/her
knowledge, etc. seems assisted students in their learning process. This result supports
the theoretical argument that personal epistemology is one of the most significant
personal variable that effect students achievement proposed in the literature of
personal epistemology (e.g. Hofer, 2001; Vosniadou, 2007; Chinn et al., 2011; Kelly
etal., 2012).

Different from explicit epistemological interventions (i.e. Yerdelen-Damar, 2013,
Yerdelen-Damar & Eryilmaz, 2016), this study also tested the possible effect of
implicit epistemological interventions (IEEI) and showed that IEEI promoted

improvement on students’ achievement in physics much better than students’
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exposed to conventional instruction. In IEEI, personal epistemology dimensions were
embedded implicitly by establishing conceptual links between different subjects,
evaluation and justification of external source of information via observation,
experimentation, and using logical tools without any explicit emphasis. It seems that
implicit epistemologically enhanced instruction was also able to convey instructional
messages about learning physics. This result is an important contribution of the
current study to the literature because implicit instruction has a negative reputation in
the literature of epistemology due to the results of empirical studies on the nature of

science.

The current study also focused on the effectiveness of instructional methods on
students’ physics-related personal epistemology. The explicit epistemologically
enhanced instruction was more effective than implicit and conventional instructions
to foster students’ epistemological beliefs. This result is compatible with the results
of some intervention studies (e.g. Kienhues et al., 2008; Brownlee et al., 2011; Muis
& Duffy, 2013; Yerdelen-Damar, 2013). When students’ posttest scores on physics-
related personal epistemology questionnaire (PPEQ) were concerned, groups’ means

were sorted from highest to lowest as EEEI, IEEI and CI as expected.

Additionally, EEEI and IEEI groups improved their mean PPEQ scores in posttest
whereas mean of PPEQ scores of CI groups were decreased when pretest and posttest
scores compared. It seems that CI groups’ students regressed to more naive
epistemological beliefs as they were constantly exposed to transmission of
knowledge from authority (e.g. teacher, physics textbook) during physics instruction
with minimum effort to obtain knowledge by themselves. The results of the study
indicated that EEEI was more effective method with medium effect to improve
students’ physics-related personal epistemology when compared to Cl. However, the
implicit version of instruction did not create any significant change when compared
to Cl. Making epistemological dimensions visible during instructions seems to help

students recognize more about their personal epistemology. Nevertheless, the
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difference between EEEI and IEEI groups on personal epistemology was not
statistically significant. This result is parallel to findings in scientific epistemology
(NOS) research (e.g. Abd-El-Khalick, 2001; Abell et al., 2001; Khisfe, 2008) that
explicit approach was more effective than implicit approach to convey messages
about scientific epistemology. This can be argued that embedded activities in implicit
version seems to change students’ epistemological beliefs through practicing physics
by themselves but this implicit messages do not seem to be as effective as the explicit

messages provided through explicit instruction.

Moreover, the researcher has hypothesized that each instruction would stimulate
specific epistemological beliefs depending on epistemological considerations of
different type of instructions. According to results, some difference was found in
students’ physics-related personal epistemology (in spite of no statistical significance)
when IEEI and CI groups were compared. It seems that implicit epistemological
differences in instruction caused slight changes in terms of students’ epistemological
beliefs. Even though both IEEI and CI adopted different approaches in teaching (i.e.
student-centered versus teacher-centered), implicit messages of instruction seems to
be ignored by students. This is probably because, in Turkish educational system
achievement is always superior goal in learning physics when compared to other
outcomes (such as attitude toward physics course, epistemological beliefs, etc.)
provided by the instruction. This result supports the related studies (i.e. Redish &
Hammer, 2009; Yaman, 2013) that implicit modification of instruction was not an

effective method to change students’ personal epistemology.

Comparing to Yerdelen-Damar’s (2013) results, which indicated large effect of
explicit epistemological intervention on improvement of students’ epistemological
beliefs when compared to traditional instruction, medium effect was found between
EEEI and CI groups in this study. The existence of additional group (IEEI) in the
current study revealed medium effect of explicit instruction when compared to CI.

Large effect could be found if only EEEI and CI were included in the current study.
160



The difference could be also associated with different epistemological measures (i.e.
MPEX-II, PPEQ) used in both studies. These instruments focus on different
dimensions of personal epistemology. However, results of both studies showed that
there is not only one (unique) way of explicit instruction to tap students’
epistemological beliefs. For instance, a structured instruction based on 7E-learning
cycle was implemented to probe epistemological dimensions in Yerdelen-Damar’s
study. On the contrary, various instructional strategies were used in the current study
to stimulate different epistemological dimensions in each instruction. In spite of
effectiveness of both explicit instructions, these instructions might affect different
epistemological dimensions regarding the structure of treatment that should be

considered in further research.

Results of descriptive analysis of sub-dimensions for PREPPEQ and POSTPPEQ
implied that there are some changes in several dimension of personal epistemology
occurred in different instructions. Decline in mean scores of justification of
knowledge and quick learning dimensions were observed within control groups.
Continuous transmission of knowledge in a teacher-centered instruction may be the
potential cause of this result. The content of heat and temperature begins with
introduction of thermodynamics concepts and continues with analysis of different
events by using graphs and mathematical calculations. It seems that students exposed
to ClI began to ignore justification by themselves as content became more complex.
As content required more individual effort to learn, students seems to develop beliefs

that they are not able to learn or they do not have ability to learn physics.

On the contrary, minor improvements in different dimensions of personal
epistemology were observed in IEEl and EEEI groups. There was significant
increase in mean scores of EEEI groups in terms of changeability of knowledge. This
change might be emanated from visibility of epistemological dimension (CK:
changeability of knowledge) from history of science examples in two weeks of the

treatment. However, similar change on CK dimension was not observed in IEEI.
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Significantly positive change was observed in hierarchical structure of knowledge
dimension between IEEI and other groups. It seems that linkages between different
concepts in different units (e.g. kinetic energy with temperature, phase change with
potential energy) and concepts within heat and temperature unit helped students to
recognize more about structure of their physics knowledge. Interestingly, the EEEI
did not create similar effect on this dimension in spite of explicit linkages. Moreover,
integrating six dimensions of the PPEQ model provided more insight epistemological
change in IEEI groups. Because there was no statistically significant mean difference

on total PPEQ scores between IEEI groups and other groups.

As can be seen from the results, epistemologically enhanced instructions were more
effective on improving students’ physics achievement than enhancing their physics
related personal epistemology. Step-down analyses also revealed that
epistemologically enhanced instruction has unique and direct effect on improving
students’ physics achievement. In other words, improvement of physics achievement
is independent from epistemological improvement. On the contrary, results of step-
down analysis indicated that epistemological improvement is not independent from
improvement in physics achievement. It seems that students’ achievement in physics

assists students to reach more sophisticated personal epistemology.

5.2. Implications and Suggestions

Current study presumed that high school students have epistemological beliefs with
varying sophistication level as stated in the literature (e.g. Kuhn et al., 2000; Elder,
2002; Mansfield & Clinchy, 2002; Burr & Hofer; 2002; Haerle & Bendixen, 2008)
and naive epistemologies could be improved by well designed instructions. This
study showed that student’s personal epistemology is subject to change if the
epistemological constructs (or its dimensions) were aligned with appropriate
instructions. The results of the study suggest that tapping students’ epistemological

beliefs in early ages (i.e. in formal operational stage) may help students reach more
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sophisticated levels which is more productive than expecting students’
epistemological development by maturation through years. Nonetheless, dimensional
differences of personal epistemology among different groups were also observed in
the study after the treatments, which imply that dimensional analysis would be more
informative than unitary approach on the effectiveness of instruction. Further
research can focus on the possible benefit of particular instructional strategies on

different dimension(s) of personal epistemology.

In order to enhance students’ personal epistemology, the explicit and implicit
instructions were designed by using different instructional strategies. By this way,
student exposed to explicit epistemologically enhanced instruction got more benefit
on physics achievement when compared to implicit instruction or traditional
instruction. This result implies that physics or science teachers might help students to
improve their achievement in physics by using different methods rather than sticking
to one concrete and stable instruction. However, content of the unit could be
restrictive for such implementation. The “heat and temperature” unit as outlined in
the national curriculum includes both conceptual physics knowledge and
mathematical calculations (quantitative knowledge) which allowed the researcher to
use different instructional strategies. However, some of the units in the curriculum
such as radioactivity and modern physics may not allow researchers to use wide
range of instructional strategies because of the limited scope of the objectives.
Consequently, the results of the study may be generalized to the units in physics with
similar scope. The effectiveness of implicit and explicit epistemologically enhanced
instructions may change due to this restriction. More intervention studies are
required in order to obtain big picture about physics-related personal epistemology
and its dependence on content.

This study offered statistically and practically positive changes in both students’
personal epistemology and physics achievement due to use of explicit

epistemologically enhanced instruction within seven weeks. Even though no
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interaction was found between these constructs in this study as in previous research
(i.e. Yerdelen-Damar, 2013), results imply that affective variables such as personal
epistemology should not be ignored when physics achievement is on the carpet.
Sophistication in personal epistemology may mediate students’ learning process and
the learning difficulties they encountered. And it may help students to figure out how
they learn and how they can improve their learning in any subject. In this study, the
researcher considered only personal epistemology and physics achievement as
outcome variables. Further research might be helpful to understand the effectiveness
of explicit and implicit instructions on other affective constructs such as motivation

to learn physics or attitude towards physic.

Teacher’s personal epistemology was out of focus in this study that all instructional
material for treatments was already developed by the researcher. As observed in
conventional instruction, the teacher tends to teach physics knowledge economically
by transmitting knowledge without any other effort (such as using demonstrations,
experimentation in laboratory, or use of historical cases). Researcher did not examine
whether treatments affected teacher’s physics-related personal epistemology.
Teacher dimension could be integrated in further studies.

Permanence of instructional effect on students’ physics achievement and physics-
related personal epistemology was not explored in this study. As claimed in belief
literature, changing beliefs takes time. However, no data related to stability of
epistemological beliefs was collected in the current study because students continued
to take conventional instruction in the following semester after the study. In order to
determine whether instructional effect is permanent or temporary, retention tests

could be used in further studies by using the necessary arrangements.

Lastly, the sample of this study was included ninth grade high school students. Even
though ninth graders have not been specialized in a specific field yet (e.g. literature,

mathematics, science, social arts), several studies reported emergence of differences
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on domain-specific and general epistemological beliefs among university students
and adults due to their majors in the literature (i.e. Hofer, 2000; Palmer & Marra,
2004). In this study, students’ domain-general epistemological beliefs were not
measured in order to explore whether any changes occurred due to effect of
epistemologically enhanced instructions. Also, no information is obtained on whether
epistemologically enhanced instructions can effect students’ epistemological beliefs
or their achievement in other science courses (e.g. biology, chemistry, mathematics).

This can be investigated in future studies.

5.3. External Validity of the Study

The accessible population of the study was all ninth grade students at ten Anatolian
Teacher Training High Schools (ATTHS) in Ankara. The current study was
conducted at one of two ATTHSs in Cankaya district and sample of the study was
about 14 percent of the target population and 42 percent of accessible population.
Therefore, the results of the study could be generalized to the population.
Additionally, most of the students in ATTHSs in Cankaya district were high
achievers at TEOG (the entrance examination for high schools). The results of the

study could be generalized to the schools with similar student characteristics.

5.4. Conclusion

Based on the results of the study, the explicit epistemologically enhanced instruction
is an effective method to improve not only students’ physics-related personal
epistemologies but also their physics achievement on heat and temperature.
Moreover, embedding dimensions of personal epistemology into instruction without
any explicit epistemological emphasis was found to be effective method to improve
students’ physics achievement. Nevertheless, implicit epistemologically enhanced
instruction is not as effective method as explicit epistemologically enhanced

instruction to improve students’ physics-related personal epistemologies. The results
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suggest that embedding the dimensions of personal epistemology into instruction can
improve students’ physics achievement but adding explicit discussions about
epistemological issues can also improve their physics-related personal epistemology.
Needless to add that these conclusions can only be generalized to the similar settings

within the limitations of the study discussed in previous sections.
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APPENDIX A

INSTRUCTIONAL OBJECTIVE LIST OF THE HTAT

(9.5.1.1)) Isi, sicakhik ve i¢ enerji kavramlarim tanimlar ve birbirleriyle

iliskilendirir.

Specific Objectives

1. Define heat, temperature and internal energy.

2. Relate heat, temperature and internal energy with each other.

(9.5.1.2)) Kullamm amaglarma gore termometre ¢esitlerini ve sicakhik

birimlerini karsilastirarak sunar.

Specific Objectives

3. Compare thermometer types according to their aim of usage.

4. Compare different temperature units.

(9.5.1.3.)) Farkh 1s1 ve sicakhk birimlerinin ortaya cikis nedenlerini

aciklar.

a. Is1 (kalori ve Joule) ve sicakhk (°C, °F, K) icin birim doniisiimleri
yapilir.

Specific Objectives

5. Explain why different heat units were emerged.

6. Explain why different temperature units were emerged.

7. Make conversion of heat units (calorie and Joule).

8. Make conversion of temperature units (°C, °F, K).

(9.5.1.4.) Oz 1s1 ve 1s1 sigas1 kavramlarim aciklar.

a. Ozistmn maddeler igin ayirt edici bir ézellik oldugu vurgulanir.

b. Ogrencilerin farklh maddelerin 6z isilari 1s1-sicakhk grafiklerinden
hesaplamalar saglanir.

c. Ogrencilerin 6z 1silar1 farkh maddelerin sicaklik degisimlerinin
giinliik hayattaki etkileri ile ilgili 6rnekler vermeleri saglanir.

Specific Objectives

9. Explain specific heat concept.

10. Explain heat capacity concept.

11. Explain the effects of temperature change in daily life according to

different matters with different specific heat.

(9.5.2.1.) Ortamdan enerji ahnmasi veya ortama enerji verilmesi ile hal

degisimi arasindaki iliskiyi aciklar.
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a. Ogrencilerin donma, erime, kaynama ve yogunlasma kavramlarim
enerji ile iliskilendirmeleri saglanir.

b. Ogrenciler maddelerin sicakhik ve hald egisimi icin gerekli 1siy1
hesaplar, 1s1-sicakhik grafiklerini gizer.

c. Ogrencilerin 1s1-sicakhk grafiklerini cizmeleri ve yorumlamalari
saglanir.

Specific Objectives

12. Explain the relationship between exothermic and endothermic process and

change in state of matter.

13. Calculate the required heat to change temperature and state of the matter.

14. Draw temperature-heat graphs.

15. Analyze temperature-heat graphs.

(9.5.3.1.) Isil denge kavraminin sicakhik farki ve 1s1 kavramlariyla olan

iliskisini aciklar.

a. Ogrencilerin simiilasyonlar ve gosterimler kullanarak isil dengenin
sicaklik degisimi ve 1s1 ile iliskisini gozlemlemeleri saglanir.

Specific Objectives

16. Explain the relationship among thermal equilibrium, temperature

difference and heat concepts by using related simulations and demonstrations.

(9.5.4.1.) Enerji iletim yollarim aciklar.

a. Ogrencilerin iletim, 151ma ve konveksiyon yolu ile enerji aktarimini
en iyi gerceklestiren kati, sivi ve gazlara ornekler vermeleri saglanir.

b. Ogrencilerin enerji iletim yollarn kullamlarak gelistirilen
uygulamalara érnekler vermeleri saglanir.
Specific Objectives

17. Explain the types of energy transfer.

18. Give examples of solid, liquid and gases which transfer energy the best by

conduction, convection and radiation.

19. Differentiate daily life examples according to types of energy transfer.

(9.5.4.2.) Bir maddedeki enerji iletim hizim etkileyen degiskenleri aciklar.

a. Ogrencilerin maddelerin enerji iletim hizim giinliik hayat olaylar ile
iliskilendirmeleri saglanir.

b. Matematiksel islemlere girilmez.

Specific Objectives

20. Explain the factors affecting the rate of energy transfer.

21. Relate rate of energy transfer at different matters in daily life phenomena.

(9.5.4.3.)) Enerji tasarrufu icin yasam alanlarinin yalitimma yoénelik

tasarim yapar.

a. Ogrencilerin 1s1 yalitim yollarin arastirmalari saglanir.

b. Ogrenciler 1s1 yahtim ile ilgili giinlik hayattan bir problem
belirlemeleri ve ¢oziimler iiretmeleri saglanir.

c. Proje tasarnminda gruplar olusturulmasina, ortak kararlar
alinmasina, gorevlerin paylastirnlmasina, siirecin Ve iiriiniin
degerlendirilmesine imkan verilir.
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10.

11.

12.

Specific Objectives

22. Make design aimed to insulation of living areas for energy saving.

23. Provide solutions for problems related with heat insulation in daily life.

(9.5.4.4.) Hissedilen ve gercek sicakhik arasindaki farkin nedenlerini

aciklar.

Specific Objectives

24. Explain the reason of difference between felt and real temperature.

(9.5.4.5.) Kiiresel 1sinma olaymin sebepleri ve Kiiresel isinmanin ortaya

cikardig etkiler iizerine argiiman olusturur.

Specific Objectives

25. Explain the factors related with global warming.

26. Explain effects of global warming.

(9.5.5.1.) Kati, sivi ve gazlarda genlesme ve biiziilme olaylarim

karsilastirir.

a. Ogrencilerin giinliik hayattaki olaylar1 inceleyerek genlesmenin
etkilerini karsilastirmalar: saglanir.

b. Ogrencilerin suyun diger maddelerden farklihk gésteren sicakhk-
hacim ve sicakhik-ozkiitle grafiklerini yorumlamalarn ve giinliik
hayattaki etkilerini tartismalar: saglanir.

c. Matematiksel islemlere girilmez.

Specific Objectives

27. Compare thermal expansion/contraction phenomena for different matters.

28. Give examples about effects of thermal expansion in daily life.

29. Examine volume-temperature and density-temperature graphs of water.

30. Explain effects of water’s unique expansion characteristics on daily life.
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APPENDIX B

FIRST VERSION OF THE HTAT

1013-2014 2. Dinem

IS1 ve SICAKLIK BASARI TESTI

Adr-Soyad: Okul Ady:

Ogrenci No: SmiffSube:

Bu test toplam 37 tane somigermektadir. Agiklama istensn sorularda cevaplarmez agik ve 6z olsun.
Coktan seqmeli sorularda izaretlemelermizi ynt edilsbilir bir jekilds vaphfmizdan smn olunuz. Litfen
sorulan bos bralmaymiz. Bilemedigmiz va da vapamadifmez serular igm kenulmus kutocukdan
tzaretleyiniz. Smav toplam 100 puandw.

Bazanlar dileriz.

1. Biliim (10 Puan)

Asaguda srve seakik konusu kaveanloryla igili fadeler lstelenmiziir. Verilen jhde dogruyzal,
vamlgsa ¥ harfing vuvarlak ipine alme. Yanhs oldugunu digiindiigiiniz cevaplarn dogrularm
biralalan bosluklara yazimz. Her dogru cevap I puandr.

Bilmiyorum
Yapamiyorom
1. D ¥ Isive sicaklik birbin verme kullandan kavramlard, O
2. D ¥  Burdolzbmdan gikarlen bir yige suyun 1sis1 bir sivedi tezgzhta duran bir
sizeve gire dzha ardw O
3 D Y  Sofukcisimlerm sicalhin varde 0
4. D ¥ Igenerjisi arten bir maddenin 1sis1da arter 0
5 D ¥ I enerjisi artan bir maddenin sicakhin da arter. 0
6. D ¥  Swcakbk bir maddenm ortzlama kinstik enerpisidir. O
7. D ¥ Isy siczk bir cisimden sofuk bir cisme dogru gergeblegen enerji transferidir. 0
8. D ¥  Bircismn yada maddenm 1mismdan bahsedilemez. 0
9. D ¥  Molekiler ditzeyde bir maddenin szhip oldugu potansivel ve kinstik snerji
toplam ig enetji olarzk tanmlanw O
10. D Y  Bir cismi yerden 2hip 2.0m yilksekligmde bir rafa kovarsak ig enerjisi artar. 0

185



11.

13
14.

16.
17.
18.
19

1. Biliim (10 Puan)

B riitunundaverilen kavramiar ile A siitunundaverilen drnek slaylar: eglesiiriniz. Bog brakilan yerlere
(__Ja b, yadae harflerinden wygun olan va da wigun olankart yeearak cevaplayme. Her dogru cevap
']

! puandp.

&m::‘;n A, Génlitk hayattan Srnekler B. Enerji iletim yollar:
O ( ) Gimesli bir gimde zrsbanm diz yilzeymm 1smmas;
O ( ) Tencerede suyum kaynanlmas
O ( ) S1cak gorbanm igine brzlolan kagigmm zamenla ismmasy
0 ( ) Ealorifer petegi fizermde 13man havanm yitkselmesi 2. lletim
O ( ) ¥ anan 3dmime ile 13mma b. Konveksiyon
O ( JDemirin geklmi defiztirmek icm kazdwilmas:
O ( ) dikrodalga frmda yemek 1smzk ¢, [sma
O (_ )Gomlegn fitiilenmesi
O ( 1 S1cak hava balonunun sizmesi
O [ )(Gimes pansllerinin ¢ehizman

3. Biliim (18 puan)
Bu biliimde verilen sorularm cevaplarou bog brakilan yere ks aca apiklayarak yaeme. Her bir soru 3
puandir.

21. Czhzan bir motorum yanmasm engellemek igin 8z 13151 vitksek sofumeon s m voksa 6z 15s1 dilgik
bir sofutucn srvi m killangdmi=?

Bilmivorm / O
Y aparmiyorum

11, Neden sivil termometrelerds gensllikle erva lallanide? Bilmivorum O
Y apamiyorom

186



23, Seramik zemine giplak ayalds bestfmizdz ayafmme fgiirksn, parke (tzhtz) zemine basngmizdz
ayzfmizn fiziimesmm nedenmi agiklaymrz. _
Bilmivorum O

T apamiyorum

24, Neden kayal vapan sporcular kalm bir mont yerine, birden cok giysivi ilst iiste giverles?
Bilmivormm 0
T apaniyorum

25, Susincilarmda su deldurulan hemede “buraya kadar deldurun™ W igareti bulunur. Buna gire
istemm z2fzma kadar tamamen suyla doldurnlamamasmm nedeni nedie? o

= -’ Bilmiyorum .
Y apanuyorm

26. Esra: “Diin gok sogukin, sicaldik 265°e mmigh ™ Bilmi
. . . - T apamiyorum o
Sizee Esra hangi sicaklik dlgefine gore bovle sdvlemizto

4. Biliim (32 Puan)
Bu bolimnde verilen goktan segmeli sorularidogru cevab yuvarlak igine alacak sekilde Saretleyerek
cevaplayouz. Her sorwmm ek bir dogru cevaby vardr ve her sorud puandr.

27. Aysekendizsine bir fincan sicak ¢ay harwlar. Kardesi icin buzdolabmdan mevyve suyn gikarer. Caym
sicakhii yaklagik @0°C, meyve suyuize 53°C dir. Meyve suyunu da rafts duran bagka bir fimcana dolduwrr
ve iki fincan da masaya kovar. Odanm sicakhifn yaklagde 20°C dir.

Bunz gére 10 dakika sonra swasivla caym ve meyve suyunun sicekhklzn agamidakilerden hangisi olabii?

A} WPCwe 3°C Bilmivorum 0
B) B0°FCwve3*C Yapamsy

C)y T0PCwe 10°C
Dy 50°Cwe20°C
E)  Ihisi de 20°C dir.
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0 / » Zamaniz)

-114

Deeniz bir fizik laboratuvarmda tebmisyven olarak caliymaktady. Delaplardzki malzemeleri meslerken, bir
rafta stikeflenmemis bir sige srvi bulur. Srvmm kokusundan lkol oldugu anlagidmaktzdr. Bu alkelin
tibriind bulmak igm sy bir milddet starak kaynatr, Srvmm kaynama sicakhgmm 78,5°C eldugunu
bulur. Intemetten zrastrdigmda bu sicakligm etil alkolin kaynama sicakhima (78,3°C) gok vakm
oldugunu goriir. Internette pérdiizi etil alkolin hal depistirme grafisni mceler. Bu grafik ssbit bir 1siecr
kullanilarzk elde edilmigtir.

Deeniz grafifi meelerken bazm yorumlar vapar. Agagida verilen vorumlardan hangisi vanhsto?

A} Etd zlkel -115°C sicakikta kat halde bulunur. Bilmivorum

B}  Smihzle gecen etil alkolin kzynama sicaldifma gelmest igin verilen Y apamryorum
131 miktar buharlazmasi icin verilen 131dan dsha fazladu

C)}  Etil alkeliin kaynama 15151 etime 1s1ismdan gok dzha fazlady.
D)  Etl zlkel kullanilan bir termometre e 79°C sicakhk degeri dlgiilemez.

E} Leberstuvarmuzdski sogutuculzm sicakhgn en diigiik -20°C eldugo
tpin etil alkeli kzhlagtramayiz.

O

o
29, Tsmzil ustz, bit evde mevdanz gelen elektrik anras sebebivle anza gilkan binzva gitmesi gerekanistie.
Arsbasimn golgelik bir ver olmadif) igm giines alan bir vere park stmiztir. Arabanm bagajnda bir plastik
su §igest, metal giviler ve kauguk eldivenlering burabomgtr. 3 saat bovunca giinegin sltmda beldeyen
arahanm igerizindekd swcaklik 33 *C dir.

Arzhada kalan egvalarm sicakibdean asamdali segenelderden hangisi gibi olu?

Plastik su sisesi Metal crviler Kaucuk eldivenler .
Bilmiyorom ]

A) 35°C 35°C 35°C Y apamryorum
B) 35°C 70°C 35°C
C) 60°C 80°C 20°C
D) 60°C 80 C 60°C
E) 60°C 80°C 80°C
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3. Szbit 1ziher de 1smhlzn bar su dmeginin 1s1-sicakhk defizmi azasdaki grafikte gdsterilmigtir.
T(=C) 4

Werilen 121

Suyun kiitlesi thi katma gleerhlip verilen 151 miktan defigtirlmerse, 151-sicaklhik dedizimi grafisi
zzamdakilerden hangisi gibi olwr? (Biitin grafibler icin birim kareler Szdestir.)

A) B)
TCCy. TG 4 Bilmivorsm
Yapamivorom [l
Verilen 151 i Verilen 151
C) D) E) Eendi ¢izmim:
TC) 4, TEC) 4, TCEC) A
Werilan 151 - Werilen 121

Werilan 151

3. Alimmyumun &z 15151, bakrm 6z 1mismm iki kandw. FC de aym kiiflede bir parga aliimimyum ve bir
parca balor aym siezk sudelu kovayz ablmigtr. Buna gére sistem 121l dengeye geldiginde, slimmyum ve
bakr parcalarm sicakliklanyla ilgili agagidaki ifadelerden hangizi dogrmdur?

Bilmivorem

A) Alimmyum parga balor percadan dsha sicakbr, Vapamivorsm ]

B) Bakw parca alimmyum pargadan dzha sieakte.

C) Alimmyum ve bakr pargelar aym sicakhbtadn.

D) Alimmyum ve baky parcaler arasmdaly sicaldik farkn su miktzrma baghdw.

E) Alimmyum ve bako parcelar srasmdzl sicaldik farka suyum ilk siczkdima baghdu.
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32. Mustafs ABD ve gidecefi dinemdeki avlik hava sicakhbdarm mesler.

WISCONSIN Milwankes Ocak | Subat | Mart | Nizan | Maviz | Haziran
Ortalams en yilkseksicaldik ('F)| 20 | 33 | 42 | 34 | 6 | 15
Ortalama en dugiksicalklik (F)| 16 | 19 | 28 | 37 | 47 | 37
Efu:*:l‘g Ocak | Subat | Mart | Nisan | Mayrs | Hazirm
Ortalams en vikseksicaldik (F)| 62 | 65 | 72 | 80 | 81 | @2
Ortalams en dugiksicaldik (F)| 42 | 45 | 51 | 39 | & | 72

Aszamidaki segenellerden hangisinde iki ehir icin kavdedilen ortzlama en vitksek sieakhk °C cimsinden

dogru verilmiztie”

Wisconsin (*C) Texas (¢
A) 15 a2
B) 43 23
C) 41 67 111
Dy 373 46
E) 23.89 3333

Asaguda verilen tablovu inceleviniz ve 33. ve 34. sorulan bu bilgiler dogrultusunda cevaplayvinz.

C)

Bilmivorom
Yapamivorom

o+

Madde A B C
Kiitlesi 2g 25g 5g

J I J

& 2
Is151gas 4'D’C><g '"D’C:x:g 4.0 Txg
Sicakhg 30°C 30eC 25°C
O

33, AveB maddeleri bitbirine temas etmektedr. Buna gére z3afidaki ifadslerden hangizi dogmdur?
A) BE'nin kitflesi fazlz eldugu igin enerji transferi B den A'va dogm gergeklegir.

B) Eiitle ve dz 151 carpirm B igin daha biivyiik eldufu igin enerji transferi B den

A’yadopm gerceklesit.

Bilmivorem
Yapamivorom

C} A'nm birim kiifle basma diizen 151 miktzn B’ den bilviik cldugu icm A’dan Bive gergeldegir.

D) Enetji transferi gergeklesmer.

E} A’nm &z 15151 dzha biivilk oldufuicn enerji transferi A’ dan B ye dogm pergeklesir.
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M. Bve Cmaddelen bitbirine temas stmektedir. Buna gére szanidzly ifzdslerden hangisi degmdur?
A} B'nin sicakhifn dzha vitksek oldugu ign enetji transfen B den Cye dogru T
gergekdesir. Yapamivornm
B) C'nin dz 15151 dzha bityiik eldugun icin enei transferi C'den Bive dogm gergeklesir.

C) E’'nin kiitlesi dsha biiviik oldufu icn enstji transfen B'den Clve dogr gergeldegir.

D} B ve Clnin dz 151 ve kiitle ¢arpmlan esit oldugu icm enerji transferi gergeldesmez.

E) Higcbiri

Biliim 5. (30 puan)
Bu bialiimde verilen sorwlarimatematiisel hesaplomalariverilen boslugavazarak cevaplayme. Liiffen
sorulardaverilen birimlere dithat ediniz.

Madde Erime Ism Oz Im Erime Sicakhg: | Genlesme Katsayim
(kJ /kez) (kJ/kg.7C) (*C) (10 m/m =C)
Aliminyum 371 TE] 660 222
Krom 134 046 1860 62
Bakr 176 039 1054 16 6
Kuryun 224 013 1275 280
Nikel 297 iEE! 1433 130
Cinko 118 0.39 419.5 297

Yukandakitablovu inceledilten sonra 35. ve 36. sorularmi cevaplandmmiz.

35, Bicakhik kontroliing saflamzk igm geligtirilmiz basit bar letken 1el llethen 1ed
ditzenek vandaki gekilde gésterilmistiv. Ditrenek ki farkh J
metalin siegklilk defizimine verdifn tepla sonucu elektrik

devresinim tememlanmasm saflamaltedy. Busayeds I

sistemim istenilen siezkhfz gelmesi ve siczkhifmm dzha o R e -

farlz vilkselmemesi saglanw. . v

Tabloda verilen metalleri kullanarak, TOFC sicakhsa
olemek icin avarlanmus sekalde verilen sistemde knllanabileceginiz:

a) (3 puan) hl=tal ticlarini vazimiz ve bu metal tirlerini nedean septifinizi agiklaymiz, Bilmivornm
Yaparmuvorom

b} (7 puan) I ve II've gzlecek metal tirlerini belirterek olusturacammiz metsl giftlerini vazmiz ve bu metal
piftlerini naden segtifinizi agiklayimz.
Bilmivorem
Yapamivorem
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36. (8 puan) Farkh metal tirlermin belirli dzellifder yukandaki tzbloda verilmigtir. 1k sicakliklan esit
olaczk sekilde her bir maddeden 10g almarak dzdes isioilarla smlwsa hangi metal tiriindin sicakhk

degizimi en fazlz olur?

Bilmivorsm
Yapamivorem ]

37. (12 puan) Evinizdeki valat gidetlermizi azaltmzk igin oturdugunuz binayva yaliom vapilmas: siz
konusudur. Bma valimmdz knllanilabilecek f2kdy valiim malzemeleri 2zafidaki tzbleda verlmigtie.
Emz yinsticisi ve gpartman szkinleri hem skonemik hem de dayamkh bir valiom veptrmak

istemektadirler.

Yahtim Malremesi Sicakhk Arah& | Im Tletim Katsayim ‘oEunluk Fivat® (m")
Balalitli Cam Yiini +230°C va kadar | 0.040W/mEK (20°C) 10-80 kg'm® | 26.20 TL (4em)
Bakalitsiz Cam Yiini +3353°C'wa kadar | 0.0453W/mK (30°C) 130 kg'm’ 30.20 TL (4cm)
Yitksek Yogunlukly Tagvimia | 0°C /7 +800°C 0.043WmEK {30°C) 100 kg'm® 4590 TL (3cm)
Dhiagitk Yeogunluklu Tagying 0°C/+800°C 0.043WmE {10°C) 11kg'm’ 43 90TL {5cm)
Cranlagticilmis Polistran (EPS) | -100°C/ +80°C 0.033WmK {10°C) 15-30kg'm? | 33.44TL (Sem)
Elstrivds Polistran (XP5) -B0°C/ +73°C 00Z6WmE (1P | 45kegm’ 38.63TL (3cm)

*Fivatlar 4 cm ve 5 cm kalmhfmdaki valiim malzemelernin metrekare (m®) fivatlandur.

Elimizdeki bu verilere pére, bina yineticisine hangi malzeme e valinm vaptymasm dnerirsmiz?

Agiklayarzk vazmiz.
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APPENDIX C

THE EXPERT OPINION DOCUMENT FOR THE HTAT

Uzman Goriisii
Sayin Uzman,

Tez ¢alismamda kullanmak {izere 9. smif Is1 ve Sicaklik konusu ile ilgili bir
basari testi gelistirmekteyim. Bu dokiimanda 6gretim programinda verilen
kazanimlar ve daha agik ve net olmas1 bakimindan bu kazanimlarla alakali alt
kazanimlar yazilmistir. Kazanimlarin verildigi listeden sonra Is: ve Sicaklik Basart
Testi i¢in olusturulan test belirtke tablosu verilmistir.

Buna gore liitfen;

1. Is1 ve Sicaklik Basar1 Testi dosyasinda bulunan sorular1 inceleyerek Bloom
Taksonomisi’nde bulunan biligsel alan seviyelerine gore belirtke tablosunda
kodlaymiz.

2. Is1 ve Sicaklik Basar1 Testi sorular1 hakkinda goriis ve onerilerinizi yazmak
lizere testin sonunda ayr1 bir boliim olusturulmustur. Cikarilmasini ya da
gelistirilmesini uygun gordiigiiniiz sorular1 liitfen belirtiniz.

3. Is1 ve Sicaklik Basar1 Testi’nin cevap anahtari olusturulmustur. Liitfen
cevaplarin dogrulugunu kontrol ediniz. Gerekli degisiklikleri litfen Goriis ve
Oneriler tablosuna yaziniz.

Vakit ayirdiginiz i¢in tesekkiir ederim.

Kiibra Eryurt
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Goriis ve Oneriler

Soru Aciklama Cevap Anahtan

w
wlwlwlwlwn N N N R R R Rk kR =
I G =R RN L EN N T = AN BN ST EN T N E ST B i i R Rl Rad L L

35b

w W
~N o

196




APPENDIX D

TABLE OF SPECIFICATION FOR THE FIRST VERSION OF THE HTAT

Cognitive Domain in Bloom’s Taxonomy
2 g
Subject = 5 = 2 = o | Total
=2 < = N ® =
E @ = = 2 5
GE) T o) < S =
<5} -g < < L ©
o D
Heat,
Temperature 1(1,6,7, | 2(2,3,4,5,8, 2(10)
and Internal 9) 10)
Energy
. 4(16a,b,c)
Units 8(28) 2(2)
Specific heat
11(11
and heat 1(2) ’ 1(2)
capacity
Phase change of 14(29)
matter 13(35) 15(31) 3G)
Th.e_rm_al 16(30, 103)
Equilibrium 32,33)
17(17a,b,c)
19(21,
Types of Energy 99 93 2(8)
Transfer 24,25
26,27)
Rate of Energy
Transfer 21(13) 1
Heat Insulation 24(18) 23(14) 22(36) 3(3)
Thermal 29(19) 28(15)
27(34 4(4
Expansion 30(20) (34) “)
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APPENDIX E

THE FINAL VERSION OF THE HTAT

151 ve SICAKLIK TESTI
Aih-Sovad: Ol Adh:
Orend No: SimifSube:

Bu test beg bilimden olusmaktadr. Test toplam 37 tane som igermektedi. Aqklam istensn
sorlards cevaplanman agk ve oz olmasma dikkat ediniz. Coktan segmeli somlarda
igaretiemelerinizi gyt edilebilir bir sekilde yapafmrzdsn erin oleme. Litfen sorlan bos
baralonaym.

1. Biliim
Asazda 1 ve acakhk komm kavramlanyla izl ifsdeler stelenmiztir, Verilen ifade dodnoyza
D, vanhgsa ¥ herfind yinvarlsk igine abme “Yanhs™ cevabim verdisiniz ifadelerin neden
oldufumn biralalan yazmr
Y Eapdm yanmae fizkssl bir degigimdir.
X Eapdm yanman fimkse]l defisim desldir.
v Eafidm yanman kinmvasal desisimdir,

L D Y Iavescskhk kmramlsn birbinmnin yenne kullamlr

1. D Y  Buzdolamdan yeni ckanlomg bir gige sipum s, uam sire masanm dzennds beldeniy

bir oncekiyle dodes bir ige suym 1msmdan daha andir,

3 D Y  Sopukcisimlerin sicakhi vardir.

4 D Y I enesjisi artan bir maddenin 15z da artar.

5 D Y  I;enesisiatan bir maddenin kesinlikle sicakhi da anar

6 D Y  Scskhk bir maddenin ortalama kinetk enerjisidir.

7. D Y  Im, sacakhk farkndan dolay sktanlan enegjidir

5 D Y  Bircimnssmdm babsedilemez,

9 D Y  Molekiler dizeyde bir maddenin sahip clduin potansivel ve kinesik enarji toplam ig

enerji olarsk tsmomlamr.

1. D Y  Birciso yerdsn shp 2m yikseklizinde bir rafa koyarsak i ensrjisi artar.
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1. Balim
Bu bobimde verlen somilsnn cevaplanm bog braklam verlers losada (bivkac ciimle ile)
sebebini vazarak aaldavmr

11 Calizam bir maotorun yannesm engsellenek icin &z i yikssk hir sosmamon swa (anffiz) m
voksa 0z 15151 dEigik bir sofrum sra o kbollsnardmaz?

Meden?

12. Vit sscakbhimnn &lomek icn kullandizmnz il termometrelerde s yerine genellikls
crva veys etil alkel kallamlr Burom nedenin G ve genlesme kanramlanmdsn haneizd ya da
hanmlen 1le apklarsmmes?

Neden?

13. Seramik zemine giplak ayakla bestfrmzds ayafume figirken, parke (mhts) zemine
bashzmmeda avagznnon b imemesinin sebebi nedir?

14 Eayak yapan sporcular labm bir mont yerine birden ol giysivi st Gste giyerel voom
sucakhklanm daha 1y dengelerler. Bumm sebebi nedir?

15_Arabalarda isnan moetorn sogmtmak ign radyator kullamlr. Badyatse, yaklasik 3 - 3.5 litre
s ve aniifriz kansommnn doldemnldegn bir hazmeden (kap) ve sinim dolsgmasnm zaglayan
bomilardan chupor. Hameye komulan kangm ancalk belli bir noldaya kadar konolur, mmamen
doldurulmsr Bienm sehebi nedir?




16. Burgin: “Tiin hava gok sofukh. Ddjital termemetrs evin sacskhzm 50 derece gisteriyondn ™

A Bu dijital termovmetrs hansi sacakhk birmind postermebtadiz?
b. Bu dijital temomeoreye gore suynm donma spcakb@ kag derecedir?
. Bu dijits] termomemeye gire sipnn kaynama sicakhs kag derecedin?

17 Enegi fletim yollanndan iletim komeksiyon ve isumay birer cimle fle agklaymz
a e
b Eowveksivon:

¢ Imma:

18. YVaz mevzintnds Ankara’deaki hava sicakhs fle Anksra’da hissedilen sicaldhl: arssmdalkd
fark, Adana’dakine gore daha apdor. Ba dunomin sebebini apklavame.

19, Spvum +4°C" deki ozel dumunmmn gosteren suym dzkiitle-spcaldik ve haom-acakil

Oekizle Hacim 4,

» Sacaklik . 5 Sacaklk

). Gtk yasamda 49" dekd sy Gzel dumemem gielamlediFimiz oloylam bir Gmek

VEnmE
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Criinlik harattan Groekler Enerji iletim yollan
21 Bir evin kaloriferle 1sihlman

XX Yaman soba Gzerindeld tencerenin 1smman A Tem

23 Eas mevsimde gimeste kalan cisimlenin simmsas)

24 Sicsk corbamn iginds kalan metal kes S elimizi yakmas: B. Fomvekzyon
25 Sonnnede yanan atesin yakim mesafedald haray s1mman

26, Uzm sire kingirle sinlan izparsnm kinsr okl dikien sonm CI

pERTRSI 1s1imEya devam etmesi

27 Faynayan suds yimnotamn pismesi

verilmistir?
Wisconsin (°C) Texas °C
A) 77 05
B) 45 3
Q) £2.77 5277
Dy 383 47,5
E) 25 35
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M. Bir 1s1ac1 ile srhlan bir miktar suym sicaklik-1:1 grafifi asagds verilmists,

o)

A

* Qiesl)

Suym kiitlesi ild katma qlearthp verilen 1s miktan defistirilmerss, scsklik-1o1 grafigi
agandakilerden hansisi zibi ohe? (Butin grafikler igin birim karsler dadestir.)
Qs A reat T T(C)4 ©

Y i

& 0 {cal) *Q (cal) > Qcal)
T(C) D) T(C) E)
- "
> Q (cal) > Q) {cal)

30. Ismail Usta arabasimda bir plastik su sisesi, bifkag metal civi ve bir gift ksuguk eldivenlerini
barakmmzor. Eapal garajda bekleven arsbamm ipensindsla sacakhlk 15 *C dir.

2 giin boyunca arsbads kalan bu egyalann (simdiki) sicakiiklan sgandaki seqensklerden hangisi
=ibi olabilir?
Plastil: su sisesi Metal civiler Kaucuk eldivenler

A) =0 2 10°C

E) 10°C 2°C 10°C

0 10°C 5o 2T

D) 5°C 5°C 375°C

E) 5°C 15°C 15°C
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31. ve 32. sorulan asasdald tabloda verilen bilsilere sére cevaplayimez.

Madde A B C
Kiitlesi 10g 10g 5B

. ] I I
0 3 2 4

T CxE "Cug g
Sicakhi 30°C EL 25°C

31. AvweB maddelen birbirine temas eftirilirse enerji transfen ile ilgli agagda verilen
ifadalerden hangisi dodm alur?

A) Eperji transferi A'dsn B've dogm gergeklesit, qimkid A'mm 6z 1551 B'oin &z 1515mdan
Toinyiketar.

B) Enerji transferi A"dan B've dogru gesgeklesir, (imki A’mm 151 1831 B ninkinden biniktar.

C) Enerji transferi A"dan B'ye dogm zergeklesit, pimkm knitle, Gz ve sacskhk carpmm A 'ds
B'dekinden fzladr.

) Enerji tramsferi perceklszmer ginkil 4 ve B nin kitlelen egitmr.

E) Eneji ransfen gerpeklesmez gimkii A ve B nin sycakhklan egiitr,

32 B ve C maddeler birbinne femas emnilirse enerj transfern il= izl azasida vesilen

ifadalerdan hangizi dodma olur?

A) Enerji transferi B den C've dogru gergeklesir, qimkii B nin kitlesi O ninkinden bkt

B) Enerji transferi B'den C've dogru gergeklecir, oimkii B nin sacakh® C'nin sicakbfndan
yiiksektir.

C) Enerji transferi B’ den Cve dogru gerpeklesir. oimkii katle, 6z 151 ve sicakhk carpanm Bde
" dekindsm fzladi.

D) Eneyji transferi C"den B*ye dogru gergeklesir, qimkii C"nin 6z 15151 B ninkinden biyiktr.

E) Eperji transfer gerpeklezmer, pimkii B ve Cnin 151 sigalan esitiir.
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33, Azzpdaki prafikte, baslaneicts tanenn kat olan bir muiktar ol alkehin hal daFisim srafis

verilmictr
Sacaldhk (")
1 H ! i _i__[ .1
] : }I,.-"i _! . : o ] # Varilen i {cal)
-- .r"';-- f-- - |
R RARNEEENEES

Grafigi inceleven bir &&renci su pksnmlsn vapar:
1. Exl alkel -115°C scaklikis kan halde bolwmar.
1. Tamamen s1v1 hale gegen otil alkolin kayvnama sicakhins gedmibmesi ign verilen 151
nuktan tamsmen buharlasniac icin verben adan dahs faziade
3. Eal alkeolim boharlasma 15151 enme 1msimdan qok deha fzladm,

4. Laboratuarrmzdaki sodumcularm en dbsiik sicakhs -20 C, bu vizden o6l slkoli
kanlaghramayiz
Oérencinin yapas pkanmilardsn hangisi va da haneileri dosrudur”
Ay lvel Bylwed C)2ved Dyl 3wed Ejl2 3ved
Bilim 5.
Bubdlinn 1 ank wclu somdan chgmaktader, Somalan dikkatlice obanyarak istendlen cevaky

perekielarin yazarmk vermeniz serekmektedir. Har bir sonmun cevaba alands birsklan boslusa
vamhmalidr,

3, 100 2 buzm hal defizim srafif asahda verilmiztr. Bu grafife stre asafdskd sorulan
cevaplaymmsr.

Sacalik () Cre= 200 KT/ kg °C)
o= 4,18 KT/(kz °C)
=334 kTke

L= 2260 KT kg

\

= | i1
! 536 376 B T (Jouks}

205



a. Crafikte “A” ile gosterilen sicaklik deger kag “C dur?

b. Grafikte “B” ile gosterilen 121 degeri kag Joule dir?

. Grafz venlen 100 z unm tamamen buharlasnas ign gereken ener)i kag Toule"dar?
(Haorlstma: Buzm ik sicakhg A ile posiernnmsr )

d 13 g oz famsmen su bubanns dooastigim gostersn acakhk-1n grafgfin game.
(Haorlytma: Grafk irennds acakbk ve 1531 degerienni pstenmeyi mmimaymLs. |
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1. Boliim D/Y (Toplam 20 puan) : Her tam dogru cevap 2 puandir.

© © N

K <X<U<X<X<0OUO<X<<X<0O<<<0

< <0

<X <<0O0OUOO

APPENDIX F

ANSWER KEY FOR THE HTAT

Aciklama

(A¢iklama yazilmamus.)
Sicaklik ve 1s1, ikisi farkli kavramlardir.
Isy, sicaklik farkindan dolay1 aktarilan enerjidir.

(Ag¢iklama yazilmamus.)

Ciinkii bir maddenin 1s1sindan bahsedilemez.
Ciinkii maddenin sicaklig1 vardir, 1s1s1 yoktur.
Sicakhigr daha azdur.

(Agiklama yazilmamisg.)
Is1s1 degil sicaklig artar.
Maddenin 1s1s1 yoktur. / Is1 maddenin bir 6zelligi degildir.

(Ag¢iklama yazilmamus.)

Sicakligr artmayabilir.

I¢ enerji, molekiiler diizeyde kinetik enerjiyi arttirmiyorsa
maddenin sicakligi artmaz.

(A¢iklama yazilmamus.)
Sicaklik, bir maddenin ortalama kinetik enerjisinin bir
olciisiidiir/gostergesidir.

(Agiklama yazilmamis.)
Kinetik enerji artmadigi igin i¢ enerjisi artmaz.
I¢ enerji yiikseklikle alakal degildir.

207

Puan

N PP ONPFPFPFPOMNMNDMNMNDMNMNDNDNPEFPODNLEPREPEFO

= O

N P P ODNDNDN



Y Ciinkii molekiiler diizeyde bir hareket yapilmamistir. 2
2. Boliim Kisa Cevap Sorular (Toplam 25 puan)

11.  Ozsis1 yiiksek olan antifrizi kullanirz.
Ozis1s1 yiiksek olan antifrizi kullaniriz. Ciinkii daha zor 1smip daha geg
181 Verir.

12. Ozt
Ozis1. Ciinkii suyun 6zis1s1 c1va ve etil alkolden fazla oldugundan
sicaklik degisiminin gergeklesmesi i¢in daha fazla enerji alisverisinin
olmas1 gerekir.

13.  Seramik zeminin is: (enerji) iletim hizimin parkedekine gore yiiksek
olmasi.

14.  Is1 yalitimi
Giysiler arasinda kalan hava enerji iletim hiz1 yavas oldugu i¢in 1s1
yalitimi saglar.

15.  Genlesme

16.  a. Fahrenheit
b. 32 Fahrenheit
c. 212 Fahrenheit

17.  a. lletim
b. Konveksiyon
C. Istma

18.  Nem, iklim

19.  Sadece o6zkiitle-sicaklik grafigini dogru ¢izme
Sadece hacim-sicaklik grafigini dogru ¢izme
Iki grafigi de dogru ¢izme

20.  Kisin hava sicaklig: diistligii icin deniz ve gollerin tlizeri buzla kaplanir.
Biitlin g6l donmadigi i¢in buzun altinda +4 derece su bulunur. Bu sayede
suda yasayan canlilar yasamlarini devam ettirir.

3. Boliim (Toplam 7 puan): Her dogru cevap 1 puandir.

21. b Konveksiyon  Bir evin kaloriferle 1stnmasi

22. a Tletim Yanan soba tizerindeki tencerenin 1sinmasi

23. C Isima Kis mevsiminde giineste kalan cisimlerin 1sinmasi

24. a fletim Sicak ¢orbanin iginde kalan metal kasigin elimizi yakmasi

25. ¢ Isima Sominede yanan atesin yakin mesafedeki havayi 1sitmasi

26. C Istma Uzun siire kdmiirle 1sitilan 1zgaranin, komiir dokiildiikten

sonra ¢evreyi 1sitmaya devam etmesi
27. b Konveksiyon  Kaynayan suda yumurtanin pismesi
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4. Boliim (Toplam 30 puan)

e Herbir dogru cevap 5 puandir.
28.E 29.D 30.E 31.E 32.B

5. Boliim A¢ik Uclu Soru (Toplam 18 puan)

34. (18 puan)

a. (3 puan)

2000 cal = 100g x 0,5 cal/(g °C) x AT
2000/50=(0-T)

T=-40°C

b. (4 puan)

Q =100g x 1 cal/(g °C) x 20 °C = 2000 cal
B = 10000+2000 = 12000 cal

c. (5puan)

1cal =4,18]

33.D

Buzun tamamen buharlagsmasi i¢in gereken 1s1: Grafikte buzun tamamen suya
dontstiigii deger 10000 cal enerji transferi gerceklestigi zamandir. Bundan sonraki

hesaplamalar1 yaparak sonu¢ bulunur.

Q=100x 1x 100 =10000 cal (kaynama noktasina gelen su)
Q=100 x 540 = 54000 cal (tamamen buharlamas: i¢in gereken enerji)
Q total =10000 + 10000 + 54000 = 74000 cal = 309320 J

d. (6 puan)

T (°C)

100

800 18000

209
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APPENDIX G

THE CLASSROOM OBSERVATION CHECKLIST

Sinifta 6@retmen ve 6grenciler tarafindan gosterilmesi gereken

davramslar

1 | Ogrencilerin 6nbilgilerini ortaya ¢ikartmak igin hatirlatict bilgi verildi.

2 | Ogrencilerin énbilgilerini kullanarak yeni konu ile ilgili tartisma sorularini
tartigmalart saglandi.

3 | Ogrencilerin dnbilgileriyle yeni konu arasinda baglant1 kuruldu.

4 | Ogretmen bilimsel kavramlarin birbirleriyle iliski oldugunu vurgulad.

5 | Ogretmen 6grencilerin 6n bilgilerinin yeni bilgiyi 6grenirken
anlamalarim kolaylastirdi@in1 6rnekler vererek vurguladi.

6 | Ogretmen 6grencilerin bilgi yapilarinda okulda 6grendikleri bilgilerin
yaninda sezgisel olarak olusturduklan bilgilerinde 6@renmelerinde rol
oynadigim vurguladi.

7 | Ogrenciler deney veya gdzlem yaparak bilgilerin mantigin1 sorguladilar.

8 | Ogretmen herbir bilginin kim tarafindan verilirse verilsin 6grencilerin
kendileri tarafindan dogrulugunun sorgulanmasi gerektigini vurgulada.

9 | Ogrenciler 6grendikleri bilgileri kullanarak drnek soru ¢ozdii.

10 | Ogrenciler konu ile ilgili giinliik hayat 6rneklerini inceledi.

11 | Ogretmen dgrencilerin sahip oldugu kavram yanilgilarini ortaya gikard.

12 | Ogretmen kavram yanilgilar1 ve 63renilen yeni bilgiler arasindaki
celigkilere dikkat cekti.

13 | Ogrenciler bilim tarihinden 6rnekleri inceleyerek bilimsel bilginin geliserek
degismesi ile ilgili ¢ikarimlar yapti.

14 | Ogrenciler bilim tarihinden 6rnekleri inceleyerek bilimsel bilginin

clrtitiilerek degismesi ile ilgili ¢ikarimlar yapti.
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15

Ogretmen bilim tarihinde oldugu gibi kendi bilgilerimizin de

gelisebilecegi ya da degisebilecegini vurguladi.

16

Ogretmen dgrencilerin sahip oldugu kavram yanilgilarmi degistirmeye

yonelik etkinlikler yapti.

17

Ogrenciler deney ve gdzlem yaparak konu ile ilgili sorulara cevap vermeye

calistilar.

18

Ogrenciler bilim tarihinden drnekler inceleyerek bilimsel bilginin kabul

gbérmesi igin gegen siireci inceledi.

19

Ogretmen, 6grenme siirecinde 6@rencilerin de bilginin dogrulugunu

farkh yontemler kullanarak test edebileceklerini vurguladi.

20

Ogrencilerin sahip olduklar bilgiler ile yeni bilgi arasinda olusan celiskileri

gidermeleri i¢in ortam saglandi. (tartisma, deney, gézlem, mantik yiiriitme)

21

Ogretmen ogrencilerin sahip olduklar bilgilerin sorgulayarak ve deliller

arayarak degisebilecegini vurguladi.

22

Ogretmen ogrencilerin fizik bilgisini 6grenirken ¢aba gostermeleri

gerektigini vurguladi.

23

Ogretmen &grencinin basarabildigini gdstermek igin kolaydan zora dogru

farkl seviyelerde soru sordu.

24

Ogretmen 6grencilere farkh seviyelerde sorular ¢ozebildiklerini gosterip

ogrencinin fizik dersinde basarih olabilecegini vurguladi.

25

Ogretmen 6grenmenin zaman alan bir siire¢ oldugunu vurguladi.

26

Ogretmen formiillerin kavramlar aras iliskileri gdstermek icin kullanilan

matematiksel modeller oldugunu vurguladi.
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APPENDIX H

THE PHYSICS RELATED PERSONAL EPISTEMOLOGY
QUESTIONNAIRE (PPEQ) - FIRST VERSION

Fizigi Nasil Gg'r‘eniyamm ?I

Ckulunuz: St/ Sube: /! Yas: Cinsiyet:

Asadida fizigi 6grenme siireciniz ile ilgili distincelerinizi belirlemek icin bazi ifadeler yer
almaktadir. Her cOmlenin karsisinda ™ Kesinfikle Katilbnnorus', ™ Katimnorwd', " Kararsizmi',
" Katulyorun' ve " Kesinlikle Katifiyorum!' olmak Gzere bes secenek verilmistir. Litfen her
maddeyi dikkatle okuyunuz ve size uygun clan tek bir yanrti "X" ile isaretleyiniz, Unutmayin
Dogdruya da Yanliy cevap yoktur. Aragtirmanin gegerliliji agisindan cevaplarmizin eksiksiz
olmasi gereklidir. Bilimsel bir calismaya katkida bulundugunuz icin tesekkiir ederiz.

Kesinliklekat ilm iyorum

far il ryarum

Kararsizim

Katlyorum

Kezinlikle kat iliyarum

AD1. Fizik dersindeki farkl konularda &3rendigim bilgilerinbirbirleriyle iliskisinikurmam.

A02. Fizik dersinde yeni bilgileri sahip oldugum bilgilerleiliskilendirerek Ggrenirim.

A03. Fizik dersinde bir konuyu anlayabilmem icin kenuyla ilgili temel kavramlar: anlamam
gerekir,

AQ4,Fizik dersinde Ggrendigim bilgiler birbiriyle tutarh (uyumlu) olmak zerunda degil.

A0S, Fizik dersinde birkonuyusnceden &§rendigim bilgiler sayesinde anlarim,

A06.Fizik dersinde karmagik ya da ist dizeykonulari anlayabilmem igin temel kavramlar:
anlamam gerekir,

AQ07.Fizik dersinde bir konuyu anlayabilmem icin 8nceden 8grendigim bilgilereihtiyvacim yok.

ADB. Fizik dersinde yeni konuyla ilgili kavramlar: bildiklerimle jligkilendirerekanlamlandiririm,

A0S.Fizik dersinde verilen bilgilerle dnceden dgrendigim bilgiler uyumiu_olmalidir.

A10. Fizikteki bir kenuyla ilgili schip oldugum bilgiler arasinda birbirleriyle geligen bilgiler
olabilir.

ojojoopojojopaojojo

ojojoopojojopaojojo

Oo|o|jojo|lo|ojo0|o|o|o

o|jojojolo|ojo]o|o|jo

ojojoopojojopaojojo

BO1.Fizik dersinde verilen bilgiler benim dogru bildiklerime ters digerse bu bilgilerin
mantigine sorgularim,

]
]
O
O
]

BO2.Fizik dersinde §rendigim bilgilerle glinlik hayattaki tecriibelerim celisirse sorgulamam,

derste verilen bilgileri dogru kabul ederim,

B03.Fizik dersinde verilen bilgilerin martiginkendi gdzlemlerimletest ederim.

BO4.Fizik dersinde verilen bilgilerin martigine yapabilecedim deneylerle test ederim.

BOS5.Fizik dersinde verilen bilgiler 8nceki bildiklerimle geligirse, bu bilgilerin mantigin
sorgulamam.

B06.Fizik dersinde verilen bilgileri ancak Gzerinde disinirsem (sorgularsam)kendim igin
anlamli_hale getirebilirim.

BO7. Fizik dersinde verilen bilgiler dogru olabilir ancak bu bilgilerin benim
bilgile rimleuyumbu(tutarl) olup elmadigimt sorgularim.

ojoyfojoal o
ojoyfojoal o
O|o| 0|00l o
Oo|oy|0O|ool o
ojoyfojoal o

BOB.Fizikteki bilgiler bilim_insanlari tarafindan kesfedilmis olabilir. ama bize verilen bu
bilgileri ancak tizerinde diistinirsem (sorgularsam)kendi bilgim haline getirebilirim.

]
]
O
O
]

€01.Fizik dersinde mantigini anladigim bilgilerimi ne olursa olsundegigtirmem.

€02. Fizik dersinde dgrendigim bilgiler hichir zaman degismeyecek fiziksel gerceklerdir; bu
yizden kendi bilgilerim de degismeyecektir.

€03. Fizik ile ilgili s5u an dogru clarak 8grendiklerim (yakin ya da uzak) gelecekte
giiriitiilebilir; bu yiizden gerekirse kendi fizik bilgilerimi degigtiririm.

ol ojo
ol ojo
Ol 0|0
Oo|lo|o
ol ojo

Cc0o4. Mantikll agiklamalarla desteklenen yeni bilgiler sunulursa Gnceki fizik bilgilerimi
degigtiririm.

O
O
O
O
O

€O05. Fizik dersinde dogru clarak &grendigim ve mantigim kavradigim bilgilerin sonradan
degiseceding inanmryorum.

€06.Ogrendigim yeni bilgiler sayesinde sahip oldugum fizik bilgisi degigir we geligir.
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Fizigi Nasil Ogreniyorum? (devami)

gasteririm,

E
=) E
g =
£ £
— E —
El2|cle|E
wlolg|2la
= | Z| 5| =
E|E|5|Z|E
EIEIEIE
DO1.Fizik dersinde verilen fermilleribilmem konuyu anlamam igin yeterlidir; bu yiizden ololololo
konuyla ilgili baska bir sey dgrenmem gerekmez.
D02, Fizik dersinde verilen formilleri konuyu anlamak icin degil sadecekonu ile ilgili ololololo
sayisalsorular gizebilmek icin ezberlerim.
B03.Fizik dersinde verilen formiiller sadece konuyla ilgili sayisal soru cizerken matematiksel olo
iglem yapmami saglar.
D04, Fizik dersinde verilen formiller. konuyla ilgili kavramlarin arasindaki iliskileri gésterir, oo
B05.Fizik dersinde verilen formillerizzberlemem gerekmez, ¢linki kavramlar arasindaki olalololo
iliskileri bildigim zaman formilleri kendim bulabilirim.
EO1.Yeterince zaman ayirip galigtigimda fizik dersinde verilen bilgilerin martigin ololololo
anlayabilirim.
E02. Fizik dersinde bir konunun mantigini anlamam icin cok fazla disinmem gerekmesz, clinki ololaololo
anlatilanlari ilk seferde (hemen) anlarim.
E03. Fizikte anlayamadigim bir kenu lizerinde tekrar tekrar diiginsem de korurun martigint | 5 | ol gl ol o
anlayamarn,
E04. Fizik dersinde ilk seferde anlayamadigim bir kenunun martigine anlamak igin gaba olo

EO5. Fizikteki bazi konular: anlayabilmem icin gaba géstermem gerekir.

E06. Fizik dersinde verilen bilgileri ilk seferde anlamayabilirim, bu fizigi anlamayacagim
anlamina gelmez.

tartigma ihtiyact hissederim,

FO1.Fizik 8g§retmenimin anlattiklarin sorgulamadan kabul ederim. o|jo|jojo|o
FO2.Fizik dersinde dgrendigim bilgiler bilim insanlart tarafindan kabul edilmis gerceklerdir,
o Oo|ojo|jo|o
bu bilgileri sorgulamam gerekmez.
FO3. Fizigi anlamamin sebebi fizik bilgisini degrudan veren bir 8§retmene schip clmamdir, Oooojo|o
FO4. Fizigi anlamamin sebebi fizik bilgisini degrudan veren bir ders kitabing sahip clmamdir,
FO5. Fizik dersinde bir konuyla ilgili Ggretmenimin verdigi bilgileri sorgulamama gerek
yoktur,
FO&. Fizik dersinde 8§retmenimin verdigi bilgilerin mantigi Uzerinde distnirim ve tartisma ololololo
ihtiyact hissederim.
FO7.Derste kullandigimiz fizik kitabimizdaki bilgilerin mantigi lizerinde diistinirim ve olaolololo
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APPENDIX |

THE PHYSICS RELATED PERSONAL EPISTEMOLOGY
QUESTIONNAIRE (PPEQ) - REVISED VERSION

Fiziffi Masil Ofreniyorum?

Adinz Soyadiniz:
Ohulunuz* SimfiGube S
Yagimz- Cinsiyetinizz[0 Kiz[O Erksk

Birinci dfnem fizik dersinden aldifinz dfnem sonu (karme) notu:___ /100

Asagqida Fizigi dgrenme siirecinizile ilgili digince lerinizibeliriemek icin bam ifadeler
ver almaldadir. Litfen her ifadeyi dikkatle olwyuruz ve size uygunalan fek biryamh
"X ile isaretleyiniz. Unutmayin Dogdirerya da. Vandscevap yokdur. Araghirmanin
gegerlilifi agisindan cevaplarmuzin eksiksiz olmas gereklidir. Bilimselbir calismaya
kathida bulurdugumuz icin tesekkiir ederim.

Kiibra Eryurt (OB TU EFitim Fakiitesi)

Kzinlide kohlmyorum

Kahilmyorum

Fararaimm

Kahilporum

Kzinlide katilporum

AQ1 . Fizik dersindeki farkh konularda grendigim bilgilerinbirbirleriyvie iligkisini
urmam.

AQZ . Fizik dersinde yeni bilgileri sohip oldulfum bilgilerie iliskilerdirerek Ggrenirim.

AQ3 . Fizik dersinde bir koruyu ankyyabilmem icin konuyla ilgili teme] kavramlar
anlamam gerekir.

AQ4_ Fizik dersinde &§rendigim bilgiler birbiriyle tutarh (uyumb) olmak zorunda
dedfil.

AQS . Fizik dersinde bir koruyu nceden Srendidim bilgiler sayesinde anlarmm.

AQ6 . Fizik dersinde karmasik ya da @st dizey konulam anlayabilmem igin temel

kawramlam anlamam gerekir.

AQT . Fizik dersinde bir koruyu ankyyabilmem icin Snceden Sfrendidim bilgilere
ibtivacim yok.

AQE . Fizik dersinde yeni karyailgili kavramlar Sncedendgrendiklerime
iliskilendirerek anlaml hale getiririm.

ADD . Fizik dersinde verilenbilgilerle dncedendgrendigim bilgiler uyumby olmahdr.

BO1 . Fizik dersinde werilen bilgiker benim dogru bildiklerime ters diiserse bu bilgilerin
mantigim sorgularm.

BO2. Fizik dersinde verilen bilgiler onceld bildiklerimle celisirse, bu bilgilerin mantigin
sorgulamdam.

BO3. Fizik dersinde werilen bilgi leri ancak lizerinde disinidrsem {songularsam) kendim
icin anlamli hale getirebilirim.

BO4. Fizik dersinde werilen bilgiler dagru olabilir ancak bu bilgikerinbenim bilgikerimle
uywmly (fudarid olup olmodigin sorgulamm.

BOS. Fiziktekibilgikr bilim insanlam fara®indan kestedilmis alabilir, ama bize verilen
b bilgileri ancak izerinde diginirsem (sorgularsam) kendi bilgim haline

getirebilirim.

Arka sayfaoya geginiz. 3
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Fiziffi Masil Ofrenivorum? {devam)

Kzinlide katilmyorum

Katil myorum

Fararaimm

Katihporum

Eeinlilde katiporum

£01. Fizik dersinde dgrendigim bilgiler highbir zaman degismevecek fiziksel
gergeklerdir; bu vizden kendi bilgilerim de delfismeyecektir.

CO0Z. Fizikikeilgili suandogru olarak dgrendiklerim {yalar ya da uzak) gelecekdie
giritilebilir; bu yizdengerekirse kendi fizk bilgilerimi dedfistiririm.

C03. Marhikhagiklamalark desteklenen yeni bilgiler surulursa Groeki fizik
bi lgilerimi dedistiririm.

C04_ Fizik dersinde dogru alarak égrerdigimve marhigin kavradigim bilgilerin
sonradan dedliseceffline inanmnyorum,

€05 _ Ggrendigim wvieni bilgiler savesinde sahip oldugum Fizikbilgisi deffisir ve gelisir.

01 . Fizik Sfreimenimin anlathklorn sorgulamadan kabul ederim.

D02, Fizik dersinde dgrendigim bikgiker bilim insankr farafindan kabul edilmis
gerceklerdir, bu bilgileri sorgulomam gerebkmez.

D03. Fizik dersinde bir kanuykilgili fgretmeniminverdigi bilgileri sorgulamama

gerek yok.
04 Fizik dersinde dffretmenimin verdilfi bilgilerin mantifidzerinde disindrimwe | _ | _ | - | — | =
farhsirm, T T T
EQ1. ¥eterince zaman ayimp galshd fizik dersinde werilen bilgilerinmartigmm | _ | | | _ | _
anlayabilirim. T T
EQZ. Fizikte ankzyamadigim bir kona Gzerinde telorar teborar disinsem de koruran | _ | _ | | | -

mertigin anlkayaman.

E03. Fizik dersirde ilkseferde anlayamadigim bir konunun marhgimanlamakicin
coba sorf ederim.

E04. Fizik dersinde verilen bilgileri ilk seferde anlamayabilirim, bu Fizigi
anlamayacogim anloming gelmez.

I-’. rketi doldurduguruzicintesekkir ederim. <
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APPENDIX J

RECODING ITEMS FOR REVISED AND FINAL VERSION OF THE PPEQ

Initial Version Revised Version Fingl
Version
Factor Item chli:;?on Factor Item Dg:li:gon Item

SK ITEMAOL | Remained SKH ITEMAOL | Remained | ITEMAO1
SK | ITEMAO02 | Remained | SKH ITEMAO2 | Remained | ITEMAO2
SK ITEMAO3 | Remained SKC ITEMAO3 | Remained | ITEMAO3
SK ITEMAO4 | Remained SKC ITEMAO4 | Remained | ITEMAO4
SK | ITEMAO5 | Remained | SKH ITEMAO5 | Remained | ITEMAO5
SK | ITEMAO06 | Remained SKC ITEMAO6 | Remained | ITEMAO6
SK | ITEMAO7 | Remained SKC ITEMAO7 | Remained | ITEMAO7
SK | ITEMAO08 | Remained | SKH ITEMAO8 | Remained | ITEMAO8
SK ITEMAQ9 | Remained SKC ITEMAO9 | Remained | ITEMAQ9
SK ITEMA10 | Deleted

JK | ITEMBO1 | Remained JK ITEMBO1 | Remained | ITEMBO1
JK ITEMB02 | Deleted

JK ITEMBO3 | Deleted

JK ITEMBO4 | Deleted

JK ITEMBO5 | Remained JK ITEMB02 | Remained | ITEMB02
JK ITEMBO06 | Remained JK ITEMB03 | Remained | ITEMBO03
JK ITEMBO7 | Remained JK ITEMB04 | Remained | ITEMBO04
JK ITEMBO08 | Remained JK ITEMBO5 | Remained | ITEMBO5
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Final

Initial Version Revised Version .
Version
Factor Item EFA Factor Item CFA Item
Decision Decision
CK | ITEMCO1 Deleted
CK ITEMCO2 Remained CK | ITEMCO1 | Deleted
CK ITEMCO3 Remained CK ITEMCO2 | Remained | ITEMCO1
CK | ITEMC04 | Remained CK | ITEMCO03 | Remained | ITEMCO02
CK | ITEMCO05 | Remained CK | ITEMCO04 | Remained | ITEMCO03
CK ITEMCO6 Remained CK ITEMCO5 | Remained | ITEMCO04
EQ | ITEMDO1 Deleted
EQ | ITEMDO2 Deleted
EQ | ITEMDO03 Deleted
EQ | ITEMDO0O4 Deleted
EQ | ITEMDO5 Deleted
QL ITEMEO1 Remained QL ITEMEOL | Remained | ITEMEO1
QL | ITEMEO2 Deleted
QL ITEMEOQO3 Remained QL ITEMEO2 | Remained | ITEMEO2
QL ITEMEO4 Remained QL ITEMEO3 | Remained | ITEMEO3
QL | ITEMEO5S Deleted
QL ITEMEO6 Remained QL ITEMEO4 ITEMEO4
Source | ITEMFO1 Remained Source | ITEMDO1 | Remained | ITEMDO1
Source | ITEMFO02 Remained | Source | ITEMDO02 | Remained | ITEMDO02
Source | ITEMFO3 Deleted
Source | ITEMF04 Deleted
Source | ITEMFO5 Remained | Source | ITEMDO3 | Remained | ITEMDO03
Source | ITEMF06 Remained | Source | ITEMDO04 | Remained | ITEMDO04
Source | ITEMFO7 Deleted
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GOODNESS-OF-FIT CRITERIA FOR THE PPEQ

APPENDIX K

AMOS OUTPUT: Model Fit Summary

CMIN

Model NPAR CMIN DF P CMIN/DF

Default model 89 443.856 262 .000 1.694

Saturated model 351 .000 0

Independence model 26 3777.880 325 .000 11.624

RMR, GFI

Model RMR GFI  AGFI  PGFI

Default model .049 912 .882 .681

Saturated model .000 1.000

Independence model | .341 281 224 .260

Standardized RMR=.0435

Baseline Comparisons

Model NFI RFI IFI TLI CEl
Deltal rhol Delta2 rho2

Default model .883 .854 948 .935 .947

Saturated model 1.000 1.000 1.000

Independence model .000 .000 .000 .000 .000

Non-normed fit (NNFI) = .935

Parsimony-Adjusted Measures

Model PRATIO PNFI  PCFI

Default model .806 .711 .764

Saturated model .000 .000 .000

Independence model 1.000 .000 .000

219




NCP

Model

NCP LO 90

HI 90

Default model
Saturated model

Independence model

181.856 127.571 244.021

.000 .000

3452.880 3258.665 3654.419

.000

FMIN

Model FMIN FO LO90 HI 90

Default model 1.290 .529 371 .709

Saturated model .000 .000 .000 .000
Independence model | 10.982 10.037 9.473 10.623

RMSEA

Model RMSEA LO90 HI90 PCLOSE

Default model .045 .038 .052 .877
Independence model .176 171 181 .000

AIC

Model AIC BCC BIC CAIC
Default model 621.856 637.017 963.932 1052.932
Saturated model 702.000 761.792 2051.084 2402.084
Independence model | 3829.880 3834.309 3929.812 3955.812
ECVI

Model ECVI LO 90 HI90 MECVI

Default model 1.808 1.650 1.988 1.852
Saturated model 2.041 2.041 2.041 2.215
Independence model | 11.133 10.569 11.719 11.146

HOELTER
HOELTER HOELTER
Model
.05 .01
Default model 234 247
Independence model 34 36
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APPENDIX L

ETHICAL PERMISSION
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APPENDIX M

SAMPLE CONSENT FORM

Sevgili Ofrenci,

Bu galgnada, sizn fizik bilgnizi ve fizi@ &Gfrenme siirecinde ethin olan
diigincelennizi ortaya gikammak wve gelistimek hedeflermmektedir. Fizik dersi igerginde
(anlatikmas: gereken konularda) hethang bir defsiklik olmavacaktr. Galigna, f5i ve Sicakitk
Unitesi boyunca vaklastk 7 hafta stireceltir.

Bu cahanadan elde edilecelk bilgler sadece aragtinma o tarafmdan degerlendimlecektir.
Verdiginiz bilgiler kesinlikde gizli tutulacak ve sadece bilimsel aragtrma amaayla
kullamlacaktr. Caligna srasmda uygulanacak testler ve dlgekler kisizel rahatuzlk verecek
sorular icermemektedir. Ancak, ¢alignava katilmumzda wuygulanan testlerden va da hethang
baska bir nedenden &tiini kendinizi rahatssz nssedersemz galignays yvarda birakabilirsmiz. Bu
form mmrzaladiktan sonra istedifiniz zaman hethangl bir vaptimma mane kalmadan
calistmadan ayribna haldema sahipsimz. Calignadan aynldigmiz takdirde sizden elde edilen
veriler highir sekilde caligmadakullamulmayacaktr.

Calignaya katilamk bize szaglavacagouz bilgiler, lise &frencilerinin  fizigi
dgrermmesinde etkili olan inamslarm ve disimncelenni sekillendirerek daha etkili bir &grenme
ortarmi olustirubmasina katlada bulunacalktir.

Bu caligmaya katldifpuz igin simdiden tesekldir edemm. Arastmmavl idgli
sorularrez  agafdald  e-posta adresini weva  telefon nmarmson  kallanarak bana
yineltebilirsiniz.

Savgilarimla,
Eiibra Eryurt

Arastirma Gérevlisive Doktora Ogrencisi

Orta Dogu Teknik Universitesi, Egitim Fakiiltesi

Ortad gretim Fen ve Matematik Alanlan Egitimi Baliimii
Tel: (0312)2106480

E-posta: ket @mem edutr

Bu galigmaya tamamen géniillii olarak katlyorum ve istedifim zaman yarda kesp
crikabileceging biliyorum. Verdigim bilgillern bilimsel amach yaynlarda kullamlmasim
kabul ediyerum. (Formu doldunip imzaladiktan sonra uy gulayiciva ger venniz).

Ad Soyad Tarih Imza
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APPENDIX N

TEACHER’S GUIDEBOOK

Introduction
1. Conceptually, we modified the sequence of the lecture. We didn’t follow the
conceptual sequence in 9th grade physics textbook and curriculum objectives.

2. By rearranging the objectives, we tried to create a coherent structure of physics
knowledge in which students can link concepts easily with their previous knowledge.
Our aim is to assist students to create more coherent structure for their own
knowledge system. Therefore, all lesson plans are implicitly focusing on structure of
knowledge dimension.

3. In this document, we only present explicitly epistemologically enriched
instructions’ lesson plans.

4. You can reach detailed lesson plans starting from page 14.

Outline of Lectures
Lesson Plan-1: Heat, Temperature and Internal Energy (2 Lecture Hours)
Specific Objectives:
Define heat, temperature and internal energy.
Relate heat, temperature and internal energy with each other.
Reflecting thoughts about previous knowledge: “What do I know?”

Includes also epistemological questions indicating “how is it related to future
learning”

Focused Epistemological Dimension — Structure of Knowledge
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Motto: “I relate new knowledge with my previous knowledge coherently.”
Detecting prior knowledge: For what, do you use heat and temperature concepts?
Transition to energy concept at molecular level from macroworld

Kinetic and potential energy of an object > what’s happening in molecular level?
Average kinetic energy and average potential energy

Transition to temperature concept from kinetic energy in molecular level
Transition to heat concept from temperature concept

“Does temperature flow from one matter to another?”

Relating internal energy, temperature and heat concepts with each other.
Epistemological Discussion — Structure of Knowledge

Teacher’s talk

Reflecting thoughts about acquired new knowledge: “What did I learn?”

Lesson Plan-2: Thermal Equilibrium (1 Lecture Hour)
Specific Objectives:

Explain the relationship among thermal equilibrium, temperature difference and heat
concepts by using related simulations and demonstrations.

Reflecting thoughts about previous knowledge and experience: “What do I
know?”

Includes also epistemological questions indicating “how is it related to future
learning”

Focused Epistemological Dimension — Justification of Knowledge

Motto: “I inquire/question new knowledge with different activities such as
experimenting, observing to question its rationality.”

Detecting prior knowledge: Does temperature flow?
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Transition to thermal equilibrium concept from heat concept.
Experiment: When does energy flow between two system ends?
Testing new knowledge: Is this simulation working correctly?

Epistemological Discussion — Structure of Knowledge and Justification of
knowledge

Lesson Plan-3: Thermal Expansion (1 Lecture Hour)

Specific Objectives:

Compare thermal expansion and contraction phenomena for solids, liquids and gases.
Give examples about effects of thermal expansion in daily life.

Interpret volume-temperature and density-temperature graphs of water.

Explain effects of water’s unique expansion characteristics on daily life.

Focused Epistemological Dimension — Justification and Structure of Knowledge

Motto:“I can reach new knowledge by rational thought. I can examine differences
and irrational ideas by using my mind tools.”

Transition to thermal expansion concept for liquids

Detecting difference: Discussion of water’s behavior at +4°C
Transition to solids’ thermal expansion

Transition to gases’ thermal expansion

Epistemological Discussion — Structure of Knowledge and Justification of
knowledge

Teacher’s talk

Reflecting thoughts about new knowledge: “What did I learn?”

Lesson Plan-4: Types of Thermometers and Temperature Units (2 Lecture Hours)
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Specific Objectives:

Compare thermometer types according to their aim of usage.

Compare different temperature units.

Explain why different temperature units were emerged.

Focused Epistemological Dimension — Changeability of Knowledge
Motto:“My knowledge changes when I relate new knowledge with previous ones.”
Reflecting thoughts about previous knowledge: “What do I know?”

Introducing types of thermometers

Liquid, solid and gas thermometers (and some more)

Transition to scaling thermometers and temperature units.

Reading (from history of science): When did an instrument use to gauge
temperature?: Thermometers

Fahrenheit, Celsius and Kelvin

Answering questions about reading

Epistemological Discussion — Changeability of Knowledge
Teacher’s talk

Reflecting thoughts about new knowledge: “Let’s Think!”

Lesson Plan-5: Conversion of Temperature and Heat Units (2 Lecture Hours)
Specific Objectives:

Explain why different heat units were emerged.

Make conversion of heat units (calorie and joule) and temperature units (°C, °F, K).
Focused Epistemological Dimension — Fixed Ability and Quick Learning

Motto: “I don’t have to be a genius to understand physics. As long as I put effort to
relate new knowledge with old ones, I can learn progressively.”
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Focused Epistemological Dimension — Changeability of Knowledge

Motto: “I can develop intuitive ideas. By learning physics, | can replace (change) my
knowledge with scientific knowledge.”

Reflecting thoughts about previous knowledge: “What do I know?”
Epistemological Discussion — Fixed Ability and Quick Learning
Transition to conversion of temperature units (Celcius, Fahrenheit and Kelvin)
Solving problems related with conversions

Teacher’s talk (shortly about learning process)

Transition to historical development of heat concept

Reading (from history of science): Historical development of heat concept
Epistemological Discussion — Justification of Knowledge

Teacher’s talk

Epistemological Discussion — Changeability of Knowledge

Teacher’s talk

Transition to conversion of heat units (Calorie and Joule)

Lesson Plan-6: Specific Heat and Q=m x ¢ x AT (3 Lecture Hours)
Specific Objectives:
Explain specific heat concept.

Give examples of temperature change effects for matters with different specific heat
in daily life.

Explain heat capacity concept.
Focused Epistemological Dimension — Justification of Knowledge

Motto: “I can generate formula by conducting controlled experiments. I use formulas
to understand relationship among different concepts.”
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Epistemological Discussion — Structure of Knowledge

Transition to relation between heat and temperature difference
Which formula is correct? AQ = mcAT or Q = mcAT?

Experiment:

a. What is the relationship between heat and temperature difference?
b. Is the Q/AT proportion same for different materials?

c. Is the Q/AT proportion same for different masses of same matter?
Wrapping the findings of three parts of the experiment

Emphasis on justification by experiment and rational thought
Transition to detailed investigation of specific heat concept
Transition to heat capacity concept

Epistemological Discussion — Justification of Knowledge and Structure of
Knowledge

Teacher’s talk
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Ogrencilere empoze edecegimiz epistemolojik diisiinceler:

1. Kendi fizik bilgilerimi birbiriyle iliskilendirdigimde mantikl1 bir bilgi yapisi
olustururum.

2. Onbilgilerim ya da 6nceki tecriibelerim yeni bilgileri anlamamda etkili olur.

3. Yeni bilgilerin mantigini, sahip oldugum bilgileri kullanarak rasyonel diisiinceyle
(mantik yiiriiterek) sorgularim.

4. Yeni bilgiler sahip oldugum bilgilerle ¢elistiginde (tutarsizlik gosterdiginde) fark
ederim.

5. Yeni bilgiler sahip oldugum bilgilerle ¢elistiginde bu bilgiyi farkl: yollarla (deney
ve gozlemlerle) test ederim.

6. Fizikte kullanilan matematiksel formiiller aslinda fizikteki kavramlar arasindaki
iligkileri gdstermenin kisa yoludur.

7. Fizikteki kavramlarin birbirleriyle iliskilerini bildigimde matematiksel
formiillerini kendim ¢ikarabilirim.

8. Yeni bilgileri bildiklerimle iliskilendirdigimde fizik bilgim anlamli bir sekilde
gelisir.

9. Yanlis olarak 6grendigim ya da tecriibelerimden edindigim bilgiler mantikli
bilgiler sunuldugunda degistiririm.

10. Fizik bilgilerim zamanla yeni bilgiler 6grenerek gelistiririm.
11. Caba gosterdigim zaman fizik bilgilerini anlarim.

12. Fizik bilgilerim giinliik hayatta karsilastigim olaylarda da gegerlidir, yani
tutarlidir.

13. Kendi fizik bilgimi kendim olustururum.

14. Fizigi 6grenirken kavramlar arasi baglantilar kurmam fizigi anlamami
kolaylastirir.
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Epistemolojik Olarak Zenginlestirilmis Ogretim Yontemi ile ilgili Ders Planlari

Bu dosya uygulama yapacak 6gretmenin kilavuz kitap¢igidir. Epistemolojik olarak

zenginlestirilmis 6gretim yontemi uygulanacak siniflarda dersin nasil ilerleyecegi
hakkinda bilgi vermektedir. Ders planlar1 2013 yilinda kabul edilen Ortaogretim

Fizik Dersi Ogretim Programi’nda verilen kazanimlara uygun bir sekilde

gelistirilmistir. Segilen konu 9. sinif Is: ve Sicaklik konusudur. Asagidaki tabloda
ders planlariin hangi kazanimlarla eslestigi verilmistir. Haftalik planlarin siireleri
Ogretmen tarafindan degistirilebilir.

Hafta

Siire
/Saat

Ders
Plam

Konu Bashg

Kazanim

1

2

1

Is1, Sicaklik ve
Enerji

9.5.1.1. Is, sicaklik ve i¢ enerji kavramlarini
tanimlar ve birbirleriyle iligkilendirir.

2

1

2

Isil denge

9.5.3.1. Is1l denge kavraminin sicaklik farki
ve 1s1 kavramlariyla olan iligkisini agiklar.

Genlesme

9.5.5.1. Kati, s1v1 ve gazlarda genlesme ve
biiziilme olaylarini karsilagtirir.

a. Ogrencilerin giinliik hayattaki olaylari
inceleyerek genlesmenin etkilerini
karsilastirmalar1 saglanir.

b. Ogrencilerin suyun diger maddelerden
farklilik gdsteren sicaklik-hacim ve sicaklik-
ozkiitle grafiklerini yorumlamalar1 ve giinliik
hayattaki etkilerini tartigmalar saglanir.

Termometre
Cesitleri ve
sicaklik
birimleri

9.5.1.2.a Kullanim amaglarina gore
termometre ¢esitlerini karsilagtirarak sunar.
9.5.1.2.b. Kullanim amaglarma gore sicaklik
birimlerini karsilagtirarak sunar.

9.5.1.3.b. Farkl1 sicaklik birimlerinin ortaya
¢ikis nedenlerini agiklar.

Is1 Birimleri

9.5.1.3.a. Farkli 1s1 birimlerinin ortaya ¢ikis
nedenlerini agiklar.

9.5.1.3.c. Is1 (Kalori ve Joule) ve sicaklik
(°C, °F, K) i¢in birim déniisiimleri yapilir.

Oz 1s1 ve Is1
S18as1

9.5.1.4. Oz 1s1 ve 1s1 s1gas1 kavramlarini
aciklar.

a. Oz 1s11n maddeler igin ayirt edici bir
ozellik oldugu vurgulanir.

b. Ogrencilerin farkli maddelerin 6z 1silarini
1s1-sicaklik grafiklerinden hesaplamalari
saglanir.

c. Ogrencilerin 6z 1s1lar1 farkli maddelerin
sicaklik degisimlerinin giinlikk hayattaki
etkileri ile ilgili drnekler vermeleri saglanir.
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Hafta

Siire
/Saat

Ders Plami

Konu
Bashg

Kazanim

7

Hal
Degisimi

9.5.2.1. Ortamdan enerji alinmasi veya
ortama enerji verilmesi ile hal degisimi
arasindaki iligkiyi agiklar.

a. Ogrencilerin donma, erime, kaynama ve
yogunlagsma kavramlarini enetji ile
iligkilendirmeleri saglanir.

b. Ogrenciler maddelerin sicaklik ve hal
degisimi icin gerekli 1s1y1 hesaplar, 1s1-
sicaklik grafiklerini gizer.

c. Ogrencilerin 1s1-sicaklik grafiklerini
cizmeleri ve yorumlamalari saglanir.

Enerji
Iletimi

9.5.4.1. Enerji iletim yollarin1 agiklar.

a. Ogrencilerin iletim, 151ma ve konveksiyon
yolu ile enerji aktarimini en iyi ger¢eklestiren
kati, siv1 ve gazlara 6rnekler vermeleri
saglanir.

b. Ogrencilerin enerji iletim yollarini
kullanilarak gelistirilen uygulamalara
ornekler vermeleri saglanir.

9.5.4.2. Bir maddedeki enerji iletim hizini
etkileyen degiskenleri agiklar.

a. Ogrencilerin maddelerin enerji iletim
hizin1 gilinliik hayat olaylar1 ile
iligkilendirmeleri saglanir.

Toplam

18 saat (Ogretim Programinda ayrilan siire)
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DERS PLANI-1 (Is1, Sicaklik ve I¢ Enerji)
Simif: 9
Unite: Is1 ve Sicaklik
Siire: 1 saat
Konu: Is1, Sicaklik ve i¢ Enerji

Kazanim:9.5.1.1. Is1, sicaklik ve i¢ enerji kavramlarini tanimlar ve birbirleriyle

Epistemolojik tartisma sorusu: [Bilginin Yapisi] Simdiye kadar 6grendiklerinizin
ve bildikleriniz 1s1 ve sicaklik iinitesini anlamanizda nasil bir roli olacak?

iliskilendirir.

Dersin basinda “Neleri Biliyorum?” kdgidi dagitilir ve 6grencilerin cevaplamalari
icin 3-4 dakika verilir. Sonrasinda epistemolojik tartisma sorusu yoneltilerek kisa
siireli bir tartisma yaratilir. Ogretmen 6grenci cevaplarini irdeler.

Ogretmen asagidaki soruyu sinifa yonelterek, 6grencilerin onbilgilerini ve
kavramalarini ortaya ¢ikarwr. Dersin sonunda bu soruya geri doniilecektir.

On bilgileri ortaya ¢ikartma: Giinliik hayatta sicaklik ve 1s1 kelimelerini hangi
durumlarda ve ne i¢in kullanirsiniz?

Makro diizeyde (mekanik) enerjiden molekiiler diizeyde enerjiye gegis:

Tartisma Sorusu: “Masanin {istiinde duran bir kitabin enerjisi ile ilgili olarak neler
sOyleyebiliriz?”

Bir onceki iinitede enerji tiirlerini kinetik ve potansiyel enerji olarak ikiye ayirmistik.
Kitap hareket etmedigi i¢in kinetik enerjisinden bahsedemeyiz. Konumundan dolay1
potansiyel enerjisi vardir. Disaridan kitaba baktigimizda ancak boyle bir ¢ikarim
yapabiliriz.

“Kitabin duruyor olmasi, kinetik enerjiye sahip olmadiginin bir gostergesi midir?”

Makro diizeyde evet; mikro diizeyde ise hayir. Molekiiler diizeyde, bir kat1 cismin
molekiillerinin yaya benzer kuvvetlerle birbirine bagl oldugu seklinde
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modelleyebiliriz. Makro diizeyde hareketsiz olan cisim, molekiiler diizeyde
birbirlerine bagli olan bu molekiiller siirekli salinim hareketi yapar.

“Molekiiler diizeyde bir kati cismin enerjisiyle ilgili olarak neler sdyleyebiliriz?”

Bir maddenin i¢yapisini inceledigimizde atom ve molekiillerden meydana geldigini
sOyleyebiliriz. Bu atom ve molekiiller her zaman hareket halindedir. Bu hareketlilik
atomlarin enerjiye sahip oldugunu gosterir. Hareket eden cisimlerin kinetik enerjisi
oldugunu biliyoruz. Eger bir cismin siirati artarsa, kinetik enerjisi de artar. Siirati
azaldiginda ise kinetik enerjisi azalir. O zaman bir maddenin atom ve molekiillerinin
hizl1 hareket etmesi, yavas hareket ettikleri duruma gore kinetik enerjilerinin daha
yiiksek oldugu anlamina gelir.

Simiilasyon gosterimi: ThermalExpansion-1.exe (kati haldeki bir maddenin
atomlarinin titregimi gosterilir.)

Maddeler konumlarindan dolay1 kiitle ¢gekim potansiyel enerjiye sahip oldugunu
biliyoruz. Ornegin, dalindan kopan bir elma neden yere diiser? Ciinkii elma ve diinya
arasinda kiitle cekim kuvveti vardir. Molekiiler diizeyde maddenin potansiyel enerjisi
var midir? Aralarinda ¢ekme veya itme kuvveti bulunan atomlarin (elektrik)
potansiyel enerjileri vardir. Kati maddeler, molekiiller aras1 elektriksel ¢ekimin
yiiksek olmasi sebebiyle sekillerini koruyabilirler.

Bir madde ¢ok fazla sayida atom ve molekiilden meydana geldigi i¢in tek bir atom ya
da tek bir molekiiliin hareketiyle ilgilenemeyiz. Her bir atom ya da molekiiliin
hareketinin toplam etkisi bize madde hakkinda daha genel bilgi verir. Bu yiizden
ortalama biiyiikliiklerden bahsetmek isimizi kolaylastirir. Ornegin ortalama
potansiyel enerji, ortalama kinetik enerji gibi.

Ortalama Kinetik Enerji: Her bir molekiiliin sahip oldugu kinetik enerjinin
toplaminin toplam molekiil sayisina boliinmesiyle bulunur.

“Katilar molekiiler diizeyde ortalama kinetik ve potansiyel enerjiye sahiplerse, sivi
ve gaz haldeki maddeler iginde bu gegerli midir? ”

Ogrencilerin tahminlerini ifade etmeleri i¢in zaman verin.

Aym1 maddenin siv1 hali icin: kat1 hale gére molekiiller aras1 baglar daha zayiftir.
Bu sayede molekiiller birbirleri iizerinde hareket edebilir. Hem hareketleri hem de
molekiiller aras1 baglarin varlig1 sebebiyle kinetik ve potansiyel enerjiye sahiptir.
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Aym1 maddenin gaz hali icin: molekiiller aras1 baglar kat1 ve siv1 hallerine gore
olduke¢a zayiftir. Bu baglarda depolanan potansiyel enerjinin ¢ok diisiik oldugunu ve
gaz molekiilerinin sahip olduklar1 kinetik enerjiyle rahat¢a molekiiller arasi baglari
koparttiklarini soyleyebiliriz.

UYARI: Burada kati, s1v1 ve gazlarin kinetik ve potansiyel enerjilerini
karsilastirmak gibi bir niyetimiz yok. Kat1 sividan daha fazla potansiyele
sahiptir gibi ciimleler kullanmayalim.

Sonug olarak makro diizeyde duran bir cismin ya da maddenin, molekiiler diizeyde
enerjiye sahip oldugu ¢ikarimini yapabiliriz. Ayn1 sekilde sivi ve gaz halde bulunan
maddeler de mikroskobik diizeyde potansiyel ve kinetik enerjiye sahiptirler.
Molekiiler diizeyde maddelerin sahip olduklari kinetik ve potansiyel enerji toplamina
i¢ Eneriji denir.

I¢ enerji mikroskobik diizeyde sistemin biitiin enerjisidir. (Farkl1 hareketlerinden
kaynaklanan) Oteleme, donme ve titresim kinetik enerjisi ve titresim potansiyel
enerjisi ve molekiiller aras1 kuvvetten dogan elektrik potansiyel enerjiyi igerir.
Makro diizeyde bir hareketlilik buna dahil degildir. Kitap stirtiinmesiz bir yer
tizerinde hareket ettirilse bile i¢ enerjisini degistirmez. Konumlarindan dolay:
cisimlerin sahip olduklari1 potansiyel enerjideki degisim de molekiiler diizeyde i¢
enerjiyi degistirmez.

Her bir maddeyi olusturan atom ve molekiiller farklilik gdsterdigi gibi, bu atom ve
molekiillerin hareketleri de birbirine gore farklidir. Atomik ve molekiiler hareketlilik
termal hareket olarak tanimlanir. Termal hareket maddenin hangi halde
bulunduguna baghdir. Ornegin katilarda molekiiller salinim yapar, sivilarda
molekiiller birbiri tizerinden 6teleme hareketi yapabilir. Gazlarda ise molekiiller
serbestce hareket ederek siirekli birbirleriyle carpisirlar.

Gosteri Deneyi 1 — Miirekkebin sudaki hareketi

Soru: Kaplarda bulunan farkli sicakliklardaki sulara birer damla miirekkep
damlatirsak ne gozlemleriz? (Ogrencilerin tahminleri tahtaya kisaca yazilabilir. Bu
asamada ogretmen dogru cevabr vermemelidir.)
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Gozlem: Iki cam beher alinir ve farkli sicakliklarda su ile doldurulur. (Biri musluk
suyu digeri 1siticiyla bir siire 1sitilmis daha sicak bir su olabilir.) Bu iki kaba birer
damla miirekkep damlatilir ve miirekkebin iki kapta nasil dagildig1 gozlemlenir.

Soru: Miirekkep sicak suda daha hizli dagilirken, soguk suda yavasca dagilir. Bu
durumu nasil agiklariz?

Aciklama: Farkli sicakliktaki su molekiillerinin farkli hizlara sahip olmasindan
dolayi farklilik gézlenir. Sicak suda hareketlilik daha fazladir ve miirekkep hizla
suya karigir. (Sicak suda enerji aktarimi soguk sudakine gore daha fazladir. Farkli bir
derste buna tekrar deginilecektir).

Molekiiler diizeydeki termal hareket maddenin sicakhg ile ilgilidir. Yani
molekiillerin hizli hareket etmesi daha yiiksek sicaklikta olmasiyla alakalidir.

“Buradan yola ¢ikarak sicakligi nasil tanimlariz?”

Miirekkep deneyinde de gézlemledigimiz gibi sicak su molekiilleri soguk olana gore
daha hizli hareket etmektedir. Dolayisiyla bu hareketlilik maddenin sicakligi ile
iligkilendirilebilir. Sicaklik bir maddenin sahip oldugu molekiillerin ortalama kinetik
enerjisinin bir ol¢iisiidiir.

UYARI: Sicaklik, molekiiler diizeyde molekiillerin sahip oldugu ortalama kinetik
ener;jisi degildir; kinetik enerjisinin bir 6l¢iisiidiir. Yiiksek sicaklik, maddenin
molekiillerinin ortalama kinetik enerjisinin yiiksek oldugunun bir gostergesidir.

Kavram Yanilgis1i Tan1 Koyma: Soguk maddelerin sicakligi var midir?

UYARI: Sicaklik kelime olarak sicak cisim ya da maddeleri cagristirnyor
olabilir. Bu yiizden soguk cisimlerin de molekiiller diizeyde termal hareket
yaptiklarini dolayisiyla sicakliginin oldugunu vurgulamamiz gerekir.

Tartisma Sorusu: “Farkli sicakliklardaki maddeler temas ettirildiginde ne
gozlemleriz?”

(Sicak sogurken, soguk 1sinir.) Buradan yola ¢ikarak, sicaklik aktarilir diyebilir miyiz?

Ortaya c¢ikabilecek kavram yanilgisi: Sicaklik bir nesneden digerine gegebilir.
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Sicaklik, bir maddenin molekiiller diizeyde hareketliligini gosterir. Sicak maddenin
molekiiler hareketliligi daha fazladir. Bu yiizden soguk maddeye aktarilan ‘sey’ onun
da molekiiler diizeyde biraz daha hareketlenmesini saglar. Dolayisiyla aktarilan ‘sey’
hareketliligin kendisidir. Molekiiler hareketlilik de maddenin i¢ enerjisiyle iliskilidir.
Hareketliligin artmasi kinetik enerjinin arttigin1 gosterir. Buradan hareketle, aktarilan
‘seyin’ enerji oldugunu ¢ikarabiliriz. Ancak enerji aktarildiktan sonra soguk cismin
sicakliginin yiikseldigini sdyleyebiliriz. Sonug olarak sicaklik bir maddeden digerine
aktarilmaz. Enerji aktarilir ve sicaklik degisimi bunun sonucunda gozlemlenir.

Sicaklik farkindan dolay: ger¢eklesen bu enerji transferine is1 denir. Is1, aktarilan
enerjidir. Daha genel bir ifade ile 1s1, bir cisim/sistem ve bu cismi/sistemi ¢evreleyen
ortam arasindaki sicaklik farkindan dolayr meydana gelen enerji transferidir.

“I¢ enerji, sicaklik ve 1s1 kavramlari arasindaki baglanti nedir?” Ogrencilerin
diisiinmesi ve cevap vermesi i¢in stire taniymn. Bu soruyla dersi ogrencilerle birlikte
ozetleyelim.

Beklenen cevap: i¢ enerji molekiillerin ortalama kinetik ve potansiyel enerjileri
toplamidir. Sicaklik ise molekiiller diizeyde ortalama kinetik enerjisinin bir
Olctstdiir. Sicaklik degisimi, cismin/maddenin i¢ enerjisinde degisimle sonuglanir.
Is1 ise, iki cisim arasindaki sicaklik farkindan dolay: transfer edilen enerjidir. Bir
sistem 1s1tildiginda, sistemin kinetik enerjisi artar dolayisiyla sicaklig: yiikselir.
Ayrica i¢ enerjisi de artar.

Epistemolojik tartisma sorulari:
[Bilginin yapisi] 1. Bu derste sizin i¢in yeni olan kavramlar var miydi?

[Bilginin yapisi] 2. Onceki bilgileriniz bugiinkii dersi anlamanizda nasil bir rolii
oldu? (Yardimci, zorlastirici, vs.) Neden boyle diistiniiyorsunuz?

[Bilginin yapisi] 3. Onceden enerji kavramu ile ilgili dgrendikleriniz bugiin 1s1 ve
sicaklik konusunda 6grendiklerinizle nasil iligkiliydi?

[Bilginin yapisi] 4. Giinliik hayatta kullandiginiz haliyle 1s1 ve sicaklik kavramlari
bugiin 6grendiklerinizden farkli m1? Sizce boyle olmasi mantikli m1?
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Epistemolojik Boyut - Bilginin Yapisi: (Ogretmen Konusmasi)

Yasadigimiz ¢evrede karsilastigimiz olaylar i¢in bir takim tanimlamalar yapariz
ayni fizikte oldugu gibi. Is1 neden transfer edilen enerji olarak tanimlanmis diye
sormaktan ziyade, gbzlemledigimiz olayda bir enerji transferi s6z konusu, bunu
nasil adlandiralim sorusunu sormak daha anlamlidir. Zincirin halkalar1 gibi
diisiiniirsek “1s1 ve sicaklik” tanimlart ilk halkalart olugtururken bu halkalara
uygun diger halkalar bu tanimlamalarin {izerine insa edilir. Bu sekilde anlaml,
tutarl1 bir yap1 elde edilir.

Kendi bilgilerimiz i¢in de ayn1 seyi sdylemek miimkiin. Onceden bildiklerimiz
olmasa, yeni gelen bilgileri iliskilendirebilecegimiz higbir bilgi olmayacaktir.
Bugiinkii 6grendiklerinizi enerji ile ilgili bilgilerinizi kullanarak
anlamlandirmaya ¢alistik. Isimizi biraz kolaylastirdik. Bu yiizden yeni bir bilgi
ile karsilastigimizda bunun bizim bilgilerimizle uyusup uyusmadigina dikkat
etmeliyiz. Yoksa sanki her biri birbirinden alakasiz bilgilermis gibi her birini
ayr1 ayr1 zihnimizde tutmaya calisiriz. Bu da bizi genellikle ezberlemeye
yoneltir. Ezberlemek isimizi kolaylastiran degil zorlastiran bir durumdur. Ve bu
bilgileri zihnimizde tutmak hi¢ kolay degildir. Zihnimiz ¢aligkandir, isine
yarayan bilgileri, bildiklerimizle iliskilendirerek kodladigimiz bilgileri daha
uzun stire hafizada tutar. Gereksiz olanlar1 unutarak yeni bilgi i¢in yer agar.
Yani ezberlediginiz ¢ogu seyi 6grenmemissinizdir. Zaman bizim i¢in kiymetli
oldugu i¢in neden unutacak sekilde bilgileri hafizamiza yerlestirelim? Bu
yiizden sorgulamak, mantikli bilgiyi mantiksizdan ayirt etmek ve bunu
kullanabilecek sekilde 6grenmek isimizi kolaylastirir. Fizik, dogay1 anlamaya,
anlamlandirmaya ¢alisan bir bilimdir. Dogay1 anlamak disinda bir is yapiyorsak
bu fizikle ugrasmadigimizin bir gostergesidir.

[Ogretmen dgrencilere bilimsel kavramlarin birbirleriyle, bu konuda oldugu gibi,
iligkili olduklarin1 vurgular. Ayni1 sekilde 6grencilerin de 6grendikleri fizik
kavramlarin birbirleriyle iliskilendirerek 6grenmeleri fizigi daha 1yi anlamalarini
saglayacaktir. Ogrencilerin 6nceki smiflarda 6grendiklerinin lisede gérecekleri
konularla iligkili oldugunu ve temel konularin {izerine yeni 6grenmeleri inga
edeceklerini soyler.]
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DERS PLANI-2 (Isil Denge)
Sinif: 9

Unite: Is1 ve Sicaklik

Konu: Isil Denge

Siire: 1 saat

Kazanim: 9.5.3.1. Isil denge kavraminin sicaklik farki ve 1s1 kavramlartyla olan
iligkisini agiklar.

a. Ogrencilerin simiilasyonlar ve gosterimler kullanarak 1s11 dengenin sicaklik
degisimi ve 1s1 ile iliskisini gozlemlemeleri saglanir.

Is1 kavramindan 1s1l denge kavramina gegis:

o Farkli sicakliklardaki iki cismi birbirlerine temas ettirelim. Bu cisimlerin
sicakliklart nasil degisir?
Konuyla ilgili tecriibeleri ortaya ¢cikarma: Gozlemleriniz size ne soyliiyor?
Tartisma sorulari:
¢ Bu durumda sicaklik aligverisi oluyor diyebilir miyiz? Sicakligin tanimi
hatirlatilir. Enerji aktarimina baglanir.
e Bu iki cisim arasinda enerji aktarimi ne zaman biter?
e Enerji transferi bittiginde, iki cismin sicakliklari i¢in ne soyleyebiliriz?
Ogrencilerin tahminlerini sinifta konugsalim.
Dersin bu boliimiinde oncelikle sinifla birlikte asagidakine benzer bir deney
tasarlanir ve yaptirilir.

Deney — Is1 Alisverisi Ne Zaman Biter?

Aracg gerecler
e Iki adet plastik bardak
e Soguk ve sicak su
e Pipet yada ince boru
e Mandal
e ki adet termometre
e Cam macun ya da oyun hamuru
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Deneyin yapilisi

1. Plastik bardaklarin tabanlarina yakin bir yerden birer kii¢lik delik acalim.

2. Plastik bardaklar birlestirecek sekilde pipetin uglarini deliklerden gegirelim.
3. Pipetin deliklerden girdigi uglarin1 oyun hamuruyla sikigtiralim.
4. Pipeti ortasindan bir mandal ile sikigtiralim.
5. Plastik bardaklara esit miktarda birine soguk digerine sicak olmak iizere su

koyalim.

6. Kaplardaki sularin baslangic sicakliklarini termometre ile 6lgerek tabloya

kaydedelim.

7. Mandal1 ¢ikaralim ve belirli araliklarla termometreleri gézlemleyip verileri

kaydedelim.

Kap | ik Sicaklik 1dk 2dk 3dk (°C) | 4dk (°C) | 5dk (°C) | 6dk (°C)
(’C) (’C) (’C)

1.

2.

Sonuca ulasalim

Aldigimiz verileri kullanarak bardaklardaki sicaklik degisimlerini yorumlayalim.

Ogretmen su sorulart sorabilir:

e Birinci kaptaki suyun sicakligi nasil degisti?

e Ikinci kaptaki suyun sicakligi nasil degisti?

e Neden iki kaptaki sicaklikta degisti? (Molekiiler boyutta inceleyelim.)

Beklenen Cevap: Sicak su ve soguk su kisa bir siire sonra 1liklagacakti. Bir noktaya
kadar, yani 1liklagincaya kadar, suyun sabit/belirli bir sicakligindan
bahsedemeyecektik. Ciinkii sicak ve soguk su arasinda enerji aktarimi devam

edecekti. Sicaklik ve sicakliga bagh degiskenler artik degismedigi andan itibaren

suyun 1s1l dengeye ulastig1 soylenir. Deneyde de plastik kaplar 1s1l dengeye

ulastiginda, ikisi de esit sicakliktadir. Isil dengeye ulasan sistemler ayn1 sicakliktadir

ve birbirleri arasinda enerji aktarimi/transferi (1s1) gergeklesmez.

Ogrendiklerimizi kullanarak bir simiilasyonu test edelim.

Bu etkinligin amaci 6grencilerin kendi bilgilerinin mantigimi kullanarak

sorgulamalarint saglamaktir.
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Simiilasyon dosyasi: enerji bicimleri.jar

Ulasilamadigr durumda indirmek i¢in bu linki

kullanin:http://phet.colorado.edu/sims/energy-forms-and-changes/energy-forms-
and-changes tr.jar

I
ot varam

[ S— ]

444
se - (==

Sekil 1 Simulasyonun agilis ekrani

o's' - &

Sekil 2. Termometreleri maddelere ilistirdigimizde o maddelerin sicakhigini 6lgmektedir.

Sekil 3. Maddeleri ve su kabini isitici/sogutucunun tzerine yerlestirerek sicakliklarini

degistirebilirsiniz. Su kabinin icine demir pargasini ve tuglayi ayri ayri ya da birlikte
koyabilirsiniz.
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Bu etkinlikte oncelikle 6grencilerin aktivite kdgidindaki bosluklar: doldurmalari istenir.
Daha sonra her bir durum simiilasyon iizerinde denenir.

Beklenen cevaplar:

Kontrol Edelim — Bu simiilasyon dogru cahisiyor mu?

1. Ayni sicakliktaki demir pargasi ve tuglayi temas ettirdigimizde:
a. Demir parcasinin sicakligi degismez

b. Tuglanin sicakligi degismez.

Clinkii aralarinda sicaklik farki olmadigi i¢in aralarinda 1s1 alisverisi olmaz.

Simdi simiilasyonda deneyelim. Dogru c¢alisiyor mu? Evet / Hayir
2. Suyla aym sicakliktaki demir pargasi su dolu kaba konuldugunda:
a. Demir pargasinin sicakligi degismez.

b. Suyun sicakligi degismez.

Clinkii aralarinda sicaklik farki olmadigi i¢in aralarinda 1s1 alisverisi olmaz.

Simiilasyon dogru ¢aligstyor mu? Evet / Hayir

3. Suyla ayni1 sicakliktaki tugla su dolu kaba konuldugunda:
a. Tuglanin sicaklig de§ismez.

b. Suyun sicakligi degismez.

Clinkii aralarinda sicaklik farki olmadigi icin aralarinda 1s1 alisverisi olmaz.

Simiilasyon dogru ¢alistyor mu? Evet / Hayir
4. Su dolu kab1 kaynayana kadar 1sitalim. Daha sonra i¢ine demir pargasini koyalim.
a. Demir pargasinin sicakligi artar.

b. Suyun sicakligi azalir.

Clinkii aralarinda sicaklik farki oldugu i¢in aralarinda 1s1 alisverisi olur.

Ogretmen sorar: Ne zamana kadar 1s1 alisverisi devam eder?

Simiilasyon dogru ¢alistyor mu? Evet / Hayir

5. Demir pargasini 1sitalim. Tezgahta duran tugla ile temas ettirelim.
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a. Demir pargasinin sicaklig1 azalir.

b. Tuglanin sicaklig: artar.

Ciinkii aralarinda sicaklik farki oldugu i¢in aralarinda 1s1 alisverisi olur.
Simiilasyon dogru ¢alistyor mu? Evet / Hayir

Ipucu: Demir par¢asim ve tuglay1 yan yana koyduklarinda is1-ahsverisi gézlenmiyor.
Ancak iist iiste konulduklarinda bu goézlem yapilabiliyor.

Ogrencilerin istedikleri farkli durumlar da test edilebilir.

Tartisma sorusu: Deneyde kullandigimiz termometrelerin gosterdigi degerleri goz
ontinde bulundurursak, termometrelerin 6l¢tiigii sicaklik neyin sicakhgidir?

Termometre, bir 1s1l sistemin sicakligini nicel olarak 6lgen bir aragtir; genellikle
sistemin sicakligiyla 1s1l dengeye gelerek 6l¢iim almamizi saglar.

e Termometre aslinda kendi sicakligini dlger diyebilir miyiz? Sizce bu mantikli
mi1? Neden?

Sistemle 1s1l dengeye gelen termometre, sistemle ayni sicakliktadir. Termometre
kendi sicakligini dlgiiyor diyebiliriz.
Epistemolojik tartisma sorulari:

[Bilginin Gerekcelendirilmesi]1.G6zlem yapmak sunulan bilgileri anlamanizda
nasil bir katkis1 oluyor?

[Bilginin Yapis1]2.Simdiye kadar 6grendiklerinizle 6nceden bildikleriniz arasinda
celisen bir durum oldu mu?

[Bilginin Gerekgelendirilmesi]3.Yeni 6grendiklerinizle bildikleriniz gelistiginde
ne yaparsiniz?

[Bilginin Yapisi]4. Fizik bilgileriniz kendi igerisinde tutarli olmak zorunda mi1?
Derste 6grendiginiz bilgileri baska yerlerde ya da durumlarda kullanabiliyor
musunuz? Nasil?
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DERS PLANI-3 (Genlesme)

Sinif: 9

Unite: Is1 ve Sicaklik

Konu: Genlesme

Siire: 1 saat

Kazamim: 9.5.5.1. Kat1, siv1 ve gazlarda genlesme Ve biiziilme olaylarii karsilagtirir.

a. Ogrencilerin giinliik hayattaki olaylar1 inceleyerek genlesmenin etkilerini
karsilastirmalart saglanir.

b. Ogrencilerin suyun diger maddelerden farklilik gdsteren sicaklik-hacim ve
sicaklik-0zkiitle grafiklerini yorumlamalar1 ve giinliik hayattaki etkilerini tartigmalari
saglanir.

Genlesme kavramina gegis:

e Sicaklig1 6lgmek i¢in kullandigimiz termometreleri incelediniz mi? Yapisi
hakkinda neler sdyleyebiliriz?

e Ogrenciler termometreleri inceleyebilirler. Cam bir hazne ve iginde
renklendirilmis bir s1vi oldugunu goriirler.

e Sizce bu termometreler nasil ¢alistyorlar? Ogrencilerin cevaplar: dinlenir.

Gosteri Deneyi

Yapihisi: Bir erlenmayer kab1 agzina kadar su ile doldurup, boya katarak
renklendirelim. Kabin agzina delikli bir tipa yerlestirip cam boruyu delikten
gecirelim.

Durum: Kab1 1sitirsak ne gozlemleriz?

Tahminler: (Ogrencilere bu alternatifler sunulur. Verdikleri cevaplarin nedenlerini
agtklamalart istenir.)

(a) Cam boruda higbir degisiklik meydana gelmez.

(b) Cam boruda su yiikselir.
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Gozlem: Isitilan kaptaki su cam boruda yiikselir. Termometrede okunan deger artar.
Agciklama: Boyali su cam boruda neden yiikselir?

Suyun kiitlesi degismedigi halde cam boruda yiikselmesi, suyun hacminin arttigini
gosterir.

Maddeler 1s1t1ldi1g1 zaman, madde i¢indeki atom veya molekiiller daha hizli hareket
eder ve birbirlerinden uzaklasir. Bu ylizden daha fazla alana/hacme yayilirlar.
Maddelerin enerji alig-verisi sonucunda sicakliklarindaki degisme nedeni ile
hacimlerinde meydana gelen degisime genlesme denir.

Farkli sivilarin genlesme miktarlari da farklidir. Genlesme, sicakhik degisimi ile
maddelerin hacmindeki artis1 ifade etmek i¢in kullanilir. Maddelerin sicakligi
azaldiginda hacimleri de azalir. Bu duruma da biiziilme denir. Bazi s1vi maddeler
icin genlesme katsayilarini inceleyelim.

Bazi sivilar i¢in 1s1l genlesme katsayilar1 (20 C)
Madde Katsay1 (K™)

Etil Alkol 11.2 x 107*
Benzin 9.5 x 107*

Civa 1.82 x 107*

Su 2.07 x 10~*
Aseton 143 x 107*
Amonyak 24.5x 107

Katsayilar1 inceledigimizde sivilarin genlesme kat sayilarinin oldukea kiigiik sayilar
oldugunu goriiyoruz. Giinliik hayatta en ¢cok ugrastigimiz sivi su oldugu i¢in evde
fazla suyla doldurulmus ¢aydanliktan ya da tencereden kaynayan sularin tastigini
goruriz.

e Buradan yola ¢ikarak termometrenin ¢aligma prensibini nasil agiklarsiniz?

Sivili termometreler de sicaklik degisimi sonucunda genlesme ilkesiyle ¢alisan bir
aractir. Termometrenin i¢indeki sivi bu sayede ince boruda sicaklik degisimine gore
yiikselir ya da alcalir.
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e Civa veya etil alkol kullanilan termometrelerde, tabloda goriildiigii gibi
genlesme miktarlar1 oldukca kiigiiktiir. Buna ragmen sicaklik degisimi net bir
sekilde okunur. Bunun sebebi ne olabilir? Termometrenin yapisina bakarak

bunu hangi konuyla agiklayabiliriz?

Termometrenin i¢inde bulunan sivinin genlestigi boru ya da tiipiin yarigap1 ¢ok

kiictiktlir. Bu yiizden kilcallik olay1 devreye girer.

http://www.engineersgarage.com/insight/how-mercury-thermometer-works?page=4

Tekrar sivilarda genlesmeye donersek, suyun farkl sicakliklardaki 6zkiitlesini

gosteren tabloyu inceleyelim.

Sicakhk (°C) |Saf suyun dzkiitlesi ( g/cm®)
0 (s1v1) 0.9999
4 1.0000
20 0.9982
40 0.9922
60 0.9832
80 0.9718

e Verilen tabloyu incelediginizde simdiye kadar genlesme iizerine

konustuklarimizla ¢elisen bir durum farkettiniz mi?
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e Cok kii¢iik bir miktarda olsa 0 — 4°C araliginda suyun dzkiitlesinin arttigini;
+4°C’den sonra ise azaldigini goriiyoruz. Su en yliksek 6zkiitle degerini
+4°C’de aliyor. Bu durumda suyun hacmi nasil degisir?

v (em?)

4
1.0209

1.000

0,995 /
/ 1.0104

0,990
1.005
0.885 .
1.000
0,880 - > 0.095 o
40 -30 -20 -10 0 410 20 30 40 Y40 -30 20 -10 048 20 30 40

Suyun sicakliga bagli olarak 6zkiitle ve hacim degisim grafiklerini inceledigimizde
suyun diger sivilardan farkl1 olarak sicakligi arttig1 halde 0 — 4°C aralifinda hacminin
kiiciildiigiinii ve 6zkiitlesinin arttigim goriiriiz. Bu sebeple +4°C’deen kiigiik hacim
dolayistyla en biiyiik dzkiitle degerine sahiptir. +4°C’den yiiksek sicakliklarda ise
diger sivilar gibi genleserek ozkiitlesini azaltir.

Detayh aciklama: Suyun sicaklig1 azaldikca, su molekiillerinin hareketi de azalir.
+4°C’desicaklikta, suyun molekiiler hareketliligi yok olur. Ciinkii su molekiillerini
bir arada tutan hidrojen baglar1 dyle bir diizene girer ki; 0°C’deki buzun molekiiler
yapisini bir arada tutan hidrojen baglariyla neredeyse ayni seviyeye gelir. 4
dereceden suyun donma noktasi 0 dereceye, su molekiillerinin artik birbirleri
tizerinden hareket etmesi oldukga zorlasir. Bagka bir deyisle, su molekiilleri hidrojen
baglarinin molekiiler arasi etkilesimini daha fazla hissetmeye baslar. (Bir su
molekiiliiniin hidrojen atomlariyla, diger bir su molekiillerinin oksijen atomlar1
arasinda). Bu sayede diizenli kristal bir yap1 diizenine girerek buzu olustururlar.
Buzun yapisinda suya gore daha fazla bosluk vardir. Bu yiizden buzun 6zkiitlest,
suya gore daha diistiktiir.

http://www.newton.dep.anl.gov/askasci/gen99/gen99817.htm

Suyun bu 6zelligi sayesinde gollerin derinliklerinde suyun sicakligi neredeyse 4
derecedir. Hava sicakligi diistiiglinde suyun iizerini buz kaplar. Bu buz kiitleleri
sayesinde altta kalan su sicakligin1t muhafaza eder ve géldeki canlilarin yasamasina
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olanak saglar. Kuzey kutbunda da suda yiizen dev buz kiitleleri gormemizin sebebi
de budur.

http://van.physics.illinois.edu/qa/listing.php?id=1736

Sivilarda genlesmeden katilarda genlesmeye gecis:

Termometredeki sivi genlesirken cam boru genlesmez mi? Kat1 maddeler de sivilar
gibi genlesir mi?

Gosteri Deneyi — Metal bilyeyi/topu nasil metal cemberden geciririz?

Durum: Metal bir top metal bir cemberden rahatlikla gegmektedir. Metal topu
1sitirsak, gemberden geger mi? Ogrenciler tahminlerini sinifta ifade ederler.

Gozlem: Isitilan metal top gemberden gecemez.

Aciklama: Isitilan metal top her yonde genlesecegi icin topun yaricapi ¢cemberin
yarigapindan daha biiyiik olur.

SORU: Isitilan metal topun ¢emberden gecebilmesi i¢in neler yapilabilir?
Beklenen cevaplar:

Metal top sogutulur, bu sayede biiziiserek eski haline doner ve gemberden
gecebilecek hale gelir.

Isitilan metal topun yarigap1 ¢emberden biiyiik oldugu i¢in, cember de ayrica
sitilarak genlestirilir. Bu sayede metal top cemberden gegebilir.

Bazi kat1 maddeler i¢in genlesme katsayilarini inceleyelim.

Bazi katilar igin 1s1l genlesme katsayilari (20 °C)
Madde Katsay1 (K™)
Aliiminyum 23.0 x 107°
Bakir 16.7 x 107°
Demir 19.0 x 10°°
Celik 10.5 x 107°
Teneke (Tin) (25°C) 234 x 107°
Cam (25°C) 5.9 x 107°
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e Sivi maddelerle karsilastirdigimizda katilardaki genlesme katsayilari arasinda
nasil bir fark gériiyorsunuz?

Sivilarda genlesme miktar: katilara gére daha fazladir. Ciinkii molekiiller
katilardakine gore sivilarda daha serbest hareket edebilir. Ve sicakligin artmasiyla
beraber molekiillerin hizlarinda meydana gelen artig sebebiyle daha genis bir hacmi
kaplamaya baslarlar.

e Kati maddelerdeki genlesme durumunu yasadigimiz ¢evrede hangi olaylarda
gozlemliyoruz?

Giinliik hayattan ornek verilir.

Kopriilerde genlesme derzleri (bosluklart) birakilarak sicak havalarda genlesme ve
soguk havalarda biiziilmenin kopriiniin yapisinit bozmasi engellenir. Tren yaylari
arasinda bosluk birakilmasi da bu duruma bir 6rnektir.

e Ciiriiyen dislerimize dolgu yaptiririz. Yapilan dolgunun dige zarar vermemesi
i¢in hangi 6zelligi 6n planda tutulur?

Yiyecekleri sicak ya da soguk tiikettigimiz i¢in sicaklik farkindan dolay: diste
meydana gelen genlesme ve biiziilme olayini bozmayacak sekilde benzer 1s1l
genlesme ve biiziilme katsayist olan dolgu malzemeleri segilir.

e Bazen dolaptan ¢ikardigimiz bir kavanozun kapagini agmak ¢ok zor hale gelir.
Bunun nedeni nedir? Kapagi rahat¢a agmak i¢in ne yapabiliriz?

Dolaba koydugumuzda hem kavanozun cami hem de metal kapagi biiziisiir. Ama bu
biiziigme iki madde i¢inde farklidir. Teneke, cama gore daha fazla biiziisiir. Bu
yiizden disar1 ¢ikarttigimizda kapagi ¢ceviremeyiz. Tenekenin cama gore daha fazla
biizlisliyorsa, ayn1 mantikla teneke cama gore daha fazla genlesiyordur. Bu yilizden
teneke kapagi bir siire 1sitarak (sicak suya tutarak), kavanozu daha kolay agariz.

Termometredeki cam genlesir mi sorusunu artik cevaplayabiliriz. Bu
termometrelerde cam, i¢ine konulan sividan ¢ok daha az genlesir.

Katilarda genlesmeden gazlarda genlesmeye gegis:

Peki, gazlarda genlesme miktari kati ve sivilara gore nasildir? Molekiillerin
hareketlerini diistinerek cevaplamaya ¢alisalim.
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Molekiiler arast kuvvetlerin olduk¢a az oldugu gaz halde, molekiiller ve atomlar
serbestce hareket edebilmektedir. Isitilan gaz molekiillerinin kinetik enerjileri
artacagl icin daha biiyiik bir alan kaplamaya baglarlar. Bu yiizden kat1 ve sivilara
gore daha fazla genlestiklerini soyleyebiliriz.

e Dogru sonuca ulasabildik mi? Bir gozlem yaparak bunu deneyelim.
Giinliik hayattan 6rnekler: Ucan balonlar, Mylar Balonu

Mylar balonu, lastik balonlar gibi sisirildiginde gerilmez. Bu balonlar oda
sicakliginda helyum gaziyla doldurulur.

e (Oda sicakliginda sisirilmis Mylar balonu sogutulursa ne gézlemlenir?

Balonun havasi inmis gibi olur. Oda sicakligina ise getirildiginde balon tekrar eski
halini alir.

¢ Bu durumdan nasil bir ¢ikarim yapabiliriz?

Hava kacirmadigina gore balonun i¢indeki gaz miktar1 aynidir. Ama hacmi azalmistir.
Yani sicaklik diistiigiinde hacmi azalms, sicaklig1 arttiginda ise gazin hacmi artmaistir.
Biz bu durumlari sirasiyla biiziisme ve genlesme olarak tanimlamistik. Sivi ve
katilarin genlesmesiyle karsilastirdigimiz da gazlardaki genlesme gozle goriilebilecek
kadar gozlemlenebilir. (10 derece sicaklig artan 1 litre gaz 34 mL genlesir.) Bu
yiizden balonu gazla doldurdugumuz yerdeki sicaklik diisiikse ve balon oda
sicakliginda muhafaza edilecekse tamamen gazla doldurulmaz.

Epistemolojik Boyut - Bilginin Gerekgelendirilmesi: (Ogretmen Konusmasi)

Epistemolojik tartisma sorulari:

[Bilginin Gerekcelendirilmesi]1.Baz1 bilgileri gézlem ya da deney yaparak
gosteremedigimizde, kendi fizik bilgilerimizi kullanarak bir bilginin mantigin1
ortaya ¢ikarabilir miyiz?

[Bilginin Gerekcelendirilmesi]2.Fizik bilgilerimiz farkli durumlar
farketmemizi, mantikli ve mantiksiz durumlar1 ayirt etmemizi nasil saglar?
[Bilginin Yapisi]3. Ogrendiklerimizle giinliik hayatta gozlemlediklerinizin
celistigi durumlar olabilir mi? Ornek verebilir misiniz?

[Bilginin Gerekgelendirilmesi]4.Ogrendiginiz ya da dnceden bildiginiz bilgiler
arasinda tutarsizlik ya da geliskiler olursa mantikl bilgiye nasil ulasirsiniz?
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Bu smniftan disar1 ¢iktiktan sonra belki giliniin sonuna kadar burada
konustuklarimizi hatirlayacaksiniz. Diisiinmeden ya da sorgulamadan aldigimiz
her bilginin kaderi unutulmaktir. Ciinkii bu bilgileri isimize yaramayan bir
esyaymis gibi ¢antamiza koyuyoruz ve varligmi unutuyoruz. Ancak bir bilgi
mantifin1 anladigimizda bizim olur. Mantigin1 anlamak i¢in ¢ogunlukla akil
yiiriitme yolunu kullaniriz. Yani rasyonel diisiince. Sahip oldugumuz bilgileri
kullanarak problemleri ya da durumlar agiklayabiliriz. Bazen de karsilagtigimiz
durumlart kontrollii bir sekilde tekrar deneyerek bilgiye ulasiriz ayni bugiin
yaptigimiz gibi. Gozlem yaparken ve sonucunda aslinda bizim olan “yeni ve
mantikli” bilgiler iretiriz. Bu neden 6nemli? Evet, bizden once fizikgiler
gozlemledigimiz pek ¢ok durumu bilimsel olarak aciklamisti. Ortada bilimsel
bilgi var ama bizim degil. Peki bir bilgi nasil bizim olur? Bunun bir yolu benzer
durumlar yaratarak bilginin mantigini test etmektir. Yani bilimsel bilgiyi kendi
yontemlerimle sorgularim ve kendi bilgimi iretirim.

Aslinda  yaptigimiz  is su:  Yasadiklariniz, gozlemleriniz, Onceden
ogrendikleriniz sizin i¢in bir mantik siizgeci olusturur. Diisiinmeden
ezberliyorsaniz bu siizgeci kullanmiyorsunuz demektir. Yani yeni bilgi sizin
icin anlamli m1 degil mi sorgulamiyorsunuz. Bu bilgiler ne yazik ki sizin
olamiyor. Bu sadece duydugunuz bir bilgi olarak kaliyor. Ancak mantik
sizgecinizi kullandigimizda saglam kuleler elde edersiniz. Tek yapmamiz
gereken diigiinmek. Bana boyle bir bilgi sunulmus, evet. Ama bu bilgi benim
bilgilerimle oOrtiistiyor mu? Bir ¢eliski var m1? Sorgulamak zorundayiz. Yoksa
birbirinden kopuk yiizlerce bilgiyi hafizamizda tutmaya calisiriz. Halbuki
ogrenmek bir eziyet degildir. Ogrenmek, verilen bilgiyi sorgulama ve kendimiz
i¢cin anlamlandirma stirecidir.

Celigki olusuyorsa aslinda yeni bilgiyle varolan kendi bilgilerimizi de
sorgulariz. Bilgilerimizin hepsi bilimsel bilgilerle paralel olmayabilir. Ornegin,
1s1 ve sicaklik kavramlarini ayni kavramlar olarak birbirinin yerine
kullanabiliyoruz. Gegen derste bunlarin farkli kavramlar oldugunu gordiik. Ama
giinlik hayatta buna cok dikkat etmiyoruz. Sahip oldugumuz bilgileri
degistirmek her zaman kolay degildir. Sizi sevdiginiz bir aligkanliktan
vazgecirmeye caligsak, direng gosterirsiniz. Burada Ogrendiklerinizle
bilgilerinizi hemen degistirebileceginizi disiinebilirsiniz. Ama bilgilerimizi
goriindiigii gibi kolay takas edemeyiz. Bu ylizden sorgulamak, yeni bilgiyi
anlamlandirmak zorunday1z.
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DERS PLANI-4 (Termometre Cesitleri ve Sicaklik Birimleri)
Sinif: 9
Unite: Is1 ve Sicaklik
Konu: Is1, Sicaklik ve i¢ Enerji
Siire: 2 saat

Kazamim: 9.5.1.2.a. Kullanim amaglarin1 gore termometre ¢esitlerini karsilastirarak
sunar.

9.5.1.2.b. Kullanim amaglarina gore sicaklik birimlerini karsilastirarak sunar.

9.5.1.3.b. Farkli sicaklik birimlerinin ortaya ¢ikis nedenlerini agiklar.

Hayatimizda sicakligin 6nemi biiytiktiir. Bulundugumuz ortamlardaki sicaklik
degisikliklerini bilmek, viicut sicakligimizi korumamiz i¢in bize ipuglari verir.
Ornegin disar1 ¢ikacaksak nasil giyinecegimize, hava durumunu takip ederek karar
veririz. Bu ylizden sicaklik insanlar ve diger canlilar i¢in olduk¢a dnemlidir.

Yasadigimiz yerlerde siklikla kullandigimiz termometre ¢esitlerini inceleyelim.

Kendi viicut sicakligimiz 6l¢mek i¢in sivili termometreler kullaniriz. Normal viicut
sicakligimiz 36-37°C’dir. Hastalandigimiz zaman bu sicaklik 40°C ve iizerine
cikabilir. Bu sebeple viicut sicakligini 6l¢gmek i¢in kullanilan sivili termometreler
genellikle 34°C ile 42°C arasinda olgeklendirilir.

e  “Viicut sicakligr 6l¢en bir termometreyle hava sicakligini 6lgebilir miyiz?”

e Hava sicakligini 6lgmek i¢in kullanilan termometrelerin ¢ok genis bir aralikta
sicakligi lgebiliyor olmasi gerekir. Ornegin kutuplarda hava sicaklig1 cok
diisiikken (-68°C) ¢ollerde ise giin icerisinde sicaklik ¢ok yiiksek
olabilmektedir (70°C). Bu yiizden viicut sicakligi dlgen bir termometre
isimize pek yaramaz. Oyleyse nasil bir termometre kullanmaliy1z?

Sivili termometreler kullanilan sivinin donma ve kaynama sicaklig1 arasindaki
sicakliklari dlgebilir. Ornegin laboratuvarlarda kullanilan civali termometreler -10°C
ile 110°C araliginda 6lgeklendirilir. (Civanin donma sicakligs -39°C’dir.) Bu
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laboratuvar i¢in uygun olan sivili termometre kutuplardaki hava sicakligini 6l¢mek
icin uygun degildir. Bu yiizden daha diisiik sicakliklarda sivi halde bulunan maddeler
ornegin alkol kullanilir. Alkol -115°C de katilasir.

Oda sicakligini 6l¢gmek icin civali termometreyi alkollii termometre yerine tercih
ederiz. Ciinkii alkol oda sicakliginda gaz haline gecer.

e “Sivili termometrelerden baska ne tiir termometreler vardir?”

Asagidaki tablo ogrencilere gésterilir.

Bazi termometre cesitleri

Termometre Olgiilen fiziksel 6zellik Aciklamalar

ideal gaz SlVlla_san gazlarin basing ve
hacmi

Civa hazneli S.I.VI'I.lln gefnlesme ve S1vi1 hal dgglstlrmezse
bliziilmesi kullanilabilir.

Ikili metal serit Iki metalin farkli genlesmesi

Direng Elektriksel direng

Sanayide en ¢ok

Termoelektrik (Is1l Farkli metaller aras1
. . . kullanilan termometre
Cift) elektriksel voltaj farki Cpeqs
cesididir.
. . o . ... | Cok soguk sicakliklarda
Paramanyetik Maddenin manyetik 6zelligi kullamshdir,
o - . Cok yiiksek sicakliklar
Optik pirometre Yayilan 15181n rengi icin kullanshdir.

Gazli termometreler laboratuarlarda hassas 6l¢iim yapmak igin kullanilir. Gazlar
molekiiler yapilarindan dolay1 s1v1 ve kati maddelere gore sicaklik degisimlerinden
daha ¢ok etkilenir. Hassasiyet s6z konusu oldugunda gaz termometreleri
kullanilabilir.

Metal termometreler, metallerin erime noktasinin yiiksek olmasi sebebiyle, yliksek
sicaklik Ol¢timleri i¢in fabrikalarda, firinlarda, seramik at6lyelerinde kullanilir.

Sicakligin yaklasilamayacak kadar yiiksek veya erigilmesi zor olan yerlerin
sicakligint 6lgmede pirometre kullanilir. Hastanelerde viicuda temas etmeden yapilan
sicaklik 6l¢timlerinde de kullanilmaktadir.
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e Okuldaki laboratuarlarda genellikle alkollii ya da sivili termometre kullanilir.
Eskiden civali termometreler daha yaygin kullanilirdi. Fakat termometre
kirildig1 zaman civa saglik acisindan tehlike yarattig igin artik tercih
edilmiyor. Sizce bu termometreler -273°C’den 2000°C’e kadar olan
sicakliklar1 6l¢gmekte ne kadar etkilidirler? Bu sicaklik araliginda hangi
termometreleri hangi sicakliklart 6lgmek igin tercih edersiniz? (Grup
calismasi yapilabilir.)

Farkli maddeler kullanarak yapilan termometreleri inceledik. Bu termometrelerde
6l¢eklendirme nasil yapilir simdi bunu inceleyelim.

Sicaklik birimlerine gegmeden dnce, “Sicaklik ne zaman bir alet ile 6l¢iilmeye
basland1?” biraz bilgi edinelim. Bu kisim okutulabilir ya da 6gretmen tarafindan
anlatilabilir.

Termometre ¢esitlerinden termometrelerin 6lgeklendirilmesi ve sicaklik birimlerine

gegis:

Bilim tarihinden 6rnek
Sicaklik ne zaman bir alet ile dl¢ciilmeye basland1?: Termometreler

Ik termometreler 17. yiizyilda Italyan Santorio Santorio, Galileo Galilei ve
Giovanfrancesco Sagredo tarafindan yapilmistir. Bu termometreler Galileo’nun
bilimsel yontemi kullanilarak gelistirilmistir. Bu termometreler i¢i sivi dolu camdan
yapilmistir. Camin alt kismi sivinin dolduruldugu haznedir ve buna bagl bir ince
boru bulunmaktadir. Caligsma prensibi: Sicaklik arttiginda, sivi ince boruda yiikselir,
sogudugu zaman ise sivi cam borudan asagiya inerek haznede birikir. Galileo
termometresinde Olgeklendirme kullanmamisti. Bu yiizden Galileo’nun sadece
gbzlem yapabildigini sdyleyebiliriz, ancak 6l¢lim yaptig1 konusunda bir bilgi yoktur.
Daha sonra, Sagredo termometresine 360 esit par¢adan olusan bir dlgek eklemistir.
360 parca olmasinin nedeni ise dairenin 360 dereceye bdliinebilmesini taklittir. Bu
uygulamadan sonra sicaklik birimleri derece olarak adlandirilmistir.

Ingiliz bilim insan1 Robert Hooke (1635-1703) ilk defa sabit olan en diisiik nokta
olarak suyun donma noktasinin kullanilmasini énermistir. Danimarkali Ole Romer,
termometresinde 7,5 dereceyi suyun donma noktasi, 60 dereceyi ise suyun kaynama
noktas1 olarak isaretlemistir. Bu termometrede insanin viicut sicakligi 22,5 dereceye
sabitlenip suyun donma noktasinin 3 kati1 olacak sekilde ayarlanmistir. O zamanlar
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herkes kendi termometresini yaptig1 icin termometreler arasi degisiklikler
goriilebiliyordu.

Ne var ki, normal viicut sicaklig1 ciddi bir termometrenin ihtiyaci olan sabit bir nokta
degildi. Insan s6z konusu oldugunda “normal” kavrami farkliliklar gosterebilir.
Farkli iki insanin viicut sicakliklar1 birbirinden farkli olmasina ragmen her biri
saglikl kisiler olabilir. Hatta giin i¢inde bile viicut sicaklig1 degisir. Bu yiizden viicut
sicakligini sabit nokta gibi diisiinme fikri de suya diismiis olur.

En uzun siire kullanilan sicaklik 6l¢egi, Alman Fizik¢i Daniel Gabriel Fahrenheit’in
(1686-1736) bir galismasmin iriiniidiir. Fahrenheit 28 yasindayken sabit Gl¢iimler
alabilen birka¢ termometre yaparak bilimsel ¢evreleri hayrete diisiirmiistii. Clinkii o
zamana kadar boyle bir sey hi¢ yapilmamusti. Italya’da yapilan termometreler tekrar
tekrar ayni sonucu vermeyen sabit noktalara ayarlanmisti. Bu yiizden 1650 yilinda
yapilan bir termometre 1651 yilinda yapilan termometreye gore farkli sonuglar
veriyor; ayni sekilde Floransa’da yapilan bir termometreyle Venice’de yapilan bir
termometre yine farkli sonuglar veriyordu.

Fahrenheit bunun yerine 3 sabit noktasi olacak sekilde ayarladigi termometresini
1724 yilinda sunmustur. Fahrenheit, termometresinin 6zelliklerini su sekilde agiklar:

“Olgegin béliimleri 3 sabit noktaya dayamr ve bu noktalar su sekilde belirlenir.
Birincisi kalibre olmamis béliimde yani 6lgegin basladigi yerdedir ve buz, su ve
amonyumklorit ya da deniz tuzu karisimiyla belirlenir. Termometre bu karigimin
icine yerlestirildiginde, termometredeki sivi 0 derece igaretli noktaya diiser. Bu
deney kisin yaza gore daha iyi ¢calisir.

“Ikinci nokta, su ve buz karisimimin iistte bahsedilen tuzlar olmadan elde edilir.
Termometre bu karisima yerlestirildiginde, termometredeki sivi 32. dereceye ¢ikar.
Bunu donma noktasi olarak isimlendirdim. Kisin, musluk sulari ince bir buz
tabakasiyla kaplandiginda termometre sivisi bu noktay: géosterir.

“Ugiincii nokta ise 96. derecedir. Alkol agizda tutuldugunda ya da saglikli bir

2

insanin koltuk altina damlatildiginda bu noktada genlesir.

Fahrenheit’in 6liimiinden sonra bu sabit noktalar degistirilmis yerine ol¢iilebilir iki
sabit nokta belirlenmistir. 32°F derece suyun donma noktasina ayarlanirken; suyun
kaynama sicakligi 212 °F derece olarak en iist sabit nokta olarak belirlenmistir.
Fahrenheit  termometresi 180  dereceye  ayrilarak  Olgeklendirilmistir.
(http://physics.info/temperature/)
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1742 yilinda Isvegli astronom ve fizik¢i Anders Celsius (1701-1744) kendi sicaklik
Olcegini gelistirmistir. Meteorolojik gozlemler yapabilmek ig¢in bu termometreyi
gelistirmistir. Bu 6lgek 100 esit parcaya boliinmiis ve her bir parga Celsius derece
olarak isimlendirilmistir. Bu 6lgek buzun erime sicakligi (0°C) ve suyun kaynama
sicaklig1 (100°C) araligim kapsar. Aymi zamanda santigrat sicaklik 6lgegi olarak da
adlandirilir.

1848 yilinda ise Kelvin termometresi, Irlandali William Thomson (daha sonra Sir
Lord Kelvin iinvan1 verilen ) tarafindan bir maddenin diisebilecegi en diistik sicaklik
degeri referans alinarak gelistirilmistir. Bu sicaklik Celsius termometresine gore -
273.15°C’tur ve Kelvin termometresinde mutlak sifir kabul edilir. Bu yiizden -
273.15°C, sifir Kelvin olarak belirlenir. Kelvin termometresi Celsius termometresine
benzetilebilir. Kelvin termometresinde buzun erime sicakligi 273.15K ve suyun
kaynama sicakligir 373.15K olarak belirlenmistir. Kelvin sicaklik biriminde derece
isareti kullanilmaz. Uluslararasi birim sisteminde sicaklik birimi Kelvin olarak kabul
edilmistir.

Sorular

1. Okuma pargasinda bahsedilen sicaklik dlgekleriyle ilgili tabloyu dolduralim.

Sicakhk Olgegi Sembolii Suyun donma Suyun kaynama
sicakhigy sicakhigi

Fahrenheit °F 32 212

Celcius °C 0 100

Kelvin K 273.15 373.15

2. Farkli sicaklik dlgeklerinin ortaya ¢ikmasinin nedeni nedir?

3. Gilinlimiizde kullanilan bu {i¢ termometrede de suyun donma ve kaynama sicaklig
sizce neden referans noktalari olarak belirlenmistir?

Osrenciler bireysel olarak sorular: cevaplarlar. Ogrencilerin cevaplar: sinifta
tartisilir.

e Siz de kendi sicaklik biriminizi olusturabilir misiniz? Nas1l?

Ogrencilerin tartismalar: saglanir.
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Epistemolojik tartisma sorusu:

[Bilginin Degisebilirligi]1. Sahip oldugunuz bilgiler, mantikli oldugunu
diisiindiigiiniiz yeni bilgiler sayesinde degisiyor mu? (Gelisimde bir degisimdir.)

Epistemolojik Boyut: Bilginin Degisebilirligi (Ogretmen Konusmasi)

Termometrelerin tarihteki gelisimi goz oniine alindiginda bilim insanlarinin
benzer bilimsel yontemler kullanarak 6l¢iim aletleri gelistirdikleri
vurgulanir. Amacin hep daha giivenilir ve daha kesin bilgiye ulasma ¢abasi
olduguna deginilir.Ve bu 6rnekte bilimsel bilginin {ist iiste onceki bilgiler
kullanilarak olusturulduguna deginilir. Bu sekilde bilginin tekrar tekrar
yapilandirilabilecegi ve de degisebilecegine dikkat cekilir. Ogrencilerin
yeni 6grendikleri fizik bilgilerinin de dnceki bilgilerinin tizerine anlamli bir
sekilde insa edildigini ve dolayisiyla geliserek degistigi sOylenir.
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DERS PLANI-5 (Birim Doniisiimleri ve Is1 Birimleri)
Sinif: 9
Unite: Is1 ve Sicaklik
Konu: Is1, Sicaklik ve i¢ Enerji
Siire: 2 saat
Kazamim: 9.5.1.3.a. Farkli 1s1 birimlerinin ortaya ¢ikis nedenlerini agiklar.

9.5.1.3.c. Is1 (Kalori ve Joule) ve sicaklik (°C, °F, K) i¢in birim déniisiimleri yapalir.

Epistemolojik Tartisma Sorulari:

[Sabit Yetenek ve Hizhi Ogrenme] 1. Bu iinitenin basindan beri 6grenmekte sikintt
yasadigimiz bir konu oldu mu? Varsa bunlar neler?

2. Sikint1 yasadiginizda 6grenmek i¢in ¢aba gosteriyor musunuz?

3. Sizce fizigi anlamak i¢in 6zel bir yetenege sahip olmaniz gerekiyor mu?

Sicaklik birimlerinden ve birimler aras1 doniistimleri:

Bir 6nceki derste neden farkli sicaklik birimlerinin ortaya ¢iktigindan bahsetmistik.
Diinyanin farkli yerlerinde farkli 6l¢ii sistemleri kullanildigr i¢in, kullandiklar:
sicaklik dlgekleri de farklilik gostermektedir. Ornegin ABD’de Fahrenheit sicaklik
birimi kullanilirken, pek ¢ok Avrupa tilkesinde ve ililkemizde Celsius sicaklik birimi
kullanilmaktadir. Bilimsel aragtirmalarda sicaklik birimi genellikle Kelvin cinsiden
ifade edilir. Bu yiizden farkli sicaklik birimleri arasinda dontistiirme yapmamiz
gerekebilir.

En basit doniistiirmeden baslayalim. Kelvin ve Celsius sicaklik birimleri 100 esit
dereceden olusur. Kelvin’in sifir noktas1 Celsius 6lgeginde -273.15°C olarak
gosterilir. Buradan yola ¢ikarak: Ty = T, + 273.15 seklinde ifade edebiliriz.

Celsius ve Fahrenheit 6l¢eklerinde doniistiirme yapmak istersek, sdyle bir oranti
kurarak bu isi basarabiliriz.
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373,15~ 100(—) 212( ) | 1. Celsius termometresi 100 araliktan
olusurken, Fahrenheit termometresi 180
araliktan olusur. Bu da Celsius
termometresindeki bir araligin Fahrenheit
termometresinde 1.8 araliga denk oldugu
anlamina gelir.

2. Fahrenheit derecesi 32’den baslarken
Celsius derecesi 0°dan baslar.

Bu sebeple Celsius’dan Fahrenheit’a dontisim
2731 L) o LJ 32_J | vaparken 32°F eklenir.

1 Celsius derece, 32+ (1x1.8)= 33.8°F’dur.
50°C 32 + (50x 1.8) = 112°F’dr.

Formiille gosterecek olursak:

Ty — Suyun donma sicakligy X T, — 0°C
- o < oy 100°C —0°C
Suyun kaynama sicakhigl °X — Suyun donma sicakhgi X
_ Tp —32°F
~ 212°F — 32°F

Asagida verilen sorular 6grenciler tarafindan sinifta ¢oziiliir.
Ornek Soru 1:

Bir sebze iireticisi serasinda yetistirdigi {iriinleri ingiltere’ye ihrac edecektir. Iletisim
kurdugu firma yetkilisi, tirlinlerin yetistirilme siirecindeki seranin sicaklik degerini
hem Celsius hem de Fahrenheit cinsinden 6grenmek ister. Bunun iizerine tiretici,
serasindaki sicaklig1 bir termometre ile 20°C olarak dlger. Acaba bu sicaklik
degerinin Fahrenheit karsilig1 nedir?

Coziim:

Verilenler: Termometrede dlgiilen sicaklik degeri 20°C’dir.
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Istenilenler: 20 °C’nin Fahrenheit biriminde karsilig1 nedir?

e Soruda kullanilacak formiil ya da bilgiler:

T,—0°C Tp—32°F
100°C — 0°C  212°F — 32°F

e Sonug:

20°C—0°C  Tp—32°F 20°%€  Tp—32°%F
100°C — 0°C  212°F — 32°F100°C ~ 180°F

1 _ Tr—32%F 180°F = 5T, — 160°F
5 180°F Rt

340°F = STF, TF = 68°F
Oran-Orant1 Yoluyla Cézme

20°C > 32 + (20x1,8)=68°F
Ornek Soru 2:

Evde sudan farkli bir s1v1 kullanarak yaptigimiz bir termometre, suyun donma
sicakligimi 20°X ve suyun kaynama sicakligim 140°X olarak gostermektedir. Bu
verilerden yola ¢gikarak oda sicakligim kag °X &lgeriz? Oda sicakligimi 20°C alalim.

Coziim:

Verilenler: Yaptigimiz termometreye gore suyun donma sicaklig 20°X
Suyun kaynama sicaklig1 140°X.

Istenilenler: 20°C nin X derece biriminde karsilig1 nedir?

Soruda kullanilacak formiil ya da bilgiler:

Ty — Suyun donma sicakhgl X T. — 0°C
~100°C — 0°C

Suyun kaynama sicakhg1 °X — Suyun donma sicaklhigr X
Sonug:

Ty — 20°X 20°C—0°C Ty — 20°X  26°€

140°X — 20°X  100°C — 0°C 120°X  100°C
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Ty —20°X 1 . .
“HSow— =% 5Ty — 100°X = 120°X

5Ty = 220°X ; Ty = 44°X
Oran-Orant1 Yoluyla Cézme:

X termometresi 140-20=120 araliktan olusur, Celsius ise 100 araliktan. Yani Celsius
derecesindeki 1 aralik X termometresinde 1.2 araliga denktir. (120/100) X
termometresi 20°den baslarken Celsius 0°C’den baslar. Bu sebeple Celsius’dan X’e
cevirirken 20°X ekleriz.

20°C = 20 + (20 x1.2) = 20 + 24 = 44°X

e Celsius sicaklik biriminde 0 derece ne anlama gelir?

Hava durumunu inceledigimizde kisin sicakliklar eksi degerlere diismektedir. Yani
sifirin altinda da sicaklik oldugunu biliyoruz. Bizim i¢in 0°C suyun donma, buzun
erime noktasidir. Matematikte kullanidigimiz, 0 ile ayni1 anlmada kullanilmamaktadir.
Yani 0°C bize sicakligin olmadigim sdylemez. Baska bir degisle 0°C’de ve altinda
hala molekiiler seviyede hareketlilik s6z konusudur ve hala maddenin ortalama
kinetik enerji degeri vardir.

e Kelvin sicaklik biriminde sifir ne anlama gelir?

0 Kelvin teorik olarak maddenin molekiiler hareketliliginin sifir oldugu nokta olarak
tespit edilmistir. Mutlak sifir denmesinin nedeni de, 0 Kelvin’in sicakligin sifir
oldugunu gostermesidir.

Epistemolojik Boyut: Sabit Yetenek ve Hizh Ogrenme (Ogretmen Konusmasi)

Sorular 6grenciler tarafindan ¢6ziildiikten sonra 6gretmen 6grencilerin 6grenme
stiregleri hakkinda konusur. Sorular1 ¢6zmek i¢in tek bir yontem olmadigini gosterir.
Konular1 anlamlandirarak ve basamak basamak ilerleyerek fizikteki sorular
cozebilecekleri, fizik konularini daha 1yi anlayacaklarini vurgular.

e Sicaklik dl¢tiigiimiiz termometreler ve sicaklik birimlerini bitirdigimize gore
artik tinitemizin 6nemli kavramlarindan 1s1ya geri donelim.
e Is1y1 zihninizde nasil canlandirtyorsunuz?

Osrencilerin cevaplar: dinlenir... Bir madde gibi mi yoksa molekiiler hareketliligin
iletimi seklinde mi anlatiyorlar buna dikkat edilir.

Madde halinde oldugunu diisiiniiyorlarsa tartisma baslatilir.
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Is1 kavraminin tarihsel geligimi

Is1 Kavraminin Tarihsel Gelisimi

1700’lerin sonuna gelindiginde, Fahrenheit, Joseph Black ve diger bilim insanlarinin
deneyleri sicakligin sistematik ve nicel olarak dlgtilebilmesini sagladi. Ancak 1sinin
nasil aktigi konusunda net bir agiklama yapilamiyordu. Bu donem, elektrik
calismalarinin ivmelendigi bir zamandi. Benjamin Franklin’in yapti§i ugurtma
deneyinde {lizerine yildirim diismesi sonucu elektrigin goériinmeyen bir akiskan
oldugunu savunmustu.

Is1 da elektrik gibi bir goriinmeyen akigkan olabilir miydi? 1787 yilinda, modern
kimyanin kurucusu, Fransiz bilim insani1 Lavoisier, 1sinin da goriinmeyen bir akigkan
oldugunu diisiinerek buna kalorik akigskan ismini verdi. Kalorik, Yunancada 1s1
anlamina gelen bir kelimeden tiiretilmisti.

O zamanlar icin bdyle bir akiskanin varlig1 oldukca anlamliydi — ¢iinkii 1s1 sicak bir
cisimden soguk bir cisme dogru akiyordu. Ve yapilan nicel deneylerle 1sinin korunan
bir biiyliklik oldugu ortaya konmustu. Korunan bu biiyiikliigiin akiskan olmasi
miimkiindii. Kalorik teoriye gore bir maddenin katidan siviya ve daha sonra gaza
dontismesini su sekilde agikliyordu: Kalorik akiskan bir katinin atomlar1 arasinda
yayilir, atomlar arasi var olan kuvvetin zayiflamasina neden olur. Kat1 eriyip siviya
doniistiiglinde kalorik akiskan etkisini siirdiiriir dolayisiyla madde gaz haline geger.

Kalorik teoriye gore; iki kati1 cisim birbirine siirtiildiiglinde bir miktar kalorik yiizeye
¢ikar ve muhtemelen siirtiillen maddenin kiiciik parcaciklar1 kalorik kaybeder ve 1s1
aciga cikar. Kalorik teori dogru olabilir mi?

Kalorik teoriye ilk gercek tepki Kont
Rumford  tarafindan 1798  yilinda
yapilmistir. Lavoisier’in ortaya koydugu
kalorik akigkaninin gercekten var olup
olmadigint  sorguluyordu.  Siipheciydi.
Rumford, top firlatma makinesi yapiminda
kullanilan malzemeleri incelemisti. Topun
firlatildigr borunun yapilmasi i¢in piring silindirin delgi aletiyle delinmesi
gerekiyordu. Demir delgiyi dondiirmek icin gereken gii¢ ise atlardan saglaniyordu.
Rumford, demir delgegin silindir igerisinde ilerlerken siirtinmesi sonucu silindirin

isindigint farketti. Demir delginin piring {izerinde siirtinmesiyle 1s1 agiga ¢ikmisti.
Rumford delme sonucu ¢ikan artik kisimlar1 dikkatle inceledi. Bu artiklar birebir
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silindirle ayni1 olan metalden oldugu, dolayisiyla kendilerinden higbir sey
kaybetmediklerini diisiindii. Yani 1s1 ortaya ¢iktiginda maddesel bir kayip yoktu.

Rumford 1s1 iiretimini hesaplamak i¢in bir deney diizenegi gelistirdi. Diizenek, i¢i su
dolu dis ortamdan yalitilmis bir kap ile kabin i¢ine yerlestirilmis bir piring silindirden
olugmaktadir. Piring silindiri delmek i¢in silindir kendi etrafinda dondiiriilmektedir.
Rumford gozlemlerini su sekilde yazmusti:

“Silindir dakikada 32 tur donerken kisa bir zaman geg¢mesine ragmen silindirin
disina dokunurken elimi suya batirdigimda 151 a¢iga ¢ikmisti ve bu, etrafi suyla
cevrelenmis silindirin hissedilebilir sicakliga ulagmasindan ¢ok sonra olmamisti.

“Bir saatin sonunda, termometreyi suya koydugumda,  simdiki sicakliginin
Fahrenheit dlgegine gore 107 dereceye ulastigini, yani sicakliginin 47 derece daha
yiikseldigini gérdiim... Iki saatin sonunda, suyun sicakhigimin 178°F’a yiikseldigini
buldum. 2 saat 20 dakikada sicakligin 200°F oldugunu ve iki bucuk saat sonra suyun
kaynadigini gérdiim.”

Rumford deneyinin sonucunda olusan isinin ancak bir hareketliligin sonucunda
olusabileceginin altin1 ¢izmistir. Bu modern anlamda 1s1y1 anlamak i¢in aslinda bir
zemin olusturuyordu. Ama biraz daha zamanin ge¢mesi ve bagka bilim insanlarinin
calismalarinin giin yiiziine ¢ikmasi gerekiyordu.

James Joule elektrik akimi gecen bir telin 1s1nmasi
sonucu agiga c¢ikan enerjiyl hesaplamisti. Kalorik
teoriye gore bu durum su sekilde agiklaniyordu: Pilde
bulunan kalorik akigkan elektrik akimiyla birlikte tel
tizerinde hareket ediyordu. Pil olmadan, belli bir
mesafeden miknatis yardimiyla da telde -elektrik
akimi olusturarak teli 1sitabildigini gordi. Yani
sistemde kalorik akigkan i¢in bir kaynak yoktu.

Sonunda elektriksel bir araciya ihtiyacin gereksiz

oldugunu, 1sinin dogrudan bir kuvvetle iiretilebilecegini diislindii. Bir dizi deney
tasarladi. Yalitilmis su dolu bir kaba kiirekli carki yerlestirdi ve ¢ikrik yardimiyla
dondiirerek suyun calkalanmasini sagladi. Cikrigin donmesiyle olusan siirtiinmenin
kab1 1sitmasini sagladi. Makaraya yaklagik 350kg (772 pound) kiitle yerlestirmisti.
4509 (1 pound) suyun 1 Fahrenheit derece yiikselmesi i¢in gereken 1s1 miktari, 350
kg kiitlenin 30.5cm (1 foot) diismesi i¢in gereken mekanik ise esitti. Bu sekilde 1sinin
mekaniksel denkligini hesapladi. Sonug¢ olarak 1s1 ve mekanik is rakamsal olarak
denkti. Yapilan is miktar1 sayisal olarak 1s1 miktarina doniistiiriilebiliyordu. 1847°de

James Joule calismalarini bilimsel ¢evrelere sunmustu.
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Is1 birimleri ve doniigsiimleri:

James Joule’lin 151 ve is denkligini heniiz sunmadan 6nce, 1sinin bir enerji tiirii
oldugu heniiz bilinmiyordu. Bu sebeple 1s1 icin farkli enerji i¢in farkli birimler
kullaniliyordu. Is1 i¢in kalori birimi kullanilmaktaydi. Daha sonraki ¢aligmalarda
kalorinin Joule cinsinden denkliginin bulunmasi gerekmistir.

e 1 kalori ne anlama gelir? 1 kalori 1 gram suyun sicakligini 1 Celsius derece
arttirabilmek i¢in gereken enerjidir. Kalori birimi “cal” olarak gosterilir.
e 1 kalori ne kadar Joule’e denktir?

5. ve 8. sinifta 1sinin birimlerini kalori ve Joule cinsinden tanimlamis ve aralarindaki
iliskiyi
1cal =4.18]
seklinde 6grenmistik. Baska bir ifadeyle
1] = 0.24 cal’dir.
Fizik dersinin ilk {initesinde vektor ve skaler biiyiiliikklerden bahsetmistik.

Hatirlatma: Sadece birim ve say1 belirtilmesi ile anlam kazanan biiyiikliiklere skaler
biiyiikliikler denir. Anlam kazanabilmesi i¢in, say1 ve birimin yaninda yoniin de
belirtilmesi gereken biiyiikliiklere ise vektorel biiyiikliikler denir.

UYARI: Is1 i¢in sicaktan soguga diyerek akis yonii belirtmemiz, vektorlerin sahip
oldugu yon bilgisiyle ayn1 degildir. Kuzey, giiney, dogu veya bati, ya da sag sol
tarzinda bir yon ifadesi icermez.

Is1 transfer edilen enerji oldugu i¢in skaler bir biiyiikliiktiir. Is1 birimi tliretilmis bir
biiyiikliiktiir ve SI birimi Joule’diir.

Is1, transfer edilen enerjidir. Maddelerin karakteristik bir 6zelligi degildir. Sicak olan
cisimden/ortamdan soguk olana dogru gerceklesen bir enerji akisidir. Bu enerji ancak
transfer aninda ortaya ¢ikar. Bu sebeple bir cismin veya ortamin 1si1sindan
bahsedemeyiz. Isi, i¢ enerjinin bir yerden digerine gecisi olarak tanimlandigi igin,
higbir sey i¢in “isist var” ya da “ist depolandi” diyemeyiz. Bunun yerine 1s1 bir
yerden digerine transfer edildi deriz.
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Epistemolojik Boyut: Bilginin Gerekcelendirilmesi (Ogretmen Konusmasi)

Glinliik hayatta yaptigimiz gézlemlerin, ya da nasil ¢calistigini bilmedigimiz
ama akil yiiriiterek sonuca vardigimiz durumlarda bazen kendimiz gergekten
uzak bilgiler tiretebiliriz, Kalorik teori de oldugu gibi. Maddenin yapisi
hakkinda ¢ok fazla bilginin mevcut olmadigi yillarda bu tiir teorilerin ortaya
atilmasi sasirtic1 degildir. Asil sasirtici olan yillarca 1siin bu sekilde
davrandigini savunan bilim insanlarinin, siipheci yaklasan bilim insanlar1
tarafindan deneysel sonuglarla ikna edilerek savunulan teoriyi ¢iiriitmeleridir.
Bizler de doga ve dogada gerceklesen olaylar hakkinda gergege yakin
olmayan kavramalar liretmis olabiliriz. Bu ylizden fizik dersinde verilen
bilgilerle bu bilgilerimiz bir araya geldiginde bilgilerimiz arasinda gatisma
durumu meydana gelir. Bu catismalar1 liitfen es gegmeyin, aksine iistiine
giderek tartisin. Ciinkii bu bilgiler dogru bilgiyi 6grendikten sonra bile sizin
diisiincelerinizi etkileyebilir.

Epistemolojik Boyut: Bilginin Degisebilirligi (Ogretmen Konusmasi)

Deney ve gozlemle ve ayn1 zamanda bilim insanlarinin bakis acilarindaki
farkliliklarin bilimsel bilginin degismesinde veya gelismesinde nasil rol
oynadig1 iizerinde konusulur. Ogrencilerden bildikleri benzer drnekler varsa
bu ornekleri derste paylagsmalari istenebilir. Bize sunulan bilgilerin ne kadar
mantikli oldugu veya dogrulugu iizerine tartisabiliriz. Bunun i¢in rasyonel
diisiince kadar deneyler de 6nemlidir. Buradan yola ¢ikarak dgrencilerin
ogrendikleri fizik bilgilerinin mantigini test edebilmeleri i¢in deney ve
gozlem yapabilmeleri gerektigi vurgulanir. Her bir 6grencinin derste sunulan
bilgiyi farkli yorumlayabildikleri ve ayni farkindalikla yaklasmadiklarina
deginilebilir. Clinkii her birimiz kendimize has mantigimizla bilgilerin
dogrulugunu test ederiz.
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DERS PLANI-6 (Oz1s1— Q=m x ¢ x AT)
Simif: 9
Unite: Is1 ve Sicaklik
Konu: Is1, Sicaklik ve i¢ Enerji
Siire: 2 saat
Kazanim: 9.1.5.4.0z 1s1 ve 151 s1gas1 kavramlarini aciklar.
a. Oz 1smin maddeler igin ayirt edici bir 6zellik oldugu vurgulanir.

b. Ogrencilerin farkli maddelerin 6z 1s1larmi 1s1-sicaklik grafiklerinden hesaplamalari
saglanir.

c. Ogrencilerin 6z 1s1lar1 farkli maddelerin sicaklik degisimlerinin giinliik hayattaki
etkileri ile ilgili 6rnekler vermeleri saglanir.

Epistemolojik Tartisma Sorusu:
[Bilginin yapasi]1. Sizin i¢in fizikteki formiiller ne anlam ifade ediyor?

Is1 ve Sicaklik Degisimi arasindaki iliski: Q = mcAT

e Bazi kaynaklar 1s1 ve sicaklik degisimi arasindaki iligkiyi Q = mcAT seklinde,
9. sinif fizik kitabimiz ise AQ = mcAT seklinde ifade etmektedir. Bu
formiillerden hangisinin mantikli oldugunu nasil bulabiliriz?

Bugiin 1s1 ve sicaklik degisimi arasindaki iliskiyi incelemek i¢in bir dizi deney ve
gbzlem yapacagiz.

Deney 1(A): Is1 ve Sicakhk Degisimi Arasindaki Iliski Nedir?
Arac gerecler

e Su

e Ispirto ocag1

e Bir cam beher

e 1 adet termometre
e Kronometre
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Deneyin yapilisi

1. Cam beherin igerisine bir miktar su koyalim.

2. Suyun sicakligini termometre ile 6lgelim tabloya kaydedelim.

3. Su dolu cam beheri ispirto ocaginin iizerine yerlestirelim.

4. 2’ser dakika araliklarla termometrenin gosterdigi degerleri tabloya kaydedelim.

5. Dakikalar arasinda goriilen sicaklik degisimlerini hesaplayarak tabloya yazalim.

Olgiim | Siire (dK.) | g, cakhk (°0) | Sicaklik Degisimi (°C)

Sonuca Ulasalim
1. Siire ilerledikce suyun sicakligi nasil degisti?

2. Verilen enerjinin sicaklik degisimi ile iliskisi nedir? Is1 — sicaklik grafigini ¢izerek
tartisalim.

Beklenen Cevaplar:

1. Esit zaman araliklarinda ispirto ocaginin esit miktarda enerji verdigini varsayariz.
Dolayistyla her aralikta birbirine esit sicaklik degisimleri gozlemlenir.

2. Esit zaman araliklarinda esit sicaklik degisimleri gozlemlendigine gore, 1sinin
bliytikligl ve sicaklik degisimi dogru orantilidir.
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Sicaklik artis1 esit oldugu i¢in, sicaklik yerine sicaklik degisimi kullanilabilir. Grafik
su hale gelir:

Isi

4Q
3Q

2Q

AT (°C)
AT 2AT 3AT 4AT

Bu grafik su sekilde yorumlanir. Bir maddeye Q kadar 1s1 transfer edildiginde AT
kadar sicaklik degisimi olur. Bir maddeye 2Q kadar 1s1 transfer edilirse, sicaklik 2AT
kadar artar. Bu grafikten yola ¢ikarak 1sinin sicaklik degisimiyle dogru orantili
oldugunu buluruz. Isinin sicaklik degisimine oraninin sabit oldugunu yine grafikten
cikarabiliriz.

SORU: Yaptigimiz deneyde musluk suyu i¢in buldugumuz bu iliski baska
maddelerde gegerli midir?

Ogrencilerin tahminleri sinifta dinlenir. Bu tahminler hipoteze gevrilir.
Hipotez 1: Is1 ve sicaklik degisimi arasindaki sabit oran farkli maddeler i¢in aynidir.
Hipotez 2: Is1 ve sicaklik degisimi arasindaki sabit oran farkli maddeler igin farklidir.

Ogrencileri gruplara ayirarak hipotezlerini test etmeleri icin deney
tasarlamalarim isteyelim.Ogrencilerin deney diizeneklerini kagit iizerinde
planlamalarini isteyelim.

Deney 1(B): Farkli maddeler icin Isi-Sicaklik Degisimi Oran1 Ayn1 Midir?

Arac gerecler
e Terazi
e Su
e Alkol
e Siviyag

e Uc adet termometre
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e Cam beher
e Ug adet dzdes deney tiipii
e Kronometre

Deneyin yapilisi

1. Cam beheri sicak su ile dolduralim.

2. Deney tiiplerine esit kiitle ve sicaklikta su, alkol ve siv1 yag koyalim.

3. Deney tiiplerini dik olacak sekilde behere bantla tutturalim.

4. Tiiplerdeki sivilara termometre koyalim ve sivilarin ilk sicaklik degerlerini 6lgelim.
5. Belirli siirelerde termometre ile yaptigimiz dlgiimleri tabloya kaydedelim.

Sicaklik () Su Etil Alkol Sivi Yag

[k sicaklik

Tahminlerim

1. Olgiim

2. Olgiim

3. Olgiim

Sonuca Ulagsalim

1. Tahminleriniz ve gézlem sonuglariniz tutarli mi1? Farklilik varsa sebepleri ne(ler)
olabilir?

2. Siire ilerledikge sivilarin sicaklari nasil degisti?

3. Swvilar, sicaklik artis miktarlarina gore biiyiikten kii¢iige dogru siralayiniz.

Beklenen cevaplar
1 -2. Esit miktarda verilen enerji sonucunda farkli sivilarda farkli sicaklik degisimleri
gozlemlenecektir. Tek tek sivilar incelendiginde ise esit siirelerde esit miktarda

sicakliklarinin degistigi gozlemlenir.
3. Swv1 yag, etil alkol ve su.
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3 stvinin 181 ve sicaklik degisimi grafigini bir grafik iizerinde ¢izdirelim.

Isi

Sivi yag
Etil Alkol

Su

AT

Her bir s1vi1 igin 1s1- sicaklik degisimi orani farklidir. Tek bir siviy1 inceledigimizde
ise 1s1 ve sicaklik degisimi iliskisinin su da oldugu gibi dogru orantili oldugunu
goruruz.

SORU: Isitilan maddenin kiitlesi degisirse 1s1-sicaklik degisimi orani etkilenir
mi?

Ogrencilerin tahminleri sinifta dinlenir. Bu tahminler hipoteze gevrilir.

Hipotez 1: Isitilan maddenin kiitlesi degisirse, 1s1 ve sicaklik degisimi arasindaki
sabit oran degismez.

Hipotez 2: Isitilan maddenin kiitlesi degisirse, 1s1 ve sicaklik degisimi arasindaki
sabit oran degisir.

Ogrencileri gruplara ayirarak hipotezlerini test etmeleri i¢in deney
tasarlamalarim isteyelim. Ogrencilerin deney diizeneklerini kagt iizerinde
planlamalarini isteyelim.

Deney 1(C): Farkh kiitlede bir madde icin Isi-Sicaklik Degisimi Oram1 Ayni
Mudir?

Arac gerecler

e Su

e Ispirto ocag1

e Bir 6lcekli cam beher
e 1 adet termometre

e Kronometre
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Deneyin yapilisi

1. Cam beheri 100 mL (~100 g) musluk suyu ile dolduralim. Sicaklig1 dlgiip tabloya
kaydedelim.

2. Cam beheri ispirto ocaginin {istiine yerlestirelim

3. Belirli araliklarla termometrede okunan degerleri tabloya yazalim

4. Ispirto ocagin1 kapatalim ve cam beherdeki suyun seviyesini 200 mL’ye (~200g)
¢ikaralim.

5. Cam beherdeki suyun sicakligini 6lgelim ve ispirto ocaginin iizerine tekrar
yerlestirelim.

6. Belirli araliklarla termometrede okunan degerleri tabloya yazalim.

Kiitle (g) Olgiim No. | Siire (dk.) Stcaklik (°0) Sicaklik Degisimi
(0
1
2
100g 3
4
1
2
2009 3
4

Sonuca Ulasalim

1. 100g su ve 200g su i¢in esit siirelerde alinan sicaklik degerlerini karsilastiralim.
Bir farklilik gézlemlediniz mi?

2. Suyun kiitlesini degistirdigimizde 1s1-sicaklik degisimi orani degisti mi?

Beklenen cevaplar:

1. Esit zaman araliklarini inceledigimizde 100g suyun sicakligi 200 g suya gore 2 kat
artmigtir.

2. Suyun kiitlesini degistirdigimizde 1s1-sicaklik degisimi orani da degisti. Kiitle ve
sicaklik degisimi ters orantilidir.

Grafik ¢izdirilebilir.

SORU: Bu ii¢ deneyin bulgularini toparlayacak olursak nasil bir sonuca variriz?
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1. Bir maddeye verilen enerji miktar1 arttik¢a sicaklik degisimi dogru orantili olarak
artar.

Q a AT

2. Farkli maddeler i¢in 1sinin sicaklik degisimine orani farklidir.

Q. Q.
AT, Sabit; ; AT, Sabit,

3. Ayni maddenin farkl kiitleleri i¢in 1sinin sicaklik degisimine orani farklidir. Kiitle
arttik¢a sicaklik degisimi azalir. Dolayisiyla kiitle ve sicaklik degisimi ters orantilidir.

Q

—_— = X ]
AT m X Sabit
Modelleme aktivitesinin ardindan ulastigimiz matematiksel model:
A%zm X Sabit; Q = m x Sabit x AT

Ortaya cikan bu formiilde sabit bir sayinin 1si-sicaklik degisimi oranina etki ettigini
gormekteyiz. Bu sabit deger, her madde i¢in farklidir dolayisiyla maddeler i¢in ayirt
edici bir ozelliktir.

W = Sabit

Sabit degerin fiziksel olarak anlami; 1 gram maddenin sicakliginin 1°C artmasi igin
gereken 1s1dir. Bu sabit deger, 6z 1s1 olarak tanimlanir ve “c” harfiyle gosterilir.

cal
g°C

= [Sabit]

SI birim sisteminde 6z 1smin birimi ‘dur.

kg .cC

Matematiksel model:
Q=m Xc X AT

Basta sordugumuz sorunun cevabini bulmus oluyoruz.

e Rasyonel diisiince ile de hangi formiiliin mantiksiz oldugunu ¢ikarabilir miyiz?
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Isinin tanimin1 hatirlayacak olursak aktarilan enerji 1s1 olarak tanimlanmaist.
Ogrendiklerimizden yola ¢ikarak “Is1 maddenin sicakhigini degistirmek icin gereken
enerji miktaridir” diyebiliriz. (Bu yari dogrudur, ¢iinkii hal degisimi esnasinda
sicaklik degismez. Bir sonraki derste bu tanimla tam dogru karsiligiyla
degisitirlecektir.) Aktarilan enerji oldugu i¢in basta sifir 1s1 aktarildi sonra X kadar 1s1
aktarildi, dolayisiyla sisteme X kadar enerji verilmistir demek mantiksiz hale
gelmektedir. Cilinkii 1s1 maddenin sahip oldugu bir 6zellik degildir. Maddenin 1s1s1
diye bir kavram yoktur. Aktarilan enerji oldugu i¢in ilk ve son 1s1 gibi ifadeler
kullanamayiz. Bu durumda AQ ifadesi mantiksizdir. Dolayisiyla kitaptaki formiil
yanlig verilmistir.

9. smif kitabinda verilen 1s1-sicaklik grafigi dogru verilmis midir?

(Tartisalim.)

Ozis1 kavramini detayli incelemeye gecis:

Farkli maddelere ait 6z 1s1 degerlerini inceleyelim. (Tablo verilir).

Madde ¢ (callg. )
Hava (deniz seviyesinde) 0.24
Etil Alkol 0.58
Aliiminyum 0.21
Asfalt 0.22
Tebesir 0.18
Buz (0°C) 0.50
Demir 0.11
Kursun 0.031
Civa 0.033
Tuz (NaCl) 0.21
Kuru toprak 0.19
Yas toprak 0.35
Kar 0.50
Teflon 0.28
Bakar 0.09
Saf su (20°C) 1.00
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e Oz 1sis1 yiiksek olan maddeleri inceleyelim. Oz 1s1s1 diisiik olan maddeleri
inceleyelim. Bir maddenin 6z 1s1sinin diisiik ya da yiiksek olmasi ne anlama

gelir?

e Deneyde kullandigimiz su ve etil alkol i¢in verilen degerler elde ettiginiz
grafikle uyusuyor mu?

e Tablodaki maddelere esit 1s1 verirsek, en fazla sicaklik degisimi hangisinde
gozlenir?

Beklenen Cevaplar:

Oz 15181 diisiik olan maddeler: kursun ve civa, 6z 1s1s1 yiiksek olan maddeler: saf su

ve etil alkol. 1 gram saf suyun sicakligini 1 “Cderece arttirmak 1 g kursun veya 1 g

civaya gore daha fazla 1s1 gerektirir.

Suyun 6z 1s1s1 1.00 cal/g “Cetil alkoliin 6z 1s1s1 ise 0.58 cal/g C dir. Sonug olarak
grafikteki gdsterimle bu veriler birbiriyle uyusmaktadir.

Isi

/

Sivi
Etil

Su

AT

En fazla sicaklik degisimi 6z 1s1 en diisiik olan maddede gozlenir: Kursun

Ozisidan 1s1 kapasitesine gecis:

Oz 1s1 maddelerin 1g’1 igin hesaplanan degerlerdir. Ancak kullandigimiz maddeler
farkli kiitlelerde olabilir. Farkli miktarlardaki maddelerin sicakliklarini 1°C arttirmak
icin gerekli enerji ayn1 degildir. Bir maddenin farkli kiitlelerdeki sicakligini 1°C
arttirmak icin gereken 1stya 1s1 s1gas1 denir. C harfi ile gosterilir.
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Q=m Xc X AT

C: 151 s1gas1
cal cal

C=m Xc; [C]=g><ﬁ; [C]—OC

seklinde ifade edilir.

Oz 1s1 kavramini agikladik ve sadece dzis1 ile baglantisimi verdik. Peki sizin igin ne
ifade ediyor 1s1 kapasitesi? Herhangi baska bir kavramla 6zdeslestirebildiniz mi?

Tartisalim.
SORU: Is1 s1gast maddeler i¢in ayirt edici bir 6zellik midir? Tartisalim.

Asfalt (0.22) ve demirin (0.11) 6z 1s1 degerlerini kullanalim.

50 g asfaltin 1s1 sigasi: C=0.22 x 50 = 1,1 cal/ C

100g demirin 1s1 sigasi: C =0.11 x 100 = 1,1 cal/ °C

Iki farkli madde igin 1s1 s13as1 ayn1 olabilmektedir. Bu yiizden 1s1 sigalarma bakarak
maddeleri ayirt edemeyiz.

Epistemolojik Boyut: Bilginin Gerekcelendirilmesi (Ogretmen Konusmasi)

Epistemolojik Tartisma Sorulari:

[Bilginin Gerekgelendirilmesi]1.Sizce yaptigimiz deneyin sonuglart mantikli
mi1ydi? Neden?

[Bilginin Gerek¢elendirilmesi]2.Fizik dersinde ne amagla deney yaptik? Deneyin
o0grenmenize nasil bir katkis1 oldu?

[Bilginin Yapisi|3.Fizikteki formiiller size ne anlam ifade ediyor?

[Bilginin Yapisi]4.Fizikte formiilleri bilmek 6grenmenizde nasil bir rol oynuyor?
(Anlaml1 bir sekilde iligkileri gormeyi mi? Dogrudan ezberleyip matematiksel
problemleri ¢6zmeyi mi? vs.)
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Deney yapmak bizlere farkli durumlar1 gézlemleyebilmek icin 6zgiirliik saglar. Bu sekilde
kavramlar arasi iligkileri kontrollii bir sekilde deneyerek ortaya ¢ikarmak miimkiindiir.
Kavramlar arasi iliskiler matematiksel olarak ifade edilebilir. Matematiksel ifadeler
formiillerdir. Ama formiilleri islem yapmaktan ziyade kavramlar arasi iliskileri ifade
etmek icin kullaniriz.

Formiilleri kullandigimizda aslinda matematiksel ifadenin mantikli olup olmadigim test
etmis oluruz. Emin oldugumuz formiilleri, farkli durumlarda yaptigimiz ¢ikarimlarin
mantikl1 olup olmadigini test etmek i¢in kullaniriz. Amacimiz sadece hesap yapmak
degildir. Testlerde pek ¢cok sorunun sadece matematiksel islem yapabilme yeteneginizi
olgtiigiinti gortiyoruz. Bu da bizde formiiller fizikte ezberlenmesi gereken ifadelerdir
diistincesi olusabilir. Formiillerin amac1 bu degildir. Formiiller bir¢ok gézlem sonrasinda
farkli kavramlar arasindaki iliskileri sade ve 6z bigimde ifade etmek igin kullanilir.

Formiillerin ¢ikis mantigini 6grendigimizdeyse bu anlamsiz ifadeler olarak formiilleri
ezberleme durumundan kurtulabiliriz. Zaten formiilleri anlamli kilan kavramsal olarak ne
anlama geldiklerini yorumlayabilmektir.

Bundan sonraki sayfalarda hep kavramsal hem de epistemolojik boyutlar:
aktive edecek sorular icermektedir. “Neleri Biliyorum?” ders 6ncesinde, “Neler
ogrendim?” epistemolojik tartismalardan sonra 6grenciler tarafindan
doldurulacaktir.
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9. Sinif Isi ve Sicaklik Unitesi (1)

Neleri biliyorum?

1. Onceki derslerde 6grendiginiz ve giinliik hayatta tecriibe ettiginiz
bilgiler 1si ve sicaklik tinitesini anlamanizi nasil etkileyecektir?

2. Enerji iinitesinde ogrendiklerim (6rnek: enerji kavrami, enerjinin
tiirleri gibi) 1si ve sicaklik iinitesini anlamamda:

a. yarari olmayacaktir. Ciinkii iki tGnitenin konulari birbirinden farkhdir.

b. yarar: olamayacaktir. iinki

c. yarari olacaktir. Ama nasil olacagini bilmiyorum.

d. yarari olacaktir. ¢iinki

3. Giinlik hayatta sicaklik ve 1si kavramlarini hangi durumlarda ve ne igin
kullanirsiniz? Ornek vererek agiklayiniz.
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9. Sinif Isi ve Sicaklk Unitesi (1)

Neler 6grendim?

1. Bu derste 6grendigim yeni kavramlar sunlardir:

Bu kavramlari su sekilde agiklarim:

2. Enerji kavrami ile is1, sicaklik ve ig enerji kavramlari arasinda iligki var
midir? Varsa, bu iliskileri birer ciimle ile ifade ediniz. S6z konusu iligki
fizigi 6grenmenizde nasil bir rol oynar?

3. Giinlik hayattan bildikleriniz fizigin 6grenmenizde nasil bir rol oynuyor?

cetsee e

Evet / Hayir
Cevabiniz evet ise; “Kendi bilgilerim degisir glinkd:..." climlesini,

Cevabiniz hayir ise, "Kendi bilgilerim degismez giinkii ..." climlesini
tamamlayiniz.
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9. Sinif Isi ve Sicaklik Unitesi (2)

Neleri biliyorum?

1. Bir maddenin sicakhgi artarsa, kinetik enerjisi hakkinda ne soylenebilir?

2. Molekiiller arasi etkilesimi gizerek nasil gosterirsiniz?

Sekil 1. Diistik sicaklikta maddenin molekiileri Sekil 2. Daha yliksek sicaklikta maddenin
arasindaki etkilesim. molekiileri arasindaki etkilesim.

3. Farkli sicakliklardaki iki cisim temas ettirilirse, tahminen neler
gozlemlersiniz?

4. Giinlik hayatta yaptiginiz gozlemler bu sorulari cevaplamaniza
yardimci oldu mu? Olduysa, bu gozlemlerden birini 6rnek olarak yaziniz.

5.6Giinlik hayattan bildiklerimiz fizigin 6grenilmesinde nasil bir rol
oyhuyor?

6. Size sunulan bir bilginin veya bir soruya verilen cevabin mantikli olup
olmadigina nasil karar verirsiniz?
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9. Sinif Isi ve Sicaklik Unitesi (2)
Deneyelim - Isi Aligverisi Ne Zaman Biter?

Arag geregler

Iki adet plastik bardak Mandal
Soguk ve sicak su Iki adet termometre
Pipet ya da ince boru Cam macun ya da oyun hamuru

Deneyin yapilisi

1. Plastik bardaklarin tabanlarina yakin bir yerden birer kiiglik delik
acalim.

2. Plastik bardaklari birlestirecek sekilde pipetin uglarini deliklerden
gegirelim.

3. Pipetin deliklerden girdigi uglarini oyun hamuruyla sikistiralim.

4. Pipeti ortasindan bir mandal ile sikigtiralim.

5. Plastik bardaklara esit miktarda birine soguk digerine sicak olmak
lizere su koyalim.

6. Kaplardaki sularin baslangig sicakliklarini termometre ile 6lgerek
tabloya kaydedelim.

7. Mandali gikaralim ve belirli araliklarla termometreleri gozlemleyip
verileri kaydedelim.

Kap | Ik Sicaklik |1dk  |2dk |3dk |4dk |5dk | 6dk
(°C) ) o [ [ [ (O

Sonuca ulagalim
Aldigimiz verileri kullanarak asagidaki sorulari cevaplayalim.
o Birinci kaptaki suyun sicakligi nasil degisti? Neden?

o Ikinci kaptaki suyun sicakligi nasil degisti? Neden?

e Kaplardaki sularin son sicakliklar: ne oldu? Neden?
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9. Sinif Isi ve Sicaklk Unitesi (2)

Kontrol Edelim - Bu Simiilasyon Dogru Calisiyor mu?

1. Ayni sicakliktaki demir pargasi ve tuglay! femas ettirdigimizde:
a. Demir pargasinin sicakhg
b. Tuglanin sicakhgi .
Ciinkii )
Simdi simiilasyonda deneyelim. Simiilasyon dogru ¢alisiyor mu? Evet /
Hayir

2. Suyla ayni sicakhktaki demir pargasi su dolu kaba konuldugunda:
a. Demir pargasinin sicakhg
b. Suyun sicakhgi
Glinkii
Similasyon dogru galistyor mu? Evet / Hayir

3. Suyla ayni sicakliktaki tugla su dolu kaba konuldugunda:
a. Tuglanin sicakligi
b. Suyun sicakligi
Clnkdi
Similasyon dogru galistyor mu? Evet / Hayir

4. Kaptaki suyu kaynatana kadar isitalim. Sonra igine demir pargasini
koyalim. Bu durumda:

a. Demir pargasinin sicaklig
b. Suyun sicakligi
Clnkd
Simiilasyon dogru ¢alistyor mu? Evet / Hayir

5. Demir pargasini isitalim. Tezgahta duran tugla ile femas ettirelim.
Temas ettirdikten sonra:

a. Demir parg¢asinin sicaklig
b. Tuglanin sicakhgi
Ciinki
Simiilasyon dogru ¢alistyor mu? Evet / Hayir
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9. Sinif Isi ve Sicaklk Unitesi (3)

Neler dgrendim?

1. Bu derste 6grendigim yeni kavram(lar):

Bu kavram(lar)i su sekilde agiklarim:

2. Bu derste yaptigimiz deneyin amaci neydi? Cikarimlarinizla birlikte
yaziniz.

3. Bu derste yaptigimiz deneyin konuyu anlamama katkisi oldu / olmadi.

Glnkd;
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9. Sinif Isi ve Sicaklk Unitesi (4)

Neleri biliyorum?

1. Hangi termometre gesitlerini biliyorum?

2. Termometreler nasil ¢caligir?

3. Termometrelerle ilgili baska neler biliyorum?

4. Hangi sicaklik birimlerini biliyorum?

5.Termometrelerle ilgili tecriibelerim termometrelerin yapisini
anlamamda nasil bir rol oynayabilir?
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9. Sinif Isi ve Sicaklk Unitesi (4)

Termometreler

1. Bugiin izerinde konustugumuz sicaklik dlgekleriyle ilgili tabloyu

dolduralim.

Sicaklik Olgegi | Sembolii Suyun donma Suyun kaynama
sicakhg sicakhg

Fahrenheit

2. Farkli sicaklik birimlerinin ortaya ¢ikmasinin nedeni nedir?

3. Giinliimiizde kullanilan bu ii¢ termometrede, suyun donmasi ve
kaynamasi sizce neden referans noktalari olarak belirlenmistir?

4. Ogrendiginiz bilgileri kullanarak, yeni bir sicaklik birimi ortaya
¢tkarabilir misiniz? Nasil?

285




9. Sinif Isi ve Sicaklk Unitesi (4)

Haydi Distinelim!

1. Fizikte bugiin bilinenler gelecekte degisebilir mi? Evet / Hayir

Cevabiniz evet ise; Fizik bilgileri nasil degisebilir?

Cevabiniz hayir ise; Fizik bilgileri neden degismez?

2. Kendi bilgilerim degisebilir mi? Evet / Hayir

Cevabiniz evet ise; "Kendi bilgilerim degisir glinki:..." cimlesini,
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APPENDIX O

RAW DATA

o | & |8 el e | & | & |=

< |2 | E |8 | & | & | & | & |Z

o w L < T e A 0 5

O = a a o e O
3 1 1 15 77,75 105 13 93 22
3 1 1 15 71,75 103 40 93 38
3 1 1 15 77,75 106 42 107 43
3 1 1 15 71,75 106 35 109 34
3 2 1 14 78,25 99 27 103 33
3 1 1 15 73,25 96 18 84 25
3 2 1 14 79,00 93 22 92 34
3 2 1 14 77,75 118 25 108 33
3 2 1 14 70,25 101 13 91 23
3 2 1 15 74,25 109 29 108 43
3 1 1 15 75,50 106 20 106 26
3 1 1 15 60,50 103 28 118 37
3 2 1 15 59,50 92 33 100 27
3 2 1 15 67,50 115 22 100 28
3 1 1 15 75,25 104 25 109 42
3 1 1 14 68,54 103 26 103 30
3 1 1 14 68,75 100 21 118 41
3 1 1 14 56,00 106 32 109 18
3 1 1 15 63,50 100 20 106 25
3 2 1 15 67,25 96 28 104 24
3 2 1 15 84,00 78 16 83 30
3 2 1 15 70,50 90 31 82 37
3 2 1 14 71,00 103 25 98 34
3 1 1 15 85,25 107 28 104 29
3 1 1 15 50,75 90 25 87 41
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3 2 1 15 70,00 90 24 87 31
3 2 1 15 59,25 85 37 82 39
3 2 1 14 76,50 103 22 109 31
3 1 1 15 70,75 101 13 76 17
3 1 1 15 57,00 95 37 90 17
1 2 2 15 70,50 97 24 104 38
1 2 2 15 69,00 118 48 122 59
1 1 2 15 75,61 106 30 111 56
1 1 2 15 71,25 116 35 99 43
1 1 2 15 76,25 90 30 102 39
1 1 2 15 86,00 105 25 107 44
1 1 2 15 67,75 101 14 111 24
1 1 2 15 68,50 104 14 96 31
1 1 2 16 51,00 118 25 121 50
1 2 2 15 76,25 104 26 90 23
1 1 2 15 76,50 110 25 113 42
1 1 2 15 73,75 113 22 118 33
1 1 2 15 72,00 105 41 109 41
1 1 2 15 71,25 109 26 120 43
1 2 2 16 82,25 100 32 105 16
1 2 2 15 56,75 78 13 89 20
1 2 2 15 74,00 104 35 100 47
1 2 2 15 78,00 121 17 103 23
1 1 2 14 59,00 100 39 116 48
1 1 2 15 79,25 115 14 121 26
1 1 2 15 76,75 114 35 101 38
1 1 2 16 86,25 99 25 106 44
1 2 2 15 72,75 93 12 112 31
1 2 2 15 76,50 112 43 109 51
1 2 2 16 68,00 96 20 105 47
1 2 2 15 65,00 111 24 121 39
1 2 2 16 85,00 103 38 105 46
1 2 2 15 80,25 104 34 108 39
1 1 2 15 68,25 100 13 83 25
1 1 2 14 70,50 101 25 106 27
1 1 2 15 65,00 103 19 106 29
1 1 2 15 70,50 94 26 97 o1
6 1 3 15 67,00 115 22 126 42
6 1 3 15 81,25 109 13 116 43
6 2 3 15 65,25 93 10 109 30
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6 1 3 15 71,25 98 23 101 20
6 1 3 15 82,75 101 36 107 50
6 1 3 15 65,50 99 15 106 58
6 2 3 16 75,75 93 25 113 40
6 1 3 16 75,25 115 20 116 48
6 1 3 15 88,50 110 28 120 45
6 1 3 15 67,50 86 18 88 34
6 1 3 15 75,25 111 23 113 54
6 1 3 15 70,50 103 29 114 41
6 1 3 15 74,75 115 27 108 61
6 2 3 15 61,00 102 22 105 29
6 2 3 15 78,25 97 23 114 31
6 1 3 15 61,25 100 14 116 17
6 1 3 15 72,25 109 30 107 69
6 1 3 15 66,00 97 23 87 46
6 1 3 15 70,00 98 20 100 49
6 2 3 16 69,75 104 19 111 35
6 2 3 15 87,00 106 34 97 45
6 2 3 15 69,25 111 20 114 47
6 1 3 15 82,50 101 14 85 26
6 2 3 15 53,50 88 17 102 37
6 2 3 14 76,50 81 30 108 50
6 2 3 15 66,25 83 19 86 35
2 1 2 15 73,50 87 38 105 49
2 2 2 15 61,50 100 15 100 31
2 1 2 15 78,00 98 16 91 34
2 2 2 14 73,75 111 28 108 41
2 1 2 15 76,50 92 23 114 37
2 1 2 15 77,00 105 34 105 48
2 1 2 15 80,25 113 26 100 43
2 2 2 15 79,00 101 29 88 47
2 1 2 16 82,75 106 20 105 37
2 2 2 15 82,50 103 20 113 36
2 1 2 15 75,50 96 41 103 47
2 1 2 16 71,50 99 28 86 30
2 2 2 14 85,25 105 22 122 46
2 1 2 14 59,00 116 20 116 38
2 1 2 15 79,00 109 33 101 44
2 1 2 15 78,75 97 26 96 43
2 1 2 16 77,25 98 20 103 36
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2 1 2 15 67,25 108 21 103 45
2 1 2 15 84,00 99 20 97 34
2 2 2 14 74,00 100 26 103 46
2 1 2 14 77,00 104 20 113 32
2 1 2 15 80,50 95 31 100 36
2 1 2 15 75,50 109 32 119 50
2 1 2 15 80,25 91 35 92 44
2 1 2 15 69,75 92 29 90 31
2 2 2 15 66,25 102 32 107 41
2 1 2 16 70,00 107 31 108 36
2 2 2 14 70,75 90 12 87 12
5 2 3 16 73,00 117 13 121 47
5 2 3 15 78,75 123 23 122 47
5 1 3 15 87,75 107 35 115 54
5 1 3 15 67,50 99 35 96 30
5 1 3 14 66,00 114 14 107 34
5 1 3 15 68,00 97 32 86 50
5 1 3 14 81,25 78 41 88 52
5 2 3 15 50,00 94 24 103 27
5 2 3 15 83,25 94 29 95 40
5 2 3 16 72,25 112 26 114 58
5 1 3 15 73,00 102 24 106 39
5 1 3 15 77,00 100 25 106 40
5 1 3 15 85,00 94 26 101 47
5 2 3 15 73,00 100 31 98 52
5 2 3 15 88,25 119 38 120 52
5 1 3 15 63,75 108 18 89 25
5 2 3 15 79,00 102 37 101 55
5 2 3 14 82,00 98 36 113 57
5 1 3 15 70,75 106 17 108 47
5 1 3 15 74,50 96 41 103 27
5 2 3 16 70,50 110 15 119 45
5 1 3 14 81,50 103 30 120 42
5 1 3 14 91,50 94 41 101 54
5 1 3 14 84,25 96 27 86 37
5 1 3 15 63,75 116 27 110 36
5 2 3 15 69,75 122 24 125 38
5 1 3 15 75,25 84 18 92 53
5 2 3 15 79,25 104 26 101 50
5 1 3 14 82,25 98 25 111 50
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5 1 3 15 79,75 94 23 104 40
5 1 3 15 77,715 83 26 102 42
4 1 1 15 73,75 109 20 113 16
4 1 1 15 82,75 103 26 110 33
4 1 1 15 71,75 101 37 105 28
4 2 1 14 73,75 99 16 102 27
4 2 1 15 74,75 104 42 106 35
4 2 1 15 65,75 104 30 99 28
4 2 1 15 64,50 110 30 94 34
4 1 1 15 73,75 110 36 114 27
4 1 1 15 74,50 102 20 110 21
4 1 1 15 85,00 111 29 106 32
4 1 1 15 83,00 113 17 103 18
4 2 1 15 68,75 86 30 91 17
4 1 1 15 74,50 103 40 98 25
4 1 1 15 70,50 101 28 113 25
4 1 1 14 77,50 109 22 97 29
4 2 1 15 64,50 110 23 122 43
4 1 1 15 74,25 94 26 89 17
4 1 1 15 67,50 102 25 84 35
4 1 1 15 80,00 106 29 100 19
4 2 1 15 59,25 90 24 88 17
4 1 1 15 75,75 119 22 94 32
4 1 1 15 75,00 121 27 117 26
4 2 1 15 75,75 113 26 124 36
4 2 1 15 70,25 115 15 116 23
4 1 1 15 87,00 113 32 102 28
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APPENDIX P

KEYWORDS

Epistemology

Epistemological beliefs
Epistemological understanding
Epistemic cognition

Epistemic instructional activities
Epistemological activities
Epistemological interventions
Domain-specific epistemological beliefs
Measurement of epistemological beliefs
Personal epistemology

Explicit epistemological interventions
Scientific epistemology

Scientific inquiry

Explicit and implicit interventions
Physics

Physics achievement

Heat and temperature
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