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ABSTRACT

THE EFFECT OF A PROFESSIONAL DEVELOPMENT PROGRAM ON
PHYSICS TEACHERS’ KNOWLEDGE AND THEIR STUDENTS’
ACHIEVEMENT IN MODERN PHYSICS UNIT

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

Supervisor: Assoc. Prof. Dr. Ali Eryilmaz

February 2014, 352 pages

This study offers an in-service training course model for teacher professional
development titled "teachers teaching teachers" (TTT), where teachers from nearby
schools congregate once a week, share their instructional practices, narrate and
discuss the subjects that they will present to their students in the following week. The
aim of the study was to investigate the effect of the TTT course on physics teachers’
knowledge and their students’ achievements in high school Modern Physics Unit
(MPU).

The study was conducted in the second semester of the 2012-2013 academic year
with six high school teachers and 306 students from Anatolian high schools located
in Yenimahalle, Altindag, and Mamak districts of Ankara. Initially, the TTT course
was pilot studied by conducting a two-week adaptation meeting. Then, the
participant teachers taught (pre-teaching) the tenth grade MPU to one of their classes,
and the achievement test was applied to all these classes as pre- and post-tests. Two
months later, four (treatment group) of these six teachers taught the MPU to one of
their other classes after participating to the TTT course (post-teaching), and the

remaining two teachers (placebo group) also taught the same unit to one of their
Y%



other classes as usual without participating to TTT course. The aim of constructing
the placebo group was to eliminate any possible effect of pre-teaching on post-
teaching. After post-teaching, the same achievement test was applied to students and
a separate achievement test was applied to teachers as pre- and post-test. On the other
hand, 12 classes in total were observed and lessons were video recorded in due
course of both pre- and post-teachings. Additionally, the TTT courses were also

observed and were evaluated by the participant teachers.

Document analysis was conducted for the qualitative data that was obtained through
class observations including video recordings. For the placebo group, these analyses
showed that there was no effect of pre-teaching on the post-teaching of the teachers.
For the treatment group, these analyses showed that the TTT had a positive effect on
the post-teaching of the teachers. When compared to pre-teaching, an increment was
observed in the treatment group teachers’ subject matter knowledge and pedagogical
content knowledge, however, no change was observed in teachers’ pedagogical

knowledge during post-teaching.

ANCOVA was used to analyse the quantitative data, which was collected from the
MPU achievement test that was applied to the tenth grade students. The results of
ANCOVA for the placebo group showed that there was no effect of pre-teaching.
The results of ANCOVA for the treatment group showed that there was a significant
effect of the TTT on the students’ achievements.

The separate achievement test applied to the teachers showed that while the means of
the pre- and post-test scores of placebo group teachers were approximately the same,
the means of the post-test scores of the treatment group teachers were higher than
their means of the pre-test scores. Additionally, the course evaluation form results

showed that the participant teachers had positive attitudes toward the TTT course.

The successful implementation of the TTT and its positive effects indicate that the
programs that possesses effective characteristics of PD can improve teachers’

knowledge and can positively impact student achievement.

Key Words: Physics education, professional development, in-service training,

modern physics, teacher knowledge.
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BiR PROFESYONEL GELISIM PROGRAMININ FiZiK
(")(‘;RETMENLERnyiN MODERN FiZiK UNITESINDEKI BiLGILERINE
VE OGRENCILERININ BASARISINA ETKIiSI

Balta, Nuri
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Bolimii

Tez Yoneticisi: Dog. Dr. Ali Eryillmaz

Subat 2014, 352 sayfa

Bu c¢alisma, 6gretmenlerin profesyonel gelisimine yonelik "6gretmenin, dgretmene
ogretmesi” (OOO) isimli, birbirine yakin okullarm 6gretmenlerinin haftada bir
toplandigi, bir sonraki hafta 6grencilerine sunacaklar1 konuyu birbirlerine anlattigi,
tartistif1 ve Ogretme deneyimlerini paylastiklart yeni bir hizmet i¢i egitim kurs
modeli sunmaktadir. Bu calismanin amaci, OOO profesyonel gelisim kursunun
ogretmenlerin bilgilerine ve onuncu sinif dgrencilerinin Modern Fizik Unitesindeki

(MFU) basarilarina etkisini arastirmaktir.

Bu calisma, 2012-2013 egitim-6gretim yilinin ikinci déneminde, alti 6gretmen ve
306 oOgrencinin katilimi ile Ankara’nin Yenimahalle, Altindag ve Mamak
ilgelerindeki Anadolu liselerinde yiiriitiildii. Baglangigta, iki haftalik bir adaptasyon
bulusmas yiiriitiilerek, OOO profesyonel gelisim kursunun pilot uygulamasi yapild.
Daha sonra, Katilime1 8gretmenler MFU’sini birer sinifta anlattilar (6nce anlatma) ve
basari testi bu smiflarda 6n-test ve son-test olarak uygulandi. iki ay sonra, katilime1
ogretmenlerden dordii (uygulama grubu) MFU’sini baska bir smiflarnda OOO
profesyonel gelisim kursuna katildiktan sonra (sonra anlatma), kalan iki 6gretmen ise
(plasebo grup) ayni iiniteyi baska bir siniflarinda OOO profesyonel gelisim kursuna

katilmadan her zamanki gibi anlattilar. Plasebo grubu olusturmanin amaci, once
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anlatmanin, sonra anlatma iizerindeki muhtemel etkilerini ortaya ¢ikartmaktir.
Sonraki anlatmadan sonra 6grencilere ayni bagari testi, 0gretmenlere ise farkli bir
basar1 testi, 6n-test ve son-test olarak uygulandi. Diger taraftan, 6gretmenlerin once
ve sonra anlatimlar1 sirasinda toplam 12 smifta gézlem yapildi ve dersler videoya
cekildi. Ek olarak, OOO kurslar1 da gozlemlendi ve katilimc1 dgretmenler tarafindan

degerlendirildi.

Sinif gézlemleri ve video kayitlari ile elde edilen nitel veriler i¢in dokiiman analiz
yontemleri kullanildi. Plasebo grubu icin yapilan bu analizler, 6gretmenlerin dersi
Oonce anlatmalarinin sonra anlatmalar1 iizerinde bir etkisinin olmadigin1 gosterdi.
Uygulama grubu igin yapilan bu analizler, OO0 profesyonel gelisim kursunun,
Ogretmenlerin sonraki anlatimlart {izerinde pozitif bir etkisinin oldugunu gosterdi.
Onceki anlatimlar ile karsilastirildiginda, uygulama grubu dgretmenlerinin sonraki
anlatimlar1 esnasinda konu alan bilgilerinde ve pedagojik alan bilgilerinde artis

gbzlemlendi, fakat pedagojik bilgilerinde bir degisim gozlemlenmedi.

Onuncu smif égrencilerine uygulanan MFU basar1 testinden elde edilen nicel veriler
ANCOVA ile analiz edildi. Plasebo grubunun ANCOVA sonuglari, dersi Once
anlatmanin bir etkisinin olmadigini gosterdi. Uygulama grubunun ANCOVA
sonuglar;, OO0 profesyonel gelisim kursunun o&grencilerinin basaris1 iizerinde

istatistiksel olarak anlamli bir etkisi oldugunu gosterdi.

Ogretmenlere uygulanan farkli basari testi, plasebo grubu dgretmenlerinin dn-test ve
son-test ortalamalarinin  hemen hemen aymi oldugunu, uygulama grubu
Ogretmenlerinin  son-test ortalamalarinin  6n-test ortalamalarindan daha fazla
oldugunu gosterdi. Ek olarak, kurs degerlendirme formu sonuglari, katilimei
ogretmenlerin OO0 profesyonel gelisim kursuna karst olumlu tutum icinde

olduklarini gosterdi.

OOO kursunun bagarili bir sekilde uygulanmas: ve pozitif etkileri, etkili profesyonel
gelisim  karakteristiklerine ~ sahip  programlarin  68retmenlerin  bilgisini

gelistirebilecegini ve 6grencilerinin basarisina pozitif etki yapabilecegini gosterdi.

Anahtar Kelimeler: Fizik egitimi, profesyonel gelisim, hizmet i¢i egitim, modern

fizik, 6gretmen bilgisi.
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CHAPTER 1

INTRODUCTION

Education refers to the process of learning and acquiring information (Alexis, 2014).
In schools this process is mostly conducted under the control of teachers. In this
respect, currently teachers are one of the core elements of education. They are the
actors in the class and they manage the learning process in the classroom. One way
to improve schools is improving teacher quality (Deily, 2002). The failures or
successes of students mostly depend on the teachers. Since educational context, such
as the curriculum and teaching strategies, continuously alters, teachers have to cope
with all these changes through the professional development (PD) programs. In
other words, teachers always need help in the case of educational innovations. That’s
why their PD is of considerable importance. Many reports and researchers indicate
that the quality of schools depends on the teachers’ competency and accordingly
depend on their PD (Borko, 2004; Fendler, 2003; Fishman, Marx, Best, & Tal, 2003;
Garet, Porter, Desimone, Birman, & Yoon, 2001; NCTAF, 2003). Therefore,
increasing teacher effectiveness through PD programs or courses is crucial to
improving and reforming schools. Moreover as Birman et al. (2000) remarked PD
plays a key role in addressing the gap between teacher preparation and educational

improvements.

Teacher PD is categorized differently by different researchers. Briefly it is the
process of teacher development which involves the use of different teaching
activities, the development of beliefs and conceptions underlying the activities, and
the development of subject matter knowledge (SMK) and skills. PD involves not

only the use of teaching activities in the classroom, but also the development of the



beliefs and conceptions underlying the practice. For example, Bell and Gilbert
(1996) see teacher development (i.e. learning) as a form of human development and
offer three dimensions for effective teacher development. They are social,
professional, and personal developments. Social development involves developing
ways of working with others to foster the kinds of social interaction necessary for
renegotiation and reconstructing what it means to be a teacher of science. Personal
development involves each teacher constructing, evaluating, and accepting (or
rejecting) the new socially constructed knowledge, including the personal
management of emotive and cognitive change associated with changing their beliefs,
knowledge, and practices.

Among these dimensions, this study is related to the professional development
dimension of teacher PD. This dimension of PD includes many elements, such as
improving classroom practice, increasing teacher knowledge and skills. For the sake
of clarity, not all but mostly the effect of the PD course conducted in this study on
"teacher knowledge" (Shulman, 1987), especially SMK is taken into consideration.

The reduction of teacher PD to a more specific study is figured through Figure 1.



Professional development
(Bell & Gilbert, 1996)

Personal Professional
development development

Teacher knowledge
(Shulman, 1987)

Social development

Pedagogical
knowledge

Pedagogical content Subject matter
knowledge knowledge

Figure 1 The specification of the study

The next to last step in Figure 1, that is "teacher knowledge"”, needs some
explanation. While the general idea of teacher knowledge is not clear, Shulman
(1987) defined a professional knowledge base for teaching that included seven

specific categories of teacher knowledge:

General pedagogical knowledge, with special reference to those broad principles and
strategies of classroom management and organization that appear to transcend
subject matter; knowledge of learners and their characteristics; knowledge of
educational contexts, ranging from workings of the group or classroom, the
governance and financing of school districts, to the character of communities and
cultures; knowledge of educational ends, purposes, and values, and their
philosophical and historical grounds; content knowledge; curriculum knowledge,
with particular grasp of the materials and programs that serve as “tools of the trade”
for teachers; pedagogical content knowledge, that special amalgam of content and
pedagogy that is uniquely the province of teachers, their own special form of
professional understanding (p.8).

Above, the teachers’ need for PD was briefly mentioned. Many PD programs, from
several years long to daylong programs, from content focused to pedagogy focused
programs have been conducted both abroad and in Turkey for the aim of improving

teacher quality. Are all these programs effective? What are the characteristics of
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effective PD programs? Below, the effective characteristics of PD programs/courses
are given to have a clear comparison with the characteristics of the PD model of this
study. The characteristics of effective PD that have been compiled below are a result
of reviewing the literature on this topic. Recent and distant research on PD programs
have included (a) content focus, (b) active learning, (c) coherence, (d) long duration,
(e) collective participation, (f) sustained and intensive, and (g) delivered in
conductive settings as effective features of PD programs (Birman, & Jacobson, 2007;
Borko, 2004; Fullan, 1993; Garet et al., 2001; Guskey, 1994; Loucks-Horsley et al.,
1998; Yoon, Garet, Desimone, 2008; Wayne et al., 2011; Wei et al., 2009;). These
characteristics have the potential of improving teacher knowledge, skills and

improving their practice, which accordingly improve student achievement.

On the other hand, as discussed in the review of the literature section, even though it
has not been proposed in the literature, just-in time teaching (JiTT) that is
implemented to shorten the time between learning and application, can also be
another effective characteristic for PD programs. Mostly, teachers apply what they
have acquired during PD activities to their classes, long after attending PD programs.
This reduces the effectiveness of PD courses. Nevertheless, teachers do try to
implement their acquired practices to their classes after several months and they
forget most of the acquirements. That’s why JiTT has to be adapted to the PD

programs.

Before explaining the format of the PD used in this study it will be informative to
state the PD designs in Turkey. Do they possess the effective features of PD
programs? The PD of teachers in Turkey has been conducted under the name of In-
Service Training Courses (Hizmet igi egitim kurslari) by In-service Training
Department of the Ministry of National Education (Ozer, 2004). This department
prepares an annual teacher training program every year, which includes training
events for all teachers (Kodyalan, 2011). Frequently, teachers from several schools are
obliged to attend occasional summer courses that are full-day in-service sessions.
Moreover, the topics are selected by administrators and presented by outside experts
who rely primarily on direct instruction and draw upon their own experiences
(Bayrakci, 2009).



Problems about PD programs/in-service training courses have been well documented
by many other researchers (Ateskan, 2008; Bayrakci, 2009; Ozer, 2004; Seferoglu,
1996). The general problems of in-service training courses in Turkey are; (a) lack of
qualified instructors in the programs, (b) no collaborative partnerships between
teachers, (c) no provision for feedback, (d) lack of motivational factors for PD, (e)
accommodation and dining problems in the places where in-service training activities
take place, (f) improper date and length of the training course, and (g) no systematic

in-service training model.

To sum up, when PD programs designed in Turkey are assessed in terms of the
effective characteristics of the PD programs, almost none exist. For example, they
neither are sustained nor coherent and neither collective nor do they contain active

learning properties.

How can these problems be overcome? How can courses be designed that include
effective characteristics of the PD programs? Some private schools and university
preparation courses in Turkey have solved these problems partially. In fact, many
private schools and private courses apply successful teacher training models.
Unfortunately, since all activities conducted by these educational institutions are
informal, their training model is not documented. Below explanations are the results

of the researcher’s own 20 year observations.

To prepare their teachers, these schools have integrated teachers PD to teachers’
daily school works (Job-embedded). While usually formal in-service courses are
implemented during summer, private institutions usually implement it during the
school year (sustained). Many of these private schools and courses educate teachers
periodically, such as every other week or every month (intensive). Furthermore,
some well-organized private schools conduct teacher training courses every week or
every other week within the school, conduct it every two months between schools of
a city and conduct it every summer within the schools of a geographic region
(sustained and intensive). What these private schools implement during training
courses is very different from public schools’ in-service training courses. Rather than
abstract information, these private institutions, as literature mentions, mostly focuses
on the improvement of the SMK of the teacher (content focused). During the courses

teachers of the same subject (collective participation), determine their needs



(coherence), narrate the topic, discuss the unclear points of concepts and conduct lab
experiments (active learning). The aim of this study is to enhance the model of
teacher PD of these private schools and provide data to validate its effectiveness
academically. Briefly, our country seeks a striking format of the PD program and this

study aims to offer an applicable and feasible PD program for Turkey.

Teacher PD is a process of design, in which organizers consider a broad array of
issues in order to design all the activities that constitute an effective PD program
(Fishman, Marx, Best & Tal, 2003; Loucks-Horsley et al., 2003). Many successful
types of PD can be seen in literature. Their common feature is that they have
structured time for teachers to come together, discuss issues of teaching practice and
student learning and they are related to actual work of teachers in classrooms. Croft,
Coggshall, Dolan, Powers, and Killion (2010), briefly describe twelve formats
(Action research, case discussions, coaching, critical friends groups, data
teams/assessment  development, examining student work/tuning protocol,
implementing individual professional growth/learning plans, lesson study,
mentoring, portfolios, professional learning communities, study groups) in which job
embedded PD can occur. Some of these formats will be discussed in detail in the

"review of literature section".

Wei, Darling-Hammond, Andree, Richardson, and Orphanos (2009) in discussing
and comparing several PD formats, stated one of the difficulties in evaluating the
design and structure of PD programs as the lack of information about program design
and the wide variability in implementation. Based on this fact they say that clean
comparisons between PD formats are difficult. In the future, studies similar to this
study may appear. Thus, to enable a clean comparison with future studies the format
of this PD design is described in Section 1.1. However, contrary to Wei et al. (2009)
the researcher of this study believes that information about some designs such as the
Japanese lesson study is satisfying. That’s why, for a brief comparison, some famous

design is explicitly given in the section 2.2.



1. 1 Teachers Teaching Teachers (TTT)

The PD intervention used in this study originates from the teacher preparation
program of some private schools in Turkey. The PD design of this study is called
TTT which basically depend on teachers teaching to each other. The PD format of
this study which is explained below is the combination of coaching-critical friends
group or coaching-study groups. The most striking feature of the structure of the
design of this study is that its content focus is very different from those stated in
section 2.2. Namely in this design teachers narrate, discuss and teach the topic (for
example teaching electric circuits, teaching grammar, teaching probability and so on)
to each other. This is a format which focuses on the content and aims to generally
improve teacher knowledge, especially knowledge of the subject matter. Among the
teacher knowledge, Ball and McDiarmid (1989), specifically have interest, for
example, in changes in teachers' role conceptions, their beliefs about their work; their
knowledge of students, curriculum, or of teaching strategies. These researchers
further explain the central component of what teachers need to know as:
That subject matter is an essential component of teacher knowledge is neither a new
nor a controversial assertion. After all, if teaching entails helping others learn, then
understanding what is to be taught is a central requirement of teaching. The myriad
tasks of teaching, such as selecting worthwhile learning activities, giving helpful

explanations, asking productive questions, and evaluating students' learning, all
depend on the teacher's understanding of what it is that students are to learn (p.1).

Focusing on the subject matter in PD programs accordingly increases student
achievement and this is consistent with the results in the Kennedy’s (1998)
systematic review of the effects of PD on student achievement. That review analyses
the relative effects on student outcomes from PD programs for math and science,
examining the professional development’s subject, content focus, skill level, form,
and other features. On the basis of her analysis, Kennedy (1998) concluded:

Programs whose content focused mainly on teachers’ behaviors demonstrated

smaller influences on student learning than did programs whose content focused on

teachers’ knowledge of the subject, on the curriculum, or on how students learn the
subject (p. 18).

Along with the Kennedy’s seminal review, the studies conducted by Desimone,
Porter, Garet, Yoon, and Birman (2002), Garet et al. (2001), Yoon, Garet, Birman,
and Jacobson (2007) indicate the importance of content focus in high quality PD
programs. Moreover, Loucks-Horsley, Hewson, Love, and Stiles (1998), complain



about the ineffectiveness of the PD programs in providing teachers with sufficient
time, activities, and content necessary for increasing teacher knowledge and fostering

meaningful changes in their classroom practice.

Why did the researcher aim at the teachers’ knowledge of the subject? First of all,
what is taught during teacher education programs in universities as a knowledge of
subject and what teachers teach to students are mostly different. Secondly, the high
schools educate students for three or four years and there is a broad curriculum,
There are many topics in the curriculum. A teacher usually teaches to one or two
grades each year. It is generally possible for both novice and expert teachers to forget
the topics of the other grades. They always need support when they start to teach a
new topic or a topic they have not taught for a long time. Thirdly, for teachers to feel
comfortable in their classes they must not have problems with the content of the
topic they present to their students. They have to be ready for non-routine questions
from their students, if they know the content of the subject very well then they can
apply the required instructional strategies. Fourthly, just as students, teachers also
have many misconceptions, teachers need to struggle with both theirs and their
students’ misconceptions. During the discussions, teachers easily reveal the
misconceptions. So, presenting the subject and then discussing it has a great
importance in developing teachers professionally and increasing their quality. To
sum up, the researcher has worked as the head of a physics department for more than
20 years in schools who are using TTT for their teachers’ PD. The personal
observations of the researcher throughout this time span showed that when the
format offered in this study is applied, teachers teach to each other, discuss the
content, get ready for teaching, gain confidence, increase self-efficacy, learn new
strategies to go beyond their regular class practice and once they enter their classes
they carry the gained practices to their classes and make similar activities and

discussions with their students.

This type of PD study is naturally cooperative and collaborative which focuses on the
SMK of the participant teachers and involves many issues that teachers need to
collaborate on. It is cooperative because teachers work together to accomplish shared
goals and understand the same material ~ such as learning the topics together and it
is collaborative because participant teachers use different skills or expertise to
complete a task such as the 10th grade modern physics unit (MPU). The unit is being
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taught and learnt by dividing the objectives of the subject and each teacher teaches
some of them. The format for this study is clearly described below for those who

want to replicate and make comparison.

The TTT should not be mixed with ‘‘Teaching teachers to teach’ model. This model
principally focuses on teachers who are teaching how to teach and it mainly includes
the pedagogy of teaching. For instance, Witt and Dickinson’s (2008), program design
uses "teaching teachers to teach" format and there were two goals of the program; to
improve librarian-teacher cooperation through instruction in the information literacy
skills and to mentor pre-service teachers in practical methods of integrating
information literacy instruction in both their student teaching and for their future
professional lives. However, as mentioned above TTT focuses on the SMK of the
teachers and "teaching teachers to teach" focuses on the pedagogical knowledge of

the teachers.

In the TTT format there is an experienced coach or leader that plans all activities that
take place during the courses or workshops. Each teacher in the group prepares and
teaches a topic alternatively each week. It is a content focused intensive PD program,
and usually conducted on the weekends. Teachers of the same subject meet every
week or every other week to collaborate and cooperate. The duration of the meetings
are not restricted to a certain time, it depends on the weekly course hours and on the
concepts of the topic being taught and is usually around two-three hours. Usually
one-two hour is allocated for teaching the lesson and the other hour is devoted to

other school and education related issues. The TTT has five main phases.

Preparing the lesson: The coach assigns the lesson to a teacher usually one week
before the course. This teacher is aware that he/she is going to teach to his/her
colleagues. Hence, he/she usually tries to prepare the best lesson. The teachers who
prepare the lesson usually communicate with the coach and with his/her colleague
when necessary. Especially if he/she has problems in preparing an appropriate

lesson, he/she usually asks for some help.

Teaching the lesson to teachers: The presenting teacher (sometimes the coach)
prepares the lesson and teaches it in a classroom where other teachers observe, listen,

take notes, ask questions, and learn the content. The presenting teacher not only



teaches the lesson, but also presents his/her teaching style so that the participating
teachers acquire the pedagogy of the subject being taught.

Observing the lesson: While the lesson is being taught, the other teachers observe
and take notes on what the presenting teacher does and says. Usually teachers are
free to do the observations. Namely, no observation checklists are filled by the
teachers; the aim is to reveal the teachers’ experiences and to share these natural

experiences.

Discussing the lesson: Once the lesson is finished, the other teachers ask (sometimes
they ask questions during the lesson) questions about the topic being taught. Usually
passionate discussions take place on the topic’s unclear points, on students’ and

teachers’ misconceptions, and on pedagogical strategies.

Teaching the lesson to students: TTT courses are usually about the subject of the
following week that teachers will teach to their classes. Once the course or the
workshop ends, teachers present the same topic to their classes in the following

week.

On the other hand, in the TTT model, teachers engage on some other issues such as
lab activities, assessing the results of the exams, discussing the homework of
students, organizing physics related activities (i.e. water rocket, catapult, mousetrap)
and so on. Moreover, during workshops teachers are allowed to discuss challenges
and successes, express concerns and goals, critique the curriculum materials, and
explore a variety of strategies that they considered important for engaging students in

scientific discussions.

Although the PD within the teachers’ own classroom (job-embedded) was perceived
as an effective PD activity (Pedretti, Mayer-Smith, & Woodrow, 1999) it is not
proper for the TTT format to take place in the classroom during the instruction. In
the TTT model, teachers discuss too many issues; they especially discuss the topic,
that’s why it has to take place in a classroom setting where there are no students
present. For instance, if these are physics teachers they sometimes discuss high level
physics which is difficult for students to follow and understand. For example, when
the reason behind the friction force is being discussed some experienced teachers can

go further and explain it by describing the relation between friction force and the
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electromagnetic force. The higher order discussions may bore students and they may
not want to be in a class where teachers are engaging in discussion. Furthermore,
students with approximately 10 teachers together in a class bring the possibility of an
undesired classroom learning environment.  Moreover, in the TTT model,
participating teachers do not critique the presenting teacher as in the Japanese lesson
study. Since the focus is on the topic being taught, TTT discussions take place
around what is being presented. Rather than mostly critiquing the pedagogy used by
the trainer, the topic’s concepts, facts and principles are discussed by the teachers.
Meanwhile, the role of the presenting teacher and that of the coach is to introduce the
topic, guide the discussions and prevent the irrelevant matters to intervene the topic

of interest.
1.2 TTT and Effective Characteristics of PD Programs

In this study, TTT lasted only five weeks and it covered only one 'unit'. The aim was
to show that TTT was an applicable and an effective model. In fact, TTT should
maintain throughout the school year and should cover all units. The PD that was
provided for this study met many of the characteristics of effective PD programs.
One of the most important features of this PD effort is that it directly focuses on the
SMK of the participants. A comparison of TTT, lesson study and coaching with the
effective PD programs compiled from the literature is given in Table 1.1. There are
many PD programs; comparing TTT with all these programs is a little bit
troublesome. For having an idea about TTT the comparison is done only with lesson
study and coaching. Moreover, another reason for comparing TTT with these two PD

models is that they are well documented.
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Table 1.1 A comparison of TTT, lesson study and coaching with effective characteristics of PD

ch - Does Reasons for inclusion or non-  Does Reasons for inclusion or non- Does Reasons for

aracteristics . . . - ) . .

of Effective PD T inclusion lesson inclusion poachlng inclusion or non-

programs !nclude _study _ !nclude inclusion

it? include it? it?

Intensive Yes Teachers meet every or every  Partially The frequency of meetings can No Coaches do not
other week Yes vary from several times a year to regularly and

a more intensive schedule of intensively help
meeting once a month or even teachers

once a week. (Allen, Donham,

& Tanner, 2004).

Sustained Yes Continuous through school Yes Continuous through school year. Partially ~ Coaches usually do
year. (For this study it lasted Yes not focus on a
only five weeks) specific teacher

through a year

Job-embedded No It does not take place during Yes It takes place during the Yes It takes place
the classroom practice but classroom practice. during the
takes place in a classroom- classroom practice
like environment and immediate

feedback is given

Focused onthe  Yes Teachers teach the subjectto  Partially Participating teachers immerse Yes The focus is on

content of the each other Yes themselves in a cycle of both what teachers

subject that instructional improvement teach in the class
teachers teach focused on planning, observing, and teacher’s
and revising “research lessons” teaching Stra‘[egies_
(Lewis, & Tshuchida, 1998).
Active learning  Yes Teachers actively participate ~ No Lesson study is not about the No Teachers do not

in the discussions and present
the lessons in turns

teacher; it is about the lesson
(ETS, 2009). Teachers participate
in the discussion of planning.

actively learn but
learn through the
suggestions
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Table 1.1 (continued)

Ch - Does Reasons for inclusion or non-  Does lesson  Reasons for inclusion or non- Does Reasons for

aracteristics . . ) . . : .

. TTT inclusion study inclusion coaching inclusion or non-
of Effective PD include include it? include it?  inclusion
programs it '

Coherence Yes The program includes a Yes The program includes a Yes The coaches help
structure that is coherent with structure that is coherent with the teachers with
teachers’ and schools’ needs teachers’ and schools’ needs what they need
(when the needs assessment
conducted for this study is
referred)

Collective Yes Teachers of neighboring Partially Teachers of neighboring No The coach

participation schools, from same subject Yes schools participate in the lesson observes a single
and same grade participate in study teacher, there is
TTT no Collective

participation of
teachers

Delivered in Yes Teachers can easily allocate Yes Teachers usually congregate Yes It is conducted in

conducive three hours each week and after school teacher’s

settings congregate in neighboring classroom
schools

Long duration ~ Yes It covers the whole Yes Teachers take part in lesson No Certain teachers
academic year and repeats study and are involved in two are not coached
each year or three cycles per year. throughout the

(Burghes, and Robinson, 2009). year

Just-in time Yes Teachers transfer their Yes The immediate feedback is Yes The immediate

teaching acquired practices to their given to teachers feedback is given

classes in two weeks at the
latest.

to teachers




While most PD initiatives for teachers are not designed to meet the key
characteristics of effectiveness (Corcoran & Foley, 2003; Garet et al., 2001;
Desimone et al., 2002), as seen in Table 1.1 the TTT along with the lesson study
possess almost all characteristics of effective PD programs. However, as shown in
the same table, coaching lacks four of the ten characteristics. For instance, while in
TTT and lesson study, teachers actively learn and collectively participate in the PD
program. In coaching teachers are just observed and they do not find opportunities to
discuss the topics. Besides when arranged, TTT can be applied throughout the school
year but it is difficult for coaching to continue on a single teacher throughout the

whole school year.

Among the 23 experimental studies analysed by Yoon et al. (2007), and Blank and
Alas (2009) only three of them have utilized the known PD formats (one of them
have included both lesson study and coaching, two of them have included the lesson
study), all others have utilized different models of PD. Their studies showed that
although many studies have been conducted on 'lesson study’, except three (META
Associates, 2006; Palmer & Nelson, 2006; Scott, 2005), the experimental research
has not been conducted with regards to this. It shouldn’t be forgotten that when we
talk about experimental PD studies we mean the studies that have experimentally
searched for the effect of PD programs on student achievement. In other words,
having two groups of teachers, giving some treatment and comparing their results is
not accepted as an experimental study. The conducted study must look at the effect

of PD on the students’ success rates.
1. 3 Purpose of the Study

This study was twofold. The purpose for the first part of this study was to investigate
the impact of a five-week TTT course on six tenth grade high school physics
teachers’ knowledge in the MPU. This unit was chosen because of the fact that it was
recently added to the national tenth grade physics curriculum (2007) and teachers
had experienced problems in teaching this unit (Eryilmaz, 2012). Another reason in
handling this unit during the TTT course was to increase the participation of the
teachers in the courses. The focus of the PD course was on enhancing teachers’ grade
and unit specific knowledge of the physics content, thereafter its effect on physics
teacher knowledge. The purpose of the second part of this study was to investigate
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the effects of the TTT course via the achievements of the students from participating
teachers.

1. 4 Research Questions

This research attempts to shed light on some of these issues with data from high
school physics teachers and their students. These tenth grade teachers and
accordingly their students are chosen from different types of high schools, such as
vocational and private high schools in Ankara. The effect of the TTT course on
teachers’ knowledge, practices and perceptions and on their students’ achievements
was investigated. The quantitative and qualitative methods have been used in tandem
to supply answers to the research questions of the study. The research questions of
this study can be categorized into two groups as the first two questions are qualitative
in nature and the last two questions are quantitative in nature. Therefore, the

following research questions guided this dissertation study:

1.  What is the perception of tenth grade physics teachers about the TTT
professional development course?
2. What is the effect of the TTT professional development course on participant
teachers’ knowledge (PCK, PK, and SMK) regarding the modern physics unit?
e What is the effect of the TTT professional development course on SMK of
tenth grade physics teachers in the modern physics unit?
e What is the effect of the TTT professional development course on PCK of
tenth grade physics teachers in the modern physics unit?
e What is the effect of the TTT professional development course on PK of
tenth grade physics teachers in the modern physics unit?
3. What is the effect of the TTT professional development course on
achievements of tenth grade physics teachers in the modern physics unit?
4.  What is the effect of the TTT PD development course on physics achievements

of tenth grade students in the modern physics unit?
1.5 Null Hypothesis

Since the number of the participating teachers is not enough to conduct inferential
statistics, among the two quantitative problems only the null hypothesis of the

research question related to student achievement is stated below.
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1. There is no significant effect of TTT professional development course on the
population means of tenth grade high school students’ modern physics unit
achievement post-test scores when students’ modern physics unit achievement
pre-test scores, students’ first term physics course grades, their teachers’

experiences and their teachers’ achievements are controlled.
1.6 Definition of Important Terms
Main terms used in the study are defined as follows:

Professional Development: PD produces the desired changes in teachers’ classroom

practices, values, beliefs, and strategies designed to improve student achievement
and ultimately enhance their capacity for continued learning and professional growth
(Corcoran, 2007). In this study, it is the professional growth of teachers’ in the area
of the teacher knowledge (Shulman, 1986, 1987)  through TTT professional

development course.

TTT professional development program: In this study, TTT is a model of PD which

enables teachers to learn from their peers. In TTT teachers congregate and teach each

other through cooperation and collaboration.

Just in time teaching: Just-in-time teaching is a pedagogical strategy that employs

the Internet to develop and utilize a feedback loop between students and instructors
that exists both in class and out of class (Formica, Easley, & Spraker, 2010). In this
study, teachers learn during course and soon after go to their classes and teach what

they have gained during the course.

Teacher Knowledge: Teacher knowledge was categorized by Shulman (1987) as

general pedagogical knowledge, knowledge of learners and their characteristics,
knowledge of educational contexts, knowledge of educational ends, content
knowledge, curriculum knowledge, and PCK. In this study, among all these

categories only PCK, PK and SMK are examined.

Student achievement: In this study, it was measured by MPU achievement test,

consisting of 30 multiple choice items from MPU of the physics course, the content

of which determined by the physics curriculum of year 2007 (Appendix A).
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1.7 Significance of the Study

This study is significant in several aspects. First and foremost one fold of this study
is experimental and few experimental studies are designed in this PD research arena
both in Turkey and abroad. Since the literature states 23 experimental studies ranging
from 1986 to 2009 (Yoon et al., 2007; Blank & Alas, 2009), the obvious gap in
research on PD are experimental studies. So, as Wayne et al. (2008) argue,
experiments have a major role to play in future research on PD. Moreover, most
experimental studies, can be counted on the fingers of one hand, employed simple
one-group pre-test/post-test designs without a comparison group (Wei et al., 2009).
Possessing the nature of an experimental research with a comparison group, this
study is expected to be valuable in the area of PD and also expected to initiate new
studies in PD.

Secondly, as Bransford, Brown, and Cocking (1999) stated research studies are
needed to determine the efficacy of various types of PD activities, including pre-
service and in-service seminars, workshops, and summer institutes. As shown in
Table 1.1 the design of this study surpasses many known PD models (such as
coaching) and as in lesson study possesses almost all aspects of effective PD
programs. Importantly, this study offers a practical and rigorous design (see Sections
3.4) in this arena for experimental studies. The reason behind the abundance of one-
group pre-test/post-test designs is that arranging a PD design requires great effort and

rigorous design. However, the design of this study easily leads to a control group.

As Wayne et al. (2008) states we cannot assume that teachers who typically receive
PD (experimental group) are equivalent in every way to teachers who do not (control
group). Thus, instead of finding two equal groups of teachers, giving a treatment to
one of the groups and then comparing their students’ achievements, this study uses
only one group of teachers and solves the problem of equivalent groups. In this study
teachers initially teach to one of their classes (control group) then teach to their other

class (experimental group) after the treatment that they receive.

Thirdly, as Wei et al. (2009) stated high quality and sustained professional learning
throughout the school year, at every grade level and in every subject is required. The
TTT model is consistent with what they suggest because the model offers a long term

cooperative and collaborative work between the teachers throughout the school year.

17



Moreover, this study includes JiTT which enables the usage of the gained practices
immediately. Thus, the application of this model in the PD programs is expected to

result in considerably large effects.

Fourthly, a strong base of research is needed to guide investments in teacher PD and
evidence on their effects. Policy makers seek models for designing and implementing
effective PD and particularly models supported by research evidence (Blank & Alas,
2010). Thus, the results of this study may encourage decision makers in funding
teachers’ development programs. Moreover, when taken into consideration, the
results of this study can help the PD program organizers to improve their programs
and plans. The findings of this study can also form a basis for further research in
which the PD process is examined.

Fifth, as Desimone (2009) and Akiba, LeTendre, and Scribner (2007) stated more
work is needed that links PD and changes in teaching practices in order to acquire
student achievement. The results of this study may enhance this link. Therefore,
more research must be conducted in order to understand the relationship between
teacher learning and student achievement. Success of this program will provide
empirical evidence that correct implementation of the TTT PD model can affect
student achievement. This procedure may be of assistance to other researchers as

they attempt to raise student achievement scores.

Sixthly, on the other hand, educators in Turkey are recently engaged in a
considerable debate and self-analysis about how to best improve general education.
For instance, the curriculums have been broadly renewed at every grade level and in
every subject since 2005. The primary and secondary education has been restructured
and the 4+4+4 model has been applied since 2012. However, as Dori and Herscovitz
(2005) stated teachers play a crucial role in educational reforms and unfortunately
one of the keys to improving the quality of education, teacher PD, is ruled out in our
country (Ozer, 2004). The TTT model will be offered to policy makers in Turkey as

an applicable and effective program for teacher PD programs.

Seventhly, this study primarily aims to increase teachers’” SMK which is a key factor
in increasing student motivation and achievement. For instance, in his doctoral
dissertation, multiple case study on how physics teachers’ characteristics affect

students’ motivation in physics, Korur (2008) found two factors that mostly affected
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the students’ motivation. The teachers’ SMK and their personal characteristics were
the two categories that mostly affected the students’ motivation. He goes further and
states that teachers who possess effective characteristics like "SMK" or "making
students active in the class setting” prevent them from failure in learning the
concepts. His research results showed that among 27 effective teacher characteristics
"‘possessing necessary knowledge of subject matter" took first place in positively

increasing student motivation.

Eighthly, the purpose of this study is to investigate the power of the TTT model to
improve teachers’ knowledge and student achievement. In doing so, this study will
provide the physics education community with specific data regarding the link
between the TTT PD model and student achievement in the area of the MPU on the
tenth grade level. Since the number of studies that consider the effect of PD
programs with specific reference to physics is considerably smaller; this study will
be a significant contribution to the literature. Moreover, in Turkey there is very little
published work on the PD of physics teachers. Furthermore, this study will enrich
physics teacher PD literature with its qualitative and quantitative results.

Finally, it is hoped that this study is significant in showing the benefits of using
cooperation and collaboration in PD as it enables teachers to connect to each other
and to share ideas which improves their knowledge, skills and experiences in their
profession and widens their horizons towards becoming informative, active

professionals.
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CHAPTER 2

REVIEW OF THE LITERATURE

The purpose of this chapter is to review the relevant literature in order to provide a
justification for conducting this study and a theoretical perspective allowing for the
interpretation of the research results. To restrict and delimit the literature review, the
primary focus was given to the studies about PD of science and mathematics
teachers. This review is divided into the following main sections: the first examines
the role of the teachers in education, the second examines the effective PD program
designs, the third purports the effect of PD programs on student achievement, the
fourth displays the teacher collaboration and cooperation, the fifth examines the
teacher PD programs in Turkey and the last examines the studies conducted about

modern physics (special relativity).
2.1 The Role of Teachers in Education

With the improvement of technology in 20™ century human power was replaced
mostly with machine power. Teachers also once believed to be replaced with radio,
TV or computers. However, as technology increased the teachers did not replace
with any technological devices (Clark, 1991); instead their importance understood

better than before.

The importance and the quality of teachers in leading to the improvement of
education have been stated by many researchers. For instance, the main factors,
stated by Tekin and Ayas (2005), which affect the quality of education, are teacher,
student, curriculum, and learning environment. Among these factors teacher, in
planning, implementing and evaluating activities, learning outcomes and conducting
lessons has a special importance. Likewise, Biilyiikkaragoz (1998) and Kiigiikahmet

(1999) purport three fundamental components determining the functions and

21



mechanisms of education system; curriculum, teacher, and student. Of these
components they specify the teachers responsible for ensuring the desired behaviours
of individuals entering the system and applying the school curriculum developed for
training quality individuals. Besides, policymakers, practitioners, and researchers are
all on consensus that the teacher quality is the most powerful school-related
influence on a child’s academic performance (National Academies, 2007). Education
policy makers around the world have also seen the teacher quality as a major vehicle
to improve student learning (OECD, 2005; UNESCO Institute for Statistics, 2006).
Shortly, as stated by Seferoglu (1996), the quality of teaching in schools cannot be
significantly improved without improving the quality of teachers.

In attempting to finding a relationship between teacher quality and students success
Darling-Hammond (1999) stated that "a growing body of research suggests that
schools can make a difference, and a substantial portion of that difference is
attributable to teachers” (p.5). One of the reasons why reform efforts are often
unsuccessful is that it is failed to understand that teachers play a key role in making
educational reforms successful (Dori, & Herscovitz, 2005). Guskey (2003) stated that
high-quality teachers are the key to improve student learning. With the beginning of
the 21 century it is understood that without development of the teacher learning the
development of student success is difficult (Fullan, 1996). Wei et al. (2009), relates
the efforts to improve student achievement to two factors; building the capacity of
teachers to improve their instructional practice and the capacity of school systems to
advance teacher learning. Goldberg (2001) relates the single most important factor of

student’s success to the knowledge and skills of a child’s teacher.

So, as stated above many experts see the teachers as ‘sine quo non’ for education.
Many of the researchers remark the teachers as the single most important factor
leading to student success. Since, it is nearly impossible substituting the teachers
with technology and since they are so effective in educational issues, their PD is of

great importance. This study also endeavors to offer a method for their PD.
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2.2 Effective PD Program Designs

The nature of research on teacher PD in science is complicated and difficult; it is
inherently complex, consisting as it does of a number of interrelated components
(Hewson, 2007). The practice of PD requires a rigorous design, which involves a
broad array of issues such as the cost, the duration, the participants and the content of
the program. Professional developers have to consider all the activities that constitute
an effective PD program (Loucks-Horsley et al., 2003; Fishman, Marx, Best, and
Tal, 2003). For example, according to Thompson (2008), for the PD to yield student
learning, there has to be potent content and good design, not only of the PD, but of
the workplace in which that content is to be implemented. A comparison of teacher
PD of this study with known PD designs would be of great importance. Thus,
description of the types of PD designs undertaken can be informative, below are the

PD designs that literature often mention.

Action Research: It has evolved in the education community as a process of a
systematic research in which teachers examine their own practice and take action to
improve teaching and learning within their own classroom or school milieu (McNiff,
1993). It is a process of systemic study in which teachers can examine both their and
their colleagues’ practice, and take action to improve teaching and learning within
the classroom. More specifically, it involves cycles of problem formulation,
planning, action, reflection, evaluation, and communication (McKernan, 1996). It is
based on the following assumptions:

1. Teachers and principals work best on problems they have identified for

themselves.

2. Teachers and principals become more effective when encouraged to examine and
assess their own work and then consider ways of working differently.
Teachers and principals help each other by working collaboratively.

4. Working with colleagues helps teachers and principals in their PD (Watts, 1985,
p. 118).

w

As in most of other formats the intent of action research is to improve the teachers’
immediate classroom teaching; moreover, if applicable, the intent is to generalize it

across other contexts in the school or beyond (Cochran-Smith & Lytle, 1990).

Coaching: Coaching is a PD strategy that provides one-on-one learning
opportunities for teachers focused on improving teaching by reflecting on one's own

or another's practice. It takes advantage of the knowledge and skills of experienced
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teachers, giving them and those with less experience opportunities to learn from each
other (Loucks-Horsley, Stiles, Mundry, Love, & Hewson, 2009). An instructional
coach helps less experienced teachers by way of demonstrations, observations, and
conversations with teachers as they implement new strategies and knowledge.
Typically, instructional coaches have expertise in the applicable subject area and
related teaching strategies (Croft et al., 2010). Russo (2004) describes school-based
coaching in this way:
School-based coaching generally involves experts in a particular subject area or set
of teaching strategies working closely with small groups of teachers to improve
classroom practice and, ultimately, student achievement. In some cases coaches
work full-time at an individual school or district; in others they work with a variety

of schools throughout the year. Most are former classroom teachers, and some keep
part-time classroom duties while they coach (p.1).

Lesson Study: Lesson study, which originates from Japan, is a cycle of instructional
improvement which has planning, observing, and discussing research lessons steps.
The primary goal of the lesson study PD is to improve teachers’ lesson planning and
implementation skills by increasing the teachers’ abilities to observe, predict and
react effectively to students’ thinking (Woodruff, Cox, Tosa, & Farrell, 2013).
During sessions known as “research lessons,” teachers alternate in preparing a best
possible lesson to demonstrate a specific teaching and learning goal. Other teachers
observe while the lesson is taught and usually record the lesson in a number of ways,
including videotapes, audiotapes, and or pencil and papers. After the lesson, the
teachers meet and discuss the lesson’s strengths and weakness, ask questions, and
make suggestions to improve the lesson (Fernandez, 2002). Further, the observers

observe the lesson ones more to see the effect of feedback.

Critical Friends Groups: A critical friends group generally ranges between six to
twelve teachers who come together and work together with the aim of establishing
student learning outcomes and increasing student achievement (NCRF, 2013).
Teachers meet and help each other think about better teaching practices, look closely
at curriculum and student work, analyse each other’s work, including artefacts such
as student work, a lesson plan, or assessment. They also may discuss challenges they
are facing with presenting the subject matter or with meeting a particular student’s
needs. Hord (1997) stated that critical friends group visit and observe each others’

classrooms as a regular practice of their PD. In these groups peers provide feedback
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and assistance to support individual learning, community improvement and

ultimately student learning.

Study Groups: It is more or less same as critical friendship groups. Through study
groups, teachers meet others, make friends, learn more, save time, work as a team
and expand their thinking. In small groups, teachers generate topics for study related
to school improvement and student learning. Teachers can make preparation for class
discussions and prepare the exams by using a study group. Especially for starters
studying with others in a small group is helpful to everyone because they think out
load, share ideas and learn from one another. They engage in structured dialogue or
discussion that explores issues deeply and considers the implications for school or
classroom practices (Croft et al., 2010).

Above are the some general examples of PD programs. Their formats vary depending
on the purpose of the PD program. However, they are more or less similar in most of
their aspects. For instance, they are all conducted with group of teachers and they are
generally based on cooperation and collaboration. When issue is the PD, in one hand,
there are effective PD designs; on the other hand, there are effective characteristics
of PD designs. Thus, above some effectively used PD designs are explained, below,
the effective characteristics of PD designs are discussed. The characteristics of
effective PD that have been compiled below are a result of reviewing the literature

on this topic.

Recent and distant research on PD programs has included several characteristics as
effective features of PD programs: (a) content and pedagogy focus, (b) active
learning, (c) coherence, (d) duration, and (e) collective participation (Birman et al.,
2000; Borko, 2004; Desimone, 2008; Fullan, 1993; Garet et al., 2001; Guskey, 1994;
Loucks-Horsley et al., 1998; Yoon, Garet, Birman, and Jacobson, 2007; Wayne et
al., 2011; Wei et al., 2009). These characteristics have the potential of improving
teacher knowledge and skills and improving their practice, and which accordingly
improve student achievement. Additionally, Corcoran (2007) summarizes the
effective PD programs as follows: PD programs should produce the desired changes
in teachers’ classroom practices and enhances their capacity for continued learning
and professional growth, which in turn contributes to improvements in student

achievement.
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Wayne et al. ( 2008) states, "it is generally accepted that intensive, sustained, job-
embedded PD focused on the content of the subject that teachers teach is more likely
to improve teacher knowledge, classroom instruction, and student achievement” (p.
470). Teachers should possess deep knowledge about the subjects they teach and
understand how to effectively teach those subjects to their students. That’s why as
Desimone (2009) states the most influential feature of PD programs is the content
focus and as Loucks-Horsley (1995) states the effective PD programs should focus
on both content knowledge and PCK. Contrary to others Schibeci and Hickey (2000)
states that the emphasis on the content in PD programs alone do not necessary lead to
more effective teaching. To them, the general predominance of the scientific
dimension as a focus for the development of elementary science teachers’ practice
has perhaps masked the importance of the other two dimensions in learning about
science teaching and learning. Moreover they assert that finding real examples in the
literature of the professional and personal dimensions of science teachers as learners
is difficult.

"When it comes to learning teachers are like students" says Darling-Hammond
(1996) in her review of literature on PD. Moreover, she reports that the most
effective learning occurs as teachers engage in the process. Birman, Desimone, and
Porter (2000) conducted their study with over 1,000 teachers who participated in PD
programs; found that active involvement by participants resulted in a more successful
PD experience for teachers. Shepardson, Harbor, Cooper, and McDonald (2002) did
a survey study with 39 teachers who participated in a two-day or two-week PD
program, ascribed the part of the success of a PD study to teacher engagement and
involvement in the design of the program.

Birman et al. (2000) found that coherence of PD goals with school policies and other
PD experiences was directly related to increased teacher learning and improved
classroom practice. For the PD programs to guide practice they should be "school
based" or "integrated into the daily work of teachers” (Hawley & Valli, 1998; Joyce
& Showers, 2002).

Many researchers such as Birman et al. (2000) and Garet et al. (2001) specify
collective participation as the same department/school, some subject, or same grade.

Collective participation has a number of advantages. It enables the teachers of same
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school, subject or grade to discuss concepts and problems in detail. It leads effective
collaboration and feels free communication. In addition, it gives teachers the
opportunity to share common curriculum materials, course offerings, and assessment
requirements (Birman et al., 2000). Moreover, it also may enable teachers who teach
the same grade or subject to develop a common understanding of instructional goals,
methods, problems, and solutions (Ball, 1996; Newmann & Associates, 1996).

The duration of the PD program or the number of contact hours the teachers are
engaged in PD programs is one of the factors that are associated with teacher
learning, and student learning. While there is consensus that the more intense
participation in the PD for teachers and the more exposure to the resulting reform
based teacher instruction the more teachers benefit from PD programs. There is not a
consensus on the threshold duration of a PD program which may professionally
develop teachers (Banilower, 2002; Corcoran, McVay, & Riordan, 2003; Desimone,
2008). According to Banilower et al. (2006), consistent effects are found when
teachers receive over 100 hours of PD. On the other hand, Tanriverdi and Giinel
(2012) claim 18 months as critique duration for a PD programs to yield desired
results and they add that this duration may change because it is aim and content
dependent. Moreover, Yoon and colleagues (2007) found in their review of research
that PD programs of 14 hours or less showed no effects on student learning, while
longer duration programs (about 49 hours) showed positive and significant effects on
student achievement. Since features of effective PD programs are stated above,
below initially the traditional PD programs are criticized then the views of different

researchers on characteristic of effective PD programs are summarized.

In his doctoral dissertation, conducted at a large urban high school in the western
Unites States, Hessee (2011) sees the traditional model of PD no more than an
approach in which teachers attend workshops and seminars where they are provided
with new and innovative instructional strategies. He rightfully complains that these
teachers, without any practice, return to their classrooms where they are left to
implement these strategies in isolation. This typically results in teachers failing to
implement the instructional strategies presented. He stated that this is consistent with
the findings of Joyce and Showers (1988) that only one in ten teachers actually

implemented strategies which they encountered in PD sessions while these same
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strategies were adopted by ninety percent of the teachers when job-embedded
assistance was provided. Why teachers do not carry their gained practices to their
classes? There are several reasons however the most important reason is that teachers

mostly forget what they learn during PD programs.

Murphy (2002) described the old approach to PD still used in many schools today
and stated that for years, staff development programs have planned with the intend to
achieve dramatic improvement in classroom teaching and student performance.
However, in many cases, these efforts are frustration because what the teachers learn
in these programs has little relationship to actual practice. He concludes: "As a result,
teachers tend to regard the “in-service” as the fulfilment of a mandatory requirement

rather than an improvement opportunity” (p. 16).

Mouza (2002/2003) stated the following reasons cited in the literature as being
responsible for the inadequateness of many PD efforts: 1) the development of
activities away from the school site, 2) the irrelevance of activities to teacher
classroom practices, 3) provision of one-shot workshops without follow-up support,

and 4) the inability to address the individual needs and concerns of the teachers.

The traditional PD programs and their inadequateness are stated above. Besides,
research on effective PD is considerably large. Each researcher has different
conclusions about the effective PD programs. Table 2.1 summarizes the
characteristic of effective PD programs evaluated by various studies by Zhao (2008)
and Guskey (2003).
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Table 2.1 Characteristic of effective PD programs (adopted from Zhao (2008) and
Guskey (2003))

Author Characterises

1 offers meaningful intellectual, social, and emotional engagement with

ideas, with materials, and with colleagues both in and out of teaching

2. takes explicit account of the contexts of teaching and the experience of
teachers

3. offers support for informed dissent

4. places classroom practice in the large contexts of school practice and
the educational careers of children

5. prepares teachers to employ the techniques and perspectives of inquiry

6. ensures bureaucratic restraint and a balance between the interests of
individuals and the interests of institutions.

Abdal-Haqq Effective PD:
(1995, p.1) is ongoing
2. includes training, practice, and feedback; opportunities for individual
reflection and group inquiry into practice; and coaching or other
follow-up procedures
3. is school based and embedded in teacher work
4. is collaborative, providing opportunities for teachers to interact with
peers
5. focuses on student learning, which should, in part, guide assessment of
its effectiveness
encourages and supports school-based and teacher initiatives
is rooted in the knowledge base for teaching
incorporates constructivist approaches to teaching and learning
recognizes teachers as professionals and adult learners
10 provides adequate time and follow-up support
11. is accessible and inclusive.

=

© o~

Effective PD:

1. stimulates and supports site-based initiatives (schools', districts' and

(1995) teachers' initiatives)

is grounded in knowledge about teaching

models constructivist teaching

4, offers intellectual, social and emotional engagement with ideas,
materials and colleagues

demonstrates respect for teachers as professionals and as adult learners
provides sufficient time and follow-up support for teachers to master
new content and strategies and to integrate them into their practice

7. isaccessible and inclusive.

Corcoran

w N

o o
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Table 2.1 (continued)

Author

Characteriscs

Guskey
(1995)

Loucks-
Horsley,
Stiles, and
Hewson
(1996)

Little (1998)

1.

Effective PD must:
recognize change as being both an individual and an organizational

process

S~ wN

o &

IS

w N

think big, but start small

work in teams to maintain support

include procedures for feedback on results

provide continuous follow-up, support, and pressure
integrate programs.

Effective PD (in science and math):

is driven by a clear, well-defined image of effective classroom learning
and teaching

provides teachers with opportunities to develop knowledge and skills
and broaden their teaching approaches, so they can create better learning
opportunities for students

uses instructional methods to promote learning for adults which mirror
the methods to be used with students
builds or strengthens the learning community of teachers

prepares and supports teachers to serve in leadership roles if they are
inclined to do so
consciously provides links to other parts of the education system
includes continuous assessment.

Effective PD:

ensures collaboration adequate to produce shared understanding, shared
investment, thoughtful development, and a fair, rigorous test of selected
ideas
requires collective participation in training and implementation
is focused on crucial problems of curriculum and instruction

is conducted often enough and long enough to ensure progressive gains
in knowledge, skill, and confidence

is congruent with the contributes to professional habits and norms of
collegiality and experimentation.
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Table 2.1 (continued)

Author

Characteriscs

Hawley and
Valli (1999)

Loucks-
Horsley,
Love, Stiles,
Mundry, and
Hewson
(2003, p. 44)

The American
Educational
Research
Association

(2005, p. 4)

No o

1.
2.

Effective PD:

focuses on what students are to learn and how to address the different
problems student may have

is driven by analyses of the differences between goals and standards for
student learning and performance

involves teachers in the identification of what they must learn and the
development of the learning process

is primarily school based and integral to school operations

provides learning opportunities related to individual needs organized
around collaborative problem solving

is continuous and ongoing, involving follow-up support for further
learning, including support from sources external to the school
incorporates evaluation on outcomes and processes that are involved in
the lessons learned through professional development

provides opportunities to engage in developing an understanding of the
knowledge and skills to be learned

is integrated with a comprehensive change process that addresses
impediments to, and facilitations of, learning.

Effective PD:
is driven by a well-defined image of effective classroom learning and
teaching
provides opportunities for teachers to build their content and
pedagogical content knowledge and examine practice
is research based and engages teachers as adult learners in the learning
approaches they will use with their students
provides opportunities for teachers to collaborate with colleagues and
other experts to improve their practice
supports teachers to serve in leadership roles
links with other parts of the educational system
has a design based on student learning data and is continuously
evaluated and improved.

Effective PD:
focuses on the subject matter
aligns teachers' learning opportunities with their real work experiences,

using actual materials and assessments

3.

provides adequate time for professional development and ensure that the
extended opportunities to learn emphasize observing and analyzing
students' understanding of the subject matter

ensures that school districts have reliable systems for evaluating the
impact of professional development on teacher's practices and student
learning.

Adapted from Zhao (2008, p: 25-33)
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When Table 2.1 is examined, even though some experts states some distinctive
characteristics such as supporting teachers to serve in leadership roles (Loucks-
Horsley, et al., 2003) similar characteristics are generally remarked as effective by all
these researchers. Actually the effective characteristics that recent research agreed on
are the summary of above features. Brief descriptions of the effective characteristics
of PD programs are as follows:

Content focus: This characteristic includes the activities that focus on subject matter
content and how students learn that content. As Desimone (2000) and Corcoran
(1995) state this is the most influential feature of teacher learning. After arguing the
importance of content focus and reviewing the related studies, Garet et al. (2001)
view the degree of content focus as a central dimension of high-quality PD programs.
Parenthetically, the PD course designed for this study primarily focuses on the

content and aims to increase teachers’’ subject matter knowledge.

Active learning: As opposed to passive learning, when teachers are given
opportunities to engage in active learning is also related to the effectiveness of PD
(Garet et al., 2001; Loucks-Horsley et al., 1998). Opportunities for active learning
can take a number of forms, including the opportunity observing expert teachers,
being observed by expert teachers and having interactive feedback from them,
making discussions, reviewing student work in the topic areas being covered,
planning how new curriculum materials and new teaching methods will be used in
the classroom etc. (Carey & Frechtling, 1997; Borko, 2004; Lieberman, 1996).

Coherence: A third core feature of PD concerns the coherence, the extent to which
teacher learning is consistent with teachers’ knowledge and beliefs (Elmore &
Burney, 1997). As Garet et al. (2001) stated PD for teachers is frequently criticized
on the ground that the activities are disconnected. They assessed the coherence of a
teacher's PD in three ways:
the extent to which it builds on what teachers have already learned; emphasizes
content and pedagogy aligned with national, state and local standards, frameworks,
and assessments; and supports teachers in developing sustained, ongoing

professional communication with other teachers who are trying to change their
teaching in similar ways’’(p.927).

Long duration: In terms of duration effective PD programs has two dimensions, that

IS, time span and contact hours. Time span is the duration of the time over which the
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activity is spread (e.g., one month or one semester) and the contact hours is the
number of hours spent in the activity (e.g., 15 hours). Research shows that PD is
likely to be of higher quality if it comprises sufficient duration (Cohen & Hill, 2001,
Fullan, 1993; Guskey, 1994; Supovitz & Turner, 2000). Garet et al. (2001) showed
that time span and contact hours exert a substantial influence on the core features of
PD experiences. That is to say, longer activities tend to include substantially more
opportunities for active learning, also tend to promote coherence and enable teaching

the content.

Sustained-Intensive: If a program continues over time and offers substantial contact
hours it can be said that it is sustained and intensive. Moreover, PD that is sustained
and intense has a greater chance to change teaching practices and foster student
learning (Cohen & Hill, 2001; Desimone et al, 2002; Garet et al, 2001). Research on
teacher PD programs reveals that intensive PD programs can help teachers to

increase their knowledge and change their instructional practices (Borko, 2004).

Collective participation (Collaboration): Another critical feature of effective PD
programs is collective participation of teachers. This feature can be accomplished
through design of the PD program for groups of teachers from the same school,
department, or grade level. Teachers who work together, who teach to same grade
and who are in the same subject (e.g. physics, math, chemistry etc.) are more likely
to collaborate and have the opportunity to discuss concepts, skills, and problems that
arise during their PD experiences or are likely to share common curriculum
materials, course offerings, and assessment requirements (Garet et al., 2001).
Collaboration is a process by which small groups of teachers work together, using a
variety of methods and structures, for their own PD. A collaborative learning
environment is one of the characteristics of PD courses that brings along the student
achievement (Knapp, 2003; Darling-Hammond & McLaughlin, 1995).

Delivered in conductive settings: The success of a PD is also depends on its
settings. The time and the place of congregation, the environment of the workshops
have to be proper to teachers’ needs. In other word, a PD should have an easy nature
of planning. Wayne et al. (2011) showed that PD, when delivered in conductive
settings, by those who designed the PD, can have a positive impact on student

achievement.
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Just-in time teaching (JiTT): Originally JiTT is a technique for teaching and
learning that uses the Internet to improve student success by enhancing and
extending classroom instruction via the Web (Novak, Patterson, Gavrin, & Christian,
1999). However, in this study JiTT has slightly different meaning then the pre-class
assignments used to prompt thinking about the upcoming lecture topic. In this study
JITT is used to describe the immediate application of the practices that teachers gain
during the PD course. First of all, JiTT used in this study is not related to Internet
which is a base for Novak and Patterson’s (2000) JiTT. Second, in this study JiTT is
used to imply the immediate application of the practices that teachers gain during the
"teachers teaching teachers™ PD course to classes. The JiTT in this study is similar to
just-in time training which refer to rolling-out, or launching it, immediately prior to
its usage. The advantage to implementing JIT is the shortened time between learning

and application.
2.3 Teacher PD Programs and Student Achievement

The ultimate goal of a PD program should be to prepare teachers to be effective in
their classes and accordingly increase students’ achievement (Hawson, 2007;
Lingard, Hayes, Mills & Christie, 2003). Tienken (2003) supported this idea and
stated that one goal of PD is a change in teacher behavior leading to positive gains in
student achievement. Many other researcher also talks about the direct relation
between PD for teachers, and improving classroom instruction and student
achievement (Cohen & Hill, 2000; Corcoran, Shields, & Zucker, 1998; Darling-
Hammond & McLaughlin, 1995; Elmore, 1997; Little, 1993). While there is more
literature on the effects of PD on teacher learning and teaching practice, they are
falling short of demonstrating effects on student achievement (Garet et al., 2001).
Even though it was not an empirical study, Darling-Hammond (1999) analyzed
large-scale assessment data across United States, and her research results showed
that teacher preparation in PD programs was positively related to student

achievement.

Finding relation between PD studies and students achievement empirically is of great
importance (Wayne et al., 2008). This is a virgin area, and experimental studies can
be counted on the fingers of one hand (Wei et al., 2009). The results of review of
Yoon et al. (2007) and Meta-analysis of Blank and Alas (2009) report 23

experimental studies in the area of teacher PD ranging from 1986 to 2009. Moreover,
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the literature review conducted by the researcher did not yield any experimental
studies between 2010 and 2012. Since the literature review conducted for this study
culminated in approximately 2012, and no extensive review was conducted during
the implementation phase of the study, experimental studies from 2013 (if they exist)
were not included. The lack of studies in this area could be because of the
complexity and difficulty in conducting and designing PD studies. As Hewson

(2007) stated conceptually, research in this area is very difficult.

Although the immediate focus is on the professional development activity itself and
the teachers who participate in it, the ultimate purpose of professional development
is the improvement of student learning. The pathways of influence of professional
development from the original activity to student learning proceed through the
intervening variables of teacher learning and classroom enactment. These pathways
are complicated, not only by the time it takes for teachers to clarify their learning
from professional development activities and translate this into effective curriculum
and instruction, but also by everything else that is happening concurrently in the
lives of students, teachers, schools, and the community; teacher learning in
professional development activities, teachers teaching in classrooms, and student
learning are not isolated from the educational and social environments of schools
and communities (p.1182).

Because of scarceness of the experimental studies, the studies mentioned here are
from various areas such as mathematics, science, elementary school subjects and so
on. Unfortunately it is difficult to find a study directly related to physics. Below are
some examples ranging from science to reading and ranging from middle school

level to kindergarten level.

For instance, Carpenter et al. (1989) investigated whether mathematics teachers who
had participated in a program designed to help them understand children's thinking
employ different instructional processes in their classrooms than did teachers who
had not participated in the program. They assigned 20 first grade teachers, randomly
to an experimental treatment, participated in a month-long workshop (80 hours) and
other first grade teachers (n = 20) were assigned randomly to a control group. The
goal of the workshop they designed for the treatment group was to help teachers
understand how children develop "addition and subtraction” concepts and provide
them the opportunity to explore how they might use that knowledge for instruction.
(They called the program Cognitively Guided Instruction). Throughout the following
school year, they had trained observers to observe all 40 teachers and their students
during mathematics instruction. They measured teachers' beliefs by using a 48-item

questionnaire designed to assess their assumptions about the learning and teaching of
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"addition and subtraction”. Students in the 40 teachers' classes completed a
standardized mathematics achievement pre-test and post-test. They also had students
completed several measures of attitudes and beliefs developed for their study. They
found that experimental teachers encouraged students to use a variety of problem-
solving strategies, and they listened to processes their students used significantly
more than did control teachers. Moreover, they found that students in experimental
classes exceeded students in control classes in number fact knowledge, problem
solving, reported understanding and reported confidence in their problem solving

abilities.

Similarly, Cole (1992) conducted a randomized controlled trial to determine the
effects of a one-year comprehensive staff development program on the reading,
language, and mathematics achievement scores of fourth grade students. Twelve
fourth-grade teachers and their intact classes of totally 268 students were randomly
assigned into treatment and control groups. A comprehensive staff development
training program was applied to six teachers. In order to assess fidelity of
implementation, classes of these teachers were observed. However, the details of the
treatment or any PD that control group teachers may have had were not provided.
Students’ scores on the Stanford Achievement Test for math, reading, and language
were the outcome measures. Students’ third-grade test scores were used as pre-tests,
and their fourth-grade test scores were used as the post-tests. Statistically significant
differences were found on the results of eight student subgroups. For comparability
with the other studies the average effect sizes for math, reading and language were
reported as 0.50, 0.82 and 0.24 respectively. First two effects that are in math and the
reading were statistically significant in favour of treatment group, however, the

average effect in language was positive but was not statistically significant.

Scott (2005) also investigated the effect of PD on student achievement in her
dissertation. She initially sought to determine the effect of the PD model (Teachers
Engaged in Authentic Mentoring Strategies) on instructional practices of third grade
science teachers. Afterward she examined the effect of instructional practices, as
impacted by the PD model, on student achievement in third grade science. Similar to
the current study, the effect of the PD model on teachers’ instructional practice was
qualitatively examined by her. Further, she collected quantitative data through a

quasi-experimental design. Teachers in the experimental group received an initial PD

36



intervention with ten follow-up interventions. The ITBS science test was
administered to the students of the experimental and control group teachers during
the second grade as pre-test and during the third grade as post-test. She compared the
pre-test and post-test scores of experimental and control groups by using an
independent samples t-test. Her qualitative and quantitative data showed that several
results: The applied PD model (a) changed instructional practices, (b) increased
student engagement, (c) increased collaboration among teachers and students, (d)

changed teacher behaviour (e) improved student educational outcomes.

In terms of the subject area and grade level a study which was tangentially related to
the current study was conducted by McCutchen et al. (2002). They worked with
groups of kindergarten and first-grade teachers (the experimental group) during a 2-
week summer institute and throughout the school year. They recruited teachers by
letters of invitation and teachers from 40 schools responded and 44 teachers (24
experimental and 20 control groups) participated in their study. They followed the
teachers into their classrooms for a year, collecting learning data on 492 kindergarten
and 287 first-grade students across 43 classrooms. During the summer institute they
shared with them research about learning disabilities and effective instruction,
stressing the importance of explicit instruction in phonological and orthographic
awareness. Comparisons between experimental group teachers' pre-test and post-test
scores on phonology indicated that this group did deepen their phonological
knowledge after the instruction (F( 1, 23) = 11.43, MSE = 59.33, p < .01). They
followed the experimental group and a control group into their classrooms for a year,
assessing teachers' classroom practices and their students' learning. Their study
yielded that teachers in experimental group used the knowledge they acquired in the
program to change their classroom practice and their classroom practice improved

their students’ learning.

According to Yoon et al. (2007) to substantiate the empirical link between PD and
student achievement, studies should ideally establish two points: One is that there are
links among PD, teacher learning and practice, and student learning. The other is that
the empirical evidence is of high quality. Moreover they theorize three steps for PD
to effect student achievement (Figure 2.1). First, PD enhances teacher knowledge
and skills. Second, better knowledge and skills improve classroom teaching. Third,

improved teaching raises student achievement. They stress the importance of these
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links and for them, all these steps are required; otherwise, better student learning
cannot be expected. If a teacher fails to carry new ideas from PD to classroom
practice, students will not benefit from the teacher’s PD. Yoon et al. (2007) describe
the links between PD, teacher learning and practice, and student learning as in Figure
2.1.

Teachers gain
PD program/ better

Classroom Student
teaching achievement

course knowledge . .
improves rises

and skills

Figure 2.1 Steps of the link between PD program and student achievement

How does teacher PD affect student achievement? This question was also answered
by Yoon et al. (2007) by reviewing the evidence on how teacher PD affects student
achievement. They examined more than 1,300 studies identified as potentially
addressing the effect of teacher PD on student achievement in three key content areas
(mathematics, science, and reading and English/language arts). They found nine that
meet "what works" evidence standards, as well as a strong evaluation design and the
development and use of valid and reliable instruments. Differently, while the current
study was conducted with high school students none of the nine studies reviewed by
Yoon et al. focused on PD’s effects on middle or high school students. In other
words, among more than 1300 studies they reviewed none of the studies related to
middle or high school meet “What Works Clearinghouse’ evidence standards. Due to
concerns about the external validity of the findings, they restricted the studies with
the countries Australia, Canada, the United Kingdom, and the United States. The

studies adapted from Yoon et al. are listed in Table 2.2 with their key characteristics.
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Table 2.2 List of studies identified by

characteristics

Yoon et al. (2007) and key study

Study Study Content School Contact  Student outcomes Effect
design area level hours- Size
duration
(months)
Carpenter RCT  Math Elementary 83 (4) lowa Test of Basic 0.41
etal, (1st grade) Skills Level 7:
1989 computation
Same test: problem 0.41
solving
Cole, RCT  Mathand Elementary 40 (12)  Average for math 0.50
1992 readingand (4th grade) Average for reading 0.82
English/lan Average for language (.24
guage arts
Duffyet RCT  Reading Elementary 10 (1) Gates-MacGinitie 0.00
al., 1986 and (5th grade) Reading Test
English/
language
arts
Marek & QED  Science Elementary 100 (1)  Average for 0.39
Methven (K=3rd, 5th conservation test
,1991 grades)
McCutch QED  Reading Elementary 100 (10) Gates-MacGinitie 0.39
enetal., and (K-1st Word Reading Subtest
2002 English/lan  grades)
guage arts
McGill- RCT  Reading Elementary 30 (6) Concepts about print ~ 1.11
Franzen and (kindergart Letter identification 0.69
etal., English/lan  en) Writing vocabulary 0.32
1999 guage arts Ohio Word Test 0.66
Hearing sounds in 0.97
words
Saxeet QED  Math Elementary 60 (6.5) Fraction concepts 2.39
al., 2001 (4th-5th Fraction computation ~ -0.53
grades)
Sloan, RCT  Math, Elementary 5 (2) Comprehensive Test 0.68
1993 science, (4th-5th of Basic Skills:
readingand grades) Reading
English/ Same test: Math 0.26
language Same test: Science 0.63
Tienken, RCT  Reading Elementary 14 (3.5) Content/ organization  0.41
2003 and (4th grade) score on narrative
English/ writing test
language

Source: The synthesis of Yoon et al.” (2007) study.
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The results of the studies they examined showed that average experimental group
students increased their achievement by 21 percentile points. The average effect size
(Cohen d) across the nine studies was 0.54, ranging from -0.53 to 2.39. All nine
studies they reviewed focused on elementary school teachers and their students.
About half focused on lower elementary grades (kindergarten and first grade), and
about half on upper elementary grades (fourth and fifth grades). Six studies were
published in peer-reviewed journals; three were unpublished doctoral dissertations.
The studies were ranging from 1986 to 2003. Studies that had more than 14 hours of
PD showed a positive and significant effect on student achievement from PD. The
three studies that involved the least amount of PD (5-14 hours total) showed no
statistically significant effects on student achievement. All nine studies employed

workshops or summer institutes.

A more comprehensive Meta-analysis built on prior studies in education (Borman et
al., 2002; Yoon et al., 2007) was conducted by Blank and Alas (2009). Their analysis
focused on completed studies of effects of PD for K-12 teachers of science and
mathematics. Their study has criteria such as (a) the document discusses the effects
of in-service teacher PD on student learning, (b) the study sample focused on
teachers of mathematics and/or science and their students in grades K-12, (c) the
document discusses an empirical study, (d) The document must report direct student
achievement outcomes, not distal student outcomes such as feelings, impressions or
opinions from students about their learning, (e) the document had to be released
between 1986 and 2007 and (f) the study had to take place in the United States. The
coding and review process and the post-coding statistical analysis yielded 16

documents of studies to be included in their Meta-analysis.

They categorized all the studies under mathematics or science and the method of
measuring effect (pre-post analysis vs. post-analysis only). In the mathematics
education studies that employed pre-post measures for determining effect size, a total
of 21 effect sizes were reported and the mean effect size was 0.21. Among the math
studies that used a post-test only method of measuring effects, a total of 68 effect
sizes were reported and the mean effect size was 0.13. The number of effect sizes for
science teacher PD studies was small (pre-post: 10 effect sizes, post-analysis: 7 effect

sizes) and the means for the effect sizes in each category were small and not
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significantly different from zero. Moreover, they concluded that studies that used

randomized control trials had significantly larger effect sizes than studies that were

based on quasi experimental designs. Furthermore, they found that studies that

targeted the elementary grades had larger mean effect sizes than studies that targeted

middle school or high school grades. An adaptation of their study is presented in

Table 2.3.

Table 2.3 Experimental studies identified by Blank and Alas (2009) and key study

characteristics

Study Study  Content  School Contact  Student outcomes Effect
Design Area Level hours - Size
duration
(months)
Carpenter, RCT Math Elementary 80 Average posttest results 0.39
etal., (4.5) from lowa Test of Basic
1989 Skills (ITBS) 0.68
Interviews on number
facts & problem 0.32
Average across Scales 1-3
of study-specific test
Dickson, QED  Science Middle (8") 24
2002 & High (9" (8) Texas Assessment of 0.10
& 10") Academic Skills (TAAS)  0.43
(8th)
End-of-Course Biology
Test (9th & 10th)
Helleret RCT Math Elementary 10 Pretest-posttest gain (4th)  0.69
al., 2007 (2™ 4™ 6™ (8) on Math Pathways and
Pitfalls (MPP)
Pitfalls Quiz
Jagielski, QED Math Elementary 36
1991 (3"-6™), (8) Average of pretest- 0.77
Middle (7", posttest gains of both
8" treatment groups on
study-specific
assessment-Level 250
NAEP test item
Lane, QED Math Elementary 17 Pretest-posttest gain on 0.13
2003 (8) Constructed CSAP
META QED  Math Middle (6", 120 Average of pretest- 0.13
Associates 7" 8™ (7,5)  posttest gains (6th, 7th,
,2006 8th) on Colorado Student
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Table 2.3 (continued)

Study Study  Content  School Contact  Student outcomes Effect
Design Area Level hours - Size
duration
(months)
META QED Math Middle 6", 120 Pretest-posttest gain on -0.19
Associates 7" 8™ (7,5)  Colorado Student
,2007 Assessment Program
(CSAP)
Meyer & QED Math Middle (6", 540 Average of overall -0.02
Sutton, 7" 8™ (16) posttests (6th, 7th) in
2006 Metropolitan 0.1
Achievement Test (MAT)
Overall posttest in
Criterion Referenced Test
Niess, RCT Math Elementary 304 Pretest-posttest gain 0.11
2005 & Middle (8 (Middle) in Technology
(3-8 Enhanced State
Assessment (TESA)
Palmer & QED Science  Elementary 60 Pretest-posttest gain 0.11
Nelson, (5" 6"M), (8) (Grades 3rd, 5th, 6th) in
2006 Middle (7", Northwest Evaluation
8™ & High Association (NWEA)
(9", 10™M) assessments
Rubin& RCT Science  Middle 30 Pretest-posttest gain 0.64
Norman, (3) (Treatment vs. Control 1)
1992 in Middle Grades, 0.12
Integrated Process Skill
Test (MIPT)
Pretest-posttest gain in
(Treatment vs. Control I1)
Group
Assessment of Logical
Thinking Test (GALT)
Saxe, QED Math Elementary 41 Average posttest results 1.63
Gearhart, (8) from study-specific
& Nasir, assessments
2001 (Conceptual Scale)
Scott, QED Science  Elementary 168 Pretest-posttest gain on 0.20
2005 (3% (8) lowa Test of Basic Skills
(ITBS)
Siegle & RCT Math Elementary 2 Cluster result on Math 0.20
McCoach (5™ (1 day) Achievement Test
,2007
Snippe, RCT Math High 14 Terra Nova -0.01
1992 (3 ACCUPLACER 0.20
days)  WorkKeys 0.06
Walsh- QED Math Elementary 12 Pretest-posttest gain PSG
Cavazos, (5™ (3days)  Achievement Assessment  0.26
1994
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When the two Meta analyses are compared, only two studies intersect: Carpenter et
al., (1989) and Saxe, et al., (2001). The rareness of coincidences is mostly because of
the selection criteria. While the average effect size (Cohen d) across the nine studies
of Yoon et al. (2007) was 0.54, that of studies of Blank and Alas (2009) was 0, 21.
What is significant in both studies is that the hypothesis "correct implementation of
PD can increase student achievement” has experimentally and Meta-analytically
been proved. "For good or ill" both studies show that there is a scarcity in the area of
experimental PD studies. So the conclusion is that experimental PD research is a

virgin area for researchers.
2.4 Teacher PD Programs in Turkey

In Turkey the PD programs are conducted under the name of "in-service teacher
training” and generally designed by Ministry of National Education. In-service
teacher training was started in 1960s in Turkey by the In-service Teacher Training
Department at the Ministry of National Education (Ateskan, 2008). Teacher PD
programs in Turkey are generally conducted as seminars and conferences arranged at
weekends, the end of the school days, or mostly during the summer holidays
(Koyalan, 2011). Further, theoretical information is presented in these seminars.
Teachers are compelled to participate to these programs and they generally listen
without active participation. Bagaran (1993) documented some of the major problems
of in-service education in Turkey as follows: activities are limited when compared to
great number of teaching staff in schools, the finance for activities is definitely not
enough, the participant teachers’ travel fees are not paid, there is no award or
diploma for teachers who successfully finished course, generally abstract information
is presented during the courses and it is insufficient for development of professional
skills. Yalin (2001) suggests the in-service training courses in Turkey to be planned
systematically and organized in detail, participants to be selected based on their
needs, effective learning environment to be provided and focus groups to be
determined, the subject area specialty of the instructor and the facilitating capacity of
the instructor to be taken into account. Ozer (2004) lists the problems in in-service
training courses as; organizational problems, the selection of teachers, the motivation
of teachers, and administrators’ negative attitudes towards in-Service training. It is

difficult to see an in-service training course regarding only one subject (Bagc1 &

43



Simsek, 2000; MEB, 2002). They are usually courses related to language, computer,
web and technology teaching (Tekin, 2004).

Even so, recently relatively longer and well organized PD programs can be seen
especially on the area of physics. The groups of physics teachers were congregate
under the control of experienced coaches and were trained by discussing the physics
science demonstrations and by conducting physics laboratory activities (Eryilmaz,
2012). However these were extra programs designed by a team who prepared the
2007 national physics curriculum and they designed the programs to help teachers to

comprehend the structure and the content of the curriculum.

Nevertheless, among European countries Turkey is the least that have designed PD
programs for teachers. The report prepared by a research team, from the University
of Twente, Netherlands, revealed that when countries are ranked in descending order
the percentage of teachers having had some PD in the 18 month (2007-2008) is the
least in Turkey (OOPEU, 2010). Moreover same report declares that most of types of
PD undertaken in Turkey are education conferences and seminars (%75). Whereas
courses and workshops was most in Austria (92%), Estonia (93%), Lithuania (96%)
and observation visits to other schools were most in Estonia (63%), Iceland (60%)
and Korea (67%).

As OOPEU (2010) remarks, until recently the PD programs are held in Turkey as
education conferences and seminars. Nevertheless, for the 2012 year nothing has
been changed (OYGGM, 2012). To have an idea about in-service courses in Turkey
following data were collected from the web page of OYGGM (2012) which is the
bureau responsible for improvement and education of teachers since 1989. Totally
562 different in-service training courses were planned to be conducted centrally or
locally all over the Turkey in 2012. However, 181 of them were cancelled. Of them
only one was related to physics which was planned for national physics Olympiads,
none were related to mathematics, biology and chemistry. The programs were
mostly conducted as seminars ranging from 2 day to 103 days. The average 70, 8
participants were subjected to an average duration of 10.5 days of training. However
16 of the courses were about English language and some of these courses lasted 96
and some of them lasted 103 days. When these long courses are excluded the

remaining was an average of 6.5 days and 72, 5 participants. 62 % of these courses
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were conducted during holidays. The content of the courses were changing from the
"course of educating mentally retarded students" to the "course of calibration of

biomedical devices".

Elementary school teachers’ perceptions of teacher development practices in Turkey
were studied by Seferoglu (1996). He selected a representative sample of 500
subjects from 52 schools in Ankara. Through a questionnaire he collected the data.
His results show that teachers know that collaboration is needed however there is less
interaction among teachers. Based on teachers’ views he concluded that economic

problems are the most important barrier preventing teachers’ professional growth.

The purpose of the study conducted by Tanriverdi and Giinel (2012) was to
determine the reasons of the teachers’ resistance to change. They conducted a
longitudinal research project that examined the effects of in-service training courses.
13 science and technology teachers participated to their study. These teachers
participated to 4 in-service training courses for their project. They conducted semi-
structured interviews with the teachers. During the interviews teachers’ beliefs about
learning and teaching and teachers’ thoughts about classroom practices were asked.
They determined the themes about the reasons for teachers’ resistance to change.
Several themes, such as teachers’ inability to practice, in some topics the lack of field
knowledge, classroom management problems and unavailability of materials were
emerged from their study. They concluded: in-service training courses of short term
and courses that do not include practices are not possible to change teachers'
pedagogical beliefs. For this reason, in-service training courses should be widen to
longer periods, and teachers should be given opportunities to reflect what they have
learned during the in-service training course and the in-service courses should be

supported by visiting teachers classroom to see teachers practices.

Tekin (2004) designed an in-service program to develop chemistry teachers’
knowledge, skills and perspectives about conceptual understanding and
contemporary methods of concept teaching. Moreover, she investigated its influence
in practice. Her sample was 37 chemistry teachers working at Trabzon and Akcaabat.
She used case study research methodology and, gathered the data with
questionnaires, interviews, observations, achievement test, researcher diary, and

document analysis. She initially conducted a need assessment, then she developed
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and designed an in-service program, she then implemented it and finally evaluated
the program. She used System Approach Model to prepare the course program. The
implementation phase of her study lasted ten working-days. She implemented the
course in four phases and in the order of presentation of theory, modeling,
application, discussion. Her findings showed that in-service course designed was
quite successful. She conducted five case studies to investigate the teachers’ use of
knowledge, skills, and perspectives in their classes. Her results showed that what
teachers learn in in-service courses is not directly carried to the classrooms, while
some teachers are able to apply and reflect sufficiently what were learned during the

in-service training courses others were not.

Kigiiksiileymanoglu (2006) examined and described the in-service training programs
for English language teachers in Turkey, during the 1998-2005 academic year. She
randomly selected 186 teachers and 5 instructors who participated in programs from
2003 to 2005 as sample. She collected data by means of interviews and
questionnaires. Her results indicated that the number and the content of the in-service
training programs for English language teachers were insufficient, the in-service
training programs should be practiced widely all over the country, all teachers should
take part in programs periodically, the courses should be practice-based, each school
should perform a needs analysis for its teachers and find out the necessary topics and
inform the Ministry of Education.

The aim of this study of Ateskan (2008) was to investigate science teachers’
perceptions about the online teacher PD program. She initially designed the online
PD program. Then she implemented the program with the participation of biology
teachers. The implementation lasted ten weeks. The online program consisted of
instructional activities such as reading case studies, self-reflection, forum
discussions, watching videos of a sample lesson, hands-on activity and WebQuest.
Her study was mainly qualitative. She collected data through pre- and post-
interviews, online questionnaire, observations and documentation that include
weekly assignments, forum discussions, e-mail correspondence, weekly e-journals,
detailed notes of phone calls and the researcher’s journal. Her findings demonstrated
that teachers were not satisfied with PD programs that they got before her online PD

program. Her participants found the earlier programs problematic in terms of because
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of the problems about content, process and organization connected with them. She
concluded that participants preferred online PD program, because of its flexibility
and versatility, sharing information among colleagues from different parts of the
country, and self-paced learning. Moreover teachers found some aspects of online
PD program problematic such as technical problems, not having face-to-face sessions
and the timing of the program.

Yigit (2008) developed and evaluated the effectiveness of an intensive in-Service
training course for primary school teachers in Trabzon. The course was about the
use of instructional technologies and material development and was given to teachers
for two weeks by the field experts that are university academicians. In the course
totally 80 hours of instructional activities were carried out. He applied a semi-
structured pre-questionnaire to teachers at the beginning of the course. He used this
questionnaire’s results to determine the final content of the course and method of
application. He collected quantitative data through a post-questionnaire and based on
the results he illustrated that there was a meaningful difference in between teachers'
pre-course expectations and after-course views. Moreover, he pointed out the
importance of carrying out needs assessments before conducting an in-service
course. Briefly, he conducted a needs analysis, applied a treatment to teachers
through a course and determined the attitudes and perceptions of primary school
teachers about the course with questionnaires.

The aim of the study carried out by Altuna and Gok, (2010) was to determine what
kind of an in-service teacher training program is ideal according to the teachers. In
order to expose teachers’ expectations from the in-service education a conjoint
questionnaire was prepared. They used quantitative research method for the data
collection, data analysis, and interpretation of the data. They found that, the training
should be held in seminars, should be held in the same province, the person who
gives the training should not be an expert from university instead should be a teacher
with PhD degree, should be a seminar in which teachers actively take part, the topic
of the training should be decided in accordance with interests of teachers or
participant teachers should decide the topic. Moreover, teachers perceived the
seminar times as a waste of time and teachers wanted to spend seminar time more

effectively, teachers did not believe that lecture type training was useful and
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adequate. Furthermore, they found that although male and female teachers agreed
with other and with general results, female teachers thought that the topic of the in-

service training should be determined by the Ministry of National Education.

To sum up, the literature review conducted by the current researcher showed that an
experimental study that is a PD study that searched the effect of a treatment given to
teachers and its subsequent effect on student achievement has not yet being
conducted in Turkey. This study is expected to be the first. Many research results
conducted in Turkey points out the effective characteristics of PD programs. For
instance, Kii¢iiksiileymanoglu, (2006), Tekin & Ayas, (2006), and Akar (2007) stated
it is crucial that in-service training programs be steady and continuous (sustained), so
that training can be beneficial. When in-service education programs are prepared
according to the needs and expectations of the participants (coherence) the success of
the program will be inevitable (Kii¢iiksiileymanoglu, 2006; Yigit, 2008; Altuna and
Gok, 2010). Yigit (2008) remarked that practical applications are more powerful than
any other practices, the meaningful differences in teachers development could be
related to more hands on activities (active participation) involved in the course.
Teachers prefer a method in which they actively take part, they don’t want lecture
type training and they don’t believe lecture type training is useful and adequate
(Ozen, 2004; Altuna and Gok, 2010). Despite the favourable results of all these
studies nevertheless almost nothing has been changed about teacher PD in our
country. Finally, it is 2014™ year and Turkey still does not have an effective PD

program for teachers.
2. 5 Modern Physics (special relativity)

In this study, the effect of the "teachers teaching teachers” PD on teachers’
knowledge and on student achievement was searched through the modern physics
unit. That’s why some examples of studies related to modern physic (special
relativity) will be informative. However, when the physics education literature was
examined, it was observed that until today the number of studies done about
students’ understanding of relativity is quite small in number and their focus is
mostly on Galilean relativity (Selguk, 2010). Previous studies about theory of special
relativity are not very numerous and they showed that students fail in defining and

using the concepts of theory and thus confuse most of its concepts (Hewson, 1982;
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Scherr, 2007; Villani and Pacca 1987). The results of the examples listed below
supports these findings.

First, Hosson, Kermen and Parizot (2010) in their study aimed at exploring
prospective physics teachers’ reasoning associated with the concepts of reference
frame, time and event which form the framework of the classical kinematics and that
of the relativistic kinematics. The research was conducted in France and 94
prospective physics teachers were surveyed by means of a questionnaire. The
students responded to eight multiple choice questions including a request for
justification. Their results showed that students show a deep lack of understanding of

both concepts of reference frame and event.

Second, the aim of the study conducted by Dimitriadi and Halkia (2012) was to
investigate students’ learning processes towards the two axioms of the theory of
special relativity (the principle of relativity and the invariance of the speed of light)
and the consequences of the two axioms. They developed a teaching and learning
sequence consisting of five sessions after analysing the physics college textbooks,
reviewing the relevant bibliography and conducting a pilot study. To collect the data
they used experimental interviews. Their sample consisted of 40 10" grade students.
They collected the data by interviews, as well as by two open-ended questionnaires
filled out by each student, one before and the other after teaching theory of special
relativity. Their results showed that upper secondary education students were able to
cope with the basic ideas of the theory of special relativity, however they found that
the conceptions; (a) there is an absolute frame of reference, (b) objects have fixed
properties and (c) the way events happen is independent of what the observers

perceive were difficult for students to understand.

Third, Selguk (2010) investigated the pre-service teachers’ understanding of and
difficulties with some core concepts in the special theory of relativity. The 185
participants were from the Departments of Physics Education and Elementary
Science Education at Dokuz Eylul University. She used both quantitative and
gualitative research methods in her study. She applied a paper-and-pencil
questionnaire including four questions and conducted in-depth interviews with the
participant teachers after the instruction of related modern physics topics. Pre-service

teachers’ understanding of and difficulties with core elements of special relativity
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such as time, length, mass and density were tested. Teachers’ specific and
considerable difficulties with proper time, time dilation, proper length, mass and
relativistic density concepts were among the results of her study. After examining the
related literature she summarized that no matter from which academic level (i.e. from
secondary to university) the students are obviously have difficulties in understanding
and comprehending special relativity subjects.

A Dbrief search of the literature revealed that the number of publication on modern
physics (special relativity) is limited. Moreover due to counterintuitive nature of the
concepts students find it hard to learn and to understand the deep implications of the
theory. Further, no studies about modern physics that was related to teacher PD were
found.

2.6 Summary of the Literature Review

The literature of PD reviewed in this chapter can be summarized as the following:

e Among the main factors that affect the quality of education, the teachers have a
special importance. Shortly, teachers are sine quo non for education, without
them it is difficult for learning to take place (Darling-Hammond, 1999;
Goldberg, 2000; Tekin & Ayas, 2005). High-quality teachers are the key to
improved student learning (Dori & Herscovitz, 2005; Fullan, 1996; Guskey,
2003; Wei et al., 2009).

e Practice of PD is a process of design and especially in science is itself inherently
complex, consisting as it does of a number of interrelated components (Hewson,
2007; Thompson, 2008).

e Due to the ineffectiveness of traditional PD programs, teachers do not carry their
gained practices to their classes (Hessee, 2011; Joyce & Showers, 1988;
Murphy, 2002). For teachers to be affective in their classrooms they have to
possess deep understanding of the subject matter and pedagogy. Increasing the
quality and the performance of the schools is directly related to improving the
teacher effectiveness in the classroom (Blank & Alas, 2009).

e The characteristics of effective PD that have the potential of increasing teacher
knowledge and skills and improving their practice, and which accordingly
increase student achievement are a) content and pedagogy focus, (b) active

learning, (c) coherence, (d) duration, and (e) collective participation (Abdal-
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Haqgq,1995; Corcoran, 1995; Guskey, 1995; Hawley & Vall, 1999; Little, 1993-
1998; Loucks-Horsley, Stiles, & Hewson,1996; Loucks-Horsley et al., 2003).

e Any PD program focused on the content has the most influential feature of
teacher learning. Accordingly having adequate SMK helps teachers to feel free
and to motivate students (Corcoran,1995; Desimone, 2000; Korur, 2008;
Loucks-Horsley, 1995).

e Any study that looks at the effect of PD on student success is accepted as
experimental study. Moreover, experimental study on teacher PD is a virgin area
for researchers. Especially the subsequent effect of PD on student achievement
has been studied by only 23 studies (Blank & Alas, 2009; Yoon et al., 2007).

e The PD in Turkey is usually conducted under the in-service training courses.
The PD in these courses is reported as ineffective (Ateskan, 2008; Seferoglu,
1996; Tekin, 2004). Recently, several individual effective programs have been
conducted (Eryilmaz, 2012; Tanriverdi & Giinel, 2012).

e The special relativity concepts are so counterintuitive and contradicting with our
daily understanding of space and time that physics students find it hard to learn
relativity (Hewson, 1982; Scherr, 2007; Villani & Pacca 1987; Hosson, Kermen
& Parizot 2010; Selguk, 2010).

Based on the results of the literature review it can be said that teachers are one of the
most important factor which is responsible for either students’ success or failure.
Thus, increasing their quality and skills through PD programs/courses is of great
importance. Relatedly, there is an explicit lack of experimental study in the area of
teacher PD. More studies are required to improve this area and accordingly to lead to
working PD programs. Further, two of the reasons why there are so little
experimental PD studies are that they are inherently complex and designing PD
programs require great effort. Thus, there is not a feasible design that attracts
researchers to start to make search in this area without fear. What is more, the
literature has specified the features of effective PD programs, however there are not
any studies that possess all or most of the effective characteristics of PD programs.
Especially studies that focus on the content of PD program and accordingly increase
teachers SMK are desired. Additionally, although the collaboration of teachers have
been studied widely few studied were found that have adapted the collaboration to

experimental PD programs. Furthermore, in Turkey an experimental study in the area
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of teacher PD which subsequently looks at the effect of program on student
achievement has not yet being conducted. Finally, among the 23 known experimental
studies none has physics related content. Similarly, none is related to modern physics

(special relativity) at tenth grade level.
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CHAPTER 3

METHOD

In this chapter; population and sample of the study, variables, instruments, research
design, procedure, implementation of treatments, researcher role, treatment fidelity,
treatment verification, analysis of data, power analysis, assumptions and limitations,

ethical issues, and time and budget are discussed.
3. 1. Population and Sample

The target population of the study is all tenth grade students from Anatolian high
schools in Yenimahalle, Mamak, and Altindag districts of Ankara. The accessible
population is all tenth grade students from Anatolian high schools located at
Demetevler quarter of Yenimahalle district and city centres of Mamak and Altindag
districts of Ankara. The selection and the characteristics of all participants, namely
that of teachers and students are given in Sections 3.1.1 and 3.1.2. The schools in the

target and accessible populations of the study are summarized in Table 3.1.
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Table 3.1 The schools and their representativeness

District # of Anatolian # of Anatolian high  # of Anatolian Accessible
high schools schools (Accessible high schools Population
(Target Population) (This study) (%)
Yenimahalle 21 9 3 33
Mamak 16 10 1 10
Altindag 12 5 2 40
Total 49 24 6 25

The representativeness of the sample is ensured through Table 3.1. There are 49
Anatolian high schools in Yenimahalle, Mamak and Altindag districts of Ankara,
Turkey. There are 24 Anatolia schools in the accessible population and only six of
them were convenient to be included in the present study (Table 3.2). Thus, 25 % of

the schools of the accesible population are participating to this study.

The focus of this study was the effect a physics professional development (PD)
course has on teacher knowledge and their student achievement. Therefore the
sample of the study was consisting of both teachers and their students. The selection
of students was completely depending on the selection of their teachers. Teacher
participants of the study were selected on the volunteer bases. Besides, the purpose
of the study also affected the sample selection. That’s why combination of both
convenience and purposive sampling procedures were utilized to generate a sample
that data were collected for both the quantitative and qualitative portions of this
study. A convenience sampling is a group of individuals who are available for study
and a purposive sampling is based on previous knowledge of a population and the
specific purpose of the research (Fraenkel & Wallen, 1996). Both sampling
procedures were applied as follows: teachers were selected based on their availability
to attend to the "teachers teaching teachers” (TTT) course, their availability for five
weeks of training, as well as their interest in receiving the benefits of the course for
their subject matter knowledge (SMK) related PD (convenience sampling). Secondly,
the sample of the study was chosen (purposive sampling) from those teachers who

accepted the conditions and requirements of the study stated in the next section.
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Table 3.2 The sample of the study

Treatment Placebo
Experiment Control Pre Post
School # Type of School Class Size  Class Size Class Size Class Size

1 Public Anatolian - - 29 30
2 Private Anatolian - - 22 21
3 Public Anatolian 18 30 - -
4 Public Anatolian 30 29 - -
5 Public Anatolian 31 31 - -
6 Vocational Anatolian 25 35 - -

Total 104 125 51 51

The first two schools in Table 3.2 are the placebo group students’ schools. The

characteristics of teachers and students are given in Sections 3.1.1 and 3.1.2.
3.1.1 Selection and Characteristics of Teachers

Two procedures were followed in finding the candidates of the teacher participants
of the study: Applying needs analysis survey (NAS) by visiting schools and using
friendship groups. To minimize the transportation problems and ensure easy
congregation, the teachers at schools that are closer to each other were prioritized. In
order to find teacher participants of the 35 schools in Yenimahalle district of Ankara
26 schools were visited by the researcher. Thus, in order to determine the sample of
the study approximately 74 % of teachers in Demetevler and Batikent quarters of
Yenimahalle district of Ankara were visited at their schools. The school visiting and
calling results are summarized in Appendix B. As seen from this appendix, 12

teachers accepted to participate to current study.
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During the visits unstructured interviews were conducted with teachers and NAS was
applied to teachers who accepted to fill out it. The aim of the study, the requirements
of the study, the necessities and the features of the treatment that would be given to
them were clearly explained. The advantages of participating to study, especially,
gaining the competency of teaching the modern physics unit (MPU) was explained in
detail. Nevertheless, most of the interviewed teachers complained about the "time",
some of them only replied to NAS and refused to participate to the study. Some
schools were visited twice and some of unavailable teachers were interviewed

through phone calling.

Second procedure in selecting teachers was searching friendship groups. During the
school visits, the teachers were asked to invite their friends. In this way, two teachers
were found. Moreover, two of the researcher’s friends also participated in the study
and one of them found three more teachers. Thus, seven teachers were found through

friendship groups.

Totally 19 teachers were initially determined to participate to the teachers teaching
teachers (TTT) PD course, however, two of them never participated to course and 17
of them participated in different percentages. Among these 17 teachers six of them
composed the implementation group (placebo +treatment) of the study. The entire
implementation group teacher participants involved in this study were employed in
one of the six high schools in Ankara as a full-time teacher. Participants in the study
were regular classroom teachers who teach physics at tenth-grade level in one or

more classrooms.

To increase the participation rate of the sample and conduct the study safely; (a) the
TTT courses took place in a school near city centre of Yenimahalle, (b) were start by
eating dinner altogether, (c) tea and coffee were free for drinking during the sections,
(d) teachers’ road fee was offered to be paid, however none of them accepted and
they all paid by themselves (e) some course materials such as books and USB’s that
include smart board applications were donated both during class observations and
during the TTT courses, (f) the course hours were arranged so that it was appropriate
to all participating teachers, (g) the teachers who accepted to participate to the study
was reinforced by emails. Namely, some useful materials about physics topics were

sent to them via email. For example, the researcher sent the pdf version of some
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useful books to them, (h) the course hour and the school of congregation was
determined according to needs analysis results, (i) to provide extra cooperation and
collaboration between teachers, a mail group was constructed to maintain the

participant teachers’ communication.

The teacher participants of the study were determined (purposive sampling) on the
following guidelines: Firstly, in order to maximize the collaboration and cooperation
and to increase the variety of the sample, teachers from various types of schools such
as science, private and vocational high schools were included into the study.
Secondly, since this is a PD program that aims to maximize the collaboration and
cooperation of teachers, the research focused on teachers having various experiences.
For instance, novice teachers, teachers of 20 or more years of experience in
classroom, teachers who have master or PhD degree and teacher who have prepared
students for national and international physics project contests were tried to be
included into the study. Thirdly, teachers who accept the following additional terms
and conditions were selected: (a) accept video capturing during the lesson (b) accept
the attending of the researcher to their lessons to make class observations (c) accept
the achievement test to be applied to both her/him and her/his students (d) accept to
teach the modern physics unit (MPU) earlier in one of her/his classes (e) promise to
finish the first semester’s units on time and do not leave any topics to the second

semester.

The selected teachers were divided in to four groups. The distribution of all
participant teachers to groups is shown in Figure 3.1 The groups in the larger circles

comprise the groups in the smaller circles.
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TTT group

(17 teachers) Dlacebo
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Treatment
group
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Figure 3.1 The distribution of all participant teachers to groups

As seen from Figure 3.1, the selected teachers were categorized into five groups.
Teachers those participated in one or more TTT courses constituted the TTT group
(17 teachers). Of them two teachers were assigned to placebo group. They never
participated to the main course. This group was constituted to control the effect of
pre-teaching. On the other hand, of the remaining 15 teachers, data were collected
over only 12 of them and they constituted the data collection group. As seen from
Table 3.3, teachers who attended less than 80% to the main course (Teacher-13-14-
15-16) were not included into data collection group. Even though Teacher-17 in
Table 3.3 participated 80 % of the TTT courses since she was not a school teacher
(she was teaching only in university preparation course) she is not included into data
collection group. Further, four teachers from this group were selected to constitute
the treatment group. The treatment group was designed to see the effect of TTT PD
course. Along with the placebo group teachers these are the teachers who accepted
the requirements of the study. For instance, they accepted to teach MPU earlier in
one of their classes and teach again to their other class after two months. Moreover,
these are the teachers whose classes observed and whose students were pre- and post-
tested; shortly this is the treatment group over which the inferential statistics was
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conducted (data were gathered from their students). Table 3.3 is designed to
represent the attendance and the teachers’ groups.

Table 3.3 The teachers’ groups and their attendance to the courses

Attendance  Attendance %
Teacher Type of Group (Main (Adaptation  attendance
school course)* meeting)** (Main
course)

Teacher-1 Public Placebo 0 1 0
Teacher-2 Private Placebo 0 2 0
Teacher-3 Public Treatment 5 2 100
Teacher-4 Public Treatment 5 0 100
Teacher-5 Public Treatment 5 2 100
Teacher-6 Public Treatment 5 2 100
Teacher-7 Public Data collection 5 1 100
Teacher-8 Private Data collection 4 2 80
Teacher-9 Private Data collection 4 0 80
Teacher-10 Public Data collection 5 2 100
Teacher-11 Public Data collection 4 2 80
Teacher-12 Public Data collection 4 0 80
Teacher-13 Public TTT™ 2 0 40
Teacher-14 Public TTT 0 2 0
Teacher-15 Public TTT 1 0 20
Teacher-16 Public TTT 1 0 20
Teacher-17  Private course  TTT 4 2 80

* Main course lasted 5 weeks, ** Adaptation meetings lasted 2 weeks, *** Except the placebo group,
the below groups in this table comprise the upper groups.

As seen from Table 3.3 the treatment group teachers (Teacher-3-4-5-6) 100% and

placebo group teachers (Teacher-1-2) never participated to TTT PD courses. Since
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the effect of TTT PD course was investigated through the treatment group, the 100%
attendance was a must for treatment and 0% was a must for placebo groups. In other
words, in order to see the effect of TTT PD, four teachers had to participate to the
designed courses and two of them had to make the placebo group and they hadn’t to
participate to the designed courses. Teachers’ attendance to TTT PD courses partially
affected the formation of these two groups.

The experiences of the treatment and the placebo group teachers were used as a
covariate. Table 3.4 was developed to represent the experiences of the teachers. The
dimensions of teachers’ experiences (TE) were determined according to the total
years of teaching, the type of school they work in, experience in teaching tenth-grade
MPU, preparing students for national project competitions or for national physics
Olympiads, writing physics books, and giving private lessons or working in
university preparation courses at the weekend. The total score for each teacher was
calculated and that score demonstrated the experience of the teacher. The TE was
used for equating the groups by covariate analysis. The importance of dimensions
was taken into consideration and scoring was based on the relative importance of
each dimension. (See the end of Table 3.4). The scores of each dimension of the data
collection group teachers’ experiences are given in Table 3.4. In all analysis of this
study, only the TE of treatment and that of placebo groups were used. However, for
having an idea about all teachers the TE of data collection group is presented in
Table 3.4.
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Table 3.4 Data collection group teachers’ experiences

Teacher °Total "Type  “Physics “Master °Teaching 'Writting °Extra Total
years of of Projects orPhD 10™grade physics works experiences
teaching school Olympiads degree MPU books

T-1 4 1 0 0 2 0 2 9
T-2 1 2 0 0 2 0 2 7
T-3 2 1 0 2 2 2 2 11
T-4 3 1 0 0 1 0 2 7
T-5 3 1 0 0 3 0 2 9
T-6 4 1 0 0 1 0 0 6
T-7 4 1 0 2 0 0 0 7
T-8 4 2 0 2 3 2 0 13
T-9 3 2 0 2 3 0 0 10
T-10 3 1 0 2 2 0 2 10
T-11 5 1 0 0 3 0 0 9
T-12 3 1 0 2 3 0 2 11

%0-5 years=1, 6-10 years=2, 11-15 years=3, 16-20 years=4, 21-25 years=>5, over 25 years=6
®Public =1, Private = Science =2

Preparing students for national project competitions = Preparing students for national physics
Olympiads = 2, no experience in this dimension =0

Competent Teacher = Master degree or master student =2, PhD degree or PhD student=3, Regular
teacher=0

*Teaching tenth grade MPU each year is 1 point, starting to teach tenth grade MPU this year is 0 point.
"Writting each physics book is 2 points, if no physics book is written 0 point.
9Giving private lessons = working in university preparation courses at the weekend =2, Giving private

lessons and at the same time working in university preparation courses at the weekend is 4 point, no
extra work is 0 point.

Through Table 3.4, the TE variable has been changed to a continuous variable. As
seen from this table, the participant teachers’ experiences are ranged between six and

13. These experiences effected the formation of the placebo and treatment groups.
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Of the 17 teachers, data were collected over 12 of them. These 12 teachers
participated in the TTT PD courses in different percentages and eventually they all
evaluated the course. Namely TTT evaluation form was filled out by these 12
teachers. Among the 12 data collection group teachers, six of them were selected for
implementation group. The criteria for selection of implementation group teachers
are as follows: First of all, teachers who have at least two equivalent tenth-grade
classes were given priority. For treatment group, one of these classes became control
group and the other one became experimental group; for placebo group, one of these
classes became placebo pre and the other one became placebo post group. Second,
teachers who allowed their classes to be observed, to be pre- and post-tested and who

accepted the video recording of their lessons were added to this group.

On the other hand, even though, six teachers were enough to conduct the study it
started with 17 teachers who teach tenth grades. Because of the possibility of losing
some subjects, the researcher initially decided to start with a high number of
participants. Since the participant teachers should be observed in their classes, in the
case of more than six teachers it would be difficult for the researcher to organize
class observations. Moreover, power analysis (see Section 3.10) results required
80.67 subjects for each groups of the study. Since there are two groups (control and
experimental) for the specified power, totally 161 students were required. This
number of students was safely supplied with the participation of the four teachers of
treatment group. Meanwhile, of the six teachers, two of them constituted the placebo
group. Since no research questions were identified, initial power analysis was not

conducted for placebo group.
3.1.2. Selection and Characteristics of Students

The participant students were chosen among the implementation group teachers’
classes. It should not be forgotten that teachers who had at least two classes of equal
academic achievement were assigned to the implementation group. For instance, if
one of the participant teacher had four tenth grade classes and if let’s say three of
them were equal in academic achievement one of these classes was randomly
determined to be control group and was taught the MPU earlier. One of the other two
classes was determined to be experimental group and they were taught the same unit

after the TTT PD course. The equality of the classes was determined on the
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declaration of the teachers. The implementation group teachers and their classes are
tabulated in Table 3.5.

Table 3.5 Implementation group teachers and their classes

Teacher Group # of students  # of students in Weekly # of classes
in control experimental course this semester
group group hours
Teacher-1 Placebo 29 30 2 3
Teacher-2 Placebo 22 21 3 5
Teacher-3 Treatment 18 30 2 2
Teacher-4 Treatment 30 29 3 2
Teacher-5 Treatment 31 31 2 3
Teacher-6 Treatment 25 35 2 2

Of the 12 teachers, six of them constituted the implementation group and each of
their two classes was pre- and post-tested. Thus, as seen in Table 3.5, 12 classes and
totally 331 students were planned to be pre- and post-tested. The implementation
group teachers were divided into placebo and treatment groups. Thus, there were
four treatment group teachers (Teacher-3-4-5-6) and 8 treatment group classes.
Treatment group teachers taught to four of their classes (control groups) before the
TTT PD course (104 students) and taught to their other 4 classes (experimental
groups) after (during) the TTT PD course (125 students). Thus the number of
subjects in control groups and experimental groups are more than the sample
determined according to power analysis results (see Section 3.10). Moreover, the
ages of students ranged from 15 to 17 and they were all at 10" grade.

3. 2. Variables

The treatment variable of the study was TTT PD course. Independent variables of the
study are pre-test scores of students on MPU multiple choice achievement test (pre-
MPUAT-S), scores of teachers on MPU open-ended achievement test (MPUAT-T ),

teacher experience (TE) and students’ first term physics course grades (PCG).
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Treatment variable indicates group membership which has two levels: teaching
before TTT PD course, and teaching after TTT PD course. TE was determined
through Table 3.4. Pre-MPUAT-S, MPUAT-T, TE and PCG independent variables
were planned to be used as covariate in order to ensure equality between control and
experimental group students. Some characteristics of the independent variables are
shown in Table 3.6. Dependent variable of the study is the post-test scores of
students on MPU achievement test (post-MPUAT-S). Some characteristics of the

dependent variable are also presented in Table 3.6.

Table 3.6 Variables used in the study

Name of variable Dependent (DV) / Continuous/Categorical Scale
Independent (V)

Treatment Variable v Categorical Nominal
PCG v Categorical Ordinal
TE v Continuous Interval
Pre-MPUAT-S v Continuous Interval
Post-MPUAT-S DV Continuous Interval

3. 3. Instruments

The measuring tools used in this study are needs analysis survey (NAS), tenth grade
MPU achievement test for the students (MPUAT-S), tenth grade MPU achievement
test for the teachers (MPUAT-T), classroom observation form (COF), treatment
observation checklist (TOC), treatment fidelity checklist (TFC), and the TTT PD
course evaluation form (TTTEF). Details of these instruments are discussed in the
following sub-sections.

3. 3. 1 Needs Analysis Survey

Although the TTT model of PD has a certain structure; some aspects of the design of
the course had to be proper to the participating teachers’ needs. In designing a

feasible course for teachers, their opinions were of great importance. That’s why a
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needs analysis survey (NAS) was developed and conducted. The aim of the survey
was (a) to determine the nominees, (b) to regulate the organization of the course, and
(c) to get opinions of the teachers about the content of the topic (that is, MPU) that
would be emphasized during the TTT PD course.

There were three main sections in this survey. In the first section, the teachers were
asked for personal information such as gender and school they work in. These
questions were asked to identify the relationship between teachers' personal
information, and the results of in-service training program and class observations,
more specifically that of TTT PD course. The second section was devoted to
identifying the experience of the teachers. The third section included questions about
content of the tenth grade MPU. These questions were asked to maximize the
efficiency of the course and to determine the points of the content of the unit that

would be emphasized.

The questions of the NAS were mostly written by the researcher. By taking the aim
of the NAS into account the researcher developed the rough form of the survey. The
supervisor of the study revised this version and made some suggestions. The
researcher than made some modifications and together with the supervisor they
evaluated the changes once more. Then, the supervisor offered some more
modifications and advised looking at the similar NAS developed by Oktay (2013) for
her dissertation. The researcher worked on the rough version of the NAS once more
and he made some more changes. He took the table presented in Question Bl
(Appendix C) from Oktay’s (2013) needs analysis survey. Together with the
supervisor the last changes were analysed and the initial form of the NAS was
prepared (Appendix C). Once the initial version of the NAS was ready the researcher
developed an expert checklist. This checklist was also revised by the supervisor. He
recommended some changes and the final version of the checklist (Appendix D) was

prepared by taking these recommendations into account.

The NAS and the expert checklist for developing the needs analysis survey were
sent to 20 experts via electronic mail. They were asked to fill out the expert checklist
and seven of them were replied. According to the suggestions of the experts
necessary corrections were made on the survey. In order to see all changes, the initial

and final versions presented in Appendix C and Appendix E can be compared. For
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instance, in Question B5 (see Appendix C) the difficulties that teachers encounter in
teaching tenth grade MPU were listed. One of the experts suggested asking to
teachers to score these difficulties in terms of their importance. This suggestion was
carried out and teachers were asked to score these difficulties between 1 and 8.
Moreover, in Question C1 (see Appendix C) the teachers were asked to tick up the
activities that are listed to be conducted during the course. An expert suggested that
some of the teachers may need the assessment techniques specific to MPU. This
suggestion was added to the survey form. On the other hand, one of the experts
replied that the table presented in Question B1 (see Appendix C) does not have
enough space for teachers to write their opinions in and she suggested redesigning
the table. Since instead of writing their opinion in the cells, teachers were supposed

to choose a choice listed below the table, this suggestion was overlooked.

The final form of the NAS was applied to 21 teachers. The application was done
either via email or during school visits. The data collected through this instrument
was used in determining the experiences of teachers, deciding the place and time of
meetings, picking up volunteer teachers, relating the findings of the study to the
personal information of the participant teachers and deciding about some of the

activities to take place during the TTT PD course.
3.3.2 Achievement Test-Students

In order to measure students’ academic achievement in tenth grade MPU, an
achievement test was developed by the researcher. Before starting construction of the
test, objectives of the unit, which were determined and declared by the Ministry of
Education, were examined (see Appendix A). A table of test specification (Appendix
F) that represents the content of the tenth grade MPU was prepared. Five objectives
are specified for this unit in the curriculum. However, since one objective (Appendix
A- 5™ objective) is not taught in schools which have weekly two physics course
hours, this objective was not represented by any questions. However, this objective
was held in the TTT PD course to complete the tenth grade MPU in the course. The
weight of each objective was determined according to the time allocated to teach
each of them (see Appendix F). Further, the questions’ difficulty level was
determined according to the specifications of the curriculum and thereby was

determined according to Bloom’s revised taxonomy (Krathwohl, 2002).
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In developing the achievement test, following issues were taken into consideration.
First, one lecture hour is 40 minutes in high schools and the test must be finished in a
class hour. Second, the curriculum requires context based questions. Third, context
based questions generally have long stems and this property usually bore students.
On the other hand, finding or writing questions on tenth grade MPU is a little bit
troublesome. This unit has been added to the curriculum since 2008 and textbooks
published by various companies do not include desired questions that reflect the aim
and the requirements of the curriculum. That’s why except two, all 32 questions on

the final version of the MPUAT were written by the researcher.

The development phase of the achievement test approximately took three months.
Initially, two successive rough versions of the achievement test (Appendix G and
Appendix H) were prepared by the researcher, then the first version (Appendix I)
was developed by the researcher and the supervisor. Afterwards, the first version was
checked by the experts and upon their requests second version was (Appendix J)
generated, then the validity of the second version was confirmed by the second
expert review process and finally, the final version (Appendix K) constituted after

item analysis.

At the very beginning, the researcher prepared the first rough version of the
achievement test. He prepared 26 questions by referencing the tenth grade physics
course books. The researcher and the supervisor of the study discussed all questions
one by one. However, questions (see Appendix G) that were problematic in terms of
objectives (5, 12, 13, 15, 20) were removed, that were not comprehensible (1, 2, 4, 7,
9, 10, 11, 14, 19, 23) were revised and that included conceptual errors (3, 16, 18, 21,
22, 25) also were removed. Thus, 11 questions were deleted from the first rough
version of the achievement test. The supervisor recommended to examine books such
as Conceptual physics (Hewitt, 2006), The Physics for Everyday Phenomena
(Griffith, 2001) and Physics for Scientist and Engineers (Serway, 2004). The
researcher than read the tenth grade MPU related topics from these books and he
prepared a second rough (15 questions were from the previous version) test
consisting 30 questions. None of the added questions were directly taken from the
books. They all were written by the researcher after studying the related chapters

from the aforementioned books. The researcher and the supervisor of the study
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again did long discussion on almost all questions to prepare the first version of the
achievement test. They revised some questions (2, 10, 12, 14 and 19), changed the
structure of some questions (3, 5, 8 and 18) and removed some questions (4, 6, 11,
16, 21, 24, 25, 27 and 29) from the second rough version (Appendix H). Then, they
added some new multiple choice questions (5, 15, 19, 21, 23, 27), added some new
true-false (28, 29, 30, 31, 32, 33 and 34) questions, added one matching question
(35) (Appendix I) and finally they generated the first version of the achievement test.

To ensure face and content validity expert views were asked from four experienced
teachers that were serviced full-time in private high schools. Moreover, expert views
of four research assistants in the department of Secondary Science and Mathematics
Education at METU were taken. Furthermore, the views of two physics course book
writers of a special company were also taken. Together with the achievement test, (1)
the tenth grade modern physics unit curriculum, (2) the table of test specification,
and (3) the expert opinion form for 10" grade modern physics test (See Appendix L)
were sent to all these experts.

Upon the request of experts major modifications made in the first version of
MPUAT-S. Some of the questions (1, 2, 3, 13, 14, 17, 20, 25, 27, 28, 29, 30, 31, 32,
33) were removed and replaced with new questions. The reason for removing so
many questions was not that they were wrong questions; upon the request of experts
they were replaced with true-false and matching questions. Actually most of these
questions changed their structure from multiple choices to true-false, matching or
open ended. Moreover, distractors of some questions were revised (4, 6, 7) and some
of the questions (10, 12, 15, 22, 26) were reworded upon the request of the experts.
Two questions (8, 11) were declared by the experts that they were not related to the
objectives of the tenth grade MPU, that’s why they were replaced with new
questions. Moreover, 34™ question was a matching question it was both reworded
and its structure was redesigned. Furthermore, upon their requests a sixth distractor
(I don’t know the answer) was added to all questions. Thus, the initial extensive

expert views leaded to major revision in the first version of MPUAT-S.

After the expert views, since too many changes were made on the first version of
MPUAT-S, one more expert view became necessary for the second version. The

second version of the MPUAT-S was examined by four experts, three of which were

68



the same experts who examined the first version of MPUT-S and one was a new
expert. Except some minor changes all experts were agreed on the face and content
validity of the second version of the MPUAT-S. Additionally they were asked to
generate an answer key for MPUAT-S questions. The answer key generated by these
experts was same as that of the researcher. Thus, the validity of the second version
of MPUAT-S was confirmed by the experts and thus the achievement test was
developed after two stage expert view process. After the final revision, the second
version of the MPUAT-S (See Appendix J) had 32 items: 6 true-false, 6 matching, 18
multiple-choice, and 2 open-ended items.

Prior to pilot study of second version of MPUAT-S, two students at different
achievement levels in physics read the questions loudly. The researcher listened to
the students and tried to catch the points where students have difficulties in
understanding. However, the researcher didn’t saw any problems; moreover, the
students didn’t report any misunderstandings. These two students were from a
private school and they were at 12" and 11™ grades. The former was a high achiever
and the later was a normal student. Both were taught MPU previously. Each of these

practices lasted approximately 45 minutes.

As a pilot study, the MPUAT-S (second version) was administered to 42 11" and
12™ grade students from a private high science school in Ankara. These are the
students who have learned the MPU in 10" grade and among them the 12" grade
students have re-taught this unit in university preparation courses. There were several
reasons to choose such a school and the combination of 11"-12" grade students for
pilot study. First of all, the test had to be applied to a sample which already has
mastered MPU. However, there weren’t such a sample. Secondly, since MPU was
newly added to the curriculum many teachers had superficially taught this unit.
However, private schools relatively teach better and educate their teachers in the case
of any changes of curriculum. Thirdly, MPU is not interrelated to remaining 10"
grade and 11" grade units, that’s why students who participated to the pilot study
didn’t find any chance to repeat at least some of the concepts of this unit. Fourthly,

the science high schools generally consist of students at high achievement level.

Item difficulty and item discrimination were conducted with data gathered from these

students. Table 3.7 shows the item analysis results.
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Table 3.7 Item analysis results of the MPUAT-S for pilot study

Item # Difficulty  Discrimination | Item # Difficulty  Discrimination
1 0.78 0.27 17 0.31 0.55
2 0.5 -0.1 18 0.37 0.45
3 0.31 0.45 19 0.33 0.27
4 0.64 0.36 20 0.48 0.73
5 0.55 0.64 21 0.24 0.09
6 0.48 0.09 22 0.52 0.73
7 0.56 0 23 0.26 0.27
8 0.83 0 24 0.43 0.64
9 0.4 0.45 25 0.81 0.27
10 0.62 0.36 26 0.48 0.45
11 0.64 0.18 27 0.88 0.18
12 0.76 0.09 28 0.27 0.55
13 0.26 0.36 29 0.18 0.18
14 0.12 0.09 30 0.81 -0.3
15 0.76 0.45 31 Not enough correct answers were
given to these two open ended
16 0.54 0.09 32 questions
# of Items 30 Variance 0.79 Kurtosis -0.29
# of Examinees 42 Std. Dev. 4.56 Alpha 0.72
Mean 14.98 Skew 0.35 Mean item difficulty 0.50

Mean item discrimination .30

*Bold are the questions having improper item discrimination indices. In other word those have indices
smaller than 0.19.

It can be seen from Table 3.7 that the item discrimination indices of items are in the
range of -0.30 to 0.73. The items that have values under 0.19 should be removed or

completely revised. Moreover, the items that have values between 0.20 and 0.29 can
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be checked for modification (Crocker & Algina, 1986, p. 315). Table 3.7 indicates
that items 2, 6, 7, 8, 11, 12, 14, 16, 21, 27, 29 and 30 should be removed or
completely revised and items 1, 19, 23 and 25 can be modified. Since removing so
many items would affect the validity of the test, the item correction or reformation
was postponed to the data gathered from the post test scores of the experimental
group. Moreover, the average item difficulty for test items was 0.50 and the internal
reliability coefficients for the test were found as 0.72. Except the changes made on
the distractors of 13 questions, the MPUAT-S was not revised with respect to the

results of the pilot study.

Since none of the students correctly answered the two open ended questions (31% and
32" items) they were not included into item analysis. According to these analyses, a
total of 12 questions (Table 3.7) were problematic in terms of item discrimination
they were considered to be removed from the test. However, because of several
reasons all items kept their places in the test. Firstly, average score on the test was
medium (an average of 15 correct answers), that’s why it was taught that the selected
sample might not be favourable. Secondly, the number of questions was appropriate;
during the application of the test it was seen that students could easily find enough
time to answer all questions, that’s why there were no need to decrease the number
of items. Thirdly, a sample, who has just learnt MPU, could give more accurate
results. Due to all these reasons the items that were going to be removed was
postponed. However, distractor analysis was performed on the data gathered from
this sample. According to item analysis conducted via ITEMAN program, some mild
to moderate modifications, based on alternative statistics, were made on the choices
of 13 questions of second version of MPUAT-S.

In questions (Appendix J) 13, 15, 17, 18, 19, 23, 25, 26 and 28, since one distracter
of each were selected with a low rate, the alternatives were rearranged. In question
22, since one distracter was selected with a low rate the figure of this distracter were
redrawn. In question 14 and 21 since one distracter of each were selected with a high
rate it was replaced with a new alternative. In question 30, two distracters were
selected with a low rate. The alternatives of this question were revised. Thus, the
final version (Appendix K) of the MPUAT-S was constituted. Except two (23" and
27" questions), all other questions were written by the researcher.
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Each question in the MPUAT-S has an extra option “I don’t know / I can’t do”. If
students had chosen this option, in the scoring process it was coded as “0”. In this
way, we can see if unanswered questions are missing or students read the questions
and do not know the answer. During the application of the tests which was done by
the researcher, the students were encouraged to circle the “I don’t know / I can’t do”
alternative in the case of having no idea about the answer of the question. After the
test was applied to all implementation group students, it was checked and seen that
all students have either chosen one of five alternatives or have chosen the sixth
alternative (“I don’t know / I can’t do”). In other words, there were no unmarked

items in the answers.

The questions that were excluded from the analysis were determined according to the
item analysis made on the data gathered from the post test scores of the experimental
group. Totally, the data of 116 subjects of experimental group students were used for
this analysis. Since (1) the experimental group students had newly learned the MPU,
(2) their teachers participated to TTT PD and (3) the number of subjects were good
enough, item analysis were conducted on data gathered from this sample. As in the
case of pilot study, the two open ended questions’ results were undesirable, that is
almost all students in the experimental group either gave wrong answers or didn’t
give any answers. In other words the mean of the 31* question was 0.11 and that of
32" question was only 0.01. Consequently they were excluded from item analysis.
Item analysis results of the MPUAT-S for post test scores of experimental group

subjects is given in Table 3.8.
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Table 3.8 Item analysis results of the MPUAT for experimental group subjects

Item # Difficulty  Discrimination | Item# Difficulty Discrimination
1 0.62 0.35 17 0.33 0.45
2 0.16 -0.10 18 0.20 0.26
3 0.58 0.65 19 0.15 0.03
4 0.34 0.35 20 0.14 0.39
5 0.43 0.32 21 0.41 0.10
6 0.55 0.26 22 0.17 0.29
7 0.48 0.39 23 0.06 0.10
8 0.66 0.29 24 0.19 0.06
9 0.42 0.61 25 0.41 0.39
10 0.50 0.61 26 0.27 0.55
11 0.43 0.58 27 0.55 0.61
12 0.77 0.35 28 0.05 0.06
13 0.21 0.35 29 0.28 0.42
14 0.37 0.52 30 0.28 0.06
15 0.41 0.55 31 Not enough correct answers were
given to these two open ended
16 0.32 0.19 32 questions
# of Items 30 Variance 18.41 Kurtosis 0.21
# of Examinees 116 Std. Dev. 4.29 Alpha 0.70
Mean 10.76 Skew 0.64 Mean item difficulty 0.36

Mean item discrimination .34

Table 3.8 indicates that the item discrimination indices are in the range of -0.10 to
0.65. Moreover, the average item difficulty for test items is 0.36 which means only
36% of the participants answered test items correctly. According to results of last
item analysis, 9 of the items were excluded and all statistical analysis was conducted
with remaining 23 items. Items 2, 19, 21, 23, 24, 28 and 30 were removed because

their item discrimination indices were smaller than 0.19. In addition the item 6 has a
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discrimination index of 0.26 and item 16 has an index of 0.19. These two questions
were kept in the test in order to keep the percentages of the objectives in table of test
specification. Moreover, they were checked and it was seen that there was no need
for the changes. The two open ended questions (31 and 32) were removed because,
as mentioned above, students either didn’t give answers to these questions or mostly

gave wrong answers.

Removing these items neither affected the content validity of the MPUAT-S nor did
not decreased the number of items too much. There were four objectives assessed
with the achievement test. Before removing these items each objective, in average,
was assessed by eight items and after removing these items the objectives, in
average, were assessed by 5.75 items. Moreover, the achievement test include
questions at two levels (understanding and analysis) of Bloom ‘s taxonomy and
removing these items didn’t affected the percentages of these levels of Bloom’s
taxonomy (See Appendix F for table of test specification). Furthermore, it seemed
that totally items were so difficult for the students (0.36). This could force the
students to guess answers even they did not really have any idea about them. Thus,
the item discrimination indices could be affected by guessing. Once 9 questions were
not included into analysis MPUAT-S’s final version remained with (See Appendix
K) 23 items: 5 true-false, 6 matching, and 12 multiple-choice items. The table of
specification and answer key of the final version of the MPUAT-S can be seen in
Appendix F. The internal reliability coefficients for the data collected from
experimental group was found as 0.70. After the extraction of the 9 items those do
not work properly, the reliability of the test rose to 0.75. This value indicates high-
medium reliability. This value could be because of guessing and unconscious
answers of the students who faced with many concepts in the MPU for the first time.
Since most of the items extracted from the test were difficult questions, average item

difficulty decreased to 0.41 after extraction.

Finally, all test items (true/false, matching and multiple-choice) are coded as “0” for
wrong and ‘I don’t know’ answers, and “1” for correct answers. Each question was
one point and for the lastly remaining 23 items subjects could have achievement
scores ranged from O to 23. Higher scores indicate higher achievement level and

lower scores indicate lower achievement level. The average completion time for the
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MPUAT-S was 40 minutes. The following research question was answered through
the data collected from MPUAT-S.

What is the effect of TTT PD development course on physics achievement of tenth

grade students in modern physics unit?

3.3.2 Achievement Test-Teachers

This was a four question open ended test (Appendix M) which has the same table of
test specification (see Appendix F) with that of the students. The PMUAT-T was
applied to six teachers as pre- and post-tests. The test was applied as pre-test to these
teachers after they taught the MPU to one of their classes. The test was sent to
teachers via email and they were given one day to write the answers. The written
answers of the test were collected by the researcher after 24 hours. The same test was
applied as post-test to all teachers after they taught their second class. In other words,
the treatment group teachers had it after the TTT PD courses and placebo group
teachers had it without having a treatment. The post-test was applied to the four
treatment group teachers at the end of the last meeting and it was applied to the two
placebo group teachers at their schools by the researcher just after they finished
teaching to their second class. All teachers were given 40 minutes to complete the
post-test. Post-test scores of the teachers were used as covariate and the difference
between post-test and pre-test was perceived as an indicator of the effect of TTT PD
on the participating teacher’s subject matter knowledge.

This test was containing questions mostly at understanding and analysis levels of
Bloom’s taxonomy. There seemed no problem in applying the same achievement
test, which was applied to the students, to the teachers. However, in the case of
seeing/answering the test, it was possible for teachers to teach the test questions to
their students and lead to a high post-test result of their students. That’s why a
separate achievement test was developed for teachers. Since there were only four
open ended questions and it was applied to only six teachers there were no need to
conduct reliability studies for this test. Moreover, the researcher and the supervisor
of this study spent a considerable effort in deciding the items of this test. Still the
MPUAT-T was checked by two experienced physics teachers who were not
participants of the study. The teachers were informed about the purpose of the

MPUAT-T and the table of test specification was provided to them. At this step, they
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were asked to review the items with respect to appropriateness of the content and
grade level. They found the MPUAT-T items to be consistent with objectives of the
MPU and appropriate to the high school physics teachers’ achievement level.

Each of the four items of MPUAT-T was matched with the one of the four objectives
of the tenth grade MPU. When the items of the MPUAT-T are compared to the MPU
curriculum provided in Appendix A, this matching can be seen easily. Actually, the
first three questions of the MPUAT-T were produced from the objectives themselves
and were at analysis level of Bloom’s taxonomy. Only the last question was at
understanding level of Bloom’s taxonomy. The following research question was

answered through the data collected from this instrument.

What is the effect of TTT professional development course on achievement of tenth

grade physics teachers in modern physics unit?
3.3.3 Treatment Fidelity Checklist (TFC)

Fidelity of implementation is the extent to which the user’s current practice matches
the ideal (Loucks, 1983). By referencing several studies O’Donnell (2008) defines

the fidelity of implementation as:

Fidelity of implementation is traditionally defined as the determination of
how well an intervention is implemented in comparison with the original

program design during an efficacy and/or effectiveness study (p. 33).

One of the steps in purveying the treatment fidelity of this study was to prepare a
treatment fidelity checklist. This was a checklist (Appendix N) including the
effective characteristic of PD programs/courses derived from the literature. Different
researchers have specified different characteristics for the effective PD programs.
That’s why the characteristics that the experts have consensus on were added to this

checklist.

The coherence of TTT PD with these effective characteristics was asked to the
experts. These experts are explained in ‘treatment fidelity’ section. In the TFC, each
effective characteristics of PD is followed by an explanation concerning that aspect
of TTT PD. Moreover, each explanation is followed by three point Likert scale
questions. The experts were asked to tick up either of three choices ‘completely

include, partially include, never include’. For instance ‘‘coherence’’ is one of the
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effective characteristics of PD courses, the ‘‘coherence’’ aspect of TTT PD was
explained and the experts were asked to identify up to what extant does the TTT PD
include the ‘‘coherence’’ characteristic. Moreover, they were asked to add some
more effective characteristics. Two more characteristics, ‘practice oriented and needs
analysis centred’, offered by these experts were added to TFC. Thus, TFC had 13
dimensions. Furthermore, the experts were asked to tick the characteristics that are
not effective. However, all experts were agreed that the effective characteristic
specified in TFC were essential. The results of TFC are explained in the treatment

fidelity section.
3.3.4 Treatment Observation Checklist (TOC)

This checklist was developed by the researcher to verify the treatment. In other
words, whether the TTT PD course was conducted as planned or not was checked by
this list. Just as in the case of preparing the COF, the Shulman’s (1987) teacher
knowledge was a guide during the preparation of this checklist. The items of the
TOC were prepared by the researcher and the supervisor by taking the structure of
TTT PD course and the teacher knowledge dimension into account. The expert views
of five experts were taken for the validity of the TOC. Upon their requests some
minor changes were made on the checklist. Treatment observation checklist was
filled out either by direct observation of the course, video analysis or asking to the
teachers. Most of the items of TOC were Likert type, besides there were some items
that would be filled out without scoring. For example the 33 item on the TOC (see
Appendix O) was about the duration of the course. All observers wrote a time span
for this item. Some of the items were observed only by the researcher. For example
‘does the course continue each week? was an item that was observed only by the
researcher. In the three-point Likert type scale, 2 corresponded to ‘yes, 1 ‘partially
yes, 0 ‘no’, and NA ‘not observed. There were 12 dimensions and totally 63 items on
the checklist. A typical item (item 32) in the ““intensive’’ dimension was: how much
time was spent on the objective that was handled in the course? Further details of

this checklist can be found in ‘results of treatment verification’’ section.
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3.3.5 Classroom Observation Form (COF)

In order to check the effect of the TTT PD on teachers’ knowledge and see the
applications of this knowledge in the classroom, an observation form was prepared
by the researcher. In other words, this form was primarily used to find answers of the

qualitative research questions.

The classroom observation form was essentially composed of three dimensions. The
form’s dimensions were arranged according to Shulman’s (1987) teacher knowledge
specifications. Of them, subject matter knowledge (SMK), pedagogical content
knowledge (PCK) and general pedagogical knowledge (PK) composed the structure
of the form. Moreover, the teacher knowledge was topic (modern physics unit)
specific; therefore teachers were analysed based on their knowledge of content and

strategies chosen for the topic that they were teaching during the observed lessons.

The initial version of the COF was prepared by taking some of the Shulman’s (1987)
teacher knowledge dimensions into account. In other words, the items were prepared
to assess the PK, the PCK and SMK of teachers. The researcher initially intended to
find a form from literature however, since he couldn’t find one, he wrote all items
together with the supervisor of the study. The initial version of the COF (Appendix
P) was essentially composed of three-point Likert scale questions. There was an
explanation section for each question. The aim of these questions was to enable the

observers to record the teacher knowledge related behaviours of the teachers.

The initial version of COF was examined by five experts (two research assistant, one
PhD and two associate professors) from different universities in Turkey. Upon their
requests the structure of the COF was changed from ‘‘checklist’’ to a ““form”’. The
experts recommended that observing the teacher knowledge through items would
restrict the observation; instead, recording the teachers’ practices would be more
easy and proper for the study. Moreover, they recommended that it would be difficult
to score too many items (73 items) during an observation. Thus, the final version of
COF (Appendix R) which was much simpler and conductive was developed by the

researcher.

COF was used to observe the classrooms of treatment group teachers both during

pre-teaching and after the TTT PD course and was used to observe the classrooms of
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placebo group teachers both in the case of pre-teaching and post-teaching. The
following research questions were answered through the data collected from this

instrument.

What is the effect of TTT professional development course on participant teachers’

knowledge (PCK, PK, and SMK) regarding the modern physics unit?

a.  What is the effect of TTT professional development course on PCK of tenth
grade physics teachers in modern physics unit?

b.  What is the effect of TTT professional development course on PK of tenth
grade physics teachers in modern physics unit?

c.  What is the effect of TTT professional development course on SMK of tenth

grade physics teachers in modern physics unit?
3.3.6. TTT evaluation form (TTTEF)

The researcher developed a TTT PD evaluation form to evaluate the course and the
effect of the course on teacher’s knowledge. In other words, the aim of this
instrument was to take teachers’ opinion about the TTT PD course organized by the
researcher. The instrument has six dimensions and consists of five-point Likert scale
questions. The dimensions are; (a) attitude toward the TTT program (b) usefulness of
the TTT program, (c) the role of the researcher in the program, (d) the effect of the
program on teachers” MPU related PCK, (f) the effect of the program on teachers’
general PK, and (g) the effect of the program on teachers’ MPU related SMK. In the
five-point Likert type scale, 1 corresponded to ‘strongly disagree, 2 ‘disagree, 3

‘neutral’, 4 ‘agree’, and 5 ‘strongly agree’.

At the end of the TTT PD course the TTTEF was applied to data collection group,
which were a group of 12 teachers. The TTTEF covered 85 items and its reliability
coefficient of Cronbach alpha was calculated as 0.97.

The initial rough items of the TTTEF were prepared by the researcher by examining
similar evaluation forms from the literature. It than was revised by the supervisor of
the study. Upon his requests necessary changes were made and the initial version of
the TTTEF was produced. Views of four experts were taken for validity of the
TTTEF. Together with the first version of TTTEF, an expert view form (Appendix S)
was attached and they were sent to the experts via email. The aim of the TTTEF and

79



the Shulman’s (1987) teacher knowledge dimension was explained in this form. The
experts were asked to tick the items that have to change dimensions, the new items
that have to be added to dimensions, the items that have to be removed and the items
that are not clear. Upon their requests some changes were made on the form. One of
the experts remarked the following cases: One of the five point Likert scale is not
proper; in order not to canalize the teachers, the names of the dimensions in the form
should be deleted; the items 2 and 3 do not measure the attitude; items 1 and 7, 5 and
9, 14 and 15, and 37 and 45 are similar; the item 25 should be removed because it
can disturb the teachers. All these requests were carried out. Moreover he made little
revisions on the items 21, 51, 52 and 60. Furthermore, he wanted to remove the
dimension which was assessing the researcher. However, since it was necessary, this
request was not performed. Similarly another expert made following comment: The
beginning of the items should be similar, for example all should start with upper case
letter or with lowercase letters. Moreover, he revised item 9. Further, he
recommended not to use negative items (for example 11™ item) and to revise items
14, 15 and 21. All these requests were performed. Another expert made following
comments: The 2" item do not measure attitude instead it measures motivation; put
‘dot’ at the end of all items; 21% item is not about usefulness move it to the attitude
dimension; items 24 and 25 should be removed they are not about usefulness; item
32, 33 and 34 should be revised. Moreover, she revised the item 45 and
recommended to move the 56" item to attitude dimension and to move the 79" item
to pedagogical content knowledge dimension. All these requests were carried out.
Furthermore, she recommended adding one more item to subject matter knowledge
dimension however; this request was ignored because it was not proper to that

dimension. The last expert made only minor changes on items 13, 14 and 23.

Both initial (Appendix T) and final versions (Appendix U) of the TTTEF are added
to Appendixes sections. The instrument was prepared such that the following
research question was answered through the data collected from this instrument.

What is the perception of tenth grade physics teachers about TTT professional

development course?
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3.4. Research Design

This study aims to develop a PD program for physics teachers by taking the TTT PD
into account. The effect of the TTT PD on teacher’s knowledge was searched
through their students’ achievement. Having this purpose in mind, this study was
developed to have two steps. In other words, first, teachers were subjected to a PD
program than the effect of that PD was tested on students. Accordingly, separate
designs were prepared for both teachers and students. Additionally, one part of this
study was experimental and other part of the study was carried out within the
qualitative research paradigm. The overall design of the study is represented in
Figure 3.2 and then the separate designs for teachers and students are explained in
Sections 3.4.1 and 3.4.2.

IMPLEMENTATION GROUP

l Placebo group | [ Treatment group
=)

[

ClygcC1 |4 C2 §cz2

T1, T2: Placebo group teachers
T3, T4, T5, T6: Treatment group teachers
C1, C2: Pre teaching classes
C1', C2': Post teaching classes
C3, C4, C5, C6: Control group (pre teaching) classes
C3', C4', C5', C6' : Experimental (post teaching) group classes

Figure 3.2 The overall simple form of research design of the study
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As seen from Figure 3.2 there are six teachers, of which two are from placebo and
four are from treatment group. Besides there are 12 classes, of which four are from
placebo and eight are from treatment group. All qualitative and some of quantitative
data is collected through the teacher participants of the study and through students,

only quantitative data were collected.
3.4.1 Research Design for Teacher Participants

Two groups of teachers were specified for the implementation of the study: Placebo
and treatment groups. There were two teachers in placebo and four teachers in
treatment groups. Generally qualitative data were collected from the teacher
participants of the study. They taught to one of their classes earlier and they taught to
another classes later. They were observed in their classes both before and after TTT
PD. Besides, the placebo group teachers taught to their both classes as regular and
the treatment group teachers had TTT PD course between the two teachings. The

design regarding the qualitative part of the study is pictured in Figure 3.3.

Treatment
group
(TTT PD)
Post-

Fre Observation-1 teaching

. Observation-2
teaching Placebo

group
(Regular)

Figure 3.3 The design for the qualitative part of the study

Moreover, teacher participants were selected through combination of purposive and
convenient procedures, their intact classes (students) were randomly assigned to the
experimental and control groups. Some quantitative data, such as teacher
achievement test and teachers’ opinions about TTT PD was also collected from
teachers. Table 3.9 is designed to represent the collection of quantitative data from
teachers.
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Table 3.9 Research design for the quantitative data of teacher participants

Group Teaching Pre-test  Sampling Treatment  During Teaching  Post-test
-1 treatment -2

Treatment Pre MPUAT  Purposive/  TTT PD COF Post MPUAT
teaching -T convenient teaching -T
TTTEF

Placebo Pre MPUAT  Purposive/  Regular COF Post MPUAT

teaching -T convenient teaching -T

As seen from in Table 3.9 firstly, all groups taught the MPU to one of their classes as
usual. Then, both treatment and placebo group teachers were given MPUAT-T as
pre-tests. Afterwards, treatment group teachers participated to the TTT PD and
placebo group teachers did not take any treatment. Then, both groups taught the
MPU to their other classes. Finally, the treatment group teachers completed both
MPUAT-T and TTTEF and placebo group teachers only completed the MPUAT-T.

3.4.2 Research Design for Student Participants

The design of this study concerning the student participants is similar to Solomon
four-group design (Fraenkel & Wallen, 1996, p.275). The aim of Solomon four-
group design is an attempt to eliminate the possible effect of pre-test. However, in
this study the similar design was used to eliminate the effect of pre teaching. Table
3.10 includes six teachers and totally 12 classes. First two teachers are placebo group
teachers and each has two classes. These intact classes were randomly assigned to
placebo pre and placebo post groups. Similarly last four teachers are treatment group
teachers and each also has two intact classes which were also randomly assigned to
experimental and control groups. Thus, on the site of the students this is an
experimental study. Table 3.10 is supplied to explain the structure of the design for

student participants.
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Table 3.10 The Solomon six-group design for student participants

Teacher Group Pre-test Treatment Post-test
Teacher-1  Placebo Pre Group MPUAT-S Regular teaching (pre- MPUAT-S
teaching)
Placebo Post Group MPUAT-S  Regular teaching MPUAT-S

(post-teaching)

Teacher-2  Placebo Pre Group ~ MPUAT-S  Regular teaching (pre- MPUAT-S

teaching)
Placebo Post Group MPUAT-S  Regular teaching MPUAT-S
(post-teaching)
Teacher-3 ~ Experimental MPUAT-S TTT PD MPUAT-S
Group
Control group MPUAT-S Regular teaching (pre- MPUAT-S
teaching)
Teacher-4  Experimental MPUAT-S TTT PD MPUAT-S
Group
Control group MPUAT-S Regular teaching (pre- MPUAT-S
teaching)
Teacher-5  Experimental MPUAT-S TTTPD MPUAT-S
Group
Control group MPUAT-S Regular teaching (pre- MPUAT-S
teaching)
Teacher-6  Experimental MPUAT-S TTTPD MPUAT-S
Group
Control group MPUAT-S Regular teaching (pre- MPUAT-S
teaching)

Table 3.10 is not enough to represent the design of this study. That’s why

supplementary Table 3.11 was developed for student participants.
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Table 3.11 Research design for the quantitative data of student participants

Group O (Pre- Sampling X (Treatment) O (Post-
test) test)

Experiment MPUAT-S convenient  Treatment group teachers taught ~ MPUAT-S
to this class after participating to
the TTT PD course

Control MPUAT-S convenient  Treatment group teachers taught ~ MPUAT-S
to this class before participating to
the TTT PD course

Placebo Pre  MPUAT-S convenient  Placebo group teachers taughtto ~ MPUAT-S
this class earlier

Placebo Post MPUAT-S convenient  Placebo group teachers taughtto ~ MPUAT-S

this class after two months

As shown in Table 3.11 firstly, experimental, control, placebo pre and placebo post
groups were given MPUAT-S as pre-tests. Then, except experimental group all other
groups were taught MPU as regular. Then, teachers of students in the experimental
groups (The while, they were also the teachers of control group students) taught after
participating to the TTT PD and that of placebo groups taught with traditional
teaching method. After treatments were completed, the post-tests were given to all

groups.

On the other hand, seven research courses (two adaptation meetings are included)
took place regularly throughout the program. The schedule for these courses is
supplied in Appendix V. The distribution of the objectives to the weeks of main
course is done according to the table of test specification (see Appendix F).
Newton’s Laws of motion were taught during the adaptation meetings. This unit was
chosen because this was the unit the teachers were teaching at their classes at that

time.

The intentions of the courses were to conduct physics lessons, physics simulations,
share ideas, critically examine and reflect upon teachers’ views and current practices,

and to cooperatively and collaboratively reflect on the processes and products of the
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individual actions in the program. All dialogues from the courses were video
recorded and later were used for analyses. The participant teachers and the researcher
met once a week totally for seven weeks. Two of these weeks were adaptation phase
and were conducted as a rehearsal of the main course by the researcher. The topic of
the following week, which participants were going to teach in their classes, was the
focus of that meeting. The aim of immediate application of the gained practices

during the courses was to provide just in time teaching.
3.5. Procedure

The researcher decided to study on PD of physics teachers after he read and
discussed the Hewson’s (2007) chapter titled ‘‘Teacher professional development in
science’” in one of his PhD courses at Secondary School Science and Mathematics
Education department at Middle East Technical University. He then prepared a
proposal on teacher PD for another course at the same department. After determining
the research problem, a four month literature review was conducted. Initially, the
researcher specified search terms to be used in the literature review. The list of
search terms is given in Appendix W. By the help of these keywords ERIC, Social
Science Citation Index, JSTOR, Taylor & Francis, Wiley Inter Science, ProQuest
(UMI) Dissertations & Theses, the electronic sources provided by the METU Library
such as e-theses, e-journals, Academic Search Complete, EBSCO host, Education
Research Complete, Dissertations and Theses, Turkish Higher Education Council
National Dissertation Centre (YOK), and TUBITAK Ulakbilim databases were
searched. Besides, some main journals in Turkey such as Hacettepe University
Journal of Education, Journal of Education and Science, and Journal of Turkish
Science Education were reviewed. Moreover, to know whether a needed article can
be reached from the libraries of universities in Turkey, the libraries of Bogazici,
Karadeniz Teknik, Gazi, and 9 Eyliil universities were searched. Based on the results

of the literature review the significance of this study was determined.

Once the literature review was momentarily finished, the population and the sample
of the study were determined. In this step, because of the nature of the study the
combination of both purposive and convenient sampling procedures were used for
teachers and one of their classes was randomly assigned to control and another class

was randomly assigned to experimental group. The researcher visited high schools in
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Yenimahalle district of Ankara in order to find the candidates of the sample.
Depending on the willingness of the interviewed teachers and depending on the
criteria specified for selection of the teachers (see Section 3.1.1) the sample was
determined. Furthermore, the minimum sample size was determined by following the

procedure explained for power analysis by Cohen and Cohen (1983, p.155).

Needs analysis survey was developed and schools were visited to apply the needs
analysis survey. The aim of the needs analysis was to decide about some parts of the
content of the TTT PD course and the final design of the course. For instance, the
time and the place of the meetings, and teachers’ views on their SMK about each

objective of the MPU were determined by needs analysis.

Moreover, depending on the design and context of the study, the required
instruments were developed by the researcher. In order to triangulate data; forms,
checklists, tests and surveys were developed. Triangulation of data requires the use
of several data sources to produce multiple sets of data (Lincoln & Guba, 1985). One
instrument was determined to measure students’ achievement, two instruments were
determined to measure teachers’ progress on some variables, two instruments were
developed for observation or treatment verification and finally one instrument was
developed to ensure treatment fidelity. Briefly, the MPUAT-S, MPUAT-T, COF,
TTTEF, TOC, and TFC were developed by the researcher. Pilot studies and expert
views on these tests were conducted in 2012-2013 academic year before the study
started. According to the results of pilot study and expert views, some changes were

made on the instruments.

At the end of the first semester of the 2012-2013 school year the two week
adaptation meetings and by the start of the second semester of the 2012-2013 school
year, the main TTT PD course started over. The PD course lasted for seven weeks
and five of these weeks were devoted to teaching the tenth grade MPU. Before
starting the current study, necessary permissions to conduct this study were taken
from the Ministry of Education. The permission document is presented in Appendix
X. Then, by the start of the main study the pre-tests were administered to both
placebo-pre group and control group students. Teachers in the implementation group
taught the MPU earlier in one of their randomly determined classes. All these

teachers’ classes were observed in different percentages and the COF was filled out
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by the observer during the lessons and their all classes were post-tested after they
finished teaching the MPU. After two months the main study started and teachers in
the treatment group taught the MPU in parallel to the TTT PD courses. On the other
hand, the placebo group teachers taught to their placebo-post groups without
participating to the TTT PD courses. The classes of these teachers were pre-tested,
once more teachers were observed in their classes and the COF was again filled out
by the observer during the lessons. Once the TTT PD course finished and once all
teachers finished teaching the MPU, students and teachers were once more given
achievement post-tests. Moreover, the TTT PD course was evaluated by participating
teachers by answering the items of TTTEF. Most of the lessons of both placebo and
treatment group teachers were observed and video recorded both during pre-teaching

and post-teaching. The time schedule of the study is given in Section 3.13.

Qualitative and quantitative data analysis techniques were used to interpret the
results of the collected data. As data gathered through tests, forms, checklists and
surveys, they were entered into the SPSS program and Microsoft Office Excel and
they were analysed. In addition, by using document analysis method the data
gathered from video records and COF were analysed. The last step was writing the

dissertation.
3.6. Implementation of Treatments

The sections 3.6.1 and 3.6.2 includes the treatment given to the implementation
group teachers. Treatment group teachers participated to both adaptation and main
courses. Totally these teachers had an average of 21 hours of TTT PD course.
However, placebo group teachers participated to only adaptation meetings which
were about force and motion unit. Moreover, placebo group teachers taught to their

two classes as usual. The details of both courses are given in the following sections.

Treatment group teachers taught to one of their classes during pre-teaching and
taught to their other class during TTT PD course. Since during post-teaching
treatment group teachers were taking an extra treatment, that is, TTT courses, to
equate the amount of training during pre-teaching teachers were asked to prepare for

their lessons. After each lesson, these teachers were interviewed about their
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preparations for lessons. Table 3.12 demonstrates the preparation of the treatment
group teachers during pre-teaching.

Table 3.12 The amount of preparation of the treatment group teachers during pre-

teaching
Teacher Preparation No of lessons  Preparation ~ No of weeks Average
observed per lesson allocated to preparation
MPU per week

T3 7h* and 30min 5 1.50h 3 2.5h
T4 4h and 10 min 2 2.08h 3 1.39h
T5 8h and 30min 3 2.83h 3 2.83h
T6 6h and 35min 1 6.58h 1 6.58h

Average 3.25h 3.33h

h*: hour

As seen from Table 3.12, the average time of preparation of treatment group teachers
during pre-teaching is 3.25 hours per lesson and 3.33h per week. During TTT PD
they received 3 hour instruction per week, accordingly 1.5h per lesson. Thus, it
seems that they have prepared more before pre-teaching both per lesson and per
week. However, this is a little bit misleading. First, the sixth teacher taught the MPU
in only one hour, second, since all lessons of teachers were not observed there were
no way of knowing the amount of preparation for other lessons, third, they reported
that they spend most of time of preparation for finding MPU related videos from
internet. In any case as seen from table 3.12 the teachers have prepared considerably
enough time for the lessons. This can be accepted as the amount of preparation that
teachers made both before pre-teaching and post-teaching are equal. On the other
hand, the treatment given to students is explained through the analysis of COF and

the analysis of videos.
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3.6.1. Adaptation Meeting

The aim of adaptation meetings was to ensure sincerity and familiarity and to have
teachers to experience the nature of the study. The adaptation meetings took place in
the first and second weeks of January at Friday evening between 6 PM and 9 PM, at
a private school in Yenimahalle district of Ankara. 11 teachers promised to
participate to the first meeting however; two of them explained excuse at the last
moment. Thus, the first meeting began by eating dinner with 9 teachers. The dinner
was eaten at a room in the dining hall of the same school. The dinner lasted for half
an hour and during the dinner teachers introduced themselves and became acquainted
with each other. Moreover, the change of the physics curriculum and the national
project competition between high school students were two main topics that teachers

argued on. After the meal the meeting started at the laboratory of the same school.

The researcher explained the aim and the structure of the TTT course that was going
to take place within two months. The teachers were got clued in about the process of
the study. Especially teachers were warned that they are free in participating to the
course; moreover they were informed that they can abandon to participate to the PD
course. Teachers asked several questions about the course and about their
obligations. All questions were explained and then the researcher started teaching the
topic of the week. First and third laws of motion were explained by the researcher
and discussed by the teachers. Some counterintuitive questions were introduced and
passionate discussions took place around these gquestions. Moreover, two animations
were shown and two demonstrations were conducted. They also were discussed by
the teachers. Furthermore, several misconceptions were discussed during the course.
Although some teachers wanted to continue the discussions, the researcher finished
the meeting at 9 PM. This was the first meeting that’s why to avoid the possibility of

boring some teachers the meeting ended at that hour.

Except the content, the second adaptation meeting was similar to the first one in
many aspects. The second course turned around the second law of motion including
friction force. Once the two adaptation meetings finished participating teachers
comprehend the nature of the courses that they were going to be subjected to.
Additionally, the researcher understood that the course/study was continuing as

planned.
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3.6.2. Main Course (MC)

The MC course took place in the last three weeks of April and first two weeks of
May at Friday evenings. The courses were conducted in the laboratory (Figure 3.4)

of a private school in Yenimahalle district.

Figure 3.4 A scene from the main course

As in the case of AC, it continued between 6 PM and 9 PM, at the same school
where the AC was executed. Teachers met every Friday evenings, meetings began by
eating dinner and during the lessons tea was ready for drinking. If requested, teachers
were going to be paid fees for transportation, however, none accepted. 17 teachers at
different percentages participated to the main course. The participation rate of the
data collection group teachers to the main course was given in the last column of

Table 3.3. The design and the structure of the main course are listed below.
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1.  Each week one objective of MPU handled in the main course. Moreover, each
week a different teacher prepared for teaching in the course where they were
free in preparing the lessons. Since the aim of the study was to investigate the
effectiveness of teachers teaching to each other, namely the collaboration of
teachers, they were not forced to emphasize any method, teaching strategy or
techniques during preparations and lecturing. However, tenth class curriculum
(Appendix A) guided the teachers in determining the boundaries of the lessons
that they prepared and presented.

2. The participating teachers were matched conveniently and five groups were
formed. Before presenting the lesson, the lecturer worked on his notes with his
partner and after the researcher checked the content of the prepared lesson and
provided necessary feedback then the final form of the lesson was decided.
During the preparation of the lessons the partners and the researcher
communicated either through mail, phone or face to face meetings. The
researcher generally provided educational materials such as books, animations,
MPU related links, pen and pencils. Table 3.13 shows the teachers lectured
during the main course and their partners.

3. The researcher tried to add his experiences all the time during the courses and
he sometimes intervened and tried to explain the unclear points of the topics of
interest. For example when teachers couldn’t end an argument or when the
lecturer had trouble in answering questions he interfered and made necessary

explanations.

Table 3.13 Teachers and their partners during main course

Course Teacher Partner Date

C-1 Researcher No partner January-1% week
C-2 Researcher No partner January-2" week
C-3 T-8 T-10 April- 2™ week
C-4 T-4 T-5 April- 3 week
C-5 T-3 T-6 April- 4™ week
C-6 T-9 T-5 May- 1% week
c-7 T-7 T-6 May- 2™ week
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4.  Except the first meeting of main course, all other meetings started with the
summarization of the topic of the previous course by the researcher. The
courses generally continued with the introduction of the topic by the lecturer,
discussion of the main concepts, demonstration of the videos/animations and
solving problems.

5. During the courses, teachers were free in asking questions, starting a discussion
and making comments. However, any unrelated interventions were prevented
by either lecturer or the researcher.

6. About 50% of the fifth lesson is supplied in Appendix Y. Although this
document doesn’t completely reflect what took place during the TTT courses,
it includes sufficient information for who want to have an idea about the
treatment given to teachers.

7. The last activity of the course was to celebrate the TTT PD course with a cake
(Figure 3.5).

Figure 3.5 The cake that was cut at the end of the course

3.7. Treatment Fidelity (TF)

Before administering a treatment it has to be verified that it adheres adequate power
to produce a difference. The TF for this study was carefully satisfied: First of all,
forms, checklists, tests and surveys were developed by the researcher. These were
reviewed by some specialists to check whether they are consistent with the aim of the
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study or not. In addition, these materials were submitted to thesis monitoring
committee periodically for checking. Moreover, periodic interviews were conducted
with the supervisor of the study to ensure the appropriateness and adequateness of
both the design of the study and the developed instruments. Since there is not a
consensus on the design and procedure of experimental PD studies, in order to
formalize the method of this study, sometimes more than tree hour discussions were
conducted with the supervisor of the study. All these discussions were voice recorded
and were once more listened to by the researcher in order not to miss any collimation
or guidance of the supervisor. Furthermore, the TTT PD course is successfully used
by many private schools and university preparation courses in Turkey. That’s why it
can be said that the effectiveness of this PD was proven informally. In other words,
whether TTT PD course has a potential in making a difference was experienced
heretofore. Finally, TFC was developed by the researcher. Whether the TTT PD
possesses the general characteristics of effective PD courses were audited by this
checklist. One professor, one associate professor and one research assistant at
METU, an associate professor from Gaziantep University and one lecturer form
Elaz1g University declared their views on TTT PD through TFC. They were all
experts in the field of "PD of teachers™ and they all confirmed that TTT PD can make
a difference in increasing teachers’ knowledge. Based on their recommendations
minor changes were made on the TFC. Table 3.14 represents the choices of four of
five experts on the dimensions of the TFC. One of the experts (E-1 in Table 3.14)
declared his views on the appropriateness of the TFC however he didn’t scored the

characteristics given in the checklist.
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Table 3.14 The evaluation of the effectiveness of the TTT PD by the experts

Completely include Partially include Never include
Characteristics E1 E- E- E- E- E1 E- E- E- E- E1 E- E- E- E-
| Experts 2 3 4 5 2 3 4 5 2 3 4 5
Delivered in NA v v v v NA NA
conducive
settings
Collective NA v v v v NA NA
participation
Active learning NA v v v 4 NA NA
Focusedonthe NA v Vv v v NA NA
content of the
subject that
teachers teach
Coherence NA v v v v NA NA
Intensive NA v v + v NA NA
Sustained NA v v NA v NA
Long duration NA ~ NA v NA
Just-in time NA NA \ NA
teaching
Collaboration NA v v v v NA NA
Practice oriented NA v v v v NA NA
Needs analysis NA v v v v NA NA

centred

As clearly seen from Table 3.14, nearly all experts expressed that TTT PD does
possess the effective characteristics of a PD courses. On the other hand, job-
embedded is one of the characteristics of effective PD that literature emphasis,
however, TTT does not hold this characteristic. That’s why this characteristic was

not added to TFC.
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3.8 Researcher Role

In this study initially the researcher defined his main role as being a facilitator of the
course, an active learner, listener and also a participant observer all the time.
However, during the beginning of the main course he changed his role. During the
third course (which was the first workshop of the main course) he observed the
discussions of the teachers. Unfortunately teachers mostly had trouble in ending the
discussions related to MPU and most of the questions remained unanswered. That’s
why during this course the researcher decided to become a coach or mentor. Thereby,
the role of the researcher was a coach or a mentor in this study. He often interrupted
the unnecessary discussions, sometimes he started some necessary discussion by
asking questions, he always interfered and concluded when the teachers could not
explain the concepts of MPU. Being a coach did not mean that the researcher would
not gain any practices or experiences during the TTT PD. On the other hand, the
researcher has twenty years of experience in teaching high school physics. Moreover,
he is the head of physics department in a group of private schools. So far, he has
participated and supervised many teacher courses/meetings in these schools. Thus, it
can be said that he has experience in informal teacher PD. That’s why he was
sensitive in ethical issues, observations, guiding the discussions, data collection and
communication. Furthermore, the researcher was actively teaching to tenth grades, to
maximize the observations and coaching, he taught the MPU to his classes before the

treatment phase.
3.9 Analysis of Data

The data that were obtained through application of the achievement tests were
entered to a SPSS data file and data collected through application of forms and
checklists were entered to an EXCEL data file. Then, depending on the structure of
the instrument each teachers’ and students’ score were computed. Thus, some
variables (i.e. pre- and post-variables) of the present study were constituted.
Moreover, other variables which were students’ previous physics course grade, and
teacher experience, were also entered to SPSS file. Initially data cleaning was
conducted and any data entered inadvertently was corrected. Fortunately, since
achievement test data entering process was computerized no mistakes were detected.

Then, missing data analysis which is discussed in Section 4.4 was conducted. Later,
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descriptive statistics was conducted for each variable and for both treatment and
placebo groups’ students. Following inferential statistics were used on the data: For
inferential statistics ANCOVA was used on the data. Before conducting the
ANCOVA, assumptions of this analysis were checked. The reason for choosing
ANCOVA was that one group might be superior to the other group when they were
assigned to control and experimental groups. Therefore, it was necessary to equate
these groups at least on one independent variable by using covariate analysis. For
qualitative analysis the video records and the data collected through COF was used.

Videos were watched and forms were reviewed to analyse the data.
3. 10 Power Analysis

To have desired powerful results, power analysis was performed prior to the study.
Since there were only four teachers who took the MPUT-T in the treatment group,
inferential statistics were not conducted for them. The following power analysis was
conducted for the treatment group students. To get results with the desired power,
Cohen and Cohen (1983, p. 117) gave the following equation for estimating the

required sample size.
L
n=f_2+kA+kB+kc+1

In the equation ‘n’ indicates the sample size, with respect to the alpha level
(probability of Type I error). L value was determined by using the L values from the
table presented in Cohen and Cohen. (1983, p. 527), f* is the effect size, ka is the
number of covariates, kg is the number of group membership variables, and k¢ is the

number of interaction variables.

First of all, according to the literature, most of the effect sizes from the studies on the
effect of PD on students’ achievement are found to be modest (Blank & Alas, 2009).
Therefore, it would be practical to set effect size to a medium value of 0.15 measured
by f* (Cohen & Cohen, 1983, p. 179).

Second, the probability of rejecting true null hypothesis (probability of making Type
I-error) was set to 0.05 which is usually accepted as a convention in educational

research. The probability of failing to reject a false null hypothesis (probability of
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making Type Il-error) was set to 0.20. Therefore, the power of the study, probability

of rejecting a false null hypothesis, was set to 0.80.

Third, L value was determined as 10.90 by using the L values from the table
presented in Cohen and Cohen (1983, p. 527). Number of covariates (ka) is 4 (Pre-
MPUAT-S, MPUAT-T, TE, and PCG), and the number of group membership
variables (kg) is 1 (TTT PD course). Thus, the number of interaction terms (k¢) is 4.
After the required calculations, the minimum sample size for each group was resulted
as 80.67. Since when the study was executed the exact number of student participants
was appeared and the inferential statistics was conducted with a size of 213 subjects

and power of the study was calculated once more as .98.
3.11 Assumptions and Limitations

1.  The participant teachers have not been randomly selected but are self-selected
by their willingness to participate this study. This is a general limitation in PD
research since research shows that effective PD is associated with a volunteer
population (Hewson, 2007; Jagielski, 1991). Because of the conditions and
requirements stated in Section 3.1.1 it was almost impossible to select the
teachers randomly.

2. The study was conducted at the tenth-grade level and the effects of the
treatment on other grade levels were not studied. Except the data collection
group (12 teachers which also include implementation group teachers and
which only filled out TTTEF) the study only includes six teacher participants.
This group of teachers may not represent the larger teacher population. The
possibility exists that this group of participating teachers may be more
motivated, bright, able, or talented than the general teaching population in
Ankara.

3. Teacher's pedagogical beliefs, teaching philosophies, and abilities may vary
and could affect the results of the study. These variables were not controlled in
the study.

4.  School characteristics such as school climate, teacher morale, administrative
leadership, student discipline plan, classroom management, and parental
involvement may have impacted student achievement. These were not

controlled in the study.
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3. 12 Ethical Issues

All of the teachers in this study were chosen on a volunteer basis. To protect
participants from physically and psychologically harm, participant names, schools
and other information are kept in secret. To ensure confidentially of research data,
the data are not shared with others. The study participants and schools are protected
by using pseudonyms. To prevent deception, purpose and the results of the study was
shared with participants. Moreover, some of the results of the study were shared
with those subjects who provided their e-mail addresses in order to be contacted
when the study was completed. Briefly every effort was made to build trust, display
empathy, maintain confidentiality among all participants and preserve all ethical
responsibilities throughout the course of the study.

3.13 Budget and Time Schedule

Unfortunately the researcher could not found any financial support. The money
needed for photocopy, for traveling and for investment during courses were provided
by the researcher. All the activities that took place during the development of the

dissertation are scheduled in Table 3.15.
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Table 3.15 The time schedule

Activity Time
Determination of research problem April 2012
Determination of key words May 2012
Literature review May-August 2012
Development of materials September 2012-
April 2013
Determination of the participants November- December
2012
First and second meetings before the main study January 2013
Application of the pre-tests to pre-teaching group students February 2013
Monitoring the pre-teaching group teachers at their classes March 2013
Application of the post-tests to pre-teaching group students March -2013
Application of the pre-tests to post-teaching group students April 2013
Main study and monitoring the post-teaching group teachers at | April-May 2013
their classes
Application of the post-tests to post-teaching groups May — 2013
Data entering May- June 2013
Analysis of data June-July 2013
Writing the thesis August 2013-
February 2014

As seen from Table 3.15 this dissertation is prepared in about two years. Table shows
that four months were used for literature review, the development of the instruments
has lasted for eight months and writing the thesis has lasted for six months. Some of
the activities were conducted concurrently. That is, for instance, while the TTTEF

was developed, the researcher was observing the teachers during pre-teaching.
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CHAPTER 4

RESULTS

The purpose of this chapter is to report the results of the analysis of the data collected
in this study. This chapter begins with Sections 4.1 and Section 4.2 which include the
results of the treatment verification and the results of the teachers’ views about
"teachers teaching teachers" (TTT) PD course, respectively. These two sections are
followed by Section 4.3 which represents the results of class observation of both
placebo and treatment group teachers one by one. The analysis of missing data is
given in Section 4.4. Descriptive statistics is given in Section 4.5. Teachers’
achievement test results are introduced in Section 4.6. The inferential statistics is
given in section 4.7 which includes determination of covariates, assumptions of
ANCOVA and result of ANCOVA for placebo and treatment groups. This chapter

finalize with the summary of results in section 4.8.
4.1. Results of treatment verification

One of the primary determinants of successful intervention programs for teachers is
the degree to which the courses are implemented with precision and consistency.
Moreover, any success of a treatment may be due to an effective treatment or
unknown contaminants added to treatment. Similarly any failure of a treatment may

be due to an ineffective treatment or a treatment that was inadequately administered.

There were two phases of treatment of this study: The treatment given to the
teachers, that is the TTT PD course and the treatment given to the students, that is the
teaching of teachers in their classes after attending to TTT PD course. The treatment
verification of the TTT PD course was provided with TOC. This checklist was filled
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out by the researcher all along the main course and was filled out by two different
observer to carry out the inter scorer reliability. For each item of the TOC the
observers scored one of "2, 1, 0 or NA", which stand for "yes, partially, no or not
observed" respectively. For five main courses, the TOC was filled out eight times.
All five courses were observed by the researcher, the third course was observed by
the supervisor of the study and second and fifth courses were observed by an
experienced teacher who was the head of physics department of a private school and
was familiar with TTT courses. Moreover, once more he was informed about TTT
PD course by the researcher. The inter scorer reliability for researcher and the
supervisor of the study was found as .998 and for researcher and the other observer
was found as .775. In calculating these values the researcher correlated the average
of his five observations with that of the averages of other observers. Table 4.1 shows
the results of the TOC observations. The average score for each dimensions of the
TOC is the average of eight observations.

Table 4.1 The dimensions of the TOC and average score of each dimension

Characteristics # of items Av. Score
Delivered in conducive settings 5 1.72
Collective participation 4 1.38
Active learning 7 1.70
Focused on the content of the subject 9 1.83
Coherence 5 1.90
Intensive 1 (there were 3 more questions) 2
Sustained 1 2
Long duration 2 (there were 1 more question) 2
Just-in time teaching 1 2
Collaboration 6 (there were 6 more questions) 0.92
practice oriented 2 1.65
needs analysis centred 2 2
Lecturer 6 1.26
Teacher knowledge 4 1.41

102



The maximum possible score that can be taken on each dimension was 2. Referring
to Table 4.1 the characteristics intensive, sustained, long duration, just-in time
teaching and needs analysis centred had maximum possible scores. Collaboration
was the dimension that got the least score from the observers. The average score of
all dimensions is calculated as 1.70. In other words, it can be said that according to
the observations the treatment given to teachers is 85% accomplished as planned.

As seen from Table 4.1 and TOC form in Appendix O, there were some items that
were not Likert type. In "intensive™ dimension there were three questions assessing
"the duration of the course, the time allocated for the objective of the week and the
time allocated for other professional development activities”. The course was
planned to last for 180 minutes and all observers were agreed that the course lasted
for 3 hours. However, there were slight differences among the observers about time
allocated for the objective of the week and for the professional development
activities. In the "long duration™ dimension one item was about the duration of the
course. Since other observers did not participated to all courses this item was only
observed by the researcher and the researcher observed and collected that throughout
five weeks. In "collaboration” dimension there were six more items. The scoring
process of these items was a little bit troublesome. In other words, the items were, for
example, asking the number of participant teachers that asked questions during the
course, the number of questions that the presenter asked and so on. Consequently the

observers didn’t score these items and accordingly they were not interpreted.

The teachers were observed in their classes to verify the treatment given to the
students. In other words, teachers were observed about their gained practices in their
classrooms. For that purpose COF was used. The percentages of the observations
done in the placebo group teachers’ classrooms are given in Table 4.2. When this
table is designed, each 40 minute class hour is accepted as a full lesson. One of the
placebo group teachers (T-1) finished the MPU in six class hours and the other
teacher (T-2) finished it in four class hours both during pre-teaching and post
teaching.
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Table 4.2 Class observations of placebo group teachers during pre- and post-

teachings

Pre-teaching
Teachers/ L-1 L-2 L-3 L-4 L-5 L-6 % of lessons
Lessons observed
T-1 O*+V** 0+V V V ><>< 100
T-2 o+V Oo+V O+V o+v O+V V 100

Post-teaching

T-1 0+V O+V V v ><>< 100

T-2 o+V o+V o+V 50

*Q stand for lessons observed by the researcher
**\/ stands for lessons video recorded

Moreover, lessons that are dashed are not observed and that are crossed (X) were not conducted by the
teacher. Furthermore, since later videos are watched by the researcher, they are also accepted as
observed lessons and it affected the percentage of observed lessons.

Just as placebo group teachers, treatment group teachers also taught to one of their
classes earlier and taught to their other classes in parallel to the intervention. Table
4.3 is designed to represent the observations done in the treatment group teachers’
classes. Three of the four treatment group teachers (T-3, T-4 and T-5) finished MPU
in their classes, which they taught earlier, in six class hours and the other one (T-6)
finished the entire unit in only one class hour! On the other hand, during post
teaching, that is teaching in parallel with TTT PD, the courses were under the control
of the researcher. In other words, three of them taught MPU in eight class hours (four
weeks) and one of them taught it in nine class hours (five weeks). Since he was the
only teacher who had three weekly physics course hours in his school, the forth
teacher (T-4) in Table 4.3 was the only teacher who taught the fifth objective of the
MPU in his class. Meanwhile, even though he had three weekly physics course
hours, each week he only used two of these hours for teaching MPU and he used the

other hour for another unit.
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Table 4.3 Class observations of treatment group teachers during pre- and post-

teaching
Pre-teaching

Teacher/ L-1 L-2 L-3 L-4 L-5 L-6 % of lessons
Lessons observed
T-3 o+V o+V O+V O+V o+V 100
T-4 Oo+V Oo+V 33

T-5 Oo+V Oo+V Oo+V 50

T-6 o+V 100

Post-teaching (during/after treatment)

L-1 L-2 L-3 L-4 L-5 L-6 L-7 L-8 L9 L-10

T-3 O+V O+V 0O+V 0O+V O+V o+v VvV >< 88
T-4 Oo+V O+V 0O+V 0+V V \Y \% vV Vv 100
T-5 Oo+V O+V 0O+V 0O+V O+V V \% \% 100
T-6 Oo+V S* S S 50

*This teacher further did not allowed to either observe or video record, the lessons were only voice (S)
recorded.

As seen from Table 4.3 teachers’ lessons were observed in different percentages.
During pre-teaching teachers were free in allocating time for MPU, however, during
the treatment, teachers had to obey the guidance of the researcher. Except the fourth
teacher, all others taught MPU in their classes in eight class hours. Only the fourth
teacher taught the fifth objective of MPU to his class, that is why he taught it in nine
class hours. The researcher could not observe the teaching of this objective during
pre-teaching, however, he watched the video record during the post-teaching and it

was seen that the objective was taught as intended.
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4.2. Results of the teachers’ views about TTT PD course

In order to see how the teachers perceive the designed course the views of the
teachers who participated to TTT PD course were taken via a form (See Appendix
U). In other words, the first research question was assessed through this instrument.
The checklist was developed by the researcher. Its reliability and validity was
discussed in Section 3.3.6. It was answered by 12 teachers. There were six
dimensions and totally 85 items on the questionnaire. Each alternative in the
checklist was coded as “1” for “strongly disagree”, “2” for “disagree”, “3” for
“neutral’”, “4” for “agree’”, and “5” for “strongly agree”. Thus, the maximum
possible score that can be taken for each item was 5 and minimum possible score was
1. The dimensions, the number of items in each dimension, and teachers’ averages on

each dimension is given in Table 4.4.

Table 4.4 The dimensions and average score of each dimension of TTTEF

Dimension # of items Average scores
Attitude 10 4.33
Usefulness 16 4.26
Researcher 8 4.78
PCK 22 4.25
PK 15 4.04
SMK 14 4.38

Table 4.4 indicates that the maximum score is given to the ‘‘researcher’’ dimension
and minimum score is given to ‘‘PK’’ dimension by the teachers. What is remarkable
is that all dimension had scores over four. The average of each teacher on TTTEF

and their average score on each dimension are given in Table 4.5.
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Table 4.5 The results of TTTEF for each participating teacher

Teachers Attitude  Usefulness Researcher PCK PK SMK Av.?

1 4.80 5.00 5.00 500 493 500  4.96

2 4.20 3.75 4.13 3.64 3.33 3.86 3.75

3 4.10 4.50 5.00 4.55 4.40 5.00 4.58

4 4.00 3.94 5.00 4.18 3.80 4.64 4.20

5 3.78 3.46 414 300 NAY 320 362

6 4.30 4.31 5.00 4.68 4.47 5.00 4.61

7 4.60 4.38 5.00 4.05 3.73 3.79 4.16

4.40 4.14 4.88 4.18 NA 4.14 4.28

9 4.40 4.00 5.00 3.45 3.53 3.57 3.85

10 4.20 4.25 4.75 4.36 3.93 4.71 4.34

11 4.80 4.69 4.88 4.68 4.33 4.50 4.62

12 4.33 4.47 4.50 4.00 3.93 4.43 4.23
Treatment group

Av. 4.38 4.46 5.00 445 422 461 4,52

Rest average’ 4.30 4.13 4.66 400 392 419 4.20
Implementation

group Av. 4.33 4.26 4.78 425 404 438 4.34

®Average

®Bolds are the treatment group teachers
“This dimension was left blank by 5" and 8" teachers

Yimplementation group teachers without the treatment group teachers

Table 4.5 indicates that while the 1% teacher gave the highest score (4.96) to TTT PD
course the 5™ teacher gave the lowest score (3.62) to the course. Actually almost all
scores of the 5 teacher on each dimension are the lowest. Moreover this was the
teacher who didn’t filled out ‘‘PK’’ dimension of the TTTEF.

107



Teachers’ evaluation of TTT PD is substantially reliable. Initially in order to help
teachers to feel free during the application of the TTTEF, the researcher wanted them
not to write their names. However, later after approximately two months through the
orientation of the supervisor of the study the implementation group teachers were
found and their papers were determined. The first (T6), third (T5), fourth (T3) and
the seventh (T4) teachers in Table 4.5 were the treatment group teachers. The last
part of Table 4.5 demonstrates the average scores of the treatment group (4.52), the
implementation group without the treatment group (4.20), and the implementation
group (4.34) on TTTEF. What is remarkable here is that the treatment group teachers
have highest average score on TTTEF. Figure 4.1 is designed to represent average

scores of the groups on the dimensions of TTTEF.

® Treatment H Rest average = Implementation

Attitude Usefulness  Researcher PCK PK SMK

Figure 4.1 the average scores of the groups on TTTEF.

Figure 4.1 display that the treatment group has the higher scores on all dimensions.
While the scores of the treatment group and the rest of the teachers who participated
to the TTT PD course on the ‘‘attitude’” dimension is more or less same, the
treatment group teachers apparently has higher scores on the rest of the dimensions,

especially it is more visible on ‘““SMK’’ dimension.
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4.3. Results of the class observations

In this study, total of six teachers’ classes were observed. Two of these teachers were
the placebo and four of them were treatment group teachers. During the observations,
the classroom observation forms (COF) were filled out and the lessons, except
several voice records, generally were video recorded. These records and the forms
were used to analyse the class observations. For each teacher two tables and one
figure were formed; the table of duration and frequency of activities, the comparison
of pre- and post-teachings of teachers through figures, and the table of concepts of

the modern physics unit (MPU) and the time allocated in teaching these concepts.
4.3. 1 Class observation results: Teacher T1

Teacher T1 has been actively teaching in an Anatolian High school. He has eighteen
years of teaching experience. Up until present he has taught the MPU twice. He was
a keen applicant for TTT PD. However, in order to equate the TE of placebo and
treatment group teachers, he was purposely assigned to the placebo group. He
allocated only three class hours to teach MPU to his placebo pre group and he spared
only two class hours to teach the same unit to placebo post group. The researcher
observed all his pre and post-groups’ lessons. He was strict during the lessons and
there were no disciplinary problems. Table 4.6 represents the frequency and duration
of some activities that took place during pre and post-teaching in the classes of the
said teacher. The change in these activities will be interpreted as the "signs of effects"
of treatment given to these groups. The lessons presented in Table 4.6 (same tables
are also used for other teachers) are not successive lessons; they are strictly
observations on teachers’ done by researchers. Videos were analysed to determine
the frequency and duration of the activities conducted in the class. For some
activities only frequency, and/or duration were purposeful. Duration of lecture,
question frequency, plus the frequency and duration of discussions held, were taken
into account to accomplish a greater understanding of the effect of TTT PD on the

teachers’ educational style.
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Table 4.6 The frequency and the duration of the activities during teachings of teacher

T1
Pre-teaching Post-teaching
Lessons/ L-1 L-2 L-3 Per lesson L-1 L-2 (38) Per lesson
a

Activities 27) (12) (30) (38)

@ f d f d f d f [d f d f d f
Lecturing 3 .9 .11 .7.7 -13 .6
Discussions/ 10 3 0 0 8 1 6 13 |2 1 0
Questioning
Questions 0 0
asked to the
teacher
Questions 4 0
that teacher
asked

Animation/ 0 0O 0 O
Simulation

Video 0 0 0 0 O 0 0 0
Solving 0 0 0 0 O 0 0 0
problems

PCK 0 0

PK 1 0

Note taking 0 0 0 O

Unrelated® 11

teaching

14 3

2.5

1.0

0

19 .13 .16

0 3 1 15 05

“Duration of the lesson in minutes, "Duration (min.), ¢ Frequency, %unrelated teaching includes

lecturing, discussions etc.

Table 4.6 indicates that Teacher T1 was not well organized during his lessons. For

instance, while the time allocated for discussion was six minutes per lesson during

pre-teaching, only one minute was allocated towards post-teaching. He spent 9.33

minutes per lesson during pre-teaching and 16 minutes per lesson during post-

teaching, teaching topics that are not relative to the objectives of the MPU. His pre-

teaching during the second lesson only consisted of 12 minutes, therefore the full

forty minutes (one hour class) was incomplete. Hence, these may be the reasons as
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to why his placebo-post class was not as successful as his placebo-pre class.
Moreover, besides for an explanation during pre-teaching at the beginning of the first
lesson concerning the aim of the MPU, neither PCK nor PK activities were observed
in the classes of this teacher. In order to visualize Table 4.6, Figure 4.2 was

constructed.

M duration-pre M duration-post frequency-pre M frequency-post

10

Duration (min)/frequency

Figure 4.2 Comparison of pre- and post-teachings of Teacher T1

The obvious differences between the two lessons performed by Teacher T1 were the
high amount of unrelated topics during post-teaching and the excessive amount of
discussions in the class during pre-teaching. These two factors may explain the
success of his students in his placebo-pre group. Moreover, Figure 4.2 shows that
Teacher T1 mostly taught unrelated topics in his classes. In actual fact, the points he
spoke about were not completely unrelated to the MPU, but they were not related to

the objectives of the MPU. For example, he tried to explain the concepts of general
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relativity such as the precession in Mercury’s orbit, he also spoke about time travel,
he discussed time passing during dreaming, and students discussed teleportation,
reincarnation and so forth. However, he never mentioned (for example) the
Michelson—Morley (MM) experiment and sub-fields of modern physics. Moreover
his teachings were full of mistakes! The worst of all was that most of his speech was
incomprehensible. To give an example, the difference between classical and modern
physics was explained as follows:
The Science of Physics explains various things. For example, velocity is
acceleration times time, meaning for example distance X= V.t etc. When we explain
these, the part that we explain is called classical physics. The part that we cannot
explain, by later investigating particles which are related what? Atom... the

scientific investigations about atom, what is that part of physics is called? Modern
physics...

The above passage fails to explain the correct difference (with a logical, complete
meaning) between classical and modern physics. In other words it is vague and
meaningless. Nevertheless, most of his speech was similar to the above passage. As
another example, the speech below was neither correct nor related to the objectives
of the MPU.

The theory of special relativity investigates the systems that are moving constantly.

The second part of the theory has enlarged the scope of the first part and the force
between masses has been taken into account.

The percentage of unrelated teaching of this teacher was high, to gain more of an
idea about the lessons referred to, the below passage is an example of "unrelated

teaching".

Similarly, all objects in the gravitational field of other objects move in a curved path.
The minimum distance between two points in this field is not a straight line, it is
curved. Einstein developed his general theory of relativity by reasoning, not by
experiments. He bravely stated this and that his theory could be tested during a solar
eclipse. So indeed during the solar eclipse of 1919 in May, the light from two stars
that were behind the sun was affected by the gravitational field of the sun. They were
even seen when they were behind the sun. Another test of the theory was the
deflection in the orbit of Mercury....One of the results of the general theory of
relativity was the finiteness of the universe; also that it’s unlimited... Furthermore
according to this theory, the universe was either expanding continuously or
contracting...

Moreover, most of the concepts were taught incorrectly. For instance he explained
that when objects move with high velocities, their lengths would contract. He also
said that if one of the students had to go through the same scenario in space, he

would accordingly return as a dwarf!
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With all due consideration, the conclusion is that Teacher T1 is not well organized,
doesn’t abide by the curriculum, doesn’t approach teaching correctly and doesn’t
convey meaningfulness. The achievements of his students, other than pre or post-

teaching, may be attributed to some other factors.
4.3. 2 Class observation results: Teacher T2

This was a private school teacher with five years of teaching experience. So far he
has participated in two PD programs similar to TTT PD. But none had taken the
MPU into account. As in the case of Teacher T1, he was assigned purposely to the
placebo group. It was the second time that he taught the MPU and in this academic
year he taught the MPU to a total of five classes. The researcher observed all his
lessons both during pre and post teaching. In order to teach the MPU he allocated six
lessons during pre-teaching and four lessons during post-teaching. He did so because
he was going to go abroad and he had to finish the MPU before the end of school
year. Furthermore, he taught all his lessons with smart board and he had prepared
PPT for his all lessons. Table 4.7 shows the activities that took place during the

instructions of this teacher.
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Table 4.7 The frequency and the duration of the activities during teachings of teacher T2

Pre-teaching

Post-teaching

Lessons/

SUTL L-1  L-2 L-3 L-4 L-5 L-6 Per lesson L-1 L-2 L-3 L-4 Per lesson
Activities (28) (37) (37) (40) (36) (37) (37) (36) (38)  (36)
d F d f d f d f d f d f d f d f d f d f d f d
Lecturing 9 .10 .7 -4 13 .7 .5.67 -26 .18 .6 .17 .16.
Discussion/ 8 3 11 5 20 4 12 4 6 2 4 2 610 333 |5 1 4 1 4 2 0 0 32
Questioning
Questions asked 5 3 12 8 3 8 6.50 5 3 6 2
to the teacher
Questions that 0 4 4 3 3 1 2.50 2 1 3 1
teacher asked
Animation/ 0 0 4 2 0 0 2 1 0 0 0 0 1 067 |1 1 0 0 0 O 0 025 0.25
Simulation
Video 7 1 10 3 5 2 1 4 0 0 10 3 717 171 |0 0 11 2 1 4 0 0 525 150
n
Solving 0 0 O 0 O 0 0 0 9 2 8 2 283 067 |0 0 O 0 1 3 17 3 7 1.50
problems 1
PCK 1 0 1 1 0 0 0.5 0 1
PK 2 1 2 0 1 0 1 1 1
Note taking 0 0 O 0 O 0 0 0 3 1 4 1 117 0 O 0 O
Unrelated 4 2 4 11 5 4 5.00 3 7
teaching




As seen from Table 4.7 this teacher seems better during pre-teaching. For instance,
while he lectured excessively more per lesson during post teaching, his students
asked him more questions per lesson during pre-teaching. This means that his
placebo-pre group students were more active than his placebo-post group students.
This result is consistent with the reason he explained for the success of his placebo-
pre group students in Section 4.5. Moreover, the table shows that while no note-
taking activity took place and only one animation (1 min) was shown during post-
teaching, these two activities were successfully conducted during pre-teaching. A
clear comparison of all activities about pre- and post-teachings of Teacher T2 can be
seen in Figure 4.3.
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Figure 4.3 Comparison of pre- and post-teachings of Teacher T2

Figure 4.3 indicates that in terms of most of the activities that compare the pre- and
post-teachings, Teacher T2 had done less during post-teaching. For instance, the
amount of discussions and the number of the questions asked by the teacher were
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less during post teaching. However, the amount of lecturing was more in post-
teaching. Moreover, the amount of problem solving and of unrelated teaching is in
favour of post teaching. What is clear both in pre- and post-teachings is that PCK and
PK activities were almost equal and vary very little. Since there were a considerable
amount of discussions between teacher and students during pre-teaching, below is an
example of a debate regarding the graph of wavelength and amount of radiation of
blackbody.

T: How can you deduce that the energy is not continuous or can you decide that it is
guantized? Please think a little bit. How can you interpret this graph?

S1: According to the graph the energy will increase up to infinity, but it does not
happen so.

T: This is the expected value, it radiates forever.
S2: Do you mean it will increase to infinity?

T2: Mehmet, what do you think? Mehmet has strange ideas. Do you have something
different?

(Mehmet did not answer)
T: Halil ibrahim, what do you think now?

S2: The energy will not increase to infinity...According to wavelength, as energy is
added it must increase, it does not increase. After some time it gets to zero.

T: Can you do something? Do you imagine something?
S3: No, but I have difficulty in explaining.

S4: Sir, I didn’t understand this blackbody radiation. I think that the light will move
back from the place where it entered.

T: Theoretically we think that it is confined, it does not leave, and it is absorbed by
the blackbody after reflections.

S4: Sir, I didn’t understand that, in any case actually there is no blackbody, how do
we know that this happens or not? Maybe it doesn’t happen like that.

T: They think that it happens like that.
The above discussion reveals that the debate between the teacher and students is
vague; the teacher cannot reply clearly and cannot explain the radiation of
blackbody. Furthermore, the teachers’ initial question reveals that he thinks that the
idea of quantization was deduced from the interpretation of the wavelength- radiation
graph. An example of PCK was that he guided students through questioning to have
them to say that the "the speed of light in a vacuum has the same value, in all inertial
frames, regardless of the velocity of the observer or the velocity of the source
emitting the light". Another example was that in order to deduce the formula of time

dilation, he used the method (a stationary and a moving observer observing the light
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reflection in a moving train) used in most of the physics books. Moreover, he used an
analogy to explain the motion of the earth in hypothetical ether: The earth was a boat

and the ether was water.

The usual PK he used in his teachings was to make a summary of previous lessons.
Some other examples; he started one of the lessons by making an introduction, he
examined the students’ prior knowledge, he had one of the students solve the

problem, he also requested the students to solve the problems by themselves.

An example of incorrect teaching was that he explained the proper time as the time
measured by the observer who is in a moving reference frame. He also incorrectly
taught the aim of the MM experiment. Furthermore, he stressed the variance of the
mass with time many times. To conclude, the better performance of the placebo-pre
group students of this teacher lead to the difference between the two classes. Table
4.8 shows the concepts of the MPU and the amount of time the placebo group
teachers spared for teaching each concept. The values in the parenthesis are the

minutes that teachers used to teach the concepts.
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Table 4.8 The concepts of the MPU and teaching these concepts in placebo groups

Concepts Correctly taught  Incorrectly Inadequately Never
taught taught mentioned
pre post pre post Pre post pre post

The basic elements b T1(39)
of modern physics T2(18°) T2 (19) Ui
Distinction between
classical and modern T2 (4) T1(2) T2(3)
physics
Sub-fields of modern T1,T2
physics
Inertial and non-
inertial reference T209) T2(7) T1(3)
frames
Ether hypothesis T2(5) T2(3) T1
The Michelson—
Morley T2(11) T2(8) T1(2)
Experiment
The postulates of the
special theory of v Vi) T1(4)
relativity

. _ T1(16) T1(6)
Time Dilation T2(30)  T2(19)

. T1(8) T1(6)
The Twins Paradox T2(12) T2(9)
Length Contraction Be(ety T2(13) T1(1) Wi
The invariant mass T1(3) T1(1)
T2(12)

T1(2 T1 (7
The speed of light is @ )

the ultimate speed T2(10) T2(8)

Relativistic Energy T2(21)

®When around 50% of the concept was never mentioned it was accepted as inadequately taught.

*This is the total time used by Teacher T2 to teach this concept during pre-teaching. For example, this
concept was taught in the first lesson and it was briefly repeated during the second lesson. 18 minutes

is the sum of these two teachings.

“Teacher T1 has spent three minutes in teaching this concept during post-teaching
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Table 4.8 presents that Teacher T1 had never mentioned the basic elements of the
MPU during pre-teaching and had spared only three minutes to the same concept
during post-teaching. Similarly, while he defined the inertial and non-inertial
reference frames incorrectly during pre-teaching, he never mentioned it during post-
teaching. Furthermore, while Teacher T2 had taught the inertial and non-inertial
reference frames correctly and spent nine and seven minutes during pre- and post-
teachings respectively, he taught the time dilation during both teachings
inadequately, and allocated 30 and 19 minutes respectively. Moreover, while the
inertial and non-inertial reference frames, the postulates of the special theory of
relativity and the invariance of mass was incorrectly taught by Teacher T1 only the

invariance of mass was incorrectly taught by Teacher T2.

As a result Teacher T2 did spare more time in teaching the MPU during pre-teaching
when compared to post-teaching. Moreover, his placebo-pre group was more active
and the activities took place more, when compared to post teaching. Furthermore,
there has been no development in this teachers™ teaching. In other words, if for
example he taught a concept during pre-teaching inadequately, he did so in post-
teaching also (see Table 4.8). Thus, some factors other than pre-teaching were
effective in making a difference between his placebo pre and placebo post groups.

4.3. 3 Class observation results: Teacher T3

According to the experience index given in Table 3.4 this teacher was the one who
had the most experience amongst all implementation group teachers and second most
experienced teacher among TTT group teachers. He was teaching in a public
Anatolian high school and he has 10 years of teaching experience. Moreover, he was
a master student and he has written a physics book for high schools. Furthermore, he
has a bureau where he gives private physics lessons. He had also been the head of
the physics department in one of the provinces of Ankara for four years. Compared
to all the implementation group teachers, he had participated in the PD programs
conducted by the Ministry of Education the most. However, these programs were not
about the MPU, they were mostly on curriculum or material development. Table 4.9

and follow up Figure 4.4 compare the pre- and post-teachings of this teacher.
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Table 4.9 The frequency and the duration of the activities during teachings of Teacher T3

Pre-teaching Post-teaching
L-1 L-2 L-3 L-4 L-5 Per lesson L-1 L-2 L-3 L-4 L-5 L-6 L-7 Per lesson
Lessons/
Activiti (35) (34) (30) (38) (38) (40) (35) (33) (35) (37) (40) (40)
ctivities d f d fd f d f d f d d d fd f d f d f d d

Lecturing 17.18 .23.24.18 .zoo -20.17 I21. .16 .26 .19 .1771 -
3 2

Discussion/ 15 3 12 4 9 3 9 4 98 3.00 18 5 9 37 3 16 4 2 10.00 3.14
Questioning

Questions asked 3 3 3 9 2 4.00 3 2 4 2 6 1 1 2.71
to the teacher

Questions that 8 5 2 2 4 4.20 9 6 8 1 10 7 1 6.00
teacher asked

Animation/ 0 00 00 00 0 0 0 0 0 0 00 0 2 1 2 10 0 0 0 0 0 057 0.29
Simulation

Video 0 0 0 0 0 00 0 0 0 O 0 0 0 0 00 0 3 10 0 0 0 0 0 043 0.14
Solving 0 00 0 0 0 0 0 7 3 14 0.6 0 0 0 00 0 15 6 3 1 0 0 16 8 4.86 2.14
problems

PCK 1 1 1 0 0 1 1 1.00
PK 3 1 1 2 0 4 2 1.71
Note taking 0 0 6 20 0 3 10 0 0 00 0 1.29 0.43

Unrelated 3
teaching
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Besides, for one of his post-teaching lessons, the researcher observed all his pre- and
post-teachings. He taught the MPU in five lessons during pre-teaching and in eight
lessons during post-teaching. Nevertheless, when compared to his "experience™" his
pre-teaching was not as good as expected and his acquirements from the TTT course
were not as desired. Table 4.9 shows that while Teacher T3 hadn’t shown an
animation and a video during pre-teaching, he showed two animations and only one
video during post teaching. Similarly, no note taking activities took place during pre-
teaching. The usual instruction of this teacher during pre-teaching was that he had
one of the students read from the book and afterwards when necessary he made

comments. Figure 4.4 is the visualization of Table 4.9.
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Figure 4.4 Comparison of pre- and post-teachings of teacher T3

Figure 4.4 indicates that lectures and discussions in the classes of this teacher are
almost equal during both of his instructions. A slight decrease in the amount of
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lecturing and increase in the amount of discussions can be accepted as indicators of
PD or in other words signs of success of the TTT course. However, the post-teaching
class observations showed that the teacher forced himself to explain the concepts of
the MPU and this lead to no decrease in lecturing and no increase in discussions.
Therefore, not too many free discussions took place. As seen from Figure 4.4 the
number of questions that the teacher asked increased considerably. The teacher was
asking the meaning of core concepts such as twin paradox or reference frames, since

he was receiving no answers; he then was trying to explain the concepts.

While the change in teacher’s PK do not seem significant, his PCK relatively
increased during post-teaching. The usual examples of PK during both instructions
were repeating the important points or writing down the core concepts on the
blackboard. Moreover, repeating the previous lessons, giving homework,
encouraging students to think about the questions asked, not demoralizing students
that give wrong answers, asking specific questions to students who are not interested
in the discussions etc., were some other examples this teacher demonstrated during
his teachings. Moreover, the only PCK observed during pre-teaching was that he
mentioned two misconceptions about the relation between classical and modern
physics: "Classical and modern physics laws are different” and "classical physics
laws have been replaced by modern physics laws". On the other hand, he executed
seven PCK activities during post-teaching. For instance, he made an analogy
between the sub-fields of modern physics and medical, he derived the formula of
time dilation in the same way that most physics books derive, and he likened the
motion of the earth in the hypothetical ether to the motion of a ship in the ocean.
Furthermore, in order to explain the relative motion, he simulated it by having two

students walk at different speeds in the class etc.

Stating the aim of the MM experiment during pre-teaching was amongst the incorrect
instructions of this teacher. Although the amount of unrelated instruction during pre-
teaching was not too much, some unnecessary discussions such as, should a man
wear a seatbelt while moving with the speed of light, where on the earth is a woman
heavier, teleportation and Tesla’s experiment, took place. Contrary to pre-teaching
valuable discussions, such as, "can a car illuminate while moving with the speed of
light, the trouble the scientists encountered in explaining the blackbody radiation and

why the earth is accepted as an inertial reference frame", took place during post-
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teachings. Similarly time dilation was a challenging topic that students discussed

during post-teaching. Table 4.10 includes the concepts of the MPU and the amount

of time Teacher T3 used to explain these concepts.

Table 4.10 The concepts of the MPU and teaching these concepts in the classes of

Teacher T3
Concepts Correctly taught  Incorrectly  Inadequately Never
taught taught ** mentioned

pre post pre post pre post pre  post

The basic elements of T3(58) T3(11)

modern physics

Distinction between T3(6) T3(13)

classical and modern

physics

Sub-fields of modern T3(3) T3(8)

physics

Inertial and non-inertial T3(17) T3(18)

reference frames

Ether hypothesis T3(3) T3(6)

The Michelson—Morley T3(32) T(5)

Experiment

The postulates of the T3(16) T3(22)

special theory of

relativity

Time Dilation T3(35) T3(27)

The Twins Paradox T3(19) T3

Length Contraction T3(16) T3(23)

The invariant mass T3(9) T3(2)

The speed of light isthe  T3(4) T3

ultimate speed

Relativistic Energy T3 T3

123



Since relativistic energy is not taught in schools which has two hour weekly physics
course, it is normal that this teacher has not taught relativistic energy. However,
interestingly he never mentioned twin paradox during pre-teaching and never taught
the intimateness of the speed of light during post-teaching. Table 4.10 says too many
things, however, roughly it is clear that this teacher has correctly taught most of the
concepts during post-teaching and has relatively allocated more time to each concept
during post-teaching. For instance, he spared 11 and 58 minutes to instruct the basic
elements of modern physics respectively during pre- and post-teachings. During pre-
teaching he inadequately taught the inertial and non-inertial reference frames,
because he only defined the reference frame but not inertial and non-inertial frames.
Moreover, he inadequately taught the length contraction because he didn’t discuss
length contraction according to stationary and moving observers. Similarly, the time
dilation was inadequately taught both during pre- and post-teachings because as in
the case of length contraction, he didn’t mentioned the time dilation according to

different observers.

While he only tried to explain the meaning of radiation and photoelectric effect
during pre-teaching, he tried to explain how the developments in these areas of
physics triggered the development of modern physics during post-teaching.
Moreover, he mentioned how the explanation of the blackbody radiation by the

scientists leaded to the explanation of the photoelectric effect and atomic theories.

He taught the aim of the MM experiment incorrectly both during pre- and post-
teachings. He merely stated the follow up results of the MM experiment during post-
teaching. While he mostly lectured about reference frames during pre-teaching, he
solved multiple choice questions about the same topics during post-teaching.
Parenthetically, his teachings were not completely concurrent with what was
discussed during the TTT course, for example, even though simultaneity was not
discussed in the course this teacher taught it in his class.

As a summary, the TTT course relatively helped this teacher to instruct in
accordance with the curriculum, it encouraged the teacher to teach in an organized
manner, it slightly increased both the discussions he conducted with his students and
his PCK, and it increased the amount of questions that he asked his students

considerably. It also increased his students’ and his achievements on Post-MPUAT-

124



S. Moreover, when pre- and post-instructions are compared he was more confident

during post-teaching.
4.3. 4 Class observation results: Teacher T4

This teacher has a total of 13 years of teaching experience. He taught science in
elementary school for five years and he taught physics in high school for eight years.
He additionally teaches physics on the weekends to 12th grade students who are
preparing for their university entrance exams. According to the experience index
given in Table 3.4, he was the second least experienced teacher. Still he was the one
who got the highest score both in pre- and post-tests applied for the teachers.
Moreover, the Anatolian high school he was teaching at was a pilot school and the
Ministry of National Education was trying to establish the FATIH project there
(Fatih, 2013). Furthermore, just as in the case of previous teachers he also
participated in several PD programs designed by the Ministry of Education.
Similarly, the PD programs he participated in were seminar like programs that did
not include the MPU.

The researcher could observe only 33% of his pre-teaching and 100% of his post-
teaching. In other words, the researcher missed four of pre-teaching and none of the
post-teaching lessons. The following results and the descriptive statistics results
indicated that he was the least exploited from the TTT course. In order to avoid any
misunderstanding it should be stated that the class observations and the performance
of this teacher during the course showed that he had substantial knowledge of the
MPU concepts. Both his placebo pre- and placebo post-group students had gained
satisfying scores (See Table 4.21).

He taught the MPU in six lessons during pre-teaching and in nine lessons during
post-teaching. This teacher used questioning effectively and he introduced his entire
lessons through PPT during his instructions. Moreover, he solved questions
effectively almost after all lessons during both instructions and he generally started
the lessons on time. Table 4.11 and follow up Figure 4.5 compare the pre- and post-

teachings of this teacher.
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Table 4.11 The frequency and the duration of the activities during teachings of Teacher T4

Pre-teaching Post-teaching
o L-1 L-4 (40) Per lesson L-1 L-2 L-3 L-4 (34) L-5 L-6 L-7 Per lesson
Lessons/ Activities (40) (36) (19) (36) (29) (40) (40)
d fd F d d d
ww o T NS
Discussion/ 5.50 3 5310 5 6 6.43 3.00
Questioning
Questions asked to 2 4 2.43
the teacher
Questions that 13 6 13.14
teacher asked
Animation/ 0 0O 0 3 1 1 0.71
Simulation
Video 0 0O 0 O 0 O 0
Solving problems 5 11 7 19 6 857 457
PCK 3 2 1.71
PK 2 2 1.57
Note taking 0 0 0 2 1 186 057

Unrelated teaching

(S)
N
o
o
N
N
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Table 4.11 demonstrates that Teacher T4 never showed videos during his teachings.
Moreover, the table shows that this teacher particularly solved many questions
during his instructions. He was asking the questions through PPT and was solving
them one by one with students and he was making comments about both questions
and about each of the distractors. While no note-taking and animation/simulation
activities took place during pre-teaching, some note-taking and animation/simulation

activities (not considered to be sufficient) were seen during his post-teaching.
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Figure 4.5 Comparison of pre- and post-teachings of Teacher T4

Since only 33% of pre-teaching of this teacher was observed, comparing his pre- and
post-teaching is a little bit risky. Even so, mostly reporting post-teaching activities
and making slight comparisons may be noteworthy. When comparing pre- and post-
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teachings, while the discussions and questions that the teacher and students asked
increased, the amount of lecturing and unrelated teaching had decreased during post-
teaching. Similarly, while PCK activities had increased slightly, the PK activities

also decreased a fraction.

Discrepantly, some examples of PCK during post-teaching were; could not increase
the speed of an electron to speed of light between two parallel plates, was given as an
example about ultimate speed of the light, interpreted the mass in terms of both
classical and modern physics, in order to teaching ‘‘paradox’’ used an analogy,
guided students through questions to have them state that the speed of light has the
same value in all inertial frames, stated the known examples of experiments about
time dilation such as observation of muons, Hafele and Keating experiment and
correcting the time in Global Positioning System (GPS). Moreover, during pre-
teaching he exhibited some examples of PK differently, such as having students
solve questions on the blackboard plus helping them, encouraging students come to
conclusions with regards to what they had expressed, starting the MPU by giving
examples from everyday life, motivating students in the case of correct answer and
so on. As mentioned above this teacher used questioning too much. For example, in
order to have students recall the previous lesson, the concepts of that lesson were
discussed through questioning. Table 4.12 lists the teaching of concept of the MPU

during the instructions of this teacher.
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Table 4.12 The concepts of the MPU and teaching these concepts in the classes of

Teacher T4
Concepts Correctly taught Incorrectly  Inadequately Never
taught taught ** mentioned

pre post pre post pre post pre  post

The basic elements of T4A(7) T4(38)

modern physics

Distinction between T4(3) T4(4)

classical and modern

physics

Sub-fields of modern T4(4)

physics

Inertial and non-inertial ~ T4(5) T4(29)

reference frames

Ether hypothesis T4(6)

The Michelson—Morley  T4(8) T4(20)

Experiment

The postulates of the T4(12) * T(49)

special theory of

relativity

Time Dilation T4(29)

The Twins Paradox T4(8) T4(3)

Length Contraction T4(10)

The invariant mass T4(10)

The speed of light isthe  T4(3) T4(8)

ultimate speed

Relativistic Energy T4(17)

As seen from Table 4.12 this teacher had correctly taught almost all concepts of the

unit during both teachings. For instance, he taught time dilation according to both

stationary and moving observers, he discussed the possibility of if we could see

ourselves in a mirror if we had to move with the speed of light both in terms of
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classical and modern physics. Interestingly, while he taught the inertial and non-
inertial reference frames’ concepts and discussed the difference between the frames
during pre-teaching he only defined and solved some questions about reference
frames and didn’t discuss the differences between them during post-teaching. Even
though, twin paradox was an interesting concept and was sufficiently attractive to be
discussed, in a different manner compared to the other teachers, this teacher did not

handle it adequately enough during his instructions.

Although many activities were similar during both teachings, the quizzes were
observed only during post-teaching. Moreover, he was the only teacher who
discussed the fact that a reference frame moving without acceleration with respect to
another inertial reference frame can also be accepted as an inertial reference frame
during post-teaching. He was one of the teachers who discussed the possibility of if
we could see ourselves in a mirror if we had to move with the speed of light during
pre-teaching in the context of both classical and modern physics. Along with this
fact, he discussed the facts that if we can speak with our mobile phone while we are
moving with the speed of light, and can a car moving with the speed of light

illuminate during post-teaching.

Moreover, even though it isn’t included in the curriculum, he taught simultaneity
during both instructions however, he didn’t adequately teach length contraction
during post-teaching. He explained the concept, gave the formula and started to solve

problems without discussing thoroughly.

Consequently, even though this teacher seems relatively inexperienced, he was the
one who mostly taught the MPU during both instructions correctly. Not much
difference was observed between the two. Accordingly teacher achievement test
scores and students’ achievement gain scores were more or less similar for pre- and
post-tests of this teacher. Moreover, this was the teacher among the treatment group
who got the least score on TTTEF.

4.3. 5 Class observation results: Teacher T5

This teacher has 15 years of teaching experience, three of which he was head of the
Physics Department in one of the provinces of Ankara. As in the case of preceding
teachers, Teacher T5 was also instructing in an Anatolian high school. Before TTT

he had participated in only one PD program which was about project preparation and
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designed by the Ministry of Education. It seems that according to the findings of this
research that this was the teacher who most benefited from the TTT program. Class
observation results and descriptive statistics results show that there is a significant
development in this teacher and in his class (experimental group) in which he taught
the MPU along with the TTT course.

So far he has taught the MPU three times. He taught the MPU during pre-teaching in
six lessons and during post-teaching in eight lessons. The researcher observed 50%
of his pre-teaching and 100% of post-teaching. A very significant difference was
observed in the pre- and post-teachings of this teacher. Namely, there was a certain
untidiness in the pre-teaching of this teacher. For instance, he used 30 minutes in the
first lesson of pre-teaching and taught the difference between classical and modern
physics, the sub-fields of modern physics, reference point, twin paradox, relativistic
energy and he discussed the possibility of if we could see ourselves in a mirror if we
had to move with the speed of light and also if teleportation is possible. However
during post-teaching he taught all the objectives in accordance with the TTT course.

Table 4.13 summarizes the pre-and post-teachings of Teacher T5.
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Table 4.13 The frequency and the duration of the activities during teachings of Teacher T5

Teachers/ Pre-teaching Post-teaching
Activities L-1 L-2 L3 Per lesson | L-1 L-2 L-3 L4(27) L5 L-6 (40) L-7 L-8 Per lesson

(30) (33) (35) (31) (32) (35) (36) (36) (26)

f d

Lecturing 22.23.12.190”25.14.30.7 .25.16.24.11.190-
Discussion/ 1 133 0.67 1 400 175
Questioning
Questions asked 5 1 3 3.00 0 0 1 2 2 2 1.25
to the teacher
Questions that 0 0 2 0.67 3 3 8 2 7 4 4.38
teacher asked
Animation/ 0 0 0 00 0 0 00 00O 0O 0 0 OO0 o0 O 0
Simulation
Video 0 0 0 00 0 o0 o000 OO OO O O OO O O o000 00O 0
Solving 0 3 1 19 4 314 167 |0 0 14 9 0 0 18 27 O 0 19 21 6 2 13 6 875 813
problems
PCK 1 1 0 0.67 4 2 1 1 2 1
PK 0 1 2 1.00 0 3 1 2 0
Note taking 0 00 0 2 1 067 033 |0 0 0 0 0 0
Unrelated 6 7 0 4.33 0 2 0
teaching




Table 4.13 indicates that this teacher never used videos and animation/simulations
during his teachings. Moreover, what is distinct is that he had solved many questions
during his instructions. Furthermore, all pre-teaching class hours with the exception
of one (sixth lesson), all post-teaching class hours were not fully used for teaching.
In other words, lessons should last for 40 minutes however; this teacher on average
used 35 minutes for each lesson. What makes this teacher different is that except for
a duration of two minutes (second lesson) he did not teach unrelated topics during
post-teaching. The comparison of pre- and post-teaching of this teacher is given in

Figure 4.6.
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Figure 4.6 Comparison of pre- and post-teachings of Teacher T5

Figure 4.6 demonstrates that discussions and questions that this teacher had asked
were considerably increased during post-teaching. Moreover, when this teacher is
compared to the previous teachers he lectured too much. Actually his lecturing was a
combination of speaking and questioning. Namely, he was having students complete
his sentences. For instance, he was saying "the observer stationary with respect to

the spaceship measures the length of the spaceship longer than ...." and he was
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waiting for students to complete the sentence, and stating "the moving observer".
Furthermore, while his unrelated teaching was more during pre-teaching, the number
of questions he had solved related to the concepts of the MPU was more during post-

teaching.

The Figure 4.6 shows that both PCK and PK behaviours detected had increased
during post-teaching when compared to pre-teaching of teacher T5. During post-
teaching he demonstrated some PK behaviours differently. For example he repeated
the first and second postulates of special relativity several times to have students get
familiar with the postulates, he had students state their opinion about time dilation at
the beginning of the topic, he guided students through questions to have them
identify the reference point and he had the answer of a question from different
students without making any comments and so on. On the other hand, while 12
PCK’s was observed totally during post-teaching only two were observed during pre-
teaching. Along with stating the misconceptions, his PCK was mostly based on
making analogies. For instance in order to draw attention to the difference between
classical and modern physics he said: "every dog barks in his own yard", in order to
clarify the dime dilation he said: "live fast stay young" and in order to explain the
colour change of an object being heated he mentioned the colour change of an iron

piece during forge.

During pre-teaching the number of questions were relatively high, however, some
questions were either unrelated or meaningless. For instance one of the students
asked the relation between the colours and the reflection of the light, another student
asked if we are going to be refracted if we pass through a glass while moving with
the speed of light. Furthermore, even though the curriculum does not recommend he
unnecessarily spent too much time on the mathematical foundation of the time
dilation. For instance, he dealt with the mathematical part of one problem for ten
minutes; he especially allocated too much time in finding the gamma factor (y) in
that problem. As an example of unrelated teaching, he told the amount of time it
takes the sun rays to travel to earth. Furthermore, sometimes not enough explanations
were given when supplying answers to questions asked. For instance, one of the
students asked the reason behind the length contraction while the object moves with
relativistic speed, however the teacher slid over the question and continued lecturing.
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On the other hand during post teaching he told of some core concepts that he didn’t
discuss during pre-teaching. For example, he explained why we could accept the
earth as an inertial reference frame for an object on the earth, he correctly taught the
aim and the results of the MM experiment, he discussed the time dilation and length
contraction according to moving and stationary observers. Moreover, he was the only
teacher who mentioned that all biological activities of an astronaut changes while he
is moving with high speeds and he was the only teacher who taught a practical
method (was explained by the researcher during the course) in solving special
relativity problems. Furthermore, proving the formula of linear acceleration was the
only example of unrelated teaching during post-teaching. The amount of time he

spared for the concepts of the MPU during his teachings is displayed in Table 4.14.
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Table 4.14 The concepts of the MPU and teaching these concepts in the classes of
Teacher T5

Concepts Correctly taught  Incorrectly Inadequately Never
taught taught ** mentioned

Pre post pre post pre post pre post

The basic elements of T5(37) T5(4)

modern physics

Distinction between T5(11) T5(6)

classical and modern

physics

Sub-fields of modern T5(4) T5(2)

physics

Inertial and non- T5(35) T5(4)

inertial reference

frames

Ether hypothesis T5(9) T5(2)

The Michelson— T5(9) T5(34)

Morley

Experiment

The postulates of the T5(39) T5(6)

special theory of

relativity

Time Dilation T5(45) T5(14)

The Twins Paradox T5(11) T5(6)

Length Contraction T5(26) T5(21)

The invariant mass T5 T5

The speed of light is T5(4) T5(6)
the ultimate speed

Relativistic Energy T5(12) T5

Table 4.14 clearly indicates that while Teacher T5 has inadequately taught most of
the concepts of the MPU during pre-teaching he has taught most of them correctly
during post-teaching. Moreover, the amount of time allocated for the post-teaching is

considerably more than that of pre-teaching. For example while he spared only four
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minutes to teach the basic elements of modern physics during pre-teaching he had
allocated 37 minutes to the same concept during post-teaching which was
approximately nine times more. The same table also indicates that he had never
mentioned the invariant of mass during his instructions and although he shouldn’t

have taught the relativistic energy, he taught it during pre-teaching.

As a result, class observations showed that this teacher was more confident during
post-teaching and his post-teaching was significantly different from his pre-teaching.
Moreover, the fact that he mostly inadequately taught during pre-teaching and
correctly taught during post-teaching may explain why his placebo-post group

students were more successful.
4.3. 6 Class observation results: Teacher T6

This was a teacher who has 19 years of teaching experience and she was the only
female among the treatment group teachers. So far she has taught the MPU only once
and she was the only teacher who was teaching to Anatolian vocational high school
students. Moreover, so far she has participated in four PD programs such as an
English language course and Animation course. Furthermore, according to the
experience index given in Table 3.4 she was the teacher who had the least

experience.

This teacher was chosen for equating both the placebo and treatment groups and
hence increasing the variety of collaborating teachers within the TTT course, because
she was a female and was teaching at a vocational school. Since initially she didn’t
accept her lessons to be observed by the researcher, she was reinforced with
donations. For instance, she was given a multifunctional radio, many physics course
books and the researcher promised to be the supervisor of the physics project which
was going to be prepared by her daughter. Nevertheless, once the class observations
started she changed her idea and she limited the class observations and the researcher
could only observe one of the two pre-teaching lessons and only two of the eight
post-teaching lessons. Moreover, since it was the first time that her classes were
being observed, instead of lecturing she slid over the lessons by showing videos
during pre-teaching. The Table 4.15 indicates the activities this teacher conducted

during her instructions.
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Table 4.15 The frequency and the duration of the activities during teachings of

Teacher T6
Pre-teaching Post-teaching
L-1 Per lesson L-1 (24) L-2 Per lesson

Teachers/ (30) (26)

Activities d f d f |d f d F d f
Lecturing 5 - 5 ” 7 - 16 - 11.50 -
Discussion/ 2 1 2 1 2 1 3 2 250 1.50
Questioning

Questions asked 2 2 2 2.50
to the teacher

Questions that 1 1 2 1.50
teacher asked

Animation/ 0 0 0 0 0 0 0 0 0
Simulation

Video 20 4 20 4 9 2 0 0 450 1.00
Solving problems 0 0 0 0 6 4 0 0 3.00 2.00
~ BB EER:
- 2NN
Note taking 0 0 0 0 0 0 7 2 350 1.00
Unrelated 3 3 0 0 0

teaching

As seen from Table 4.15 she never showed animations/simulations during her
instructions. Moreover, while no note-taking, PK, and problem solving activity was
observed during pre-teaching, no unrelated teaching was observed during post-
teaching. There was no organization of lessons about the concepts of the MPU
during pre-teaching. As in the case of pre-teaching of the Teacher T5, via videos, she
explained many concepts of the MPU in a very short time interval. Namely, in one
lesson she taught six concepts of the MPU. Moreover, most of the concepts were
inadequately taught during pre-teaching, for example, she stressed the second
postulate of special relativity, however, she never mentioned the first postulate.
Further, she stated that mass increases with increasing speed. As an example of PCK
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during pre-teaching she mentioned one of the misconceptions about the distinction
between classical and modern physics (classical physics laws have been replaced by
modern physics laws). Three PCK behaviours observed during post-teaching were;
mentioning one of the misconceptions about the difference between classical and
modern physics, making an analogy between the MM experiment and the motion of
a ship in the sea and teaching about the MM experiment the same way physics
teachers generally teach. Moreover, the three PK behaviours during post-teaching
were; stopping the video and making comments, summarizing the lesson and asking
students to give examples of reference systems. Figure 4.7 is designed to compare
the pre- and post-teachings of this teacher.
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Figure 4.7 Comparison of pre- and post-teachings of Teacher T6

The excess of time allocated for videos during pre-teaching is clearly seen in Figure
4.7. The decrease in videos and increase in lecturing during post-teaching can be
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interpreted as an increase in self-efficacy of this teacher. Further, comparison of pre-

and post-teachings of this teacher may not be valid. While observing 50% of pre-

teaching could give healthy results 25% of observation of post-teaching could

mislead. Table 4.16 was developed to display the instructions of the concepts of the

MPU by this teacher.

Table 4.16 The concepts of the MPU and teaching these concepts in the classes of

Teacher T6

Concepts Correctly taught

Incorrectly

taught

Never
mentioned

Inadequately
taught **

pre post

pre

post

pre post pre  post

The basic elements
of modern physics
Distinction between
classical and modern
physics

T6(11)

Sub-fields of modern
physics

T6(5)

Inertial and non-
inertial reference
frames

Ether hypothesis

T6(13)

T6(3)

The Michelson—
Morley
Experiment

The postulates of the
special theory of
relativity

Time Dilation

The Twins Paradox
Length Contraction
The invariant mass

The speed of light is
the ultimate speed

T6(3)

Relativistic Energy

T6(6)  T6(8)

T6(2)

T6(10)

T6(5)

T6(3)

T6(5)
T6(2)
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Table 4.16 indicates that except for one (the speed of light is the ultimate speed) she
has taught all concepts of the MPU inadequately during pre-teaching. However
during post-teaching she has correctly taught four concepts and inadequately taught
two.

When everything is summarized for this teacher, it can be said that rather than class
observation results, the achievement test (MPUAT-S and MPUAT-T) results are
more valid concerning the development of this teacher.

4.3.7 Summary of class observations

To combine the results of the treatment group teachers Figure 4.8 was constructed.
Since only 25% of the pre-teaching of Teacher T6 was observed, her results so as to

prevent a misleading final figure were not included.
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Figure 4.8 Comparison of pre and post-teachings of treatment group teachers
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Figure 4.8 indicates that there are differences between the pre- and post-instructions
of the treatment group teachers. When compared to pre-teaching the decrease in
lecturing and unrelated teaching, and increase in discussions, in PCK and in the
questions that the teachers asked during post teaching can be accepted as the success
of the TTT course. The decrease in the number of the questions that the students
asked during post-teaching can be interpreted as the increase in the self-efficacy of
the teachers. In other words, the teachers were more confident during post-teaching
and they were asking questions to start the discussions, focusing students’ attention
to the concepts and in the case of no reaction concerning answers, explaining the
concepts. The figure shows that the PK of teachers has not changed. The remaining

activities weren’t observed much, therefore it is not noteworthy.

The TTT was designed to primarily increase three dimensions of teacher knowledge
(SMK, PCK and PK) and indirectly to increase their students’ achievement in the
MPU. When class observation results are bonded it can be said that TTT is effective
in increasing SMK and PCK of participant teachers, however, it did not affect the PK
of participant teachers. Moreover, the following inferences are derived from class

observations:

e When compared to pre-teaching the treatment group teachers spent more time
during post-teaching in instructing the MPU.

e When compared to pre-teaching the treatment group teachers abide more by
the curriculum during post-teaching in instructing the MPU.

e When compared to pre-teaching the treatment group teachers increased their
PKC during post-teaching in instructing the MPU.

e When compared to pre-teaching the treatment group teachers’ PK did not
change during post-teaching in instructing the MPU.

e When compared to pre-teaching the treatment group teachers correctly taught
most of the concepts of the MPU during post-teaching. They increased their
SMK accordingly.

e When compared to pre-teaching the treatment group teachers asked questions

that are more focused on the core concepts of the MPU.
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e When compared to pre-teaching the duration and the frequency of most of the
activities the treatment group teachers conducted in their classes increased

during post-teaching.
4.4 Missing Data Analysis

Before starting to perform descriptive and inferential statistics, missing data analysis
was performed. Total number of the students in the placebo group was 102 and that
in the treatment group was 229. The MPUAT-S was administered to 99 students in
the placebo group and 216 students in the treatment group as pre-test. However, 93
students in the placebo group and 213 students in the treatment group were post-
tested for the MPUAT-S. Accordingly three and nine students in the placebo group,
and 13 and 16 students in the treatment group were absent during the administration
of the pre-tests and post-tests, respectively (See Table 4.17. and Table 4.18). In the
case of missing values of the dependent variables, generally they are all excluded
from all future analyses (Cohen & Cohen, 1983, p. 275). Therefore, nine students in
the placebo group and 16 students in the treatment group were removed from the
analyses and respectively 93 and 213 students were remained for the following
analyses. Numbers of present and missing values associated with the variables used
in the study for the placebo and the treatment group classes are presented in Table
4.17 and Table 4.18, respectively.
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Table 4. 17 Missing values prior to the analysis for the placebo group

Class Group  Variable Present (N)  Missing (N)  Missing (%)
PreT1C1* Placebo. Pre-MPUAT-S 28 1 3.57
PostT1C1 pre Post-MPUAT-S 26 3 11.54
PreT1C2 Placebo. Pre-MPUAT-S 29 1 3.45
PostT1C2 POt post-MPUAT-S 29 1 3.45
PreT2C1 Placebo. Pre-MPUAT-S 21 1 4.76
PostT2C1 Pré  post-MPUAT-S 18 4 22.22
PreT2C2 Placebo. Pre-MPUAT-S 21 0 0
POStT2C2** POSt  post-MPUAT-S 20 1 5.00
Pre-MPUAT-S 99 3 2.94
Total
Post-MPUAT-S 93 9 8.82
TE 102 0 0
TTTPD 102 0 0
PCG 102 0 0
Post-MPUAT-T 102 0 0

*PreT1C1: The class of Teacher T1 in which MPU was taught earlier and pre-test was applied

**PostT2C2: The class of Teacher T2 in which MPU was taught in parallel with TTT PD course, and
post-test was applied
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Table 4. 18 Missing values prior to the analysis for the treatment group

Class Group Variable Present (N)  Missing (N)  Missing (%)
PreT3C1 Pre-MPUAT-S 16 2 12.50
PostTact M Post-MPUAT-S 18 0 0
PreT3C2 Pre-MPUAT-S 28 2 7.14
PostTaca  CXPEIMENEL L MPUATS 28 2 7.14
PreT4Cl  control Pre-MPUAT-S 29 1 3.45
PostT4C1 Post-MPUAT-S 27 3 11.11
PreT4C2 Experimental Pre-MPUAT-S o8 1 3.57
PostT4C2 Post-MPUAT-S 27 2 7.41
PreT5C1 Pre-MPUAT-S 31 0 0
Postsc1 <O Post-MPUAT-S 30 1 3.33
PreT5C2 Pre-MPUAT-S 29 2 6.90
PostTsCy  Experimental PoSMPUATS ”7 A 14.81
PreT6C2 Pre-MPUAT-S 24 1 4.17
PostTec2 <O Post-MPUAT-S 23 2 8.69
PreT6C1 Pre-MPUAT-S 31 4 12.90
postTect  XPerimenta Post-MPUAT-S 33 2 6.06

Pre-MPUAT-S 216 13 5.68
Total

Post-MPUAT-S 213 16 6.99

TE 229 0 0

TTTPD 229 0 0

PCG 229 0 0

Post-MPUAT-T 229 0 0

As seen from Table 4.17 and Table 4.18 in the each group, missing percentages are

below 10% of the group sizes, and overall missing from the sample was 5.88 % for

the placebo group and 6.33 % for the treatment group. Therefore, the number of

missing values in each group was acceptable; and representativeness of the sample

could not seriously be affected (Freankel & Wallen, 2003, p. 105). Moreover, loss of
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the sample was not systematic. The students did not know that they were being tested
at those days. Thus, the missing was at random. In this case, loss of the data does not
seriously affect the results (Kline, 2010, p. 55; Tabachnick & Fidell, 2007, p. 62).
The missing subjects were from different schools, it was difficult to find these

students, and thus the post-test was not applied to them.

Moreover, only one student in placebo group did not take both pre-test and post-test,
however, three students in treatment group did not take both tests. On the other hand,
two students in the placebo and 10 students in the treatment group, who completed
the post-tests, did not complete the Pre-MPUAT-S. Missing values of all the
variables are displayed in Table 4.19.

Table 4.19 Missing values of the data used in the analyses

Group Variables Present (N) Missing (N) Missing (%)
Pre-MPUAT-S 91 2 215
Post-MPUAT-S 93 0 0

Placebo TE 93 0 0
TTT PD 93 0 0
PCG 93 0 0
Post-MPUAT-T 93 0 0
Pre-MPUAT-S 203 10 4.69
Post-MPUAT-S 213 0 0

Treatment

(Experimental TE 213 0 0

and control) TTTPD 213 0 0
PCG 213 0 0
Post-MPUAT-T 213 0 0

Since the missing data are random and less than 5% in both groups, the mean
replacement procedure is employed (Tabachnick & Fidell, 2007). Therefore, these
students’ Pre-MPUAT-S scores were replaced with the group mean that is the mean

of the Pre-MPUAT-S scores in this case. Afterwards, all the students who took post-

146



tests were identified and retained for the analysis. Consequently, as seen in Table
4.19 in the placebo group 93 cases and in the treatment group 213 cases were used
for performing separate ANCOVAs and their missing pre-test scores were replaced

with the series means.
4.5. Descriptive Statistics

After missing data were replaced with series mean values, descriptive statistics of the
Pre-MPUAT-S and Post-MPUAT-S were computed in Table 4.20 for both the
placebo and the treatment groups. The upper part of Table 4.20 includes the
descriptive statistics of each class, and bottom part of the table includes descriptive
statistics of each group.

Table 4.20 indicates that there are two teachers in the placebo group and each has
two classes, therefore there are totally four classes in the placebo group and the
achievement test was administered to these classes as pre-tests and post-tests. As
seen from Table 4.20, the means of all post-tests are higher than the means of all pre-
tests. Similarly, there are four teachers in the treatment group and each also has two
classes, therefore there are totally eight classes in this group and the achievement test
was administered to these classes as pre-tests and post-tests. The means of post-tests
in all classes are higher than that of pre-tests. Skewness and kurtosis values for all
classes (including the classes of the placebo groups) are in range between -2 and +2.

As a result, all distributions can be accepted as normal distribution.
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Table 4.20 Descriptive statistics for the Pre-MPUAT-S and Post-MPUAT-S

respect to classes

with

Group  Class N Min. Max. Mean  SD s° K®
PreT1C1® 26 400 1200 732 211 098 032
PoStT1C1 26 200 1500 942 282 033 121
PreT1C2 29 300 1300 738 257 033 -0.43
POStT1C2 20 300 1400 845 307 004 -1.04

Placebo p etoc1 18 300 1100 725 253 -007 -0.95
PostT2C1 18 190 2100 1489 339 045 0.9
PreT2C2 20 400 1200 7.68 225 045 -0.20
PostT2C2 20 600 1500 1080 276 -0.60 -0.92
PreT3C1 28 700 1600 1042 223 071 0.03
PostT3C1 28 600 1800 1257 305 -0.34 -0.51
PreT3C2 18 600 1700 1056 318 050 -0.67
PostT3C2 18 800 1900 1417 273 -024 0.22
PreT4C1 27 300 1000 719 204 -0.14 -0.83
PostT4C1 27 900 1800 1341 217 016 -0.16
PreT4C2 27 00 1100 631 264 000 036
POStTAC2 27 700 1800 1259 348 -0.15 -1.10
PreT5C1 30 300 1200 7.0 233 037 -0.68
PostT5C1 30 600 1500 1050 243 -0.14 -0.63

Treatment PreT5C2 27 300 1100 664 206 056 -0.08
PostT5C2 27 600 2100 1433 399 021 -0.36
PreT6C1 33 100 1200 707 225 036 0.82
PostT6C1 33 400 1500 833 277 046 -0.28
PreT6C2 23 300 1000 641 197 005 -0.59
POStT6C2 23 300 1400 1009 259 -0.77 0.94
preT1T2CT 44 300 1200 729 227 40 -3

Placebo-

pre  PostT1T2C1 44 200 2100 1166 407 35 27
PreT1T2C2 49 300 1300 750 242 33 -40

Placebo-

post  postT1T2C2 49 300 1500 941 311 -20 -111
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Table 4.20 (continued)

Group Class N Min. Max. Mean SD s° K®
PreT3T4T5T6C1° 118 1.00 1600 7.90 261 .29 .30
Control o ctT3T4TST6CI 118 400 1800 11.05 328  -11  -65
PreT3T4T5T6C2 95 .00 17.00 7.23 291 .79 124
Experi-

mental ~ PostT3T4T5T6C2 95 3.00 2100 12.78 3.68 -01  -33

®First class of placebo group that teacher T1 taught during pre-teaching
®Skewness

‘Kurtosis
Al (two) classes of placebo-pre group that placebo group teachers taught during pre-teaching

°All (four) classes of control group that treatment group teachers taught during pre-teaching

The maximum possible score that can be taken from MPUAT-S was 30. As seen
from Table 4.20 among both the placebo and the treatment groups the maximum
score taken was 21. When classes are compared in terms of the mean scores it is
seen that in placebo group the post-test mean (14.89) of Class T2C1 and in treatment
group the post-test mean (14.33) of Class T5C2 are the highest. The first is the class
in which Teacher T2 taught the MPU earlier and the subjects in this class were listing
carefully when compared to their counterpart class (as declared by the teacher
himself), namely the class in which Teacher T2 taught the MPU later. The second is
the class of Teacher 5 in which he taught the MPU after the TTT PD course. This
was the teacher who most benefited from the TTT PD course (See Section 4.3) and
whose students got highest gain scores (See Table 4.21). Moreover, the difference
(5.50) between the means of pre- and post-test scores of the experimental classes is
higher than the difference (3.15) between the pre- and post-test scores of the control
group. Contrary, the difference (4.37) between the means of pre- and post-test scores
of the placebo pre classes is higher than the difference (1.91) between the pre- and
post-test scores of the placebo post classes. Thus, these mean differences show that
TTT PD has increased students achievement and pre-teaching have a negative effect

on the achievement of students.
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A comparison of all pre-test and post-test results of the placebo group classes can be
seen in Figure 4.9. In this figure; T1C1 and T2C1 are the placebo pre, and T1C2 and

T2C2 are the placebo post group classes.
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Figure 4.9 The comparison of pre-test and post-test results of the placebo group
classes

Figure 4.9 indicates that the pre-test and post-test score difference of the placebo-pre
group (T1C1 and T2C1) are higher than that of the pre-test and post-test score
difference of the placebo-post group (T1C2 and T2C2). Initially teaching MPU to a
class then teaching the same unit to another class after gaining some experience was
expected to have positive results in favour of placebo-post group. In other words, the
effect of pre-teaching, at least, was expected to have no effect. However, even
though students in placebo pre and placebo post groups have equal achievement
levels (in term of their PCG) the students of placebo-post group are less successful
(in term of their achievement test results) than students of placebo-pre group. This

contradiction was asked to the teachers. The first teacher said that while his placebo-
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pre class (T1C1) had the MPUAT-S after the physic midterm, accordingly the
students had prepared for the midterm, his placebo-post class (T1C2) had the
MPUAT-S before the midterm and accordingly they hadn’t prepared for the
midterm. On the other hand the second teacher said that in terms of listening lessons
carefully and doing homework on time, his placebo-pre class (T2C1) was better than
his placebo-post class. The explanations of these teachers, the class observation
results that were given in Section 4.3 and the test results indicates that rather than the
effect of pre-teaching the effect of some other factors such as having the test before
the midterm or having students that have better habits of listening lesson and doing

homework are more important in increasing students successes.

The comparison of pre-test and post-test results of the treatment group classes is
given in Figure 4.10. In this figure; T3C1, T4C1, T5C1 and T6C1 are control, and
T3C2, T4C2, T5C2 and T6C2 are experimental group classes.
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Figure 4.10 The comparison of pre-test and post-test results of the treatment group
classes
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Figure 4.9 and 4.10 indicate that while the pre-test scores of the placebo group
classes are very close to each other that of the treatment group classes are varying in
different amounts. Especially, pre-test and post-test scores of classes of Teacher T3
(T3C1 and T3C2) are obviously higher than that of other classes’ scores. This
obvious contradiction was asked to Teacher T3. He explained that before the
application of pre-tests he had his both classes to read all MPU from their books.
Since there were no computational questions on the MPUAT-S, it seems that reading
from the book has increased the students’ pre-test scores. The gain scores and effect

size values with respect to group membership are given in Table 4.21.

Table 4.21 Gain scores and effect sizes of the placebo and the treatment classes.

Gain Score Effect Size
Teacher/Class  Group

(Posttest-Pretest) (Gain score/SDpre)

T1C1 Placebo-Pre 2.10 1.00
T1C2 Placebo-Post 1.07 0.42
Placebo
T2C1 Placebo-Pre 7.64 3.02
T2C2 Placebo-Post 3.12 1.39
T3C1 Control 2.15 0.96
T3C2 Experimental 3.60 1.13
T4C1 Control 6.22 3.05
i 6.28 2.38
Treatment T4C2 Experimental
T5C1 Control 3.40 1.46
T5C2 Experimental 7.69 3.73
T6C1 Control 1.26 0.56
T6C2 Experimental 3.68 1.87
T1T2C1 Placebo-Pre 4.37 1.93
Placebo
T1T2C2 Placebo-Post 1.91 0.79
T3T4T5T6C1  Control 3.15 1.21
Treatment

T3T4T5T6C2  Experimental 5:55 191
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The most increase in mean scores with respect to the MPUAT-S is observed in the
class of one of the treatment group teacher (T5C2). The students in the placebo pre
groups have higher gain scores (2.10 and 7.64) than the placebo post group students’
gain scores (1.07 and 3.12) with regard to the MPUAT-S. Consequently, the effect of
pre-teaching is expected not to be significant in inferential statistics; however, the
covariates (SCG, TE, Pre-MPUAT-S and Post-MPUAT-T) may change the situation.
Moreover, in the treatment group the students of Teacher T4 have almost equal gain
scores (6.22 and 6.28) in the control and experimental groups. Even though this
teacher’s experience was not as desired according to experience index given in Table
3.4, the pre- and post-class observations showed that he has a substantial knowledge
of MPU. Thus, the TTT PD did not considerably affect this teacher and he was

successful both before and after the TTT PD course.

Instead of interpreting the gain scores and effect sizes across classes, evaluating the
gain score and the effect sizes of groups is more proper to the aim of this study.
Thus, bottom part of Table 4.21 displays the gain scores and the effect sizes with
respect to the groups. These effect size values indicate large effect sizes for all
groups. The effect size of placebo pre group is higher than that of placebo post
group. This unexpected result was explained after Figure 4.9. The effect size value of

the experimental group is an early indication of success of TTT PD course.

Figure 4.11 and Figure 4.12 show the histograms with normal curves for both
groups’ dependent variables, that is, the post-tests of both groups. As an evidence of
normal distribution, distributions of the scores are clearly seen in these histograms.
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Figure 4.11 Histogram with normal curve for the dependent variable of placebo
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Figure 4.12 Histogram with normal curve for the dependent variable of treatment

group.
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4.6. Results of the teachers’ achievement test

This was a test consisting of four open ended questions. All teachers of
implementation group were subjected to this test. Teachers had this test as pre-test
once they finished teaching to one of their classes (placebo pre and control groups).
Afterwards, they had the same test as post-test once they finished teaching to their
second class (placebo-post and experimental groups). The pre-test and post-test

results of all six teachers are given in Figure 4.13.

M Pretest M Postest

84
76,5

T1 T2 T3 T4 T5 T6

Figure 4.13 Pre-test and post-test scores of implementation group teachers

Figure 4.13 shows that the pre-test and post-test scores of one of the teachers (T2) of
the placebo group has not changed. Moreover, the scores of one of them (T1) has
increased slightly. Thus, the pre-teaching did not affect the achievement of these
teachers. Regarding this result no achievement should be expected from the students
of these teachers. However, the scores of the treatment group teachers have changed

as desired.

The maximum possible score that could be taken on MPUAT-T was 100. The pre-
test mean of the treatment group teachers was 48.88 and that of post-test was 65.75.
Since pre-teaching did not effected the achievement of placebo group teachers the
increase in treatment group teachers’ scores can be attributed to TTT PD course.
Moreover, the effect size (Cohen’s d) calculated for treatment group teachers is 0.93

which accepted as ‘large’.
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4.7. Inferential Statistics

In this section, initially the covariates are determined, then assumptions of ANCOVA
are checked, finally, ANCOVA is conducted and its results are displayed for both the
placebo and the treatment groups. In this study, for placebo group no research
questions were specified. However, a statistical analysis about the effect of pre-
teaching can give reliable results.

4.7.1. Determination of Covariates

Correlations among possible covariates and the correlations of these covariates with
the dependent variable are given in Table 4.22 and Table 4.23 for both groups. Since
there are only two teachers in placebo group accordingly there are two values for TE
and Post-MPUAT-T independent variables. Thus these two are dichotomous
variables. Accordingly, Spearman correlations are calculated for these two variables.
Independent variables that are uncorrelated with each other (or having correlations
fewer than moderate) and significantly correlated with dependent variables
(Tabachnick & Fidell, 2007, p. 212) can be used as covariates. In order to determine
the covariates, the correlation coefficients among independent variables were
calculated. Moreover, the correlation coefficients between each independent and
dependent variable (post-MPUAT-S) were calculated. The results of the correlation
analyses are given in Table 4.22 and 4.23 for placebo and treatment groups,
respectively.

Table 4.22 Correlations among possible covariates and the dependent variable of

placebo group

Variables Pre-MPUAT-S PCG TE Post-MPUAT-T
PCG .005

TE -.044 -7707

Post-MPUAT-T 044 770 -1.000"

Post-MPUAT-S 130 500" -516" 516"

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 4.22 indicates that except Pre-MPUAT-S all other variables (PCG, TE and
Post-MPUAT-T) had significant correlation with the dependent variable (Post-
MPUAT-S). The maximum correlation between independent variables is -.770
(between TE and PCG) and .770 (between Post-MPUAT-T and PCG). Table 4.22
shows that the TE and Post-MPUAT-T have exactly same correlations with other
variables. Moreover, the correlation between them is -1.000. Since there were only
two values for both TE and Post-MPUAT-T and since the teacher who was more
experienced got lower score on Post-MPUAT-T the correlation between them yield
"-1" value. Since the process conducted to determine the TE was more reliable than
scoring Post-MPUAT-T, the TE was preferred to be retained and the Post-MPUAT-T
to be dropped from ANCOVA of placebo group. Thus, the results showed that the
Pre-MPUAT-S, PCG and TE had significant correlation with the Post-MPUAT-S
and did not have significant correlation between each other so they can be used as
covariates in ANCOVA in placebo group. Even though Pre-MPUAT-S’s correlation
with the dependent variable is weak the researcher preferred to accept it as a
covariate. On the other hand, all the variables of the treatment group were
continuous, and Pearson correlations were calculated for them. Table 4.23 displays
the correlations among possible covariates and the dependent variable of treatment

group.

Table 4.23 Correlations among possible covariates and the dependent variable of
treatment group

Variables Pre-MPUAT-S PCG TE Post-MPUAT-T
PCG -121

TE 448" -.055

Post-MPUAT-T -015 -.200° 293"

Post-MPUAT-S 168" 045 328" 419"

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

Table 4.23 indicates that except PCG all other variables (Pre-MPUAT-S, TE and
Post-MPUAT-T) had significant correlation with the dependent variable (Post-
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MPUAT-S). Interestingly students’ first term PCG do not have a significant
correlation (.045) with the dependent variable. Thus, PCG is excluded from the
analysis, and it will not be used as a covariate in treatment group. Moreover, the
maximum correlation between the remaining independent variables is .448 (between
Pre-MPUAT-S and TE). Thus, the results showed that the Pre-MPUAT-S, TE and
Post-MPUAT-T had significant correlation with the Post-MPUAT-S and did not
have significant correlation between each other so they can be used as covariates in
ANCOVA in treatment group.

4.7.2 Assumptions of ANCOVA

Along with assumptions of ANOVA, ANCOVA has some extra assumptions. The
key assumptions of ANCOVA which also compromise that of ANOVA are: outliers,
multicollinearity, normality, homogeneity of variance, linearity, homogeneity of
regression and reliability of covariates. (Tabachnick & Fidell, 2007, p. 200). If any of
these assumptions are not met the ANCOVA should not be conducted.

Outliers: ANCOVA s sensitive to outliers. The tails of distribution on histograms
can give clues about outliers; however, box plots give visual and reliable results.
When the tails of the distributions given in Figure 4.11 and in Figure 4.12 are
checked, no data points are sitting on their own. Moreover, the box plot given in
Figure 4.14 indicates some outliers for placebo group’s dependent variable. These
outliers were checked and they were within the range of possible scores for Post-
MPUAT-S. In order to see how much of a problem these outlying cases are likely to
be, the 5 % Trimmed Mean is checked (Pallant, 2007, p.63). If the trimmed mean
and mean values are not very different than these outliers can be overlooked. In
placebo group, the two mean values (10.34 and 10.47) are very similar. The fact that
the outlier values are not too different from the remaining distribution, these cases
was retained in the data file of placebo group. Furthermore, boxplot shown in Figure
4.15 indicates that there are no outliers in Post-MPUAT-S in treatment group.
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Figure 4.14 Box plot for dependent Figure 4.15 Box plot for dependent
variable of placebo group variable of treatment group

Reliability of covariates: Even though it is a rather unrealistic assumption in much
social science research ANCOVA assumes that covariates are measured without
error. There are four candidates of covariate for ANCOVA in this study. Pre-
MPUAT-S is the data collected through MPUAT-S which was developed and
conducted by the researcher. Its validity and reliability were discussed in Section
3.3.2 in Chapter three. TE was sensitively determined by the researcher through
Table 3.4 in the third chapter. Post-MPUAT-T was developed by the researcher, its
reliability and validity was ensured by collaborative work of the researcher and the
supervisor of the study. Moreover, the researcher himself collected the data through
this instrument and evaluated the results. PCG are usually determined by the teachers
through open ended questions. Moreover, they are generally the average of three
exams spread over a semester. Even though the reliability and the validity of the
exams that teachers conduct in their classes are controversial, the combined scores

usually reflect reliable results about students’ academic achievements.

Correlations among covariates (multicollinearity): There should not be strong
correlations among the variables that are chosen as covariates. In the case of strong
(e.g. r=.80), correlations one or more of them should be removed (Stevens, 1996, p.
320). Overlapping covariates do not contribute to a reduction in error variance. To
check this assumption, the correlations between covariates were examined. These

values can be seen in Table 4. 22 and in Table 4. 23. Since all of the correlation
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coefficients are less than .80 in both groups, it is validated that the covariates do not

strongly correlate. As a result, the assumption of multicollinearity was met.

Normality: The normality assumption can be checked through the skewness,
kurtosis, and standard deviation values of dependent variable (Tabachnick & Fidell,
2007). Any distribution having skewness and kurtosis values between -2 and +2 can
be accepted as normal distribution (George & Mallery, 2003, pp.98-99). When
descriptive statistics section (Table 4.20) is examined, it can be said that normality
assumption was verified. Moreover, the histograms given in Figure 4.11 and Figure
4.12 are evidences for normal distribution of the data of the dependent variables of
groups.

Linear relationship between dependent variable and covariate: If ANCOVA is
conducted it means that the relationship between the dependent variable and each of
the covariates has a linear relationship rather than a curvilinear or any other
relationship. Moreover, if there is more than one covariate, it also assumes a linear
relationship between each of the pairs of the covariates. Scatterplots are used to test
the linearity of covariates of both placebo and that of treatment group. In placebo
group, three covariates were used, of which TE is dichotomous. That’s why for

placebo group scatterplot of only Post-MPUAT-S and PCG is given in Figure 4.16.
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Figure 4.16 Relationship between PCG and dependent variable of placebo group
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Figure 4.16 displays that the variation between PCG and Post-MPUAT-S is linear. In
treatment group, also three covariates were used. To ensure the assumption of
ANCOVA the relationship between the dependent variable and each of the covariates

and the relationship between each pair of covariates are given in Figure 4.17.
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Figure 4.17 Relationship between each covariate and dependent variable of treatment

group

The matrix scatterplot in Figures 4.17 reveals that the relationships between each

covariate and the dependent variable of treatment group are linear.

Homogeneity of regression slopes: This assumption requires that the relationship
between the covariate and dependent variable for each of groups (control and
experimental) is the same. Similar slopes on the regression line for each group

checks this relationship. Inequality of slops is the indication of an interaction
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between the covariate and the treatment. In the case of an interaction, then the results
of ANCOVA will mislead, and therefore it should not be conducted (Stevens 1996,
pp. 323, 331; Tabachnick & Fidell 2007, p. 202). Figure 4.18 indicates the
relationship between the covariate (PCG) and dependent variable of placebo groups.
Similarly, Figure 4.19, Figure 4.20, and Figure 4.21 indicate the relationship between
the covariates (Pre-MPUAT-S, TE, and Post-MPUAT-T) and dependent variable of

treatment groups.
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Figure 4.20 The relationship between the TE and dependent variable of treatment

groups

Figure 4.21 The relationship between the Post-MPUAT-T and dependent variable of

PostMPUATS
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Even though slopes on the regression line for each group are not same in Figures
4.18, 4.19 and 4.21, the slopes are somehow equal. Moreover, the lines do not cross.
Thus, it can be said that there is no interaction between the covariates and the
treatment. However, since the lines are not completely parallel one can inspect that
there may be interaction between the covariate and the treatment. Thus rather than
graphically, it is better to assess it statistically (Pallant, 2007). If the interaction is
significant at an alpha level of .05, then we have violated the regression assumption.
Table 4.24 was generated from the output obtained from SPSS for each of the

covariates of placebo and treatment groups.

Table 4. 24 Homogeneity of regression slopes assumption

Source Type I df Mean F p

Sum of Square

Squares

Placebo group
Method * PCG 210 1 210 .005 941
Method * TE .000 1 .000
Method * Pretest 18.659 1 18.659 .205 .652
Treatment group

Method * Pretest 6.460 1 6.460 559 456
Method * TE 14.222 1 14.222 1.343 .248
Method * Tpostest 23.770 1 23.770 2.404 123

Table 4.24 shows that all Sig. values are greater than .05 and all are safely above the
cut-off. This supports the earlier conclusion gained from inspections of the
scatterplots shown in Figures 4.18, 4.19, 4.20 and 4.21 for each group. Since the TE
in placebo group was a dichotomous variable, the interaction term (Method*TE)

values in Table 4.24 are not generated.

Equality of variances: Levene’s test was used to check equality of variances
assumption. Table 4.25 indicates that while error variances of the Post-MPUAT-S

across placebo groups were equal, the error variances of the Post-MPUAT-S across
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treatment groups were not equal. That means equality of variances assumption for
the treatment group was not met. Since the violation of this assumption is not fatal to
conduct ANCOVA and the calculated alpha value (.041) is very close to .05, the

problem associated with this assumption was overlooked.

Table 4.25 Levene's Test of Equality of Error Variances

Group F dfl df2 P
Placebo 0.027 1 91 .871
Treatment 4.246 1 211 .041

The last assumption is independency of observations. The unit of analysis and
experimental unit are expected to be same in ideal conditions. The independency of
observations assumption can be met only if this situation was satisfied. Unit of
analysis for this study is each individual. Experimental unit of the study is each class
of placebo and treatment groups to which regular instruction and instruction after
TTT PD was given. Thus, unit of analysis and experimental unit are not same in this
study. Thus, nevertheless it is difficult to say that independence of observations was
met during the treatment for this study. However, at least while data were being
collected, the researcher himself applied all tests to all classes. It was observed that
all of the participants completed their tests by their own. Thus, independence of

observation may be assumed at least for the measurement processes.
4.7.3 Result of ANCOVA

Analysis of covariance (ANCOVA) was conducted to test both the effect of pre-
teaching and that of TTT PD on the students’ achievement. Teacher participating to
TTT PD initially taught to one of their classes than they taught to their other class
along with the PD proposed in this study. In order to distinguish the effect of TTT
PD from that of pre-teaching a placebo group consisting of two teachers and four

classes was formed.
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4.7.3.1 The placebo group ANCOVA results

Since there was a strong correlation between TE and Post-MPUAT-T one of them
(Post-MPUAT-T) was not included into ANCOVA. Blow pre-test and post-test
results of the students of the placebo group teachers are compared through
ANCOVA. Table 4.26 indicates the results of ANCOVA for the placebo group.

Table 4.26 ANCOVA results of the placebo group

Type 1l Partial

Mean Noncent.  Observed
Source Sum of df F p Eta b
Square Parameter Power
Squares Squared
Corrected Model 504.52 4 126.13 14.07 .000 .390 56.29 1.00
Intercept 72.06 1 7206 804 .006 .084 8.04 .80
TE 51.31 1 5131 573 .019 .061 5.73 .66
Pre-MPUAT-S  23.07 1 2307 257 .112 .028 2.57 .36
PCG 36.23 1 3623 4.04 .047 .044 4.04 51
Method 114.33 1 11433 1276 .001 .127 12.76 94
Error 788.67 88 8.96
Total 11494.00 93

Corrected Total 1293.18 92

Table 4.26 indicates that the placebo pre and placebo post groups’ means are
statistically different (F (1,88) = 12.76, p=0.001). Therefore, significant population
mean difference was found between the students instructed during pre-teaching and
instructed during post-teaching on the post-MPUAT-S scores of placebo group.
When we look the mean scores of each group given in Table 4.20, we can see that
the students instructed during pre-teaching got higher post-MPUAT-S scores than the
students instructed during post-teaching. Moreover, the eta square value, 0.127
indicates a large effect size. Additionally, the observed power .94 is pretty good. The

estimated means for the dependent variables are given in Table 4.27. These are the
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means adjusted with the effect of covariates. The difference between both groups
estimated means was 2.23 for the post- MPUAT-S. The difference before extracting

the effects of the covariates was 2.25 (See Table 4.20 for unadjusted means).

Table 4.27 Estimated means for the post-MPUAT-S at each placebo groups

Dependent variable

Group Mean
; 11.65

Post-MPUAT-S Placebo-pre
9.42

Placebo-post

The placebo group was constructed to investigate the effect of pre-teaching on
teachers’ performance during post-teaching. It was hypothesized that the pre-
teaching would increase the achievement of placebo-post group students however the
results of ANCOVA conducted for placebo group demonstrated that pre-teaching has
negatively  affected teachers’ post-teaching. Placebo group teachers’
implementations, which was explained in Section 4.5, during post-teaching leaded to
this contradictory result. As a result due to unexpected threats, the effect of pre-

teaching was not controlled as desired.
4.7.3.2 The treatment group ANCOVA results

The second null hypothesis of the study was “there is no significant effect of TTT PD
course on the population means of tenth grade high school students’ modern physics
unit achievement post-test scores when students’ modern physics unit achievement
pre-test scores, students’ first term physics course grades, their teachers’ experiences,
and their teachers’ achievements are controlled”. Since PCG had not significant
correlation with the dependent variable (Post-MPUAT-S), it was not included into
ANCOVA. Table 4.28 indicates the results of ANCOVA for the treatment group.
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Table 4.28 ANCOVA results of the treatment group

Type I Partial

ype Mean ) arta Noncent. Observed
Source Sum of df F  Sig. Eta

Square Parameter  Power

Squares Squared
Corrected Model ~ 762.21 4 190.55 20.61 .000 .284 82.44 1.00
Intercept 42.34 1 4234 458 .034 .022 4.58 57
Post-MPUAT-T 297.09 1 297.09 32.13 .000 .134 32.13 1.00
TE 58.59 1 5859 6.34 .013 .030 6.34 71
Pre-MPUAT-S 31.07 1 3107 336 .068 .016 3.36 45
Method 148.16 1 148.16 16.03 .000 .072 16.03 .98
Error 1923.02 208 9.25
Total 32452.00 213

Corrected Total 2685.22 212

Table 4.28 indicates that the first null hypothesis was rejected (F (1,208) = 16.03,
p=.000). Therefore, significant population mean difference was found between
control group students (instructed during pre-teaching) and experimental group
students (instructed during post-teaching) on the post-MPUAT-S scores of treatment
group. When we look the mean scores of each group given in Table 4.20, we can see
that the students instructed in parallel with TTT PD course got higher post-MPUAT-
S scores than the control group students. Moreover, the eta square value, .072
indicates a moderate effect size. Additionally, the observed power of .98 was larger
than the pre-calculated one. The estimated means for the dependent variables are
given in Table 4.29. These are the means adjusted with the effect of covariates. The
difference between both groups estimated means is 1.69 for the post-MPUAT-S. The
difference before extracting the effects of the covariates was 1.73 (See Table 4.20 for
unadjusted means). Thus, the Cohen’s d value is calculated as .52 which similarly
indicates a moderate effect size.
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Table 4.29 Estimated means for the post-MPUAT-S at each treatment group

Dependent variable Group Mean

11.07
Post-MPUAT-S Control

Experimental 12.76

It was hypothesized that when compared to traditional teaching, instructing in
parallel with TTT PD course would increase the students’ achievement scores. The
ANCOVA analysis for treatment group demonstrated the desired results such that
participating to TTT PD course increased both teachers’ performance (See teachers’

achievement test and class observation results) and their students’ achievements.
4.8 Summary of the results

In general this study determined there is a relationship between teacher PD, teacher
knowledge and students’ achievement in physics. Results obtained from the current

study are summarized under each measuring tool or type of analysis as following:
According to the teachers’ views about TTT PD course

e The TTTEF form results showed that the teachers participated to TTT PD course
had positive attitudes against the course; they were of single mind about the
usefulness of the course, and the effort and ethic of the researcher. They
expressed that they had increased their teacher knowledge after participating to
the course.

e The TTTEF results showed that in each dimensions the treatment group teachers

had higher scores than the rest of the participating teachers.
According to the class observations of placebo group

e The first teacher of placebo group (T1) instructed all concepts of modern physics
incorrectly, inadequately or never mentioned the concepts during both teachings.
The activities he conducted during pre- and post-teaching were not consistent.
His placebo-pre group was more successful.

e There was no difference between the two teachings of the second teacher of
placebo group. He taught most of the topics of the MPU correctly during both
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teachings. His placebo-pre group was also more successful because this group
were more motivated than the others and he spent more hours in teaching to this

group.

According to the class observations of treatment group

The first teacher of the treatment group (T3) was the most experienced among
all implementation group teachers, according to experience index. He was the
teacher who had his students to read MPU before both instructions. That’s why
his students’ pre-test scores were the highest among all treatment group classes.
Moreover, the TTT PD course helped this teacher to instruct in accordance with
the curriculum, it forced the teacher to teach in an organized manner, it slightly
increased both the discussions he conducted with his students and his PCK.
Furthermore, TTT PD considerably increased the amount of questions that he
asked to his students and increased both his and his students’ achievement on
Post-MPUAT-S.

As in the case of the second teacher of placebo group, there was no difference
between the two teachings of the second teacher of treatment group (T4). He
was the least experienced among all treatment group teachers. Still, it was
observed that he had substantial background about MPU. Accordingly, teacher
achievement test scores and students’ achievement gain scores were more or less
similar for pre- and post-tests of this teacher. Moreover, this was the teacher
among the treatment group who got least score on TTTEF.

The third teacher of the treatment group (T5) was the teacher who most
benefited from the TTT PD course. His TTTEF score was the second highest
among the treatment group teachers. Class observations showed that this teacher
was more confident during post-teaching and his post-teaching was significantly
different from his pre-teaching. Moreover, the fact that he mostly inadequately
taught during pre-teaching and correctly taught during post-teaching may
explain why his placebo-post group students were more successful. In other
saying, his experimental class had the highest gain score.

The fourth teacher in treatment group (T6) was the only female teacher. Her
classes were not observed as intended. That’s why, rather than class observation
results, the achievement test results are more reliable about the development of

this teacher. Even though her TTTEF score was the highest, restricted class
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observations showed that she had not benefitted from the TTT PD as desired.

The gain score of her experimental class was the second lowest and her

achievement post-test result was the lowest.

e Teachers spent more time on the topics that they were familiar (such as relative
motion or reference point) during pre-teaching.

e Teachers were not well organized in instructing the concepts of MPU during
pre-teaching. They usually taught many digressive concepts in the same
lesson.

e Many sub-concepts of the MPU such as the results of the MM experiment were
discussed during post teaching.

e The teachers were more eager and spent more effort in instructing the MPU
during post teaching.

e There was not a relationship between teachers experience given in Table 3.4 and
teachers performances in class and their students’ achievement.

e When compared to pre-teaching, the treatment group teachers spent more time in
instructing the MPU, abide more by the curriculum, increased their PKC, did
not changed their PK, correctly taught most of the concepts of the MPU,
increased their SMK, asked questions that are more focused on the core concepts
of the MPU, increased the duration and the frequency of the most of the

activities during post-teaching.
According to missing data analysis

e Missing data analysis conducted for both placebo and treatment groups showed

that missing percentages for each group were at acceptable rates.
According to descriptive statistics

e The maximum score that can be taken on achievement test was 30. However, all
groups, that is; placebo pre, placebo post, control and experimental groups had
means lower than 15 (See Table 4.20). It can be said that MPUAT was a difficult
test for students.

e The descriptive statistics showed that the distribution of the data at each

dependent variable was approximately normal.
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The post-test scores of the placebo pre group were higher than the post-test
scores placebo post group. In other words, a negative effect of pre-teaching was
detected. Some other factors such as the motivation of the students or the time of
application of the tests were more effective than pre-teaching.

In the treatment group, the gain scores of the experimental group was higher
than that of the control group, whereas in placebo group the gain score of

placebo pre group was higher than that of placebo post group.

According to the teachers’ achievement test

According to pre- and post-test scores of teachers’ achievement test results,
while the pre- and post-test results of placebo group teachers were
approximately same, the post-test scores of treatment group teachers were higher
than the pre-test scores. In other words, the treatment group teachers’

achievement has increased.

According to inferential statistics

In the placebo group the independent variables; students pre-test scores (Pre-
MPUAT-S), students first term physics grades (PCG) and teacher experience
(TE) had significant correlation with the dependent variable (Post-MPUAT-S)
and they were used as covariates in ANCOVA.

In the treatment group the independent variables; students pre-test scores (Pre-
MPUAT-S), teacher experience (TE) and post-test scores of teachers’
achievement test (Post-MPUAT-T) had significant correlation with the
dependent variable (Post-MPUAT-S) and they were used as covariates in
ANCOVA.

Normality, absence of outliers, homogeneity of regression, equality of variances,
multicollinearity, reliability of covariates and independency of observations
assumptions for ANCOVA were checked and except equality of variances
assumption of treatment group all of the others were met.

The results of ANCOVA for placebo group showed that there is no effect of pre-
teaching on the placebo group students’ post-MPUAT-S scores. Instead, the
students instructed earlier got significantly higher scores than the students

instructed later.
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e The results of ANCOVA for treatment group showed that there is a significant
effect of the TTT PD on the treatment group students’ post-MPUAT-S scores.
That means the TTT PD has an effect on changing students’ achievement.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

This chapter consists of seven sections. The first section starts with a discussion of
the results and is followed by an internal and external validity of the study. The
fourth and fifth sections comprise the conclusions and the suggested best practices of
TTT development and implementation, respectively. The chapter ends with the

implications of the study and recommendations for further research.
5.1. Discussion of the Results

In the previous chapter the results of the data collected via treatment verification
form, course evaluation form, class observation form and separate achievement tests
applied to teachers and students were presented. In this section, initially, the class
observation and course evaluation results are merged, and the effect of TTT course
on teacher knowledge is discussed. Secondly, as extra outcome physics teachers’
problems in understanding and teaching the MPU are presented. Thirdly, the
comparison of results of this study with that of other experimental studies is
displayed. Finally, the possible reasons behind the moderate or small effect sizes that
experimental PD studies usually result in are discussed.

5.1.1 The effect of TTT course on SMK, PCK and PK

The basic premise of the PD course designed for this study was primarily aimed to
increase the teachers’ SMK and dependently aimed to increase PCK and PK of

teachers. This was done because as Ball, Thames and Phelps (2008) state, “Teachers
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who do not know a subject well are not likely to have the knowledge they need to
help students learn the content, and just knowing a subject well may not be sufficient
for teaching.” Therefore, primarily this study aimed to increase teachers’ SMK and
subsequently aimed to change teachers’ PK and PCK. Classroom observation results
and participating teachers’ own statements on the course evaluation form showed an
increase in both their SMK and PCK. This result implies that there is a substantial
relation between SMK and PCK. Concurrently, Tobin, Tippins, and Gallard (1994)
state, “SMK functions as a source to be transformed for teaching.” Moreover, Borko
(2004) and Van Driel et al. (2002) support this result and they see a substantial and
coherent understanding of subject matter as a prerequisite for the improvement of
PCK.

Similarly, relationships between SMK and the components of the PCK of science
teachers were investigated by Halim and Meerah (2002). They examined 12
Malaysian science teachers’ PCK on some selected physics concepts. The trainee
teachers attending a one-year postgraduate teacher-training course were interviewed
on selected basic concepts in physics at the lower secondary level. They showed that
the participants were unable to employ the appropriate teaching strategies required to
explain the scientific ideas. Thus, as current studies claim, they recommend

including SMK in science teacher training coursework.

Additionally, the findings of the study conducted by Képyld, Heikkinen and Asunta
(2009) support the current research. They designed a study to investigate the effect of
the amount and quality of content knowledge on PCK. They used photosynthesis and
plant growth as an example. They used questionnaires, lesson preparation tasks and
interviews to collect data over ten primary and ten secondary (biology) student
teachers. They found that determining students’ conceptual difficulties and choosing
the most important content for students were problematic tasks for teachers. Further,
their results emphasised that good SMK had a positive influence on student-teachers’
PCK and thus on effective teaching. Specifically, they showed that teachers who
knew the content better became conscious of students’ conceptual difficulties and

recognised students’ misconceptions better.

Furthermore, Kaya (2009) tried to explore the relationships among the components

of pre-service science teachers’ PCK involving the topic of 'ozone layer depletion'.
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His results corroborate the results of current study and showed that there was a
significant inter-relationship between the SMK and the PCK of the pre-service

science teachers.

However, this study could not find a relation between SMK and PK. The class
observations and TTTEF results showed that TTT PD was not effective in increasing
teachers’ PK. Changing teachers’ PK relatively may require longer time. In other
words, TTT PD was conducted for five weeks. This amount of time may not be
sufficient to change teachers’ PK. For instance, Choy, Wong, Lim and Chong (2013)
reported that while the teachers’ self-perceived PK for classroom management
increased significantly at the end of first year of teaching, their self-perceived PK for
lesson planning and instructional strategies remained unchanged at the end of first
year of teaching. However, they found significant increases in all three factors in
teachers’ self-perceived PK from the end of first year to the end of third year of
teaching. Thus, referring to this result, in this study, expecting a change in teachers’

PK in due course of two months is extremely optimistic.
5.1.2 Teachers’ MPU related knowledge

Studies that had taken MPU into consideration in teacher PD programs could not be
found in the literature. Studies regarding the MPU in the literature were not related to
teacher PD; they were separate studies associated with the students’ and pre-service
teachers’ understanding of the special theory of relativity. The brief discussion of
teachers’ problems in understanding the MPU is reported here for the benefit of
future researchers. Teachers’ discussions during TTT courses (as an example see
Appendix Y) and the class observation results (see section 4.3) of the present study
revealed that physics teachers had several problems in understanding and teaching

the MPU. The typical problems of these teachers were:

. Fragmented knowledge, e.g.: developments that contributed the birth of
modern physics.

. Insufficient knowledge, e.g.: the discrepancy between the theoretical and

experimental results of blackbody radiation.

. Incorrect knowledge, e.g.: the aim of the Michelson-Morley experiment.
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. Misconceptions, e.g.: changes in mass as objects reach high speeds, and
classical laws of physics that have been replaced by modern laws of physics.

. Difficulties understanding some concepts, e.g.: the first postulate of special

relativity; the laws of physics are the same in any inertial frame of reference.

. Difficulties in understanding the connections between different concepts, e.g.:
the relation between the Michelson-Morley experiment and the second
postulate of the special theory of relativity (the speed of light is independent

of the motion of the source).
. Unnecessary discussions, e.g.: teleportation and Tesla’s experiments.

. Disregarding the national curriculum, e.g.: even though the national
curriculum doesn’t include simultaneity and relative motion at high speeds,

participant teachers tried to teach these topics.

Similar results were found by Selguk (2010) who investigated the pre-service
teachers’ understanding of and difficulties with some core concepts in the special
theory of relativity. She deduced that pre-service teachers have some specific and
considerable difficulties even after instruction in the special theory of relativity. For
instance, she found that some pre-service teachers regard mass as a speed-dependent
concept, many of them do not accurately comprehend the time dilation phenomenon,
and some of them see time dilation as unilateral. In addition, she reported that pre-
service teachers had misconceptions when identifying ‘proper time' and 'proper
length', they had difficulties in comprehending the relativity of reference systems,

and they also thought the ground system was an absolute system.

Even though they didn’t analyse the prospective teachers’ understanding of special
relativity theory, Yildiz (2012) and, Hosson, Kermen and Parizot (2010) found in
common that prospective physics teachers have a deep lack of understanding of
concepts associated with special relativity. Since four of the five objectives of the
MPU taught at tenth grade level in Turkey are about special relativity, their results

can be accepted as concurrent with the results of the current study.
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5.1.3 Comparisons with the other experimental studies related to PD

In this section, to begin with, the effect size of this study is compared to the Meta-
analysis conducted by Blank and Alas (2009) and then compared to the review
conducted by Yoon et al. (2007). Secondly, the effect size is discussed with the
experimental studies that have higher and lower effect sizes than that of the current
study. Finally, the intensity of the current study and that of 23 experimental studies
are discussed in terms of effect size.

Firstly, a moderate effect size of 0.52 (Cohen’s d) was calculated for this study.
Similarly, in their Meta-analysis Blank and Alas (2009) reviewed 16 studies and they
found that most of the effect sizes from these studies were also modest. The average
effect size (Cohen’s d) for 16 studies was 0.31. As in the case of this study their
analysis showed that all of the studies reported did show positive effects on student
achievement. Moreover, they reported that the average effect size for science teacher
PD studies was small and was not significantly different from zero (0.05 for pre-post
design and 0.18 for post only design). This study was about physics teachers’ PD but
contrary to their result showed moderate effect size. Furthermore, among the 16
studies they worked on, ten used quasi-experimental designs. Of the ten studies, two
resulted in negative, six small, one moderate and one large effect size. Thus, on the
average, the effect size resulted in the current quasi-experimental study does not
concur with similar studies analysed by Blank and Alas. Another different result; the
design of the current study was preliminarily based on collaboration of teachers, the
PD programs analysed by Blank and Alas that offer collaboration networking for

participating teachers show marginal (ES=.01) or near zero impact.

When regarding the effect size, the result of this study concurs with Yoon et al.’s
(2007) review. While the effect size was 0.52 (Cohen’s d) for this study, the average
effect size across the nine studies they reviewed was 0.54. They found that the effect
size was fairly consistent across the three content areas. The effect size calculated in
this study regards physics and it was 0.52. Similarly, Yoon et al. found 0.51, 0.57
and 0.53 for science, mathematics, and reading and English/language arts,
respectively. Further, among the nine studies reviewed by Yoon et al. (2007) three
(Carpenter et al., 1989; Saxe et al., 2001 & McCutchen et al., 2002) were focusing on

deepening teachers’ content knowledge and understanding of how students learn.
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The average effect size was 0.614 for these three studies, which is more or less close
to the calculated effect size (0.52) of the current study. Furthermore, quasi-
experimental design was used for this study and a moderate effect size was
calculated. Concurrently, both the randomized controlled trials and quasi-
experimental designs reviewed by Yoon et al. resulted in moderate effect sizes. They
found that while the average effect size for the randomized controlled trials was 0.51,
the average effect size of quasi-experimental designs was 0.61.The comparison of
this study with the Meta-analysis of Blank and Alas (2009), and review of Yoon et al
(2007) on some parameters is given in Table 5.1.

Table 5.1 Comparison of this study with Yoon et al. (2007), and Blank and Alas
(2009)

Studies Contact hours duration Sample Effect Size
Teacher Students

This study, 15 hours About two 6 306 0.52

2014 months

Yoon etal. 5-100 hours 1-12 months  5-44 teachers 98 -779 students -0.53 - 2.39
2007 Average 49 Average Average 22Average 337 Average 0.54

hours 5 months teachers students

Blank and 2-540 hours 1 day- 16 6-198 teachers 70-7813 students -0.19 - 1.63.
Alas, 2009 Average 91 months Average 45Average 1116  Average 0.31

hours Average teachers students

Table 5.1 shows that both the average duration and the average contact hours of the
review (Yoon et al., 2007) and that of the Meta-analysis (Blank & Alas, 2009) are
greater than both the duration and the contact hours of this study. A similar

interpretation is also valid for the average number of students and teachers
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participating in the studies. However, the effect size calculated for the present study
is slightly less than the average of that of Yoon et al., and it is considerably more
than the average of that of Blank and Alas. When these conclusions are assessed in
the general context of professional development it is too early to build a link between

the duration-effect size and contact hours- effect size.

Additionally, Yoon et al. (2007) pointed out that while the studies that had more than
14 hours of PD showed a positive and significant effect on student achievement from
PD, the studies that involved the least amount of PD (5-14 hours total) showed no
statistically significant effects on student achievement. Concurrently the present
study applied 15 hours (the adaptation meetings are not included) of PD and showed
a statistically significant effect on student achievement. Thus, while Yoon et al.
reports 14 hours as the critical amount of PD that might lead to student achievement,
Blank and Alas raise this amount to 100 hours. It seems that more and more research

is needed in the area of experimental PD to speak with greater certainty.

Secondly, the effect size (Cohen’s d) calculated for the effect of treatment (TTT
course) of this study was 0.52. The 42 reported effect sizes of 23 studies on the
relation between PD and student achievement ranges between -0.59 and 2.39. Except
for 11 effect sizes in eight studies, the remaining 31 effect sizes of known PD studies
were less than 0.52. What was clear was that each of these eight studies have longer
duration than the duration of current study. While 15 hours of PD activities was
conducted for the current study an average of 36 hours were spent for these eight
studies. However, these 36 hours of PD activities were conducted over the course of
6.25 months (on average). Therefore an average of six hours was used per month (1.5
hours per week) for PD in these studies. The teachers participating in the current
study received 15 hours of PD in the course of five weeks and they were subjected to
three hours of PD per week. Consequently, the studies which have higher effect sizes
have longer average duration than the current study but also have less average

intensity.

On the other hand, the studies that have fewer effect sizes on average have conducted
72 hours of PD activities. Moreover, the average time span for these studies was 5.40
months. Therefore, the intensity for these studies was approximately 3.33 hours per

week. Thus, the studies which have fewer effect sizes have longer average duration
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and higher average intensity than the current study. As a result, when the PD studies
are compared in terms of only duration or only intensity, no meaningful inferences
are derived. For instance, the study conducted by Carpenter et al. (1989) has an
intervention of intensity of approximately 5 hours per week (83 hours over four
months) and its effect size is 0.41. However, that of Cole (1992) reported an effect
size of 0.82 for reading and has an intensity of 0.8 hours per week (40 hours over a
year). Further, among the 23 experimental studies, the most intensive study (Marek
& Methven, 1991) which was designed to give 100 hours of PD in only one month
has less effect size (0.39) than the least intensive study (Heller et al., 2007) which
gave 10 hours of PD in the course of eight months (ES=0.69). Similar contradictory
results were found in other studies (see Table 2.2 and Table 2.3). Furthermore, in
their Meta-analysis, Blank and Alas (2009) saw that there was an inconsistent pattern
in the relationship of 'time' and 'duration’ to effects. Thus, rather than duration, the
PD studies should be compared in terms of some other parameters.

Thirdly, when regarding intensity, that is the number of contact hours per week, that
of this study is just below the average of the 23 known experimental studies. While
15 hours of PD activities were conducted for the current study, an average of 49 and
91 hours were spent for Yoon et al.’s (2007) review and Blank and Alas’s (2009)
Meta-analysis, respectively. However, these 49 and 91 hours of PD activities were
conducted in the course of five and six months (on average), respectively. Therefore,
an average of 9.8 hours was used per month (2.5 hours per week) for PD in the
review of Yoon et al. Similarly, an average of 15.2 hours was used per month (3.8
hours per week) for PD in the Meta-analysis of Blank and Alas. However, teachers
participating in current study received 15 hours of PD in the course of five weeks and
they were subjected to three hours of PD per week. Consequently, while the average
intensity of PD in the Meta-analysis was higher, the average intensity of reviewed
experimental PD studies was less than the intensity of this study. Astonishingly, in
terms of the effect sizes the reverse is true!

5.1.4 Why do experimental PD studies usually result in moderate or small effect

sizes?

Since this question was not discussed within the context of experimental PD in the

literature, the personal opinions of the researchers may be useful for future studies.
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Probably or logically the PD designs are faced with three consecutive losses. First of
all, the participating teachers cannot construct adequate knowledge from the
collaborating teachers’ collective knowledge or from the mentor/coach. Second,
teachers cannot utilize all the constructed or acquired knowledge in their classes.
Third, students can not reflect all this knowledge in their test results. It may be
because of all these losses that the effect of the PD decreases so much. The results of
MPUAT-T and that of MUAT-S support these losses. While the effect size
calculated for the teachers’ achievement test was large (.93), for students it was
medium (.52). (The effect size for teacher data was calculated through descriptive
statistics and that of student data was calculated through inferential statistics). Now,
an important question arises: How can we minimize these losses? Or which
characteristics of PD decrease these losses the most? It seems that content focus,
active learning, coherence, collective participation, long duration, intensive,
sustained and delivered in conductive settings characteristics minimize the first loss.
Just-in time teaching doubtlessly minimizes the second loss. Nevertheless, there are
no features associated with effective PD that can minimize the third loss. In order to
decrease this loss, some other factors (such as students’ motivation, good testing
conditions and so on) have to be considered with PD designs. Figure 5.1 is designed

to represent these losses.

First loss Knowledge
Aeitedle - Knowledge g
of the

of the Second of the Test

sustained teachers loss students

results

mentor or
coach

coherence ?
Just-in time teaching

collective pariticipation 2
5 :

long duration

Intensive

active learning

delivered in conductive settings

Figure 5.1 A model representing the decrease in the effect of PD interventions
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5.2. Internal Validity of the Study

The internal validity of the study refers to the degree to which extraneous variables
may influence the results of research. A study that claims it has internal validity must
provide that the “observed difference on the dependent variable is directly related to
the independent variable(s), and not due to some other unintended variables”
(Fraenkel & Wallen, 1996, p.242). There are various possible threats that most of the
studies are vulnerable to. Because of the complexity of this study there were many
possible threats that may affect its validity. Possible treats to internal validity and the

methods used to cope with them are discussed in this section.

Subject characteristics, mortality, location, instrumentation (instrument decay, data
collector characteristics, and data collector bias), testing, history, maturation, attitude
of subjects (Hawthorn effect, John Henry effect, and demoralization effect),
regression, and implementer threats are the threats that most of the experimental
studies suffer from. Below are the threats to the internal validity of this study and the

proof of their control.

According to the missing data analysis, the percentage of students who missed the
tests and students who performed the tests were within the acceptable range. Thus, in
order to limit the mortality threat, the missing values were replaced with the series
mean. Subject characteristics were not a serious threat because each teacher had two
classes, of which one was the control group and the other was the experimental group
class. The teachers randomly assigned their equal (in terms of physics achievement)
classes to the groups. Moreover, one of the covariates analyses was used as statistical
analysis to match the subjects of groups on some variables which were the Pre-
MPUAT-S, Post-MPUAT-T, SCG, and TE. Therefore, potential pre-existing
differences on students’ academic achievement, their teachers’ academic
achievement, their first term physics course grades and their teachers’ experience
were adjusted through ANCOVA. This analysis was expected to reduce the potential

effect of subject characteristics threat.

There was a possibility of both teachers and their students changing their behaviour
due to the attention they were receiving by participating in the study, known as

Hawthorne effect. The possibility also existed that the treatment group teachers could
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teach harder in their control group classes in an attempt to show that they could teach
better without participating in a service training course. This is known as the John
Henry effect. In order to eliminate any possible influences of both the Hawthorne
effect and John Henry effect, both teachers and students were informed about the
study. They were told that the treatment was just a regular part of instruction.
Moreover, the teachers didn’t teach to their control and experimental classes at the
same time. That’s why there was no possibility of control and experimental group
students affecting each other. For instance, the control groups could not take a rivalry
position because initially they were taught the MPU, then subsequently the
experimental groups were taught MPU. Furthermore, since teachers willingly
participated in this study there was no reason to change their behaviour due to
becoming part of this special study. Moreover, in terms of students, since groups
were instructed at different times (bimonthly) a potential interaction between them

was not observed.

Four teachers initially taught the MPU to one of their classes (control group) then
they taught to experimental group classes. The gained experiences in teaching the
MPU beforehand might interfere with the practices gained during the treatment.
There were two factors that could avoid this threat. First, teachers taught the same
unit bimonthly. There was a sufficient span of time between the two teaching
sessions not to influence each other. Second, of the 6 teachers, 2 of them constituted
a placebo group; they did not participate in the TTT PD course; that is, they taught
both of their classes as usual. In other words, a design like Solomon four-group
design was used to control the effect of pre-teaching. The results of placebo groups
and those of treatment groups were analysed for any interaction effect and no
interaction was observed. Moreover, the success or failure of the placebo group
students might be because of the competencies of their teachers. To avoid this threat
during the determination of the treatment and the placebo groups, attention was paid
to their equality. Table 3.5 guided the researcher in equating the groups according to
their experiences. Further, in order to equate the groups of students, their teachers’
experiences were used as a covariate. Furthermore, the case of teachers and students
having the same achievement test brings with it the possibility of teachers ‘teaching
to the test’. That’s why separate achievement tests were prepared for students and
teachers on the tenth grade MPU. Additionally, to avoid the possibility of the
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researcher distinguishing the teachers according to their academic achievements
during the TTT PD course, the researcher did not calculate the pre-test scores of the

teachers until the post-test was applied.

Since all data were collected by the conductor of the current study and the collection
procedure was standardized, the data collector characteristics threat was prevented.
That is, no extra time was given to any classes, all classes were tested one week after
the end of the main course and the researcher was careful in all classes to avoid any
cheating. Data collector bias is also an important threat to the internal validity. All

data were collected by the researcher and data collection procedure was standardized.

One control and one experimental group were selected from each school, during
class observations it was seen that each pair of classes was in a similar setting.
Therefore, there were no factors to cause a location threat. The treatment given to
students was given by the original teachers of the students. In order to minimize the
implementation threat, treatment verification was conducted as discussed in Section
4.1.

Students’ levels in academic achievement were measured through multiple choice
test items and the evaluation process was computerized. That’s how an instrument
decay threat was prevented. Moreover, there were two data collection instruments
applied to the teachers. One of them was only applied to four (MPUAT-T) and the
other one was applied to the 12 teachers (TTTEF). Thus scoring the results of these

two instruments was an easy process for the researcher.

Pre-tests were used in this study, which is why students’ improvement may be
caused by practice on the pre-test. First of all, the test was about the MPU and
students were not familiar with the concepts of this unit. Therefore, it was difficult
for students to remember the pre-test questions and practice them. Second, since pre-
tests were conducted in both groups, any possible threat is valid for both groups.
Third, there were two months between the pre-tests and post-tests. This could also
help to minimize a testing threat. Fourth, to avoid or minimize this threat the aim of
the pre-test was not explained to the students. Fifth, students didn’t know that they
were going to have the same test once more. Finally, teachers never saw the test

items until the post tests were applied.
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This study is free from the history threat because neither the researcher nor the
teachers reported any unexpected or unplanned events that might have affected
students’ performance. Since this study was conducted during the course of two
months the maturation threat is not a serious problem in this study. The groups of
students participating in the current study were intact groups from high schools.
Since students were not selected based on extreme features such as ‘high achievers’

or ‘low achievers,’ the regression threat was also eliminated.

Furthermore, the researcher claims that there was one more instrumentation threat
which does not appear in the literature. Some researchers because of economic
reasons use a test booklet several times, which spoils the booklet. When a test
booklet has been used several times some of its questions are erroneously answered
by students, which usually confuses the next examinee, or at times the booklets are
written on and again it disturbs the next examinee. This threat will be called
‘instrument spoil’ and in order to avoid this treat, for each examiner a unique booklet
was used. Moreover, in the case of reuse of the same booklet it was checked by the

researcher for any excessive wear.

As described above possible threats to this study were controlled up to a desired
level. Thus, any development in teachers and their students can safely be attributed to
the PD applied to them. That is, the observed differences in teachers’ knowledge and
the achievement of their students are due to TTT PD.

5.3 External Validity of the Study

According to the ANCOVA, there is a statistically significant mean difference
between instruction after TTT PD course and traditional instruction with respect to
academic achievement. The accessible population is all tenth grade students from
Anatolia high schools located in the city centres of three central districts of Ankara.
Subjects from six schools out of 24 in these districts have almost the same

characteristic in terms of prior achievement and socioeconomic status.

The number of students (n=306) who participated in the study exceeds 10% of the
accessible population. However, since the participants of the current study were not
randomly selected, the results of this study cannot be generalized to the accessible

population of the study. The socioeconomic status of families of the students
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included in the sample was usually medium. Consequently, the results of this study
can be generalized to other populations if they have similar characteristics as those in
the current study. Moreover, a low rate of loss of subjects in the post-tests cannot be

considered as a limitation in generalization of the results.

The current study was carried out in the second semester of the school year. The
treatments were carried out in teachers’ regular classes. The number of students in
each class ranged from 18 to 35. The tests were administered during school days.
The tests were administered in classes within one lecture hour. Results of the study
are valid under these conditions. Therefore, the results of the study can be
generalized to other Anatolian high schools which have similar ecological conditions

described above.
5.4 Conclusions

This research has several limitations regarding the characteristics of the current
study. First of all, qualitative data was gathered from the class observations of only
six teachers; these were volunteer teachers and, moreover, they were purposively
selected (see section 3.1.1). Secondly, even though an extensive literature review was
conducted, only 23 experimental studies were found. There may be more
experimental PD studies and this study does not include experimental studies
published after year 2009. Thirdly, because of the nature of this study, teachers were
free during pre-teaching (control group). However, during post teaching
(experimental group) they were compelled to teach one of the objectives of the MPU
each week. Consequently, since during pre-teaching teachers taught the MPU
haphazardly, control and experimental groups were not taught the MPU in equal
amounts. This study’s conclusions may have been impacted or influenced by the

above limitations.

One of the purposes of this study was to investigate the influence of the TTT PD
program on teachers’ knowledge of the MPU. First, the results of class observations
showed that TTT PD has increased teachers’ MPU specific subject matter knowledge
(SMK), pedagogical content knowledge (PCK) and has not affected the teachers’
pedagogical knowledge (PK). The details of this conclusion were given in Section
4.3 (the COF results). Second, the class observation results showed that the TTT PD
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increased teachers’ self-confidence and participating teachers gained better
knowledge and skills in teaching MPU. Further, participating in the TTT PD course
caused teachers to teach the MPU in accordance with the requirements of the
curriculum. Third, as perceived by the participating teachers, the TTT PD is an
effective program in increasing teachers’ knowledge. Moreover, teachers affirmed
that the TTT PD is a useful program for teachers in PD, and their attitudes toward the
TTT PD were positive. The details were given in Section 4.2 (the TTTEF results).

The second purpose of this study was to find a link between PD and student
achievement. The results of ANCOVA showed that TTT PD had a significant effect
on the students’ post-MPUAT scores. In other words, the students who were
instructed after their teachers participated in the PD course attained significantly
higher achievement scores in MPU than the students who were instructed before
their teachers participated in the PD course. The data collected through the
achievement test applied to the treatment group students strongly support that the
TTT PD is an effective program to increase teachers knowledge and indirectly
students’ achievement in MPU, and there is statistically (p<.05) and practically
(dCohen=.52) significant mean difference between the TTT PD and traditional
instruction in favour of the TTT PD. This means that the students who are instructed
after their teachers participated in the TTT PD have better achievement scores than
the students who are instructed before their teachers participated in TTT PD.

Furthermore, the effect of pre-teaching on students’ achievement was also
investigated. The separate ANCOVA results showed that a significant negative effect
of pre-teaching was observed. The possible reasons behind the negative effect of pre-
teaching were discussed in the previous chapter (see Sections 4.5 and 4.7.3.1). The
data collected through achievement test applied to placebo group students indicate
that gaining an experience through pre-teaching is not effective in increasing
students’ achievement scores. On the contrary, a statistically (p<.05) significant
mean difference between the pre- and post-teachings was observed in favour of the

pre-teaching sessions.

On the other hand, it was thought that any increase in students’ achievement should
be strongly related to an increase in achievement of teachers’ who participated in the

TTT PD course. The study was designed to explore this reasoning. In order to see
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any change in participating teachers’ success, an achievement test was applied to
them. While the teachers who participated in the TTT PD course (treatment group
teachers) increased their own post-MPUAT-T scores, the teachers who did not
participate in the course (placebo group teachers) could not increase their post-
MPUAT-T scores. A large effect size (dCohen=.93) was calculated for the effect of

TTT PD on teachers’ achievement.

Furthermore, it was again reasoned that without knowing the change in teachers’
knowledge, reporting any change in students’ achievement alone would be
problematic. Accordingly, rather than investigate the teachers’ knowledge (Shulman,
1987) through interviews and surveys, this study followed the strategy of
investigating the development of teachers’ knowledge through classroom
observations. Classroom observations were made to directly see the change in
teachers’ knowledge and validate the change in students’ achievement. Thus, this
strategy successfully related the effect of the TTT PD course on teachers’ knowledge

to its effect on student achievement.

Moreover, in this study a PD program used by some private schools to enhance their
teachers’ teaching skills was utilized to change the participating teachers’ knowledge
and their students’ achievement. The class observation and teachers course
evaluation results showed that TTT PD is effective in increasing teachers’
knowledge. Similarly, the achievement test results showed that TTT PD possesses
the adequate potential to increase both teachers’ and students’ success. Thus, it can
be concluded that the results of this study support the effectiveness of TTT PD.
Namely, TTT PD can be offered to policy makers who seek models supported by
research evidence. Moreover, the effective PD features specified for this study were
successfully incorporated in the TTT PD. In other words, the effective characteristics
- content focus, active learning, coherence, collective participation, sustained and
intensive, delivered in conductive settings and just-in time teaching - were

successfully carried out within the structure of the TTT PD course.

Additionally, as mentioned in the first and second chapters, there is little research
performed on the relation between PD and student achievement. Further, the known
experimental PD studies all have different types of interventions and different

designs. Among the 23 experimental studies discussed in the first and second
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chapters few were purely experimental and most of them were quasi-experimental
designs. Moreover, most of them were post-test only designs. In this study separate
designs were used for teachers and students. Regarding students, this was a quasi-
experimental design. However, the design developed for the teachers, matches with
none of the designs of the known 23 experimental studies. That is to say, in this
study the design used for teachers eases experimental studies in the area of teacher
PD, which is very rare. Rather than composing control and experimental group
teachers (actually it seems difficult to equate them), having some teachers initially
teaching to one class, then giving teachers a PD treatment and finally having them
teach the same 'unit' to another class, it is easier to conduct an experimental study.
The conduction of this study indicated that when such a design is utilized probably it
will be easy to compare the pre- and post-teaching of teachers and accordingly

investigate the effect of PD programs.

Consequently, in this study, the effects of the TTT PD course on teachers’
knowledge and their students’ achievement were investigated. In doing so, this study
provided the physics education community with specific data regarding the link
between professional development and student achievement in the area of the tenth

grade modern physics unit.
5.5 Implications

The implications derived from this study can be compiled for in-service trainers and

for researchers.
For in-service trainers

. The TTT PD course has been used by some private schools in Turkey for
more than 20 years. It is now empirically validated that this PD model has
empowered teachers to take an active role in the programs and has enabled
teachers to collaborate in increasing students’ achievement. Thus, this model

Is suggested to be used in teacher PD.

. Staff developers should design and implement PD programs similar to TTT

PD to help teachers abide by the curriculum. None of the participants in this
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study conducted their lessons in accordance with the requirements of the
national curriculum prior to their participation in TTT PD.

This study was conducted on the MPU which was newly added to the Turkish
tenth grade national physics curriculum. When new topics are added to the
curriculum teachers usually need help in teaching them. Accordingly, these
results suggest that staff developers should consider including such topics to
in-service programs (a) to help teachers to practice teaching the new topics

(b) to increase the participation rate.

Even though the intervention utilized in this study possessed most of the
effective characteristics of PD, it resulted in moderate effect size. From this
conclusion the researcher takes the liberty to state that any in-service training
course that does not possess most of the characteristics of the effective PD
should not be conducted.

Teachers were eager to understand and discuss the concepts of the MPU
during the TTT course. This unit was newly added to the national curriculum
and a needs analyses survey indicated that teachers need help in teaching this
unit. Based on this fact it can be said that in-service training courses should
be comprised of topics that are attractive to teachers. Accordingly, programs
should especially focus on teachers’ knowledge of the subject (that is SMK).

The evidence from the conduction of the current study suggests that teachers
should receive in-service trainings that they will immediately be able to
incorporate into their daily instructional planning. There should not be long
duration between receiving PD and the application of this PD. In other words,
just-in time teaching of teachers should be preferred.

For the placebo group, the placebo pre-group students were more successful
than placebo post-group students. One of the classes (T1C1) of this group had
the post-test after the physics exam, regarding the MPU during pre-teaching.
This was the reason behind the success of that class (see Table 4.20). Thus,
when conducting the tests, they should not be applied after the students’ exam

regarding the same topic. This is a serious threat to the internal validity.
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. During the conduction of the TTT courses it was observed that teachers could
not end some discussions and could not explain some concepts (see Appendix
Y). It is now clear that teachers need support especially when discussing
counterintuitive concepts such as modern physics concepts. For this reason it
iIs recommended that content focused PD programs should be conducted at
the helm of a scholarly coach.

For researchers

. This study primarily aimed to increase teachers’ SMK during the TTT course
and a positive effect was detected on students’ achievement. Thus, it can be
said that one way to improve physics teachers’ quality and subsequently
increase student achievement, is to design the research to increase teachers’

SMK.

. This study suggests that instead of investigating the effect of PD on student
achievement alone, the effect of PD on teachers, also should be investigated.
Because without knowing with certainty of any change in teachers

knowledge, claiming any change in students’ achievement is controversial.

. The researcher donated many physics course books, notebooks, pens, pencils
and flash disks and it was observed that teachers were motivated with these
donations. Thus, this study suggests that both before and during the
conduction of studies that take teachers into account, the participating

teachers should be motivated with gifts.

. While determining which teachers should participate, it was seen that when
teachers were told explicitly they generally chose to participate in the TTT
course. Thus, researchers should intrinsically motivate teachers through
explaining the importance and the necessity of the course while composing

the sample of the study.

. There are 23 PD studies that tried to find a link between PD and student
achievement. However, almost all have different designs. Since the nature of
research on teacher PD in science is complicated and difficult, the design of

this study can be used to conduct feasible experimental studies. In other
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words, finding teachers of similar experience or achievement levels and then
composing control and experimental groups is very difficult. Instead, as
employed in this study, the effect of a treatment can be investigated by
looking at pre- and post- teachings of the same ‘unit' by the same teachers. In
other words, teachers should first teach the unit (such as MPU) to one of their
classes (control group) and after having a treatment then they should teach
the same unit to the equivalent counterpart class (experimental group). Thus,
once both groups are pre- and post-tested the effect of the intervention can be

revealed.

. In experimental PD studies teachers are mostly equated in terms of
experience. The evidence from achievement test results and class
observations of this study showed that along with experience, academic
achievement also should be taken into account when equating teachers. The
researcher strongly suggests that before equating teachers, their performances

in the classroom should be observed.

. When the results of this study are compared with the similar studies from the
literature it revealed that comparing the effect sizes of PD studies with
duration and contact hours or intensity does not give meaningful results. For

this reason more and more studies are needed to make safe inferences.
5.6 Suggested best practices of TTT development and implementation

. It was observed by the researcher that the TTT PD process could take a great
deal of time and could become tiring. Those who wish to conduct the TTT
PD should plan each step carefully and be ready for a tiring process.
Motivating teachers throughout the course, being careful not to disturb
teachers during class observations, planning to observe as many lessons as
possible, urging teachers to finish the previous unit and start the current unit
on time, possessing satisfactory knowledge of the unit to actively guide
teachers during the discussions, and being patient while preparing of the
various instruments required to collect and triangulate the data - all of these

are especially tiring processes.
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. During the teacher selection process, researchers should start with as many
teachers as possible. Some teachers initially may promise to participate but

once the course starts they may make excuses and drop out.

. The TTT PD was held on evenings in this study. The teachers usually
participated in the TTT PD after school work. Therefore, ordering dinner was
a must! Coffee and tea during the course was also good. Figure 5.2 is a view
of one of the meals eaten together. The one without the rose is the researcher.

Figure 5.2 A scene from the dinner with participating teachers

. During the course of this study six teachers were observed during both pre-
and post-teaching. The teachers were from different schools. Course hours of
some of the teachers overlapped. The researcher asked the principals of the
schools to change the course’s place on the time table. Gifts and sincerity

eased the work of the researcher.

. Teachers are usually annoyed when they are observed. Thus, in order not to
annoy them, both before and during class observations researchers should
help the teachers feel relaxed. For example, giving a gift (book, notebook,
diary, pen, pencil, flash disk), speaking about the topic that the teacher will
present and not looking directly at teacher during instruction helps him/her to

feel unburdened.

. Researchers who may use this design should carefully decide on the unit

which they will take into account. Since the participant teachers will change
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the sequence of this unit in one of their classes, there shouldn’t be high
relation between this unit and the pre- and post-units. In this study, the MPU
was taken into account and the concepts in this unit are not closely related to

other high school physics units.

. The unit that will be taught during the PD course should increase the

participation rate and draw teachers’ attention to the course.

. This researcher understands why there is so little study on the effect of PD
programs on student achievement. Fullan (1990, pg. 7) describes the situation
the best.

In short, staff development, implementation of innovation, and student outcomes are
closely interrelated, but because they require such a sophisticated, persistent effort to
coordinate, they are unlikely to succeed in many situations. Any success that does
occur is unlikely to be sustained beyond the tenure or energy of the main initiators of
the project.

Thus, supervisors should encourage researchers and substantial economical help
should be provided for starting an experimental PD study.

5.7 Recommendations for Further Researches

This study provided insights into how tenth grade high school students’ physics
achievement could be improved through a PD program focused on enhancing
teachers’ knowledge of physics content. The PD program used in this study not only
yielded a positive effect on student achievement but also increased teachers’ SMK
and PCK. Moreover, it was relatively easy to conduct. With these in mind, the

following recommendations are made for future researchers.

. In this study, the effect of the TTT course on the three dimensions (SMK,
PCK and PK) of Shulman’s (1987) teacher knowledge was investigated.
Future research should consider improving all dimensions of teacher

knowledge through the TTT course.

. The TTT course, in this study, was designed for physics teachers. Future
researchers should consider its effects in other subject areas such as

mathematics, chemistry or biology. Moreover, MPU was engaged during the

196



TTT course; studies including other units should be conducted to determine if
the results are similar or different from the findings in this study.

A literature review indicated that the number of studies fully addressing PD’s
direct effect on teachers and its indirect effect on students’ achievement is
notably less. Replicating this study will increase the number of desired

studies that directly examine this link.

The current study preliminarily was designed to increase the SMK of
teachers; the same design can be used to increase other teacher knowledge
(Shulman, 1987) areas.

Additional investigations using this PD model should consider comprising
two or more units. Such a study may be able to indicate more reliable
statistically significant results on the effect of the TTT PD program over the

course of several units.

Although a five week implementation period was sufficient to register
significant change in teachers’ knowledge and students’ achievement, longer
periods may produce more reliable changes. Time and practice may be

necessary factors to help teachers to increase their knowledge.

It was seen that the TTT PD had a direct positive effect on teachers’ PD and
an indirect effect on the students’ achievement. A similar study can be
conducted at different grade levels to determine if a PD using TTT would
have effects in other grades.

Along with the literature, this study implies that future studies conducted on
the link between PD and student achievement can make it possible to
determine whether PD programs designed for teachers have positive impact

on students’ achievement.

Research that compares PD studies in terms of design and the quality of
intervention may be noteworthy. For example, the common points of the
interventions of the experimental PD studies that have low, moderate and

large effect sizes can be studied.
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APPENDIX A

TENTH GRADE MODERN PHYSICS UNIT CURRICULUM

ONUNCU SINIF MODERN FiZiK OGRETIM PROGRAMI

KAZANIMLA
R
1 Modern
fizik ile ilgili
olarak
ogrenciler;
1.1 Modern
fizigin
dogusuna
katkida
bulunan
gelismeleri
aciklar.

FTTC 1. Fizik
ve
teknolojinin
dogasini
anlar.

FTTC 2. Fizik
ve
teknolojinin
birbirini
nasil
etkiledigini
analiz eder.

ACIKLAMALAR
== 1.1 Modern fizigi olusturan temel unsurlardan biri olan
gorelilik aciklanir, digerlerinden (15181n yapisi, atomun yapisi ve
elektromanyetik 1si1ma enerjisinin kesikli olmasi) ise kisaca
bahsedilerek ayrintilari ilerleyen yillarda verilir.

[!'l 1.1 Yirminci yuzyilin baslarina kadar fizigin daha ¢ok -
gorece Kkiitlesi biiylik ve hiz1 kiiciik olan - makro evrendeki
olaylar1 agiklamaya ¢alistig1 ve bu alanin “Klasik Fizik” olarak
adlandirilabilecegi; giintimiizde ise mikro evrendeki (atom ve
atom alt1 pargaciklar) ve 1s1k hizina yakin hizlarda hareket eden
cisimlerin hareketini aciklamaya odaklandig1 ve bu alanin ise
“Modern Fizik” olarak adlandirilabilecegi vurgulanir.

['l 1.1 Modern fizigin; kuantum, atom ve c¢ekirdek fizigi,
katihal/yogun madde fizigi gibi alt isimler altinda da
incelenebildigi belirtilir.

??? 1.1 “Modern fizik ve klasik fizik yasalar farkhdir.”, “Klasik
fizik yasalarinin yerini modern fizik yasalar1 almistir.”

FTTC 1b. Fizik biliminin sinanabilir, sorgulanabilir,
dogrulanabilir, yanlislanabilir ve delillere dayandirilabilir bir
yapisi oldugunu anlar.

FTTC 1h. Anahtar fizik kavramlarinin farkina varir (degisim,
etkilesim, kuvvet, alan, korunum, 6l¢me, olasilik, kesinlik, 6lcek,
denge, madde-enerji iligkisi, uzay-zaman yapisi, rezonans,
entropi vb.).

FTTC 1n. Fizik ve teknolojiye farkl kiiltiirlerden bir¢ok kadin ve
erkegin katkida bulundugunu farkina varir.

FTTC 1o. Fizigin ve teknolojinin ilerlemesinde strekli
sinamanin, gozden gecirmenin ve elestirmenin roliini
degerlendirir.
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FTTC 3. Fizik
ve
teknolojinin
birey,
toplum ve
cevre ile
etkilesimini
analiz eder.

BIB 1. Bilgiyi
arar, bulur
ve uygun
olani secer.

TD 2. Fizige
ve diinyaya
karsi olumlu
tutum ve
degerler
gelistirir.

2 Ozel
gorelilik ile
ilgili olarak
ogrenciler;
2.1 Isik
hizinin
eylemsiz
referans
sisteminden
bagimsiz
oldugunun
ileri
strilmesine
neden olan
arastirmalari
aciklar.

FTTC Z2a. Fizik ve teknoloji arasindaki etkilesimin tarihsel
gelisimini inceler.

FTTC 2b. Teknolojik bir yeniligin, fizik bilimindeki bilimsel
bilgilerin gelismesine yaptig1 katkiy1 orneklerle belirler ve
aciklar.

FTTC 2c. Fizikteki, bilimsel bir bilginin teknolojinin gelismesine
yaptig1 katkiy1 6rneklerle belirler ve aciklar.

FTTC 3n. Fizik ve teknolojideki o6nemli bir bulus veya
uygulamanin, bilim diinyasini ve toplumu nasil degistirdigini
aciklar.

BIB 1a. Farkli bilgi kaynaklarini kullanir.

BIB 1b. Bilgi kaynaklarinin giivenilir ve gecerli olup olmadigin
kontrol eder.

BIB 1c. Coklu arama kriterleri kullanir.

BiB 1d. Amacina uygun bilgiyi arar, bulur ve seger.

TD 2a. Fizikteki gelismeleri izler ve degerini bilir.

TD 2b. Fizigin ve teknolojinin bugiinkii sinirhiliklarini bilir ve
ona gore davranir.

TD 2d. Fizikteki gelismelerin glnlik yasamimizdaki
uygulamalarindan dolay1 bu gelismelerin ¢evresel, ekonomik ve
sosyal sonuglarindan haberdar olur.

TD 2e. Bir¢ok meslek dalinin fizik bilgisi icerdigi gerceginden
yola cikarak fizige 6nem verir.

['] 2.1 Ivmesiz (duran veya sabit hizla) hareket eden gozlem
cercevesine eylemsiz referans sistemi denildigi belirtilir.
Evrende mutlak eylemsiz bir referans sisteminin olmadig1 ve
diinyanin eylemsiz referans sistemi olarak kabul edilebilecegi
vurgulanir. Eylemsiz bir referans sistemine gore ivmesiz
hareket eden gozlem cercevesinin de eylemsiz referans sistemi
kabul edildigi ifade edilir.

+¥ 2.19.ve 10. siniflar, Kuvvet ve Hareket Uniteleri.

== 2,1 Michelson ve Michelson-Morley deneylerinden
formiillere girilmeden kavramsal olarak bahsedilir.

?2?? 2.1 “Evren esir denilen bir madde ile doludur.”
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FTTC 1. Fizik
ve
teknolojinin
dogasimi
anlar.

FTTC 2. Fizik
ve
teknolojinin
birbirini
nasil
etkiledigini
analiz eder.

FTTC 3. Fizik
ve
teknolojinin
birey,
toplum ve
cevre ile
etkilesimini
analiz eder.

BIB 1. Bilgiyi
arar, bulur
ve uygun
olani secer.

TD 2. Fizige
ve diinyaya
karsi olumlu
tutum ve
degerler
gelistirir.

2.2 Ozel
gorelilik
kuraminin
temel
kabullerini
aciklar.

FTTC 1b. Fizik biliminin smanabilir, sorgulanabilir,
dogrulanabilir, yanlislanabilir ve delillere dayandirilabilir bir
yapisi oldugunu anlar.

FTTC 1h. Anahtar fizik kavramlarinin farkina varir (degisim,
etkilesim, kuvvet, alan, korunum, 6l¢me, olasilik, kesinlik, 6lgek,
denge, madde-enerji iliskisi, uzay-zaman yapisi, rezonans,
entropi vb.).

FTTC 1n. Fizik ve teknolojiye farkl kiiltiirlerden bir¢ok kadin ve
erkegin katkida bulundugunu farkina varir.

FTTC 1o. Fizigin ve teknolojinin ilerlemesinde strekli
sinamanin, gozden gecirmenin ve elestirmenin roliini
degerlendirir.

FTTC 2a. Fizik ve teknoloji arasindaki etkilesimin tarihsel
gelisimini inceler.

FTTC 2b. Teknolojik bir yeniligin, fizik bilimindeki bilimsel
bilgilerin gelismesine yaptig1 katkiy1 oOrneklerle belirler ve
aciklar.

FTTC 2c. Fizikteki, bilimsel bir bilginin teknolojinin gelismesine
yaptig1 katkiy1 6rneklerle belirler ve agiklar.

FTTC 3n. Fizik ve teknolojideki oOnemli bir bulus veya
uygulamanin, bilim diinyasini ve toplumu nasil degistirdigini
aciklar.

BIB 1a. Farkl bilgi kaynaklarini kullanir.

BIB 1b. Bilgi kaynaklarinin giivenilir ve gecerli olup olmadigin
kontrol eder.

BIB 1c. Coklu arama kriterleri kullanir.

BIB 1d. Amacina uygun bilgiyi arar, bulur ve secer.

TD 2a. Fizikteki gelismeleri izler ve degerini bilir.

TD 2b. Fizigin ve teknolojinin bugiinki sinirhliklarini bilir ve
ona gore davranir.

TD 2d. Fizikteki gelismelerin giinlik yasamimizdaki
uygulamalarindan dolay1 bu gelismelerin ¢evresel, ekonomik ve
sosyal sonuglarindan haberdar olur.

TD 2e. Bir¢ok meslek dalinin fizik bilgisi icerdigi gerceginden
yola cikarak fizige 6nem verir.

['l 2.2 Bu kabuller “Fizik yasalar1 tim eylemsiz referans
sistemlerinde aynmidir” ve “Isik hizi, eylemsiz referans
sisteminde, 151k kaynaginin ve gozlemcinin hareketinden
bagimsizdir (Ornegin, 15181n bosluktaki hiz1 her durumda 3.108
m/s olarak o6lgilir ve bu hizin elektriksel ve manyetik
kuvvetlerin ifadelerindeki sabitlerle belirlendigi)” seklinde
aciklanir.

1=-12.2 Galileo ve Lorentz dontlistimlerine girilmez.
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BIB 1. Bilgiyi
arar, bulur
ve uygun
olani secger.

4, fletisim
becerileri
gelistirir.

2.3 Isik hizina
yakin
hizlardaki
hareketli icin
uzunluk ve
zaman
degisimlerini
yorumlar.

BIB 1. Bilgiyi
arar, bulur
ve uygun
olani secger.

[N] 2.2 Einstein - 1921

[!] 2.2 Isik hizinda hareket edildiginde bu kabullerin gozlemleri
nasil degistirdigi orneklerle agiklanir. “Isik hizinda hareket
ederken elimizdeki aynaya baktigimizda kendimizi gortp
goremeyecegimiz” ve “arabayla 1sik hizinda giderken farlari
actigimizda oOnimiiziin aydinlanip aydinlanmayacagl” temel
kabullerin varliginda ve yoklugunda (klasik mekanikle)
tartigilir.

BIB 1a. Farkl bilgi kaynaklarini kullanir.

BIB 1b. Bilgi kaynaklarinin giivenilir ve gecerli olup olmadigin
kontrol eder.

BIB 1c. Coklu arama kriterleri kullanir.

BIB 1d. Amacina uygun bilgiyi arar, bulur ve seger.

BIB 4a. Fizikle ilgili konusmalan dikkatli bir sekilde ve ilgiyle
dinler.

BIB 4b. Fizik kavram, terim ve yasalarini iceren makale veya
diger yazili materyalleri okur ve anlar.

['] 2.3 Cismin hareketi dogrultusundaki uzunluk kisalmasi ve
zaman genislemesi denklemlerle ve grafiklerle wverilir.
Denklemlerin karmasik problemlere uygulanmasina girilmez,
ancak grafikler degiskenler arasindaki iliskiyi yorumlamak i¢in
kullanilir. Haftada iki saatlik fizik dersini secen 6grenciler icin
uzunluk kisalmasi ve =zaman genislemesi formiillerine
girilmeden grafiklerle kavramsal dizeyde verilir.

['] 2.3 Bir cismin kitlesinin hiza bagh olmasinin celiskilere
gotirdigi ve anlamh olmadigl, dolayisiyla durgunluk kiitlesi
kavraminin gereksiz olacagy; cisimler icin tek bir kiitleden soz
edilebilecegi vurgulanir. Durgunluk kiitlesi yani sadece Kkiitle
cismin madde miktar1 ve i¢ enerjisinin (atom alt1 pargaciklar
haric) bir 6lciistidiir. Yani bir cismin i¢ enerjisi degisirse kiitlesi
de degisir (dogal olarak bunun tersi de dogrudur), ancak ic
enerjiye bagh  kiitle degisimi makroskopik  boyutta
olciilemeyecek kadar kiigtiktiir.

['] 2.3 Ozel gorelilik kuramina gore; kiitleli bir parcacigi 1sik
hizina ulastirmak icin sonsuz enerji vermek gerektigi, bunun
icin evrendeki enerjinin yetmeyecegi ve bundan dolay1 da 151k
hizina ulasilamayacagi vurgulanir.

BIB 1a. Farkli bilgi kaynaklarini kullanir.

BiB 1b. Bilgi kaynaklarinin giivenilir ve gecerli olup olmadigin
kontrol eder.

BIB 1c. Coklu arama kriterleri kullanir.

BiB 1d. Amacina uygun bilgiyi arar, bulur ve seger.
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2.4 *Isik
hizina yakin
hizlar i¢in
yeniden
yorumlanmas
1 gereken bazi
temel
kavramlari
ornekler
vererek
aciklar.

FTTC 1. Fizik
ve
teknolojinin
dogasimi
anlar.

BIB 1. Bilgiyi
arar, bulur
ve uygun
olani secger.

1>

*2.4 Bir parcacigin kiitlesi hizla degismezken, kinetik
enerji (Ek) ve (Potansiyel enerji dikkate alinmazsa) dolayisi ile
toplam enerji (E) hiza baghdir. Bu nedenle kiitle tiim eylemsiz
referans sisteminde aym kalirken, Kkinetik enerji degeri
olculdukleri gozlem cergevesine bagl olarak degisir (kuvvet,
agirhk ve ivme gibi kavramlarin degisimine girilmez). Hiz
degisimine bagh olarak kinetik enerji degisimi tizerinde durulur
ve kiitle-enerji esdegerligi aciklanir.

FTTC 1b. Fizik biliminin smanabilir, sorgulanabilir,
dogrulanabilir, yanlislanabilir ve delillere dayandirilabilir bir
yapisi oldugunu anlar.

FTTC 1h. Anahtar fizik kavramlarinin farkina varir (degisim,
etkilesim, kuvvet, alan, korunum, 6l¢me, olasilik, kesinlik, dlcek,
denge, madde-enerji iliskisi, uzay-zaman yapisi, rezonans,
entropi vb.).

FTTC 1n. Fizik ve teknolojiye farkl kiiltiirlerden bir¢ok kadin ve
erkegin katkida bulundugunu farkina varir.

FTTC 1lo. Fizigin ve teknolojinin ilerlemesinde stirekli
sinamanin, gozden gecirmenin ve elestirmenin rolini
degerlendirir.

BIB 1a. Farkli bilgi kaynaklarini kullanir.

BIB 1b. Bilgi kaynaklarinin giivenilir ve gecerli olup olmadigin
kontrol eder.

BIB 1c. Coklu arama kriterleri kullanir.

BIB 1d. Amacina uygun bilgiyi arar, bulur ve secer.
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Sabitler:
¢ Isigm bogluktaki bz 2 3,200 ™y
Formiiller:

y=1

¥ Gézlem gercevelen arasindaki déniigim katsayis:
v: Hareketlinin hiz
c: I;k hnz

=7 :Lnull—:—z:%
L: Cisme gare v iz ile hareket eden bir gézlem cercevesinde gézlenen uzimluk

L,: Cisme gare durgun olan bir gézlem gergevesinde gozlenen nzunlik

LI

At :Cisme gore v nz ile hareket eden bir gézlem cercevesinde gézlenen zaman aralif
Atg:Cisme gore durgun olan bir gézlem cergevesinde gizlenen zaman aralifm

E =|"’—"_2? E =yEy Ep=mec?
L
=
E: Toplam enerji
me: Clsmun kiitles:
Ep: Durgunluk enerjisi
*Ep = E— Eg = - — mc? = me3(y — 1)
=

Ey: Kinetik eneni

*AF = Am.c*
AEKiitle degisiminin enetji egdefen
Am Eiitle degigimi

Birimler:
L: metre (m)

t: saniye (3)

E: joule (T}
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APPENDIX B

SCHOOL VISITS

OKUL ZIYARETLERI
Okul Tarih Okulda Gorisiilen Kabul Goriisme sekli
ki Ogretmen  eden
(y11 2012)
ogret- # Ogretmen
men # #
M. Azmi Dogan A. L. 22.10, 20.12 2 2 1 Ziyaret, Tel.”
M. R. Uzel Kimya A.T.L  22.10 4 2 0 Ziyaret
Mehmet Akif Ersoy L. 22.10, 20.12 3 2 0 Ziyaret,
Ziyaret
Demetevler A.I. Hatip L. 22.10, 20.12 3 3 3 Ziyaret,
Ziyaret
Halide Edip L. 23.10 3 1 0 Ziyaret
Mustafa Kemal L. 23.10 4 1 0 Ziyaret
Prof. Dr.Sevket Ragit H. L.  23.10 5 1 0 Ziyaret
Yahya Kemal Beyathh A. L. 23.10 4 2 0 Ziyaret
Yenimahalle A. Teknik L. 01.11 3 1 1 Ziyaret
Tevfik ileri Imam Hatip L.  01.11 4 2 0 Ziyaret
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http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=967555
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123156
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123048
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=372826
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123097
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123107
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=349568
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=970820
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123181
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123264

Y.Mahalle Ticaret A. M. L. 1.11, 20.12 4 1 1 Tel., Tel.

Yunus Emre A. KizM..L. 111 2 2 0 Ziyaret
Faruk Nafiz Camlibel A. L. 13.11 4 1 0 Ziyaret
N. Mehmet Cekic¢ A.L. 13.11 4 1 0 Ziyaret
Mobil A.L. 13.11, 24.12 6 1 0 Ziyaret,
1 1 Zivaret
Demetevler M. Sinan L. 13.11 4 2 0 Ziyaret
Celal Yardimer L. 15.11 4 2 1 Ziyaret
Batikent L. 15.11 3 3 0 Ziyaret
Atatiirk A.L. 22.11 5 1 1 Tel.
Alparslan A.L. 22.11,10.12 5 2 0 Ziyaret
2 1 Ziyaret
Batikent A. Teknik ve EML  22.11, 26.12 4 2 0 Ziyaret, Tel.
Ozel Serhat Samanyolu L.~ 29.11 5 2 1 Ziyaret
Ozel Serhat Samanyolu FL.  29.11 2 2 1 Ziyaret
Ozel Caglayan Lisesi 29.11 1 1 0 Ziyaret
Ozel Ankara Aziziye AL.  6.12 2 1 0 Ziyaret
Sentepe L. 27.12 1 1 0 Ziyaret
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http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123239
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=223050
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=972543
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=323482
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=970821
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123061
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=966313
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=281010
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=123132
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=964295
http://yenimahalle.meb.gov.tr/okuldetay.asp?okul_id=876805

APPENDIX C

NEEDS ANALYSIS SURVEY - FIRST VERSION

THTIYAC ANALIZi ANKETI - iILK SURUM

Kiymetli Ogretmenim,

Bu anket etkili ve faydali bir hizmet i¢i egitim kursunda d6gretmenlerin ihtiyaglarini
ortaya cikartmak i¢in gelistirilmistir. Cevaplarimiz 6ntimiizdeki yillarda yapilacak
hizmet i¢i egitim kurslariin sizin goriisleriniz ve beklentileriniz dogrultusunda
sekillenmesine katkida bulunabileceginden 6nem tagimaktadir. Liitfen biitiin sorular1
yanitlaymiz. Bu arastirmada toplanilan tiim bilgiler kesinlikle gizli tutulacaktir.

Iletisim: Nuri Balta, ODTU Egitim Fakiiltesi, nuribalta@yahoo.com

A) KiSISEL BIiLGILER

Asagidaki sorular, hazirlanacak egitim programi hakkindaki goriislerinizin kisisel
bilgilerinizle iligkisini tespit etmek amaciyla sorulmugtur.

Al. Cinsiyetiniz: AS. Su anki gorevleriniz dahil olmak
iizere bu giine kadar yaptiginiz
gorevleri ve ortalama stirelerini (y1l
olarak) yaziniz?

( )Kadin () Erkek

A2. Okulunuzun bulundugu ilge:

Gorev Y1l

Ogretmen

A3. Okulunuzun adi: Midiir Yrd.

Zimre Bagkanlig1

............................................... Formatorluk

Miidiir

Diger (Liitfen yaziniz):

A6. Su anki egitim durumunuz (fizik

egitiminden farkli ise yazmlz)Z
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( ) Lisans mezunu ( ) Anadolu Ogretmen Lisesi

() Tezsiz yiiksek lisans mezunu ( ) Meslek Lisesi
() Yiiksek lisans 6grencisi ( ) Fen Lisesi
.......... Diger (Liitfen yaziniz):

() Tezli yiiksek lisans mezunu.......

( ) Doktora 6grencisi ..................
A9. Bu sene derslerine girdiginiz

() Doktoramezunu ................ 10’ncu siniflarin subeleri, her siiftaki

A7. Mezun oldugunuz fakiilte: Ogrenci sayisi ve her siniftaki toplam

haftalik ders saatlerinizi yaziniz.
() Egitim Fakiiltesi

() Fen-Edebiyat Fakiiltesi Sube Ogrenci Haftalik
sayist ders saati
Diger (Liitfen yaziniz): say1s1

A8. Calistiginiz okul tiirii:

( ) Anadolu Lisesi

( ) Genel Lise
B) MESLEKI TECRUBELER

B1. Daha 6nce herhangi bir hizmet-i¢i egitime katildiysaniz asagidaki tabloyu
doldurunuz.

Y1- | Egitimin | Egitimin Egitimin Egitimin Egitimin Egitimin Egitimde- | Egitim
It stiresi tirt Uygulama | konusu Diizenle- diizenlendi- | ki roliintiz | in
(giin) (calistay, -s1¥ (ayni yicisi gi (sunum verim-
seminer, egitimde (M.E.B, Yer (okul, yapmak, liligi*
konferans, birden TUBITA | hizmet-igi materyal *

vb.) fazla K, enstitiileri, gelistirme

ise hepsini | vb.) universite, k, sadece

yaziniz.) vb.) dinleyici

olmak,

vb.)

(5) 4)
3@
1) ()
() (4)
©OX0)
M) ()
() (4)
OX0)
@) ()
(5) 4)
3@
(OXO)
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* Katildiginiz egitimin tiirline bagl olarak size en uygun seg¢enegin harfini tabloya
yaziniz.

a) teori agirlikli b) uygulama agirlikli ¢) hem teori hem de uygulama agirlikli

** Katildigimiz egitimlerin verimliligini; 5 (¢ok verimli), 4 (verimli), 3 (orta verimli),
2 (az verimli), 1 (verimsiz), 0 (kararsizim) olacak sekilde derecelendiriniz.

B2. Asagida verilen 6gretim yontem ve tekniklerini genel olarak derslerinizde ve modern
fizik iinitesinde kullanma sikligin1 belirtir misiniz?

Daima Genellikle | Cogunlukla | Cok az Hig

4 = 4 P 4 4 X X ~ X
S | N s N o N s N o N
o E o E o E o E o E
2 13 |2 |8 2 2 |2 |8 |2 |3
o ) o @ o 5} o @ o
O] = o = 0] = O = o =

Yazili-so6zIii anlatim
Soru-cevap
Problem ¢6zme
Bilimsel Gosteri
Gozlem gezisi
Etkinlik

Rol oynama

Grup tartigmasi
Bilgisayar destekli

Ogretim

B3. Su ana kadar 10. siniflarda modern fizik iinitesini ka¢ y1l anlattiniz? Toplam kag

sinifa anlattiniz?

B4. Eger anlattiysaniz, bu tnite i¢in yillik planda ne kadar siire ayirdiniz? (Her y1l
i¢in ayr1 yaziniz)

B5. Onuncu siif modern fizik {initesinin §gretiminde karsilasiimasi muhtemel bazi
sorunlar asagida siralanmistir. Siz de bu sorun/sorunlardan hangileri ile karsilagtiniz?

( ) Unite igin gerekli kaynaklarin azlig1

( ) Unitenin 6gretim programindaki yeri (sirast)

() Diger tinitelerle karsilastirildiginda yeni 6gretiliyor olmasi
( ) Bukonudaki bilginizi yetersiz/eksik gormeniz

() Gereksiz bir konu olarak gérmeniz
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( ) Zaman yetersizligi

( ) Konun, 6grenciler tarafindan anlasilmasi zor kavramlar igermesi

() Konun, giinliik hayatla iliskisinin kurulmasinin zor olmasi

B6. Onuncu smif {initelerinin zorluk derecesi size gére ve 6grencilerinize gore

nedir?
Cok kolay Kolay Ne kolay, ne Zor Cok Zor
de zor
Uniteler
Size|Ogrenc |Size |Ogrenci|Size |Ogrenci|Size |Ogrenci|Size |Ogrenci
gor |iye gore |ye gore [gore |ye gore [gore |ye gore |gore |ye gore
Madde ve
Kuvvet ve
Elektrik
Modern
Dalgalar

B7. Ogrettiginiz fizik konular1 ile ilgili bir sorun yasadigmizda (bir problemin
¢ozlimiinde, bir kavramin acgiklanmasinda vb.) listesinden gelmek i¢in neler yaparsiniz?

Daima

Genellikle

Cogunlukla

Cok az

Hig

Okuldaki arkadagimdan yardim
alinm

Okul disindaki tanidik
arkadaglarimdan yardim alirrm

Akademik ¢evreden yardim
alinm

Fizik kitaplarina bakarim

Internette arastiririm

Internette iiye oldugum sosyal
medya gruplarina sorarim

Diger (Liitfen yaziniz)

B8. Onuncu sinif modern fizik tinitesinin kazanimlari ile ilgili asagidaki tabloyu doldurunuz.

B8&.1. Bu tinitedeki kazanimlar hakkindaki fizik bilginizin seviyesi nedir?
*Durum: Goriislerinizi; 5 (¢ok iyi), 4 (iyi), 3 (Normal), 2 (az), 1 (Cok az) olacak sekilde

derecelendiriniz.
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B8.2. Bu tinitedeki kazanimlara dgrencilerinizin ilgisi nedir?
**[1gi: Goriislerinizi; 5 (¢ok iyi), 4 (iyi), 3 (Normal), 2 (az), 1 (Cok az) olacak sekilde
derecelendiriniz.

Kazanimlar *Durumunuz **(Ogrenci
ilgisi

1. 1 Modern fizigin dogusuna katkida bulunan gelismeleri
aciklar
e  Is181n yapisi, atomun yapisi ve elektromanyetik 1g1ma
enerjisinin kesikli olmasindan kisaca bahsedilerek
e  Klasik ve modern fizik arasindaki fark agiklanarak

2.1 Isik hizinin eylemsiz referans sisteminden bagimsiz
oldugunun ileri siirtilmesine neden olan arastirmalar: agiklar
¢  Eylemsiz referans sistemi 6rneklendirilerek

®  Michelson-Morley deneyi agiklanarak

2.2 Ozel gorelilik kuramimin temel kabullerini agiklar

2.3 Isik hizina yakin hizlardaki hareketli i¢in uzunluk ve zaman
degisimlerini yorumlar

2.4 Isik hizina yakin hizlar i¢in yeniden yorumlanmasi gereken
bazi temel kavramlart 6rnekler vererek agiklar
e Hiz degisimine bagli olarak kinetik enerji degisimi iizerinde
durularak
e  Kiitle-enerji esdegerligi agiklanarak

B9. Modern fizik tinitesi ile ilgili tecriibelerinizi daha iyi anlamak i¢in sizin eklemek
istediginiz hususlar var ise asagida belirtiniz.

C) HAZIRLANACAK OLAN “10. SINIF MODERN FiZiK” KONULU
EGITIME YONELIK SORULAR

Cl. Hizmet ic¢i egitim kursunda anlatilacak olan modern fizik (6zel gorelilik)
tinitesinin kazanimlart ile ilgili tabloyu liitfen doldurunuz.

*( istek): Tablonun altinda verilen, yapilmasini istediginiz ¢aligmanin harfini ilgili kazanimin
karsisina yaziniz. Bir kazanim i¢in birden fazla ¢aligma onerilebilir.

**(6nem). Modern fizik tinitesinde 5 kazanim vardir. Kursun verimli olmasi igin kursta kazanimlara
verilmesi gereken dnem sirasini yaziniz. 1’den 5’e kadar siralayimiz.

Kazanimlar istek* | onem**

1. Modern fizigin dogusuna katkida bulunan gelismeleri agiklar
e Is18in yapisi, atomun yapisi ve elektromanyetik 1g1ma
enerjisinin kesikli olmasindan kisaca bahsedilerek
e Klasik ve modern fizik arasindaki fark agiklanarak

2. Isik hizinin eylemsiz referans sisteminden bagimsiz oldugunun
ileri siirlilmesine neden olan arastirmalari agiklar
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e Eylemsiz referans sistemi dérneklendirilerek
e Michelson-Morley deneyi agiklanarak

3. Ozel gorelilik kuraminin temel kabullerini agiklar

4. Isik hizina yakin hizlardaki hareketli i¢in uzunluk ve zaman
degisimlerini yorumlar

5. Isik hizina yakin hizlar i¢in yeniden yorumlanmasi gereken bazi
temel kavramlar1 6rnekler vererek aciklar
e Hiz degisimine bagh olarak kinetik enerji degisimi
iizerinde durularak
e Kiitle-enerji esdegerligi aciklanarak

Etkinlik yapilmasini isterim

Deney yapilmasini isterim

Iyi bilen birinin konuyu anlatmasini isterim

Unitenin zor kavramlarmi birileri ile tartisarak 6grenmek isterim

Animasyon ve simiilasyon gosterimi isterim

Konu ile ilgili problem ¢6ziilmesini isterim

Konunun 6gretiminde ¢agdas 6gretim yontemleri

Konu ile ilgili 6grencilerde var olan kavram yanilgilar1 ve diizeltme yontemlerini
isterim

i.  Bukonun 6gretimindeki sorunlar ile ilgili tartisma yapmak isterim

Diger(Liitfen

22721111/ T

5@ me a0 o

C2. Onuncu sinif modern fizik tinitesi ile ilgi diizenlenecek kurs ikinci donemin
basinda yapilacak ve 6gretim programinda bu iinite i¢in 6nerilen siire geregi 6 hafta
olacaktir. Her hafta yapilacak calismalara bagli olarak kurs 2-3 saat siirecektir. Boyle
bir hizmet i¢i egitim kursunun etkili olabilmesi i¢in kursun zamani size gore hangisi
olmalidir?

( ) Cuma aksamlar1 () Cumartesi aksamlar1 () Pazar aksamlar1 ( ) Hafta
ici bir aksam () Diger (liitfen
D74 118/ PP

Sorular Evet | Hayir

C3. Boyle bir hizmet i¢i egitim kursuna ihtiya¢ duyuyor musunuz?

C4. Kursa 6 hafta katilmaniz durumunda Demetevler civarina
ulasiminiz sizi maddi olarak etkiler mi?

C5. Kursun yemek fasli ile baglamasini ister misiniz?

C6. Onuncu siif modern fizik {initesi ile ilgi diizenlenecek kurstan
once (Aralik ya da Ocak ayinda) iki tane hazirlik (adaptasyon) kursu
diizenlenecektir. Bu kurslara katilmak ister misiniz?

C7. Arastirmanin yapisindan dolayr kursa katilacak Ogretmenlerin
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modern fizik uUnitesini bir smiflarinda elektrik tunitesinden Once
anlatmalar1 gerekmektedir. Bu degisikligi yapmak sizin i¢in problem
olur mu?

C8. Kursta katilimc1 6gretmenlerden bazilar sirasi ile hazirlanip ders
anlatacaklar. Bu kursta bir konuyu hazirlanip anlatmak ister misiniz?

C9. C8 sorusuna cevabimiz evet ise, Cl sorusunun altinda verilen tablodaki
kazanimlardan hangisini bu kursta anlatmak istersiniz?

C10. Bu sene girdiginiz 10. siniflardan ka¢ tanesinin akademik basar1 agisindan
hangi seviyede (diisiik, orta, iyi) esit oldugunu diisiiniiyorsunuz? (Ornegin ii¢ smifim iyi

derecede, iki siifim orta derecede esit seviyededir gibi)

D12. Bu ¢alismanin baglayabilmesi i¢in birinci donem iinitelerinin zamaninda bitirilmesi
gerekmektedir. Ikinci dénemin baslamasi ile birlikte bu dénemin konularina baslayabilecek
misiniz?

() Evet () Hayrr

DI11. M.E.B.’dan gerekli izinler alindiktan sonra, 2012-2013 bahar doneminde
uygulanmasi planlanan “modern fizik (6zel gorelilik)” konulu egitim programina
katilmak ister misiniz?

() Evet( ) Hayir
D13. Size ulasabilecegimiz telefon ve elektronik posta adresinizi yazar misiniz?

D14. Ogrencilere bu iiniteyi daha iyi anlatabilmek icin neler yapilabilecegi ile ilgili
ve hazirlanan kursun etkinligini artirmak i¢in sizin eklemek istediginiz hususlar var
ise asagida belirtiniz.

D15. Hazirlayacagimiz egitimle ilgili olarak yukarida bahsi gegmeyen ancak sizin
eklemek istediginiz hususlar var ise asagida belirtiniz.
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APPENDIX D

NEEDS ANALYSIS SURVEY EXPERT CHECKLIST FORM

THTIYAC ANALIZi ANKETI UZMAN GORUSU KONTROL LIiSTESI

Bu anket; lise 10°ncu smiflara derse giren 6gretmenlerin katilacaklar bir hizmet i¢i
egitim kursu (a) adaylarini belirlemek, (b) kursun organizasyonunu diizenlemek ve
(c) kursta anlatilacak konu ile ilgili goriis almak i¢in diizenlenmistir.

Kursta, katilime1 6gretmenler ve arastirmaci ziimre yapacaklardir. Ziimre faaliyetleri
cergevesinde 6gretmenler sirastyla birbirlerine ders anlatacaklar. Bu dersler 10. sinif
modern fizik {initesini kapsayacaktir. Bu ankette ii¢ ana boliim bulunmaktadir.

o Birinci boliimde 6gretmenlerin cinsiyet ve galistigi okul gibi Kisisel bilgiler
sorulmaktadir. Bu sorular, yapilacak hizmet i¢i egitim programinin sonuglari
ile katilimer 6gretmenlerin kisisel bilgileri arasindaki iligkiyi tespit etmek
amactyla sorulmustur.

. ikinci béliimdeki sorularla 6gretmenlerin su ana kadarki katildiklar1 hizmet igi
egitim kurslar1 hakkinda bilgi toplanacaktir.

o Uciincii boliimde hazirlanacak olan “10. sinif modern fizik” konulu egitime
yonelik sorular bulunmaktadir. Bu sorular, yapilacak kursta hem iinitenin
iceriginde tizerinde durulmasi gereken noktalar belirlemek hem de kursun
organizasyonu verimli hale getirmek i¢in sorulmustur.

Anket maddeleri ile ilgili gorislerinizi bildirirken:

1. Anlasilmadigini diisiindiigiiniiz maddeler varsa bunlari numaralarini yazarak
belirtiniz. Varsa nasil daha anlagilir hale getirilebilecekleri ile ilgili
goriislerinizi asagidaki tabloya ekleyiniz.

Madde no

Onerileriniz

2. Maddeleri daha kisa ve 6z bir sekilde diizenlemek i¢in Onerileriniz varsa
bunlar1 numaralarin1 yazarak asagidaki tabloya ekleyiniz.
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Madde no

Onerileriniz

3. Anketten ¢ikmasini 6nerdiginiz sorular1 numaralarini yazarak ve ¢ikartma
sebebini belirterek asagidaki tabloya ekleyiniz.

Madde no

Sebep

4. Ankete eklenmesini 6nerdiginiz sorular1 boliimiinii de belirterek asagidaki
tabloya ekleyiniz.

Bolim

Eklenecek madde

5. Bazi sorular bulunduklar1 bliimiin amacina hizmet etmiyor olabilir.
Bulundugu boliimiin amaglarina uygun olmadigini diisiindiigiiniiz madde/
maddelerin gitmesi gereken boliimii agsagidaki tabloya ekleyiniz.

Madde no

Gitmesi gereken
bolim

Sebep

6. Sizce bu anket bu calisma i¢in yeterli midir?

() Evet

() Hayrr

7. Varsa eklenmesini uygun gordiigiiniiz alt boliimler nelerdir? Liitfen asagidaki
tabloya ekleyiniz.

Diger oneri ve goriisleriniz:
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APPENDIX E

NEEDS ANALYSIS SURVEY - FINAL VERSION

THTIYAC ANALIZi ANKETI - SON SURUM
Kiymetli Ogretmenim,

Bu anket etkili ve faydali bir hizmet i¢i egitim kursunda 6gretmenlerin (sizlerin)
ihtiyaglarini ortaya ¢ikartmak i¢in gelistirilmistir. Cevaplariniz éntimiizdeki yillarda
yapilacak hizmet i¢i egitim kurslarinin sizin goriisleriniz ve beklentileriniz
dogrultusunda sekillenmesine katkida bulunabileceginden 6nem tasimaktadir. Liitfen
biitiin sorular1 yanitlaymniz. Bu aragtirmada toplanilan tiim bilgiler kesinlikle gizli
tutulacaktir.

fletisim: Nuri Balta, ODTU Egitim Fakiiltesi, nuribalta@yahoo.com
A) KISISEL BILGILER

Asagidaki sorular, hazirlanacak egitim programi hakkindaki gériislerinizin kisisel
bilgilerinizle iligkisini tespit etmek amaciyla sorulmustur.

Al. Cinsiyetiniz: Gorev Yil
( )Kadin () Erkek Ogretmen
A2. Okulunuzun bulundugu ilge: Zimre Bagkanligi
............................................... Formatorliuk

Miidiir Yrd.
A3. Okulunuzun adi: Miidiir
............................................... Diger (Liitfen yazmlz)l

A6. Su anki egitim durumunuz:
............................................... ( ) Lisans mezunu
() Tezsiz yiiksek lisans mezunu

A5. Su anki gorevleriniz dahil olmak () Yiiksek lisans dgrencisi

izere bu giine kadar yaptiginiz

gorevleri ve ortalama stirelerini (y1l ()

olarak) yaziniz? ()
()

Tezli yiiksek lisans mezunu.......
Doktora 68rencisi..............o.enen.
Doktora mezunu......................
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A7. Mezun oldugunuz fakiilte:
( ) Egitim Fakiiltesi
( ) Fen-Edebiyat Fakiiltesi

A9. Bu sene derslerine girdiginiz
10°ncu siniflarin subeleri, her siniftaki
Ogrenci sayisi ve her siniftaki toplam
haftalik ders saatlerinizi yaziniz.

Diger (Liitfen yaziniz):
...................................... Sube (")grenci Haftallk
ders saati

A8. Su an calistiginiz okul tiirti: Saylst savisi

( ) Anadolu Lisesi Y

( ) Genel Lise

() Anadolu Ogretmen Lisesi

( ) Meslek Lisesi

( ) Fen Lisesi

Diger (Liitfen yaziniz):

B) MESLEKI TECRUBELER

B1. Daha once herhangi bir hizmet-i¢i egitime katildiysaniz asagidaki tabloyu
doldurunuz.

Yili | Egitimin | Egitimin | Egitimin Egitimin Egitimin Egitimin Egitimdeki Egitimin
stiresi tird uygulama | konusu diizenleyicis | diizenlendigi roliiniiz verimlili
(giin) (calistay | st* (aym i yer (sunum gi **

seminer, egitimde (M.E.B, (okul, hizmet- | yapmak,
konferan birden fazla | TUBITAK, | ici materyal
s, vb.) ise hepsini vb.) enstitiileri, gelistirmek,
yaziniz.) niversite, sadece
vb.) dinleyici
olmak, vb.)
(5) (4)
(3) (2
1) (0)
()4
(3) (2
(1) (0)
(5) (4)
(3) (2
1) (0)
()4
(3) (2
(1) (0)
(5) 4
(3) (2
(1) (0)
()4
3) (2
(1) (0)

* Katildigimiz egitimin tiirtine bagl olarak size en uygun se¢enegin harfini tabloya

yaziniz.
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a) teori agirlikli b) uygulama agirlikli ¢) hem teori hem de uygulama agirlikli

** Katildiginiz egitimlerin verimliligini; 5 (¢ok verimli), 4 (verimli), 3 (orta verimli),
2 (az verimli), 1 (verimsiz), 0 (kararsizim) olacak sekilde derecelendiriniz.

B2. Su ana kadar 10. siniflarda modern fizik iinitesini kag yil(kez) anlattiniz? Toplam
kag sinifa anlattiniz?

B3. Eger anlattiysaniz, bu {inite i¢in yillik planda ne kadar siire ayirdiniz? (Her y1l
i¢in ayr1
22721113/ S OSSR

B4. Asagida verilen 6gretim yontem ve tekniklerini genel olarak derslerinizde ve modern
fizik linitesinde kullanma sikligini belirtiniz?

Daima Genellikle | Cogunluk | Cok az Hig
la

Genel olarak
Modern fizik
Genel olarak
Modern fizik
Genel olarak
Modern fizik
Genel olarak
Modern fizik
Genel olarak
Modern fizik

Yazili-s6zlii anlatim
Soru-cevap

Problem ¢6zme
Bilimsel Gosteri
Gozlem gezisi
Etkinlik

Rol oynama

Grup tartigmasi
Bilgisayar destekli
Ogretim

B5. Onuncu siif modern fizik {initesinin 6gretiminde karsilasiimasi muhtemel bazi
sorunlar asagida siralanmistir. Bu sorular 6nem sirasina gére 1°den 8’e kadar siralaymiz.

( ) Unite igin gerekli kaynaklarin azlig:

( ) Unitenin 6gretim programindaki yeri (sirast)

( ) Diger tinitelerle kargilastirildiginda yeni 6gretiliyor olmasi

( ) Bukonudaki bilginizi yetersiz/eksik gormeniz

( ) Gereksiz bir konu olarak gérmeniz

( ) Zaman yetersizligi

( ) Konunun, 6grenciler tarafindan anlasilmasi zor kavramlar icermesi

( ) Konunun, giinliik hayatla iligkisinin kurulmasinin zor olmasi
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B6. Size ve 6grencilerinize gore 10. simif Unitelerinin zorluk derecesi(anlatma

ve anlama zorlugu) nedir?

Cok kolay Kolay Ne kolay, ne Zor Cok Zor
Unit de zor
eler
Size |Ogrenci|Size |Ogrenci|(Size |Ogrenci|Size [Ogrenci|Size [Ogrenci
oore |ve odre |odre |ve odre [odre [ve odre |oore |ve odre |odre |ve sore
Madde ve
Kuvvet
Elektrik
Modern
Dalgalar

B7. Ogrettiginiz fizik konular1 ile ilgili bir sorun yasadigmizda (bir problemin

¢ozlimiinde, bir kavramin aciklanmasinda vb.) listesinden gelmek i¢in neler yaparsiniz?

Daima

Genellikle | Cogunlukla

Cok az

Hig

Okuldaki 6gretmen arkadaglarima
danigirim.

Okul disindaki arkadaslarima
danigirm

Akademisyenlere danigirim

Fizik kaynak kitaplarina bakarim

Internette aragtirma yaparim

Uyesi oldugum mail gruplarina ve
sosyal paylasim sitelerinde
paylagarak ¢6ziim ararim

Diger (Liitfen yazimz)

B8&. Onuncu siif modern fizik {initesinin kazanimlari ile ilgili agagidaki tabloyu doldurunuz.

BS8.1. Bu iinitedeki kazanimlar hakkindaki fizik bilginizin seviyesi nedir?
*Bilgi: Goriislerinizi; 5 (¢ok iyi), 4 (iyi), 3 (Normal), 2 (az), 1 (Cok az) olacak sekilde

derecelendiriniz.

B8.2. Bu tinitedeki kazanimlara 6grencilerinizin ilgisi ne idi?
**lgi: Goriislerinizi; 5 (¢ok iyi), 4 (iyi), 3 (Normal), 2 (az), 1 (Cok az) olacak sekilde

derecelendiriniz.
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Kazanimlar *Bilgi | **Ogrenci ilgisi

1. 1 Modern fizigin dogusuna katkida bulunan gelismeleri agiklar
e  Is181n yapisi, atomun yapisi ve elektromanyetik 1g1ma
enerjisinin kesikli olmasindan kisaca bahsedilerek
e  Klasik ve modern fizik arasindaki fark agiklanarak

2.1 Isik hizinin eylemsiz referans sisteminden bagimsiz
oldugunun ileri siirtilmesine neden olan arastirmalar: agiklar

®  Eylemsiz referans sistemi drneklendirilerek
®  Michelson-Morley deneyi agiklanarak

2.2 Ozel gorelilik kuramimin temel kabullerini agiklar

2.3 Isik hizina yakin hizlardaki hareketli i¢in uzunluk ve zaman
degisimlerini yorumlar

2.4 Isik hizina yakin hizlar i¢in yeniden yorumlanmasi gereken
bazi temel kavramlart 6rnekler vererek agiklar
e Hiz degisimine bagli olarak kinetik enerji degisimi iizerinde
durularak
e  Kiitle-enerji esdegerligi agiklanarak

B9. Modern fizik iinitesi ile ilgili tecriibelerinizi daha iyi anlamamiz i¢in eklemek
istediginiz hususlar var ise asagida belirtiniz.

C) HAZIRLANACAK OLAN “10. SINIF MODERN FiZiK” KONULU
EGITIME YONELIK SORULAR

Cl. Hizmet i¢i egitim kursunda ele alinacak olan modern fizik (6zel gorelilik)
tinitesinin kazanimlart ile ilgili tabloyu liitfen doldurunuz.

*( istek): Tablonun altinda verilen, yapilmasini istediginiz ¢alismanin harfini ilgili kazanimin
karsisina yaziniz. Bir kazanim i¢in birden fazla ¢aligma onerilebilir.

**(6nem). Modern fizik tinitesinde 5 kazanim vardir. Kursun verimli olmasi igin kursta kazanimlara
verilmesi gereken 6dnem sirasini yaziniz. 1’den 5’e kadar siralayiniz.

Etkinlik yapilmasini isterim

Deney yapilmasini isterim

Iyi bilen birinin konuyu anlatmasini isterim

Unitenin zor kavramlarimi birileri ile tartisarak égrenmek isterim
Animasyon ve simiilasyon gdsterimi isterim

Konu ile ilgili problem ¢6ziilmesini isterim

Konunun 6gretiminde ¢agdas 6gretim yontemlerinin kullanilmasini isterim
Konu ile ilgili 6grencilerde var olan kavram yanilgilari ve diizeltme
yontemlerinin anlatilmasini isterim

r. Bu konun 6gretimindeki sorunlar ile ilgili tartisma yapmak isterim

s. Konuya 6zgii 6lgme-degerlendirme yontemlerinin anlatilmasini isterim
Diger(Liitfen

2272111 V/)
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Kazanimlar istek* | Onem**

1. Modern fizigin dogusuna katkida bulunan gelismeleri agiklar
e  Is181n yapisi, atomun yapisi ve elektromanyetik 151ma enerjisinin
kesikli olmasindan kisaca bahsedilerek
e  Klasik ve modern fizik arasindaki fark agiklanarak

2. Isik hizinin eylemsiz referans sisteminden bagimsiz oldugunun ileri
stiriilmesine neden olan aragtirmalar1 agiklar
e Eylemsiz referans sistemi 6rneklendirilerek

®  Michelson-Morley deneyi agiklanarak

3. Ozel gorelilik kuraminin temel kabullerini agiklar

4. Isik hizina yakin hizlardaki hareketli i¢in uzunluk ve zaman
degisimlerini yorumlar

5. Isik hizina yakin hizlar i¢in yeniden yorumlanmasi gereken bazi
temel kavramlart 6rnekler vererek agiklar
e Hiz degisimine bagli olarak kinetik enerji degisimi lizerinde
durularak
®  Kiitle-enerji esdegerligi aciklanarak

C2. Onuncu sinif modern fizik tinitesi ile ilgi diizenlenecek kurs ikinci donemin
basinda yapilacak ve 6gretim programinda bu iinite i¢in dnerilen siire geregi 6 hafta
olacaktir. Her hafta yapilacak calismalara bagli olarak kurs 2-3 saat siirecektir. Boyle
bir hizmet i¢i egitim kursunun etkili olabilmesi i¢in kursun zamani size gore hangisi
olmalidir?

( ) Cuma aksamlar1 ( ) Cumartesi aksamlar1 () Pazar aksamlar1 ( ) Hafta
ici bir aksam () Diger (liitfen
D741 18/ P

Sorular Evet | Hayir

C3. Boyle bir hizmet i¢i egitim kursuna ihtiya¢ duyuyor
musunuz?

C4. Kursa 6 hafta katilmaniz durumunda Demetevler civarina
ulasiminiz sizi maddi olarak etkiler mi?

C5. Kursun yemek fasli ile baglamasini ister misiniz?

C6. Kursun sizin okulunuzda diizenlenmesini ister misiniz?

C7. Onuncu sinif modern fizik {initesi ile ilgi diizenlenecek
kurstan once (Aralik ya da Ocak ayinda), haftada iki saatten iki
haftalik hazirlik (adaptasyon) kursu diizenlenecektir. Bu kurslara
katilmak ister misiniz?

C8. Arastirmanin  yapisindan dolayr kursa katilacak
O0gretmenlerin modern fizik {initesini bir siniflarinda elektrik
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tinitesinden Once anlatmalar1 gerekmektedir. Bu degisikligi
yapmak sizin i¢in problem olur mu?

C9. Kursta katilimc1 6gretmenlerden bazilari sirasi ile hazirlanip
ders anlatacaklar. Bu kursta bir konuyu hazirlanip anlatmak ister
misiniz?

C10. Yukaridaki soruya (C8) cevabiniz evet ise, Cl sorusunun altinda verilen
tablodaki kazanimlardan hangisini bu kursta anlatmak istersiniz?

C10. Bu sene girdiginiz 10. siniflardan kag¢ tanesinin akademik basar1 agisindan
hangi seviyede (diisiik, orta, iyi) esit oldugunu diisiiniiyorsunuz? (Ornegin ii¢ smifim iyi

derecede, iki siifim orta derecede esit seviyededir gibi)

D12. Bu ¢alismanin baglayabilmesi i¢in birinci donem iinitelerinin zamaninda bitirilmesi
gerekmektedir. Ikinci dénemin baslamasi ile birlikte bu dénemin konularina baslayabilecek
misiniz?

() Evet () Hayrr

DI11. M.E.B.’dan gerekli izinler alindiktan sonra, 2012-2013 bahar doneminde
uygulanmasi planlanan “modern fizik (6zel gorelilik)” konulu egitim programina
katilmak ister misiniz?

() Evet( ) Hayir
D13. Size ulasabilecegimiz telefon ve elektronik posta adresinizi yazar misiniz?

Elektronik posta:.........cccocevveiveveiiciieennn, Cep

D14. Ogrencilere bu iiniteyi daha iyi anlatabilmek icin neler yapilabilecegi ile ilgili
ve hazirlanan kursun etkinligini artirmak icin sizin eklemek istediginiz hususlar var
ise asagida belirtiniz.

D15. Hazirlayacagimiz egitimle ilgili olarak yukarida bahsi gegmeyen ancak sizin
eklemek istediginiz hususlar var ise asagida belirtiniz.
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APPENDIX F

TABLE OF TEST SPECIFICATION FOR MPUAT-S AND FOR MPUAT-T

MPUAT-S VE MPUAT-T ICIN BELIRTKE TABLOSU

Kazanimlar Kazanimlarin Revize edilmis Bloom Taksonomisinin biligsel
agiklamalari stire¢ boyutlar
Uygulamak
Analiz .
Hatirlamak Anlamak etmek _ ISiire § <
Degerlendir- (%) E S
mek o
w2
Yaratmak
1.1 Modern | «-1 1.1-a Modern 2-2 -0,5- 2,5 9
fizigin fizigi olusturan temel | 7 (1.1-d)* | 32444y (313) | (34.6)
dogusuna unsurlardan biri olan 8 (1.1-d)
katkida gorelilik aciklanir, 9 (1.1-d)
bulunan digerlerinden (1s181n 10 (1.1-d)
gelismeleri | yapisi, satomun yapist | 11 (1.1-d)
aciklar. ve elektromanyetik 12 (1.1-d)
1$1ma enerjisinin 14 (1.1-b)
kesikli olmasi) ise 14 (1.1-c)
kisaca bahsedilerek 18 (1.1)
ayrintilari ilerleyen 34D

yillarda verilir.

['] 1.1-b Yirminci
yiizyilin baslarina
kadar fizigin daha ¢cok
- gorece kiitlesi biiylik
ve hiz1 kii¢iik olan -
makro evrendeki
olaylar1 agiklamaya
calistig1 ve bu alanin
“Klasik Fizik” olarak
adlandirilabilecegi;
giiniimiizde ise mikro
evrendeki (atom ve
atom alt1 parcaciklar)
ve 151k hizina yakin
hizlarda hareket eden
cisimlerin hareketini
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aciklamaya
odaklandig1 ve bu
alanin ise “Modern
Fizik” olarak
adlandirilabilecegi
vurgulanir.

7?7? 1.1-¢c “Modern
fizik ve klasik fizik
yasalar1 farkhidir.”,
“Klasik fizik
yasalarinin yerini
modern fizik yasalar1
almustir.”

['] 1.1-d Modern
fizigin; kuantum, atom
ve ¢ekirdek fizigi,
katihal/yogun madde
fizigi gibi alt isimler
altinda da
incelenebildigi
belirtilir.

2.1 Isik
hizinin
eylemsiz
referans
sisteminden
bagimsiz
oldugunun
ileri
siiriilmesine
neden olan
arastirmala
r aciklar.

['] 2.1-a ivmesiz
(duran veya sabit
hizla) hareket eden
gbzlem gercevesine
eylemsiz referans
sistemi denildigi
belirtilir. Evrende
mutlak eylemsiz bir
referans sisteminin
olmadig1 ve diinyanin
eylemsiz referans
sistemi olarak kabul
edilebilecegi
vurgulanir. Eylemsiz
bir referans sistemine
gore ivmesiz hareket
eden gozlem
gercevesinin de
eylemsiz referans
sistemi kabul edildigi
ifade edilir.

2 ¥ 2.1-b 9. ve 10.
smiflar, Kuvvet ve
Hareket Uniteleri.
== 2.1-c Michelson
ve Michelson-Morley
deneylerinden
formiillere girilmeden
kavramsal olarak
bahsedilir.

727? 2.1-d “Evren esir
denilen bir madde ile
doludur.”

_0’8_
3 (2.1-d)
29 (2.1-C)

-0,4-
6 (2.1-3)
19(2.1-a)

1.2
(15)

(11.5)
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2.2 Ozel
gorelilik
Kkuraminin
temel
kabullerini
aciklar.

[!] 2.2-a Bu kabuller
“Fizik yasalari tim
eylemsiz referans
sistemlerinde aynidir”
ve “Isik hizi, eylemsiz
referans sisteminde,
151k kaynaginin ve
gbzlemcinin
hareketinden
bagimsizdir (Ornegin,
15181n bosluktaki hiz1
her durumda 3.10° m/s
olarak ol¢iiliir ve bu
hizin elektriksel ve
manyetik kuvvetlerin
ifadelerindeki
sabitlerle belirlendigi)”
seklinde agiklanir.
1=—12.2-p Galileo ve
Lorentz doniigiimlerine
girilmez.

[N] 2.2-c Einstein —
1921

['] 2.2-d Isik hizinda
hareket edildiginde bu
kabullerin gbzlemleri
nasil degistirdigi
orneklerle agiklanir.
“Isik hizinda hareket
ederken elimizdeki
aynaya baktigimizda
kendimizi goriip
géremeyecegimiz” ve
“arabayla 151k hizinda
giderken farlar
actigimizda oniimiiziin
aydinlanip
aydinlanmayacag1”
temel kabullerin
varliginda ve
yoklugunda (klasik
mekanikle) tartisilir.

-0,7-
2{22-¢)
4(2.2)

13 (2.2-d)

-0,6-
20(2.2-a)
1(2.2-q)

13
(16.3)

(15.4)

2.3 Isik
hizina yakin
hizlardaki
hareketli
icin
uzunluk ve
zaman
degisimlerin
i yorumlar.

['] 2.3-a Cismin
hareketi
dogrultusundaki
uzunluk kisalmasi ve
zaman genislemesi
denklemlerle ve
grafiklerle verilir.
Denklemlerin
karmasik problemlere
uygulanmasina
girilmez, ancak
grafikler degiskenler

-0.5-
5 (2.3-h)
28(2.3h)

-2,5-
13 (2.3-C)
15 (2.3-a)
16 (2.3)
17 (2.3)
21(2:3)
22 (2.3)
23(2:3)
242:3)
25 (2.3)
26 (2.3)
26(2.3-b)

(37.5)

10
(38.5)
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arasindaki iliskiyi
yorumlamak igin
kullanilir. Haftada iki
saatlik fizik dersini
segen Ogrenciler igin
uzunluk kisalmasi ve
zaman genislemesi
formiillerine
girilmeden grafiklerle
kavramsal diizeyde
verilir.

['] 2.3-b Bir cismin
kiitlesinin hiza bagh
olmasinin geligkilere
gotiirdiigli ve anlamli
olmadig1, dolayisiyla
durgunluk kiitlesi
kavraminin gereksiz
olacagi; cisimler i¢in
tek bir kiitleden s6z
edilebilecegi
vurgulanir. Durgunluk
kiitlesi yani sadece
kiitle cismin madde
miktar1 ve i¢
enerjisinin (atom alt1
parcaciklar harig) bir
Olciisiidiir. Yani bir
cismin i¢ enerjisi
degisirse kiitlesi de
degisir (dogal olarak
bunun tersi de
dogrudur), ancak i¢
enerjiye bagl kiitle
degisimi makroskopik
boyutta dl¢iilemeyecek
kadar kiigiiktiir.

['] 2.3-c Ozel gorelilik
kuramina gore; kiitleli
bir pargacigi 151k
hizina ulagtirmak i¢in
sonsuz enerji vermek
gerektigi, bunun i¢in
evrendeki enerjinin
yetmeyecegi ve
bundan dolay da 151k
hizina ulagilamayacagi
vurgulanir.

27 (2.3)
362:3)

2.4 Isik
hizina yakin
hizlar icin
yeniden
yorumlanm
as1 gereken

1--12.4-a Bir
parcacigin kiitlesi hizla
degismezken, kinetik
enerji (Ek) ve
(Potansiyel enerji
dikkate alinmazsa)

Cekirdek fizik programinda yoktur
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bazi temel
kavramlari
ornekler
vererek
aciklar.

dolayisi ile toplam

enerji (E) hiza baglhdir.

Bu nedenle kiitle tim
eylemsiz referans
sisteminde ayn1
kalirken, kinetik enerji
degeri Olgiildiikleri
gbzlem gergevesine
bagli olarak degisir
(kuvvet, agirlik ve
ivme gibi kavramlarin
degisimine girilmez).
Hiz degisimine bagl
olarak kinetik enerji
degisimi {izerinde
durulur ve kiitle-enerji
esdegerligi aciklanir.

*Siire (%)

4 (50)

4 (50)

(100)

Soru sayisi (%)

14 (53.8)°

12 (46.2)

OO OO0 Oo0 oo

26°
(100)

"Haftada iki saat fizik dersi olan okullarda bu iiniteye 6gretim programinda 8 saat siire
verilmistir. Bu kolonda verilen degerler her kazanim i¢in ayrilan siireyi saat cinsinden
gostermektedir. Her kazanim ile ilgi hazirlanan soru sayisi bu siire ile orantilidir.

?Bloom taksonominin bilissel boyutu i¢in ayrilan siire iki ¢izgi “-1-"arasinda ders saati
olarak verilmistir.

*Parantez disindaki deger soru numarasim (Parantez igindeki deger ise Kazanim veya

Aciklama numarasini gostermektedir)

*Madde analizi sonucunda testten ¢ikartilan sorulardir.

®Basart testinden toplam 9 soru ¢ikartilmustir. Kalan 23 sorudan bazilari birden fazla
kazanimi dlgtiiglinden soru sayisi bu tabloda 26 olarak goriinmektedir.

®Soru sayilar ve yiizdelikler 9 soru ¢ikartildiktan sonra kalan 23 soruya gére yazilmustir.

Cevap Anahtart:

1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15
A |B |B /B A A A A |B |B |B|A|B |C A

16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30
A D |B C |E D |D|E |E |A|D|A |C |E |D
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APPENDIX G

TENTH GRADE MODERN PHYSICS ACHIEVEMENT TEST-STUDENT-
ROUGH VERSION:1

ONUNCU SINIF MODERN FiZiK BASARI TESTi- OGRENCIi-KABA
SURUM:1

1. Fatma, Ayse ve Zehra Ankara-Eskisehir hizli treninin kalkisini bekliyorlar. Fatma,
elindeki kalemini yere diisiiriiyor, Ayse, ipe bagladigi silgisine salinim hareketi
yaptirtyor ve Zehra, elindeki lazerin 151811 duvardaki aynadan yansitiyor.

Bu kisiler ayni olaylari tren hareketli iken ayni1 sekilde yapsalardi hangileri trenin
durgun halindeki ile ayn1 olurdu?

I. Kalemin diismesi
IL. silginin salinimi
III. 151810 yansimasi

A) Yalmizl B)YalmzIll C)Ivell D)Ivelll E)I, Ilvelll

2. Fizik 6gretmeni Osman Bey 6zel goreliligin temel kurallarini anlattiktan sonra
asagidaki gibi hareketler yapan referans sistemlerini siraliyor.

Sizce bu referans sistemlerinden hangisinde fizik kurallar1 hep aynidir?

A) Ivmeli

B) Sabit hizl

C) Salinim hareketli

D) Cembersel hareketli

E) Artan ya da azalan hizl
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3. Einstein’in gengclik yillarinda kendisine su soruyu sordugu soylenir: Isik hizinda
hareket ederken elimdeki aynada kendime bakarsam ne goriirim?

Modern fizige gore Einstein’a ne cevap verirsiniz?

A) Aynay siyah goriirsiiniiz

B) Aynaya baktiginiz halde goriintiiniiz olusmaz

C) Durgun halde aynada ne goriirsen aynisini goriirsiin
D) Goriintiinliz bozuk goriiniir

E) Goriintiiniizii oldugundan daha kiiglik goriirsiiniiz

4. Bir aracin hiz1 arttik¢a, durgun gozlemciye gore arabadaki zaman genislemesi
asagidaki grafikte gosterildigi gibi olmaktadir.

Size gore asagidakilerden hangisi degiskenler arasindaki iliskiyi agiklamaktadir?

10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
20
1.0

Time Dilation

0o 01 02 03 04 05 06 07 08 08 10
Velocity as a fraction of the speed of light

A) Hiz arttikga zaman genislemesi diizgiin azaltmaktadir
B) Hiz arttik¢a zaman genislemesi sabittir

C) Hiz arttikga zaman genislemesi diizgiin artmaktadir
D) Isik hizina yaklasildik¢a zaman asir1 genislemektedir
E) Isik hizina yaklasildik¢a zaman durmaktadir

5. ileride 151k hizina yakin hizla hareket eden trenler yapildigini varsayalim. Bu
trenlerden biri hareket halindeyken vagonunun arka duvarindaki lamba birden
yaniyor. Lambanin 1s18inin 6n duvara ulasma stiresi vagonda duran Ali igin t,,
yerde duran Selim igin ts ve vagona dogru yiiksek hizla yaklasan Mehmet i¢in tp,
dir.

Buna gore t,, ts ve ty, arasindaki iligki nedir?
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. Yiiksek
Ali hiz

Selim

Mehmet
Jr <k
o O
A) t; >t >ty
B) tn=ta=ts
C) th>t;>t,
D) ??%tn =t > 1,
E) ts>ty >ty

6. Modern ve klasik fizik ile ilgili olarak;
I. Modern fizik ve klasik fizik yasalar1 farklidir
Il. Klasik fizik yasalarinin yerini modern fizik yasalar1 almistir
M. Modern ve klasik fizigin gelisimi halen devam etmektedir

Yargilarindan hangileri dogrudur?

A) YalmzI B)YalmzIII C)lvell D)Ivelll E)lvelll

7. Yerde duran bir uzay aracindaki astronot, bir
yaya bir cisim astyor ve cisim yukar1 asagi
salinim hareketi yapiyor. Uzay araci diinyaya
gore 151k hizina yakin bir sabit hizla harekete
basliyor.

Buna gore yerdeki gézlemciye ve uzay ¢
aracindaki astronota gore cismin bir defa yukari-
asag1 hareketi(periyodu) igin gegen siire nasil

degisir?

Yerdeki gbzlemci Astronot
A) Artar Degismez
B) Azalir Degismez
C) Degismez Azalir
D) Degismez Artar
E) Azalir Artar
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8. ODTU fizik boliimiinde bir¢ok ¢alisma yapilmaktadir. Asagidaki boliimler de
bunlardan birkag tanesidir.
I. Niikleer fizik
Il. Atom fizigi
I11. Teorik fizik

Buna gore ODTU fizikteki bu boliimlerden hangileri modern fizigin alt
alanlaridir?

A)YalnizI B)YalmzIIl C)lvell D)lvelll E)Ilvelll

9. Her birinin hiz1 0,8c olan iki uzay araci birbirlerine dogru hareket ediyorlar.
Aragclarin birbirlerine gére hizlarinin biiytikliigii asagidakilerden hangisi olabilir?
(c, 151k hizidir)

A) 0-0,8c arasinda bir deger
B) 0,8c — c arasinda bir deger
C) c

D) 1,6¢c

E) c- 1,6¢ arasinda bir deger

10. Asagidakilerden hangileri diinyaya gore eylemsiz referans sistemi olabilir?

I.  Konya ovasindaki bir agag
Il. Sabit hizla giden Ankara Eskisehir treni
I1l. Sabit hizla gembersel bir yoriingede gosteri yapan motosikletli

A) YalnizI B)YalnizIII C)lvell D)Ivelll E)Ilvelll

11. Astronotlara uzayda seyahat ettikleri siire ile orantili olarak iicret 6dendigini farz
edin. Siz bir astronot olsaydiniz yaptiginiz bir uzay yolculugundan sonra
sirketinizin size asagidaki saatlerden hangisine gore 6deme yapmasini isterdiniz
A) Sirketin duvarindaki saat
B) Uzay aracinizdaki saat
C) Seyahatiniz sirasinda kolunuzda bulunan saat
D) Sizinle ayn1 hizda ayni siirede fakat zit yonde uzaya gidip gelen

arkadasinizin kolundaki saat
E) Sizinden daha hizli sizinle ayn1 yonde ve siirede gidip gelen arkadasinizin
aracindaki saat
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12.  Zambak 10. Sinif sayfa 312

v=08c v=08c
K X '
v =08c ' v = 08¢

.

L b §
v=08c v=103c
M Z
K, L ve M gézlemcilerinin bulundugu uzay araclan ile, bunlarla
ayni dogrultuda hareket eden X, Y ve Z uzay araclan sekildeki

hizlara sahiptir. X, Y ve Z araglan, kendi hareket yonlerinde i1gik
veren farlarini aglyoriar.

Farlardan yayilan 1$1@in K, L ve M gozlemcileri tarafindan
algilanan hizlan v, v, v, klasik ve modern fizige gore

agagidakilerden hangisindeki gibi olur? (c: 1gik hiz)

Kiasik Fizige Gore "~ Modern Fizige Gore

y ‘7-\ ‘ V; Via ‘ V-;‘ vi Y ‘

A 26c l c |05 | [26c| ¢ | 08¢ |
B) 2.6c c 0,5¢ c c c

C)‘ c | ¢ | ¢ 2,6c ¢ | o0sc

D) 05c | ¢ | 26 05¢ ¢ | 26¢
E) c I ¢ c c c | ¢

13. Yiiksek hizla hareket eden bir trenin vagonlarindan birinde sekildeki gibi ayn1
anda kirmizi ve mavi 11k veren iki lamba yaniyor.

LA

LVN

Buna gore yerdeki ve vagondaki gozlemcilere gore hangi 151k 6nce duvara

ulasir?
Yerdeki Vagondaki
A) Mavi Kirmizi
B) Kirmizi Mavi
C) Mavi Ayni1 anda
D) Kirmizi Ayni1 anda
E) Aynianda Ayn1 anda
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14.

15.

16.

17.

Asagidakilerden hangilerini klasik fizik aciklar?

I. Elektromanyetik 151ma
I1. Elektromanyetizma
I1l. Atomun yapisi

A) YalmizIl B)YalmzIIl C)Ivell D)Ivelll E)IIvelll

Fuat 151k hizina yakin hizlarla hareket edildigi zaman bir cismin boyunun nasil
degisecegini merak etmektedir. Fuat’in sorusuna karsilik fizik 6gretmeni Osman
Bey 0grencilerinden konu ile ilgili hipotezler kurulmasini ister.

Asagidakilerden hangisi bu arasgtirmada sinanmaya uygun bir hipotez degildir?

A) Hiz ne kadar fazla olursa boy o kadar fazla kisalir

B) Hiz ne kadar fazla olursa boy o kadar fazla uzar

C) Hiz ne olursa olsun boy degismez

D) Hizla boyun degismesini gozlemlemek i¢in her yontem denemelidir
E) Boyun kisalmasi cismin hizlandig1 yere baghdir

Michelson-Morley deneyi asagidakilerden hangisini 6l¢mek i¢in tasarlanmisti?

A) Diinyanin ¢ekim ivmesini hesaplamak
B) Elektronlarin goreli hizlarini hesaplamak
C) Diinyanin esire gore hizin1 hesaplamak
D) Is1gin hizi ile esirin hizini karsilagtirmak
E) Isigin dalga boyunu hesaplamak

NASA’daki bilim adamlar1 151k hizina yakin bir hizla yildizlar arasi bir
yolculuga cikacak astronot i¢in hazirlik yapmaktadirlar. Bilim adamlarina
yardimci olabilir misiniz? Sizce astronotun;

. Yataginin boyu,
Il. Tiketecegi yiyecek ve igecegin miktari
I1l. Kolundaki saate yetecek pilin 6mrii

hangileri astronotun hareketli olmasina gore goz oniine alinip gerekli hesaplarin
yapilmasi lazimdir?

A)YalnizI B)Ivell C)llvelll D)lvelll E)I Ilvelll
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18. Yaniizdan gecip sizden uzaklasan bir uzay aracini gézlemliyorsunuz. Uzay
aract geri dontip size dogru hareket ederse, aracin ilk durumu ile
karsilastirdigimizda, asagidakilerden hangisi gozlemlenir?

A) Aracin boyu uzar ve igindeki saat daha hizli ilerler

B) Aracin boyu uzar ve igindeki saat daha yavas ilerler
C) Aracim boyu kisalir ve igindeki saat daha hizli ilerler
D) Aracin boyu da i¢indeki saatin ilerlemesi de degismez
E) Aracin boyu kisalir ve i¢indeki saat daha yavas ilerler

19. Silindirik bir uzay araci sizin bakis dogrultunuzdan uzaklagmaktadir. Buna gore
uzay aracinin uzunlugu ve capi size gore nasil degisir?

Uzunlugu Capi
A) Artar Artar
B) Azalir Azalir
C) Degismez Artar
D) Degismez Degismez
E) Kisalir Degismez

20.

Yuzey alanlarn esit by

K, L ve M levhala- ~
n X, Y, Z koordinat
ekseni Uzerine se-
kildeki gibi yerles-
tirilmistir.

levhasi

' M

ievhasu@ - e __f-‘l >3
S/ L +X

Bu levhalar, 1gk 1 Ie"has'”/
hizina yakin bir
hizla +x yonin-
de hareket eden uzay araci iginde olsaydi, Din-
yadaki gozlemciye gore, hangilerinin ytzey alam
degisir?

-

A) Yalniz K levhasinin B) Yalniz L levhasinin
C) Yalniz M levhasinin D) Kvel
E) LveM
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21. Hareketli ve hareketsiz iki aractaki asagidaki olaylarla ilgili;
I.  Hareketsiz bir aragta serbest diisen bir bilyenin toplam enerjisi sabit,
hareketli olan aragta degiskendir
Il. Hareketsiz bir aragta 6l¢iilen suyun giizey gerilimi, hareketli olan aragta
farkli olur.
I1l. Hareketli bir aracin farlarindan ¢ikan 1s181n hiz1 hareketsiz arabaninki ile
ayni olur

Yargilarindan hangileri dogrudur?

A) YalnizIII B)Ivell C)llvelll D)lvelll E)I, 1lvelll

22. Cosku 10. Sinif. Sayfa:243

Ahmet ve Hasan
saatlerini ayni an- Q:]
da ayarliyor ve —— .

Ahmet i1k hizina Q
yakin bir v hiziyla Ahmet
harekete bagl-

yor. Her ikisi igin- i
de yelkovan bir T

tur atiyor, ‘ m

Buna gore, asa- o
gidaki yorumlar- "%’ Hasan
dan hangisi kesinlikle yanhstir?

A) Ahmet bir dakikalik zaman gectigini gozlemler.
B) Hasan bir dakikalik zaman gectigini gozlemler.

C) Ahmet icin gecen bir dakika Hasan igin ge-
cen bir dakikaya esittir.

D) Ahmet icin gegen bir dakika Hasan igin ge-
cen bir dakikadan uzundur.

E) Ahmet'in organizmasinin ¢alisma hizi yavaslar.

23. Kemal ve Cemal’in atom saatleri 6zdestir. Kemal, saatini Uluslararasi uzay
istasyonuna giden Sayuz Uzay aracinin igine koyuyor. Sayuz’un gorevi bittikten
sonra diinyaya doniiyor.

Kemal ve Cemal saatlerini yan yana koyduklarinda;

I Ikisi de ayni saati gosterir
Il. Kemal’in saati 6nde olur
I1l. Kamil’in saati daha yavas tiklar

Yargilarindan hangileri dogrudur?

A) Yalniz1l B) YalnizIII C)IIvelll D)IveIll E)I IIve Il
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24. Cosku 10. Siif. Sayfa:245

Can, Sadik ve Ahmet'in 6zdes (g yay sarkaci
vardir. Can ve Sadik yiksek hizla giden bir uzay
aracinda iken yay sarkaglarninin periyotlanni sira-
siylat, ve t, olarak, yerde durgun olan Ahmet ise

sarkacinin periyodunu t; olarak olguyor.

Buna gére, t,, t,, t, arasindaki iligki agagidaki-
lerden hangisidir?

At =t,=t, B) ty=1,>1,
C s>t =t D)t>t>4
E)t,=1t, >t

25. Cosku 10. Sinif. Sayfa:245

Dunya L

Esik blyuklikte hizlarla zit ydnde hareket eden
uzay araclarnda K Dinya'dan uzaklagirken L
Dinya'ya dogru hareket ediyor. Araglar Dun-
ya'dan esit uzaklikta iken flag 191G yakiyor.

Ayni anda yakilan bu flaglardan gikan 1sigin
Diinya'ya ulagmasi ile ilgili ne sdylenebilir?
A) L den gelen isik dnce ulasir.

B) Kden gelen isik 6nce ulagir.

C) Ayni anda ulasir.

D) Belirlenemez.

E) Gozlemciye gore dedisir.

26. Cosku 10. Sinif. Sayfa:249.

Ayni yastaki u¢ arkadas- Ahmet

tan ikisi sekilde belirtilen v N 04c
| ip —_—

hizlarla ayni anda uzay % ="

yolculuguna ¢tkip bir ismail

sure sonra ayni anda * =7
Dunya'ya donuyor. -’_l/"'i.
Danya'daki goéz-
lemcilere gore, )
bu arkadaglann 7y o e
en gencten en “d ' .
yasgliya siralani-
$1 nasil olur?

Al
Al

%
e

A) ismail, Ahmet, Ali B) Ali, Ahmet, ismail
C) Hepsinin esit olur D) ismail, Ali, Ahmet
E) Ahmet, ismail, Ali
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APPENDIX H

TENTH GRADE MODERN PHYSICS ACHIEVEMENT TEST- STUDENT-
ROUGH VERSION:2

ONUNCU SINIF MODERN FiZiK BASARI TESTi- OGRENCI-KABA
SURUM:2

Yonergeler

1. Testte her biri bes se¢enekli 30 soru yer almaktadir. Liitfen biitiin sorulara
cevap vermek icin gayret gosteriniz.
2. Smav1 tamamlamak i¢in 6nerilen siire yaklasik 40 dakikadir.

3. Bu testin sonuglar1 Ortadogu Teknik Universitesi’nde Ortadgretim Fen ve
Matematik Alanlar1 Egitimi Boliimii’nde doktora yapan arastirmacinin tezinde
veri olarak kullanilacaktir. Bu bir bilimsel ¢alismadir. Bu sorulari
cevaplandirdiginiz igin siz de bilimsel bir ¢alismanin pargasisiniz. Gerekli

ilgiyi gosterdiginiz i¢in tesekkiir ederiz.

1. Modern fizigin dogusuna;
I. Isigin yapisi
II. Atomun yapisi
1. Gorelilik

konularinda elde edilen
gelismelerden hangileri katkida
bulunmustur?

A) Yalniz I B) Yalmz II
C) Yalmz III D) Ive III
E) I Il1velll
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2. Fatma, Ayse ve Zehra Ankara-

Eskisehir hizli treninin i¢inde trenin
kalkisin1 bekliyorlar. Fatma,
elindeki kalemini yere diisiiriiyor,
Ayse, ipe bagladigi silgisine
salimim hareketi yaptiriyor ve
Zehra, elindeki lazerin 151811
duvardaki aynadan yansitiyor.

Bu kisiler ayni1 olaylari, tren
dogrusal bir yolda sabit hizla
hareket ederken ayni sekilde
yapsalardi hangileri i¢in ayni fizik
kurallar1 yine gegerli olurdu?



I. Kalemin diismesi stiresi
Il. silginin salinim periyodu
III. 15181 yansima agist

A) YalmzI B) Yalmz I
C)lvell D)Ilvelll
E) I, 11 ve Il

. Fizik 6gretmeni Osman Bey 6zel
goreliligin temel kurallarini
anlattiktan sonra asagidaki gibi
hareketlere sahip referans
sistemlerini siraliyor.

Sizce bu referans sistemlerinden
hangisinde fizik kanunlar1
gecerlidir?

A) Hizlanan bir otomobil
B) Sabit hizla giden bir gemi
C) Salinim hareketi yapan bir

salincak

D) Cembersel yoriingede gosteri
yapan bir motosikletli

E) Egimli bir vadide asag1
hizlanan bir kayake1

. Einstein’n genglik yillarinda
kendisine su soruyu sordugu
sOylenir: Isik hizinda hareket
ederken elimdeki diizlem aynada
kendime bakarsam ne goriirim?

Modern fizige gore Einstein’a
asagidaki cevaplardan hangisini
verirsiniz?

A) Aynaya baktiginiz halde hicbir

goriintli géremezsiniz
B) Durgun halde aynada ne

goriirseniz aynisini goriirsiiniiz

C) Gorintiiniizii bozuk
gorursiniz

D) Goriintiiniizii oldugundan daha
bliylik goriirsiiniiz

E) Goriintliniizii oldugundan daha
kii¢iik goriirsiiniiz

. Bir aracin hiz1 arttik¢a, durgun

gbzlemciye gore arabadaki zaman
genislemesi asagidaki grafikte
gosterildigi gibidir.

Size gore asagidakilerden hangisi
degiskenler arasindaki iliskiyi
aciklar?

-
L=
]

Zaman
genis.
katsayisi

1 1 1 I I 1
4 0% 06 0.7 08 0.5 1

(=] L L) et = w o -~ w o
T T T T T T T T

1 1 1
0 01 02030
Hiz (c)

A) Hiz arttikga zaman genislemesi
diizglin azaltmaktadir

B) Hiz arttikga zaman genislemesi
sabittir

C) Hiz arttik¢a zaman genislemesi
diizgiin artmaktadir

D) Isik hizina yaklasildik¢a zaman
asir1 genislemektedir

E) 0.9c hizinda zaman
durmaktadir



6. Gelecekte 151k hizina yakin hizla
hareket eden trenler yapildigini
varsayalim. Bu trenlerden biri
hareket halindeyken vagonunun
arka duvarindaki lamba birden
yaniyor. Lambanin 1s18inin 6n
duvara ulagma siiresi vagonda
duran Ali igin t,, yerde duran Selim

. Yiiksek
Ali hiz

Selim
E Mehmet
Jr= %

O

i¢in ts ve vagona dogru yiiksek
hizla yaklasan Mehmet igin tr, dir.

Buna gore t,, ts ve ty, arasindaki iligki
nedir?
A) 3>t >ty

B) tm=t,=1t;
C) th>t;>t,
D) tn=ts>t,

E) te>t;>ty

7. Modern ve klasik fizik ile ilgili
olarak;

I. Modern fizik ve Klasik fizik
yasalar1 farklidir
Il. Klasik fizik yasalarinin yerini

modern fizik yasalar1 almigstir
I1l. Modern ve klasik fizigin
gelisimi halen devam etmektedir

yargilarindan hangileri dogrudur?

A) YalmzI B) Yalmz Il
C)lvell D)lvelll
E) Il ve IlI

8. Astronotlara uzayda seyahat
ettikleri siire ile orantil1 olarak ticret
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Odendigini farz edin. Siz bir
astronot olsaydiniz yaptiginiz bir
uzay yolculugundan sonra,
sirketiniz size asagidaki saatlerden
hangisine gore 6deme yapsaydi
kazanciniz daha fazla olurdu?

A) Sirketin duvarindaki saat

B) Uzay aracinizdaki saat

C) Seyahatiniz sirasinda
kolunuzda bulunan saat

D) Sizinle ayn1 hizda ayni siirede
fakat zit yonde uzaya gidip
gelen arkadasinizin kolundaki
saat

E) Sizden daha hizli sizinle ayni
yonde ve siirede gidip gelen
arkadasinizin aracindaki saat

. Dokuzuncu sinifta fizigin dogast

tinitesinde fizigin alt alanlarini
O0grenmistik. Bunlar; Mekanik,
Elektrik, Manyetizma, Optik,
Termodinamik, Atom fizigi,
Niikleer fizik ve Katihal fizigi idi.

Buna gore fizigin alt alanlarindan
kag tanesi modern fizigin de alt
alanlar1 kapsamindadir?

A) 1 B)2 C)3 D)4 E)5

10. Yerde duran bir uzay aracindaki

astronot, esnek bir yayin ucuna
ast181 cisme yukar1 agag1 salinim
hareketi yapiyor.
Daha sonra uzay
aract Diinya’ya
gore 151k hizina
yakin sabit bir
hizla hareket

ediyor. ¢




Buna gore uzay araci sabit hizla
hareket ederken yerdeki gézlemciye
ve astronota gore cismin bir defa
yukari-asagi hareketi(periyodu) i¢in
gecen siire ara¢ durgunken olgiilen
periyoda gore nasil degisir?

Yerdeki gozlemci Astronot
A) Artar Degismez
B) Azalir Degismez
C) Degismez Azalir
D) Degismez Artar
E) Azalir Artar

11. Fuat 151k hizina yakin hizlarla

hareket edildigi zaman bir cismin
gozlenen boyunun nasil
degisecegini merak etmektedir.
Fuat’in sorusuna karsilik fizik
ogretmeni Osman Bey
ogrencilerinden konu ile ilgili
hipotez kurmalarini ister.

Asagidakilerden hangisi bu
aragtirmada sinanmaya uygun bir
hipotez degildir?

A) Hiz ne kadar fazla olursa

cismin boyu o kadar fazla

kisalir

B) Hiz ne kadar fazla olursa
cismin boyu o kadar fazla
uzar

C) Hiz ne olursa olsun cismin

boyu degismez

D) Cismin hiz1 iki katina

ciktiginda boyu yariya iner

E) Cismin boyunun kisalmasi
cismin bulundugu yere

baghdir
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12. Modern fizikte 15181n yapisi ile
ilgili baz1 geligsmeler,

I. Is181n foton denilen
taneciklerden olusmasi

IL. Is1gin renklere ayrilmasi

III. Is1gin hem dalga hem de
tanecik gibi davranmasi

verilenlerden hangileri olabilir?

A) Yalniz I B) Yalniz II
C) Yalmz III D) I ve 1l
E) I 1lvelll

13. Yildiz savaslar filminde her
birinin hiz1 0,8c olan iki uzay
araci birbirlerine dogru hareket

ediyorlar.

Buna gore, araglarin birbirlerine
gore hizlariin biiytkligi
asagidakilerden hangisi olabilir?
(c, 151k hiz1dir)

A) 0-0,8c arasinda bir deger
B) 0,8c — c arasinda bir deger
C) ¢

D) 1,6¢

E) c- 1,6¢ arasinda bir deger

14. Asagidakilerden hangileri
diinyadaki bir hareketi incelemek
i¢in bir eylemsiz referans sistemi
olabilir?

I.  Konya ovasindaki bir aga¢

I. Sabit hizla dogrusal bir yolda
giden Ankara Eskisehir treni

I1l. Sabit siiratle cembersel bir
yoriingede gdsteri yapan
motosikletli



15

16.

17.

. Asagidakilerden hangilerini

modern fizik
agiklar?

I. Kara cisim
1$1mast

I1. Elektroman
yetizma

Il. Atom

cekirdeginin yapist

A) Yalmz I B) Yalniz I

C)lvell D)lvelll

E) I 1velll

Michelson-Morley deneyi
asagidakilerden hangisini 6l¢gmek
i¢in tasarlanmist1?
A) Diinyanin ¢ekim ivmesini
hesaplamak
Elektronlarin goreli hizlarini
hesaplamak
Esirin var olup olmadigini

B)

C)
arastirmak

D) Isigin hizi ile esirin hizim

karsilastirmak

Is1gin dalga boyunu

hesaplamak

E)

NASA’daki bilim insanlar1 151k
hizina yakin bir hizla yildizlar aras1
bir yolculuga cikacak astronot igin
hazirlik yapmaktadirlar. Bilim
adamlarma yardimci olabilir
misiniz?

Sizce astronotun;

I.  Yataginin boyu,

Il. Tiketecegi yiyecek ve icecegin
miktari
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18.

19.

I1l. Kolundaki saate yetecek pilin
omrii

verilenlerden hangileri astronotun
hareketli olmasina gore goz Oniine
aliip gerekli hesaplarin yapilmast
gerekmektedir?

A) YalmizI B)Ivell
C)llvelll D) lvelll
E) I, I1velll

Yaniizdan gecip sizden uzaklasan
bir uzay aracini1 gézlemliyorsunuz.
Uzay araci geri doniip size dogru
hareket ederse, aracin ilk durumu
ile karsilastirdiginizda,
asagidakilerden hangisi
gbzlemlenir?

A) Aracin boyu uzar ve i¢indeki
saat daha hizli ilerler

Aracin boyu uzar ve i¢indeki
saat daha yavas ilerler

Aracin boyu kisalir ve i¢cindeki

saat daha hizli ilerler

B)
C)
D) Aracin boyu kisalir ve igindeki
saat daha yavas ilerler

Aracin boyu da i¢indeki saatin
ilerlemesi de degismez

E)

Silindirik bir uzay araci sizin bakis
dogrultunuzdan 151k hizina yakin
bir hizla uzaklagmaktadir. Buna
gore uzay aracinin uzunlugu ve ¢api
size gore nasil degisir?

Uzunlugu Capi
A) Artar Artar
B) Azalir Azalir
C) Degismez Artar
D) Degismez Degismez
E) Kisalir Degismez



20. Kemal ve Cemal’in atom saatleri A) 0,5c
ayni zamani gostermektedir. B) 0,5c-c aras1 bir hizla
Cemal’in saati diinyada dururken, C)
Kemal saatini, NASA tarafindan
yeni gelistirilen uzay aracinin ig¢ine

c-1,5¢ arasi bir hizla
D) 1,5chiziile

koyuyor. Uzay arac1 Mars E) chiziile
yolculugunu yaptiktan sonra
diinyaya dontiyor. 23. Diinya'ya gore 0,6c hiz1 ile yola
Kemal ve Cemal saatlerini yan yana ciktiginizi diisiiniin, Size ve
koyduklarinda; diinyadakilere gore;
I. Ikisi de ayni saati gdsterir I. Dakikadaki kalp atis saymiz
Il. Kemal’in saati geride olur
[1l. Cemal’in saati daha yavas I1. Boyunuz

tiklar

I11. Kiitleniz

Yargilarindan hangileri dogrudur? o o
niceliklerinden hangileri farkli

A) Yalniz II B) Yalmz III olgtilebilir?
C) llvelll D)lvelll
E) I 1lvelll Size gore  Diinyadakilere gore
A LiTtvelll 1velll

21. ODTU’de (Orta Dogu Teknik B) velll I, 1l ve lll
Universitesi) fizik boliimiinde C) lvelll [ 11 ve Il
bir¢ok brans vardir. Asggldaki D) Hic biri Ive ll
brans_la_r da bunlardan birkag E) 1lvelll Hic biri
tanesidir.

24. Modern fizigin dogusu ile ilgili

I. Niikleer fizik olarak;
II. Atom fizigi
1. Teorik fizik I. Sadece Einstein tarafindan

gelistirilmigtir

B .. DT Ld f- -k ..1'- ..
una gore ODTU fizik boliimiinde Il 19. yiizyil sonlari ile 20.

okutulan bu branslardan hangileri
modern fizigi olusturan temel
unsurlardandir?

yiizy1l baglarinda dogmustur
I1l. Max Plank’n modern fizigin
dogusuna katkis: biiyiiktiir

A) YalnizI B) Yalmz lII
Cg I Vae IIIIIZ D) I \)/e ﬁlmz yargilarindan hangileri dogrudur?

E) Ilve Il A) YalmzI B) Yalniz II

22. Yildizlar arasi yolculuga ¢ikan ©) Yalniz 1l D) [l ve lll

Ahmet, Alfa Centauri’deki E) I, 1l ve I
ziyaretini bitirdikten sonra

yildizdan 0,5¢ hizi ile ayriliyor.

Buna gore yi1ldizin 15181 Ahmet’e

gore Ahmet’i hangi hizla geger?
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25. Isik hizina yakin bir hizla hareket

eden bir trenin vagonlarindan
birinde sekildeki gibi ayn1 anda K

ve L lambalar1 151k vermeye
basliyorlar.

R

26.

Yer

Buna gore yerdeki ve vagondaki
gozlemcilere gore hangi lambanin
15181 6nce karsisindaki duvara
ulasir?

Yerdeki Vagondaki

A) K L

B) L K

C) K Ayn1 anda
D) L Ayni1 anda
E) Aynianda Ayni anda

Can, Sadik ve Ahmet'in dzdes (g yay sarkaci
vardir. Can ve Sadik yliksek hizla giden bir uzay
aracinda iken yay sarkaglaninin periyotlanni sira-
siylat, vet, olarak, yerde durgun olan Ahmet ise

sarkacinin periyodunu t; olarak olguyor.

Buna gére, t,, t,, t, arasindaki iligki agagidaki-
lerden hangisidir?

Ay =t=t B) t,=1,>1,
) >t =1, D) >t >t
B t=t>t
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lemcilere gore,
bu arkadaslarin
en gengten en .
yaghya siralan- =
$i1 nasil olur? ;

A) Ismail, Ahmet, Ali

C) Hepsinin esit olur

27.

Dinya L

Esik buyaklukte hizlarla zit yénde hareket eden
uzay araclarinda K Dinya'dan uzaklagirken L
Dinya'ya dogru hareket ediyor. Araglar Dun-
ya'dan esit uzaklikta iken flas 1s1d1 yakiyor.

Ayni anda yakilan bu flaglardan gikan 1s1gin
Diinya'ya ulagmasi ile ilgili ne sdylenebilir?
A) L den gelen 1sik 6nce ulastr.

B) Kden gelen 1sik 6nce ulagr.

C) Ayni anda ulasir.

D) Belirlenemez.

E) Gozlemciye gore degisir.

Ayni yastaki G¢ arkadas-

Ahmet
tan ikisi sekilde belitilen v N o 04c
¥ iy S
hizlarla ayni anda uzay %) ="
yolculuguna ctkip bir ismail

stre sonra ayni anda * =y 08¢
S 0 = TiTY —
Dinya'ya dontiyor. '

Danya'daki goz-

B) Ali, Ahmet, ismail
D) ismail, Ali, Ahmet
E) Ahmet, ismail, Ali



29. Yildizlar arasi bir yolculuk
yapacak bir uzay araci i¢in soyle
bir fikir ortaya atilmistir: Giinesin
yakinlarina firlatilan bir uzay
araci giinesin 151gmi1n itmesi ile
hizlandirilabilir. Baglangicta
yavas olan uzay araci uzun siirede
cok yiiksek hizlara ulastirilabilir.
Boyle bir aracin yapildigini farz
edin. Bu arag i¢in;

I.  Hizlandikea kiitlesi degismez

Il. Isik hizina ulastirmak i¢in
sonsuz enerjiye ihtiyag vardir.

I1l. Uzun siirede 151k hizina ulagir

yargilarindan hangileri dogrudur?

A)Yalnizl B)lvell
B)C) Ive lll D)1l ve I
C)E) I, Il ve I

30. Asagidaki fiziksel olaylarin
hangileri ile ilgili gelismeler
modern fizigin dogusuna katkida
bulunmustur.

I.  Fotoelektrik olay1
Il. Isigin girisimi
I1l. Kara cisim 1s1masi

A) YalmzI B)YalmzIl
C)lvelll D)Hvelll E)I, llvelll
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APPENDIX |

TENTH GRADE MODERN PHYSICS ACHIEVEMENT TEST- STUDENT-
FIRST VERSION

ONUNCU SINIF MODERN FiZiK BASARI TESTi- OGRENCI-ILK SURUM

Adimz Soyadiniz: ............coo i

Cinsiyetiniz: oKz o Erkek

SINI INIZ: o,

OKUIUNUZUN QdX: ..o e,

N o gk

Yonergeler

Sinava baglamadan 6nce yukarida verilen kismi eksiksiz doldurunuz.

Bu testin amaci sizlerin modern fizik iinitesini 6grenmeden Onceki bilgilerinizi
degerlendirmektir. Liitfen biitlin sorulara cevap vermek i¢in gayret gdsteriniz.
Testte her biri bes secenekli 34 soru yer almaktadir. Dort yanlis bir dogru soruyu
gotiirmektedir.

Size gore dogru cevap yoksa ‘>’ sikkini isaretleyiniz.

Soruyu cevaplamaya galistiktan sonra anlayamadiysaniz “‘g’” sikkini isaretleyiniz.
Sinavi tamamlamak i¢in Onerilen siire yaklasik 40 dakikadir.

Bu testin sonuglar1 Ortadogu Teknik Universitesi’nde Ortadgretim Fen ve
Matematik Alanlar1 Egitimi B6liimii’nde doktora yapan arastirmacinin tezinde
veri olarak kullanilacaktir. Bu sorular1 cevaplandirdiginiz i¢in siz de bu bilimsel
bir ¢aligmanin pargasisiniz. Gerekli ilgiyi gosterdiginiz i¢in tesekkiir ederiz.
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1. Modern fizigin dogusuna;

I. Isigin yapisi
II. Atomun yapis1
II1. Gorelilik

konularinda elde edilen gelismelerden hangileri katkida bulunmustur?

A) Yalniz I B) Yalniz II C) Yalniz IIl D) Ive Ill E) I, II ve III

2. Fatma, Ayse ve Zehra Ankara-Eskisehir hizli treninin i¢inde trenin kalkisini
bekliyorlar.

I.  Fatma, elindeki kalemin yere diisme siiresini,
Il. Ayse, ipe bagladigi silgisinin salinim periyodunu ve
I1l. Zehra, elindeki lazerin 151811 duvardaki aynadan yansima agisini 6l¢iiyor.

Bu kisiler ayn1 dl¢timleri, tren dogrusal bir yolda sabit hizla hareket ederken
tekrarlasalar hangileri ilk kullandiklar1 fizik kurallar1 yine kullanabilirler?

B) Yalniz Fatma B) Yalniz Ayse C) Fatma ve Ayse
D) Ayse ve Zehra E) Fatma, Ayse ve Zehra

3. Fizik 6gretmeni Osman Bey 6zel goreliligin temel kurallarini anlattiktan sonra
asagidaki gibi hareketlere sahip referans sistemlerini siraliyor.

I.  Hizlanan bir otomobil

Il. Hizlanan otomobili siirekli ayn1 mesafede takip eden motosikletli
1. v hiz1 ile giden bir kayik

IV. v hizi ile giden kayiga gore 2v hizi ile giden gemi

V. Salimim hareketi yapan bir salincak

VI. Egimli bir vadide asag1 hizlanan bir kayake1

4. Diinyaya gore hangileri eylemli, hangileri eylemsiz referans sitemi olarak kabul
edilebilir?

Eylemli Eylemsiz
A) |11, VveVl I ve VI
B) LIVveV i, 1, Vi
C) I, VveVi I, 11l ve VI
D) IVveVI I, 1, 1l ve V
E) ILIILIVveV | ve VI
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5. Isik hizinda hareket ederken diizlem aynada kendimizi gormemiz 6zel goreliligin;

I.  Isik hizi, eylemsiz referans sisteminde, 151k kaynaginin ve gézlemcinin
hareketinden bagimsizdir

Il. Fizik yasalar tiim eylemsiz referans sistemlerinde aynidir

1. Isik hiz1 asilamaz

kabullerinden hangilerinden dolayidir?

A)Yalnizl B)YalmzIl C)Ivell D)Ivelll E)IIvelll

6. Farkli sabit hizlarda hareket eden referans sistemlerindeki zaman genislemesinin
hiza bagl degisimi asagidaki grafikte gosterildigi gibi olmaktadir.
10 |

N

Zaman genislemesi

01 0.2 0.3 04 05 06 0.7 08 05 1
Hiz (€]

Buna gore zaman genislemesi;

I.  Sabit hizla giden bir araba
Il. Sabit hizla giden bir jet ugagi
I11. Isik hizina yakin bir hizla giden bir uzay araci

Hangileri i¢in ihmal edilemez?

A) YalmzI B)YalmzIll C)Ivell D)Ivelll E)I Il velll

7. Modern ve klasik fizik iliskisi ile ilgili olarak;

I.  Modern fizik ve klasik fizik yasalar1 farklhidir
Il. Klasik fizik yasalarinin yerini modern fizik yasalar1 almigtir
Il. Klasik Fizik, gorece kiitlesi biiyiik, hiz1 kii¢iik; modern fizik ise gorece

kiitlesi kiiciik ve hiz1 biiylik olan cisimler i¢in gegerlidir.

yargilarindan hangileri dogrudur?

A) Yalnizl B)YalmzIll C)Ivell D)Ivelll E)IIvelll
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8. Yildizlar aras1 kargo tasimaciligi yapan bir sirketin sahibi oldugunuzu diisiiniin.
Ise alacaginiz bir astronota;

I.  Sirketin duvarindaki
Il. Uzay aracindaki
I1l. Seyahat esnasinda astronotun kolundaki

saatlerden hangisine goére 6deme yapsaniz daha kazangl olurdunuz?

9. Dokuzuncu sinifta fizigin dogasi linitesinde fizigin alt alanlarin1 6grenmistik.
Bunlar; Mekanik, Elektrik, Manyetizma, Optik, Termodinamik, Atom fizigi,
Niikleer fizik ve Katihal fizigi idi.

Buna gore, fizigin alt alanlarindan kag tanesi modern fizigin de alt alanlar1
kapsamindadir?

A) 1 B)2 C)3 D)4 E)5

10. Yerde duran bir uzay aracindaki astronot, esnek bir
yayin ucuna astig1 cismin salinim periyodunu
Olciiyor. Daha sonra uzay araci hizlanarak 1s1k hizina
yakin sabit bir hiz kazaniyor ve yoluna bu hiz ile
devam ediyor. Uzay araci sabit hizla hareket ederken

astronot, ayn1 yay ile cismin periyodunu tekrar
Olcliyor.

Yerdeki gozlemciye ve astronota gore cismin bu yeni
periyodu ara¢ durgunken 6lciilen periyoda gore nasil

degisir?

Yerdeki gézlemci Astronot
A) Artar Degismez
B) Azalir Degismez
C) Degismez Azalir

D) Degismez Artar

E) Azalir Artar
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11. Isik ile ilgili asagidaki bulgulardan hangileri modern fizigin dogusuna katkida
bulunmustur?

I. Foton denilen taneciklerden olustugunun anlagilmasi
II. Renklere ayrilmasinin kesfedilmesi
III. Dalga gibi davrandiginin ispatlanmasi

A) YalmizI B) YalmzIl C) YalmzIII D) Ilvelll E)I Ilvelll

12. Yildiz savaslar1 filminde her birinin hiz1 0,8c olan iki uzay araci birbirlerine
dogru sabit hizla hareket ediyorlar.

Buna gore, araglarin birbirlerine gore hizlarinin biiyiikliigii asagidakilerden
hangisi olabilir? (c, 151k hizidir)

A) 0-0,8c arasinda bir deger
B) 0,8c — c arasinda bir deger
C) c

D) 1,6c

E) c- 1,6¢ arasinda bir deger

13. Bir binanin tepesinden serbest birakilan bir cismin hareketini incelemek igin
asagidakilerden hangisi eylemsiz bir referans sistemi olabilir?

I.  Kiz kulesi
Il. Sabit hizla giden Ankara Eskisehir treni

I1l. Sabit siiratle gembersel bir yoriingede gosteri yapan motosikletli

A)Yalnizl B)YalmzIll C)Ivell D)Ivelll E)IIvelll
14. Asagidakilerden hangilerini modern fizik kapsaminda dogru a¢iklanir?

I.  Kara cisim 1s1masi

Il. Elektromanyetizma

I1l. Atom ¢ekirdeginin yapisi

A) YalmzIl B)YalmzIll C)Ivell D)Ilvelll E)I Ilvelll

15. Michelson ve Michelson-Morley deneylerinde;

I.  Isigin girisimi
Il. Diinyanin hiz1
1. Esir

kavramlarindan hangileri kullanilmigtir?

A)YalmzI B)Ivell C)livelll D)lvelll E)I llvelll
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16. NASA’daki bilim insanlar1 151k hizina yakin bir hizla yildizlar aras1 bir
yolculuga cikacak astronot i¢in hazirlik yapmaktadirlar. Bilim adamlarina
yardimci olabilir misiniz?

Sizce astronotun;

I.  Yataginin boyu,
Il. Tiketecegi yiyecek ve icecegin miktari
I1l. Kolundaki saate yetecek pilin 6mrii

verilenlerden hangileri astronotun hareketli olmasina gore gbz oniine alinip
gerekli hesaplarin yapilmasi gerekmektedir?

A) YalnizI B)Ivell C)Ilvelll D)Ivelll E)L IIvelll

17. Sabit bir hizla sizden uzaklasan bir uzay aracini gézlemliyorsunuz. Uzay araci
geri dontip ayni biiytikliikteki hizla size dogru hareket ederse, aracin ilk durumu
ile karsilastirdiginizda;

I.  boyu kisalir

Il. boyu degismez

I1l. icindeki saat daha yavas ilerler

IV. icindeki saatin ilerlemesi degismez
yargilarindan hangileri dogrudur?

A) YalmzIB)Ivelll C)IvelV D)Ilvelll E)IlvelV

18. Silindirik bir uzay aracinin sekildeki gibi bakis dogrultunuzdan 151k hizina yakin
bir hizla uzaklastigini diistiniin.
Buna gore uzay aracinin uzunlugu ve cap1 size gore nasil degisir?

Uzunlugu Cap1
A) Artar Artar
B) Azalir Azalir o
C) Degismez Artar }
D) Degismez Degismez
E) Kisalir Degismez
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19. Zambak 313 sayfa... 10.soru

Isik hizina yakin yliksek hizla hareket eden bir uzay araci sekil-
deki gibi Dinya’nin M ve N noktalarnindan gecen dogruya
paralel bir yériinge izliyor.

Buna gdre, uzay aracindaki bir gozlemci Diinya'y: agsagida-
kilerden hangisindeki gibi goriir?

A)

20. Kemal ve Cemal’in atom saatleri (¢ok kii¢iik zaman farklarini bile 6l¢ebilen)
ayni zamani gostermektedir. Cemal’in saati diinyada dururken, Kemal saatini,
NASA tarafindan yeni gelistirilen uzay aracinin i¢ine koyuyor. Uzay arac1t Mars
yolculugunu yaptiktan sonra diinyaya doniiyor.

Kemal ve Cemal saatlerini yan yana koyduklarinda;

I.  Ikisi de ayn1 saati gosterir
Il.  Kemal’in saati geride olur
I1l.  Cemal’in saati daha yavas tiklar

Yargilarindan hangileri dogrudur?

A) Yalmiz Il B) Yalmz Il C)Ilvelll D)Ivelll E)I, Il velll
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21. ODTU’de (Orta Dogu Teknik Universitesi) fizik béliimiinde bir¢ok brans
vardir. Asagidaki branglar da bunlardan birkag tanesidir.

I. Nikleer fizik
Il. Atom fizigi

1. Teorik fizik

Buna gére ODTU fizik boliimiinde okutulan bu branslardan hangileri modern
fizigin altinda incelenebilir?

A) YalmzI B)YalmzIll C)Ivell D)Ivelll E)IIvelll

22. Yildizlar arasi yolculuga ¢ikan Ahmet, bize en yakin yildiz olan Alfa
Centauri’deki ziyaretini bitirdikten sonra yildizdan 0,5c¢ hiz ile ayriliyor.

Buna gore yildizin 15181 Ahmet’e gére Ahmet’i hangi hizla geger?
A) 0,5c

B) 0,5c-c arasi bir hizla

C) c-1,5c aras1 bir hizla

D) 1,5c hiziile
E) chiziile

23. Yildizlararasi yolculuga hazirlanan Mustafa, yolculugun hemen 6ncesi bircok
kontrolden gec¢iyor. Bunlardan bazilar1 Mustafa’nin;

I. dakikadaki kalp atis sayisi
I1. boyu ve
II1. kiitlesidir

Mustafa, 151k hizina yakin bir hiz ile yola ¢iktiginda, hareketli olmasindan dolay1
kendisine ve diinyadakilere gére yukaridaki niceliklerinden hangileri degisebilir?

Kendisine gére  Diinyadakilere gore

A) I, 1lve Il I ve lll

B) I velll I, 1lve Il

C) lvelll I, 1lve Il
D) Hig biri Ivell

E) [Ilvelll Hig biri
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24. Can, Sadik ve Ahmet'in 6zdes li¢ yay sarkaci vardir. Can ve Sadik yiiksek hizla giden
bir uzay aracinda iken yay sarkaclarinin periyotlarini sirasiyla t1 ve t2 olarak,
yerde durgun olan Ahmet ise sarkacinin periyodunu t3 olarak 6l¢iiyor.

Buna gore, ty, t2 ve t3 arasindaki iliski asagidakilerden hangisidir?

A) t1=t=t3 B) ti=ty>t3 C) t3>t1=t2 D) t1>t>t3 E) to=t3>t1

25. Cosku 10. Smmif. Sayfa:249

Ayni yastaki uc¢ arkadas- Ahmet
tan ikisi sekilde belirtilen v N 04c¢
) » ——ip-
hizlarla ayni anda uzay %[~
yolculuguna cikip bir ismail
¥ - 08c
sire sonra ayni anda s 08¢
Dinya'ya dénuyor. L

Danya'daki goéz-
lemcilere gore,

bu arkadaglarin 1y _
en gencten en “
yashiya siralani-
$i nasil olur?

A) ismail, Ahmet, Ali B) Ali, Ahmet, ismail
C) Hepsinin esit olur D) ismail, Ali, Ahmet
E) Ahmet, ismail, Ali

26. Asagidaki fiziksel olaylarin hangileri ile ilgili gelismeler modern fizigin
dogusuna katkida bulunmustur.

I.  Fotoelektrik olay1
Il. Isigin girisimi
I1l. Kara cisim 1s1masi

Yalnizl B)YalmzIl C)Ivelll D)IIvelll E)I IIvelll

27. Bir cismin kiitlesi ile ilgili olarak;

I.  Ig enerjisi degisirse kiitlesi de degisir
Il. Hizi degisirse kiitlesi de degisir
Il. Isik hizina ulagtirmak i¢in sonsuz enerji vermek gerekir

Yargilarindan hangileri dogrudur?

A) Yalnizl B)YalnizIl C)Ivelll D)IIvelll E)I IIve Il
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28,29, 30, 31, 32, 33 ve 34. sorular dogru yanlis sorularidir. Bu sorularda verilen
climleler dogru ise A, yanlis ise B sikkini isaretleyiniz

28. Newton’un F=ma olarak bilinen kanunu 151k hizina yakin hiz ile hareket eden
cisimlerde de gecerlidir.
A) B)

29. Modern fizige gore araba ile 151k hizinda giderken farlar1 agtigimizda 6niimiiz
aydinlanir.
A) B)

30. Klasik fizige gore 151k hizinda hareket ederken elimdeki diizlem aynada kendime
bakarsam kendimi géremem.
A) B)

31. Esir evrendeki tek mutlak eylemsiz referans sistemidir
A) B)

32. Michelson-Morley deneylerinde var oldugu sdylenen esir maddesinin varligi
ispatlanmaya c¢aligilmistir.
A)B)

33. katihal/yogun madde fizigi kuantum fiziginin alt alanlarindan biridir
A)B)

34. Isik hizi, her durumda, 151k kaynaginin ve gézlemcinin hareketinden
bagimsizdir.
A) B)

35. Asagida, iistte kavramlar, altta ise iliskili olduklar1 agiklamalari/tanimlari
verilmistir. Alttaki agiklamalar {istteki birden fazla kavram ile iliskili olabilir.

Buna gore kavramlar ile agiklamalari/tanimlar1 hangi sikta dogru eslestirilmistir?
Kavramlar

1. Modern fizik

2. Atom ve gekirdek fizigi
3. Gorelilik

4. Kuantum

Aciklamalar/Tanimlar

a. Modern fizigin alt alanidir
b. Modern fizigi olusturan temel unsurlardan birdir
c. Mikro evrendeki ve 151k hizina yakin hizlarda hareket eden cisimlerin hareketini
aciklamaya odaklanir.
A) 1.b;2..b-c; 3,4..c
B) 1.c; 24..a; 3.b
C) 1.a; 2.c;3..a; 4.b
D) 1,3..c;2..b;4..a
E) 1.c;2.a; 4.b

276



APPENDIX J

TENTH GRADE MODERN PHYSICS ACHIEVEMENT TEST- STUDENT-

10.

SECOND VERSION

ONUNCU SINIF MODERN FiZiK BASARI TESTi- OGRENCI-IKiNCi
SURUM

Yonergeler

Bu testin amaci sizlerin 10. sinif modern fizik tinitesindeki konularla ilgili
bilgilerinizi 6l¢mektir. Liitfen biitiin sorulara cevap vermek igin gayret
gosteriniz.

Testte 6 tane dogru-yanlis, 6 tane eslestirme, 18 tane ¢oktan segmeli ve 2 tane
acik uclu soru yer almaktadir. Her sorunun sadece bir dogru cevabi vardir. Bir
soru i¢in birden ¢ok cevap yeri isaretlenmisse o soru yanlis cevaplanmis
sayilacaktir.

Bu test puanlanirken dogru cevaplarinizin sayisindan yanlis cevaplariizin
sayisinin dortte biri diisiilecek ve kalan say1 net puaniniz olacaktir.
Cevaplariizi optik forma isaretleyiniz. Bu kitapgik lizerinde karalama
yapabilirsiniz.

Sorular1 okuduktan sonra cevabini bilmiyorsaniz, liitfen ‘f** sikkini
isaretleyiniz.

Sorularin se¢eneklerinde size gore dogru cevap yoksa sizce dogru olan cevabi
optik formda ilgili soru numarasinda siklardan sonraki bosluga yaziniz.

Testin biitiinii i¢in verilen cevaplama siiresi toplam 40 dakikadir.

Bu testin sonuglar1 Ortadogu Teknik Universitesi’nde Ortadgretim Fen ve
Matematik Alanlar1 Egitimi Boliimii’nde doktora yapan arastirmacinin tezinde
veri olarak kullanilacaktir. Bu sorular1 cevaplandirdiginiz i¢in siz de bu bilimsel
caligmanin bir parcasisiniz. Gerekli ilgiyi gosterdiginiz i¢in tesekkiir ederiz.
Sinavda gerekli olabilecek formiiller en son sayfada mevcuttur.

Sinav sonuglarini sizinle paylasabilmemiz i¢in sinava baglamadan dnce optik
formdaki ‘‘Ad Soyad’’ kismin1 doldurunuz.
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DOGRU YANLIS SORULARI

Dogru | Yanlis | Bilmiyorum
1. Modern fizige gore, boslukta 0,5¢ hizinda €)) (b) (
giden bir aynaya gelen ve yansiyan 1ginlarin
hiz biiyiikliikleri esit olur.
2. Einstein 6zel gorelilik teorisinden dolay1 @) (b) )
Nobel 6diilii almistir.
3. Evren esir denilen bir madde ile doludur. @ (b) )
4. Ozel gorelilik ikizler paradoksuna agiklama @ (b) )
getirememistir.
5. Ozel gorelilik kuramia gore enerji vererek @) (b) )
kiitleli bir cismi 151k hizina ulastirma
miimkiin degildir.
6. Eylemsiz referans sistemi olarak kabul edilen @) (b) )

v hizli kayiga gore, 2v hizi ile giden bir gemi
de eylemsiz referans sistemi olarak kabul
edilebilir.

A. ESLESTIRME SORULARI

» Solda fizigin alt alanlar1, sagda ise bunlarin fizik ile iliskileri belirtilmistir.

Solda, her bir maddenin 6niin deki bosluga, sagda bu madde ile en iyi
eslesen iligkinin harfini optik forma isaretleyiniz. Sagdaki her bir iliski
birer defa, birden ¢ok ya da hig¢ kullanilmayabilir.

Fizigin alt alanlart Fizik ile iliskileri

7. __ Katihal fizigi a. Modern fizigin alt alanlar1
kapsamindadir

8. _ Atom fizigi b. modern fizigin alt alanlar1 kapsaminda
degildir

9. _ Optik f. Cevabini bilmiyorum

10. _ Manyetizma

11.  Termodinamik

12.  Niikleer fizik
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B. COKTAN SECMELI SORULAR

_ —————

13. Modern fizige gore 151k hizinda
hareket ederken diizlem aynada
kendimizi gorebilmemiz 6zel
goreliligin;

I.  Fizik yasalar1 tim eylemsiz
referans sistemlerinde aynidir

Il. Isik hiz1 asilamaz
Il. Isik hizi, eylemsiz referans
sisteminde, 151k kaynaginin ve
gbzlemcinin hareketinden

bagimsizdir

kabullerinden hangilerinden dolayidir?

a) YalmzI b) YalmzII
c) YalmzIlI d) Ivelll
e) Ilvelll

f)  Cevabini bilmiyorum

14. Modern ve klasik fizik iligkisi ile

ilgili olarak;

Modern fizik ve Klasik fizik
yasalar1 tamamen farklidir

V. Klasik fizik yasalarinin yerini
modern fizik yasalar1 almigtir
Klasik fizik, gorece kiitlesi biiytik
ve hiz1 kiiglik; modern fizik ise
gorece kiitlesi kii¢iik ve hizi

VI.

biiyiik olan cisimlerin
hareketlerini agiklamaya
odaklanir.

yargilarindan hangileri dogrudur?

a) Yalmz I b) Yalmz III

c) lvell d) Tvelll e) Ilvelll

f) Cevabini bilmiyorum
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15. Farkli sabit hizlarda hareket eden
referans sistemlerindeki zaman
genislemesinin hiza baglh
degisimi asagidaki grafikte

gosterildigi gibi olmaktadir.

10 ¢
I

Zaman genislemesi

¢ 01 62 0 04 05 04 07 OB 05 1

Hiz ()
Buna gore zaman genislemesi;

I.  sabit hizla giden bir araba
I. sabit hizla giden bir jet ugagi

I1l. 151k hizina yakin bir hizla giden
bir uzay araci

hangileri i¢in ihmal edilemez?
a) YalmzI b) Yalmz III

c) lvell d) lvelll e) I, Hvelll

f) Cevabini bilmiyorum

16. Yildizlar arasi kargo tagimaciligt
yapan bir sirketin sahibi
oldugunuzu diisiiniin. isi daha
ucuza getirmek i¢in ise alacaginiz
bir astronota;

I.  Sirketinizin duvarindaki saate

Il. Uzay aracinizdaki saate

I1l. Seyahat esnasinda astronotun

kolundaki saate
gore 6deme yapmak istemezsiniz?
a) YalmizIl b)YalmzIIl c) Ivell
d) IHvelll e) I Ilvelll

f) Cevabini bilmiyorum



17. Yerde duran bir uzay aracindaki
astronot, esnek bir yayin ucuna
astig1 cismin
salinim periyodunu
Olcliyor. Daha
sonra uzay araci
hizlanarak 151k
hizina yakin sabit
bir hiz kazaniyor ve
yoluna bu hiz ile
devam ediyor. ¢
Uzay araci sabit

hizla hareket

ederken astronot, ayni1 yay ile

cismin periyodunu tekrar dlgiiyor.
Yerdeki gézlemciye ve astronota gore

cismin bu yeni periyodu arag
durgunken 6lciilen periyoda gore nasil
degisir?

Yerdeki gozlemci Astronot
A) Azalir Degismez
B) Degismez Azalir
C) Degismez Artar
D) Artar Degismez
E) Artar Azalir

F) Cevabimi bilmiyorum

18. Isik ile ilgili;

I.  Renklere ayrilmasinin
kesfedilmesi

Il. Dalga gibi davrandiginin
ispatlanmasi

I1l. Foton denilen taneciklerden
olustugunun anlagilmasi

bulgulardan hangileri modern fizigin
dogusuna katkida bulunmustur?

a) almzI b) Yalniz II ¢) Yalniz I1I
d) Tvelll e)l, Ilvelll

f) Cevabin bilmiyorum
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19. Bir binanin tepesinden serbest
birakilan bir cismin hareketini
incelemek i¢in asagidakilerden
hangisi eylemsiz bir referans
sistemi kabul edilebilir?

I.  Kiz kulesi

Il. Sabit hizla giden Ankara
Eskisehir treni

I1l. Sabit siiratle cembersel bir

yorlingede gosteri yapan

motosikletli
a) YalmzI b) Yalmz I
b) Tvell d) lvelll e)llvelll

f) Cevabini bilmiyorum

20. Yildizlar arasi yolculuga ¢ikan

Ahmet, bize en yakin y1ldiz olan
Alfa Centauri’deki ziyaretini
bitirdikten sonra yildizdan 0,5¢
hiz1 ile ayriliyor.

Buna gore yildizin 15181 Ahmet’e gore

Ahmet’i hangi hizla geger?

a) 0,5¢c b)0,5c-c arasi bir hizla

C) c-1,5¢c arasi bir hizla

d) 1,5c hizi ile e) chiziile

f) Cevabini bilmiyorum

21. NASA’daki bilim insanlari
yildizlar arasi bir yolculuga
¢ikacak astronot i¢in hazirlik
yapmaktadirlar. Asagidakilerin
gerektiginden ne fazla ne de az
olmasi istenmemektedir.



Sizce astronotun;

I.  Yataginin boyu,

Il. Tiiketecegi yiyecek ve i¢ecegin
miktari

I11. Kolundaki saate yetecek pilin

omri

verilenlerden hangileri astronotun 11k
hizina yakin bir hizla yolculugunu
yapmasi géz oniine alinip gerekli
hesaplarin yapilmasi gerekmektedir?

a) YalmzI b) Ivell c¢) Ivelll

d) lvelll e) I, 1velll

f) Cevabin bilmiyorum

22. Isik hizina yakin yiiksek hizla
hareket eden bir uzay araci
sekildeki gibi Diinya’nin Kve L
noktalarindan gecen dogruya
paralel bir yoriinge izliyor.

K

i\

M N

A

A

Buna gore, uzay aracindaki bir gozlemci
Diinya’y1 asagidakilerden hangisi gibi
goriir? (Diinya etrafindaki kare gergeve,
soruda ve siklarda ayni biiyiikliiktedir)
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a) K b K
M N M N
A 4
L L
C) K d) K
19 @
L L

e)

L

f) Cevabini bilmiyorum

23. Can, Sadik ve Ahmet’'in 6zdes g
yay sarkaci vardir. Diinyaya gore,
Can 0.5c hizla ve Sadik 0.8c hizla
giden bir uzay aracinda iken yay
sarkaclarinin periyotlarini sirasiyla
t; ve tz olarak, yerde durgun olan
Ahmet ise sarkacinin periyodunu t3
olarak olciiyor.

Buna gore, ty, t; ve t3 arasindaki iliski
asagidakilerden hangisidir?

a) t>ti>t3 b) t1=t>t3 C) t3>ti=t

d) 3>t>1) e) t1=th=t3

f) Cevabini bilmiyorum

24. Sabit bir hizla sizden uzaklasan
bir uzay aracini
gozlemliyorsunuz. Uzay araci geri
doniip ayn biiyiikliikteki hizla

size dogru hareket ederken ki



durumu ile ilk durumunu
karsilastirdiginizda;

A) boyu kisalir

B) boyu degismez

C) igindeki saat daha yavas ilerler

I. dakikadaki kalp atig sayis1

.. . . . I1. boyu ve
D) igindeki saatin ilerlemesi
degismez III. kiitlesidir
yargilarindan hangileri dogrudur? Mustafa’ya ve diinyadakilere gore

yukaridaki niceliklerinden hangileri

a) Yalmzl b)Ivelll c)IvelV yalnizca 1sik hizina yakin bir hiz ile

d) 1velll e) 1l ve IV yolculuk yapacagindan dolayi
yolculuk 6ncesi degerlerine gore
f) Cevabini bilmiyorum degisebilir?

Kendisine gore  Diinvadakilere

25. Kemal ve Cemal’in (¢ok kii¢iik £ore
zaman farklarini bile 6l¢ebilen) A) I, 11velll I ve I
atom saatleri ayn1 zamani B) Hig biri I 1 ve I
gostermektedir. Cemal’in saati C) lvelll L1 ve Il
diinyada dururken, Kemal saatini, o '
NASA tarafindan yeni gelistirilen D)  Hig biri I Ye I! .
uzay aracinin i¢ine koyuyor. Uzay E) Ilvelll Hig biri
arac1t Mars yolculugunu yaptiktan F) Cevabmi bilmiyorum
sonra diinyaya doniiyor.
Kemal ve Cemal saatlerini yan yana
koyduklarinda; 27.
I.  Ikisi de ayn saati gosterir Ayni yastaki ti¢ arkadas- i
Il.  Kemal’in saati geride olur tan ikisi sekilde befirtilen vi N 04c
I1l. Cemal’in saati, Kemal’inkine gore hizlarla ayni anda uzay -'Lf » _—

yolculuguna ¢tkip bir ismail
sire sonra aymi anda ‘*ghew 08¢
Dunya'ya déntyor. L e

daha uzun araliklarla tiklar

yargilarindan hangileri dogrudur?

Danya'daki géz-

a) YalmzIl b) YalmzIII lemcilere gore, @ 7
bu arkadaglann )

en gencten en H b

yasliya siralani-

$1 nasil olur? '

c)ltvelll d) Ivelll e) I 1lvelll

f) Cevabimi bilmiyorum , ‘
A) Ismail, Ahmet, Ali B) Ali, Ahmet, Ismail

C) Hepsinin esit olur D) ismail, Ali, Ahmet

26. Yildizlararasi yolculuga E ARy emall (W

hazirlanan Mustafa, yolculugun
hemen Oncesi bir¢cok kontrolden f) Cevabini bilmiyorum
geciyor. Bunlardan bazilari
Mustafa’nin;
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28. Bir cismin kiitlesi ile ilgili olarak;

I. Ic enerjisi degisirse
Olciilemeyecek kadar bile olsa
kiitlesi de degisir

Il. Sabit gozlemciye gore farkli hizda
hareket etmeye baslarsa kiitlesi de
degisir

I1l. Sabit gozlemciye gore farkli hizda
hareket etmeye baslarsa

yogunlugu da degisir
yargilarindan hangileri dogrudur?

a) YalmzI b)YalmzIl c)Ivelll
d) Hvelll e) I Ilvelll

f) Cevabin bilmiyorum

29. Michelson-Morley deneyi;

I.  Deneyin hatali olduguna karar
verilmesi

Il. Esir kavramina gerek olmadigina
karar verilmesi

I1l. Isik hizinin eylemsiz referans
siteminden bagimsiz oldugunun
anlagilmasi

hangileri ile sonuglanmistir?

a) YalmzI b) Yalmz II c¢)Yalmz III
d) Tvell e) llvelll

f) Cevabini bilmiyorum

30. Ali, iki y1ldiz arasinda 151k hizina
yakin sabit bir hiz ile seyahate
cikiyor. Diinyadaki Omer ise
Ali’nin yolculugunu gozlemliyor.

W E pAe

Omer
Diinya

Omer ve Ali’ye gore iki y1ldiz
arasindaki uzaklik ve seyahat stiresi ile
ilgili;

I.  Uzaklik Ali’ye gore daha kisadir

Il. Siire Omer’e gore daha fazladir

I1l. Uzaklik da siire de ikisine gore
esittir.

yargilarindan hangileri dogrudur?
a) YalmzI b) YalmzII
c) lvell d) llvelll e)l, 1lvelll

f) Cevabini bilmiyorum

C. ACIK UCLU SORULAR

» 31 ve 32. sorularin cevaplarini optik formun arkasina yaziniz.

31. Modern fizigin dogusunu katkida bulunan gelismeleri yaziniz

32. Modern fizigin dogusuna katkida bulunan gelismeleri birer climle ile

aciklaymiz
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APPENDIX K

TENTH GRADE MODERN PHYSICS ACHIEVEMENT TEST- STUDENT-
FINAL VERSION

ONUNCU SINIF MODERN FiZiK BASARI TESTi-OGRENCIi-SON SURUM

Yonergeler

1. Bu testin amaci sizlerin 10. sinif modern fizik tinitesindeki konularla ilgili
bilgilerinizi 6l¢mektir. Liitfen biitiin sorulara cevap vermek igin gayret
gosteriniz.

2. Testte 6 tane dogru-yanlis, 6 tane eslestirme, 18 tane ¢oktan segmeli ve 2 tane
acik uclu soru yer almaktadir. Her sorunun sadece bir dogru cevabi vardir. Bir
soru i¢in birden ¢ok cevap yeri isaretlenmisse o soru yanlis cevaplanmis
sayilacaktir.

3. Butest puanlanirken dogru cevaplarinizin sayisindan yanlis cevaplarinizin

sayisinin dortte biri diisiilecek ve kalan say1 net puaniniz olacaktir.

4. Cevaplarinizi optik forma isaretleyiniz. Bu kitapgik {izerinde karalama
yapabilirsiniz.

5. Sorular1 okuduktan sonra cevabini bilmiyorsaniz, liitfen “‘f*” sikkin
isaretleyiniz.

6. Sorularin seceneklerinde size gore dogru cevap yoksa sizce dogru olan cevabi
optik formda ilgili soru numarasinda siklardan sonraki bosluga yaziniz.

7. Testin biitiinii i¢in verilen cevaplama siiresi toplam 40 dakikadir.

8. Bu testin sonuglar1 Ortadogu Teknik Universitesi’nde Ortadgretim Fen ve
Matematik Alanlar1 Egitimi B6liimii’nde doktora yapan arastirmacinin tezinde
veri olarak kullanilacaktir. Bu sorular1 cevaplandirdigimiz i¢in siz de bu bilimsel
calismanin bir pargasisiniz. Gerekli ilgiyi gosterdiginiz i¢in tesekkiir ederiz.

9. Sinav sonuglarini sizinle paylasabilmemiz i¢in sinava baglamadan 6nce optik
formdaki ‘“Ad Soyad’’ kismini doldurunuz.
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DOGRU YANLIS SORULARI

Dogru | Yanlis | Bilmiyorum
Modern fizige gore, boslukta 0,5¢ (@) (b) (H
hizinda giden bir aynaya gelen ve
yanstyan 1sinlarin hiz biyiiklikleri esit
olur.
Einstein 6zel gorelilik teorisinden dolay1 @ (b) ()]
Nobel odiilii almistir.
Evren esir denilen bir madde ile doludur. (@) (b) (H
Ozel gorelilik ikizler paradoksuna (a) (b) )
aciklama getirememistir.
Ozel gorelilik kuramina gore enerji @) (b) ()
vererek kiitleli bir cismi 151k hizina
ulastirma miimkiin degildir.
Eylemsiz referans sistemi olarak kabul @) (b) 0]

edilen v hizli kayiga gore, 2v hiz1 ile
giden bir gemi de eylemsiz referans
sistemi olarak kabul edilebilir.

D. ESLESTIRME SORULARI

Solda fizigin alt alanlari, sagda ise bunlarin fizik ile iligkileri belirtilmistir.
Solda, her bir maddenin 6niindeki bosluga, sagda bu madde ile en iyi
eslesen iligkinin harfini optik forma isaretleyiniz. Sagdaki her bir iliski
birer defa, birden ¢ok ya da hi¢ kullanilmayabilir.

Fizigin alt alanlart Fizik ile iliskileri
1. Katihal fizigi a. Modern fizigin alt alanlar1
kapsamindadir
8. Atom fizig1 b. modern fizigin alt alanlar1

kapsaminda degildir

9. _  Optik

10. _ Manyetizma
11.  Termodinamik
12.  Niikleer fizik

f. Cevabini bilmiyorum
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E. COKTAN SECMELI SORULAR

13. Modern fizige gore 151k hizinda
hareket ederken diizlem aynada
kendimizi gorebilmemiz 6zel
goreliligin;

I.  Fizik yasalar1 tiim eylemsiz
referans sistemlerinde aynidir
Il. Isik hiz1 asilamaz

I1l. Isik hizi, eylemsiz referans
sisteminde, 151k kaynaginin ve
gozlemcinin hareketinden
bagimsizdir

kabullerinden hangilerinden dolayidir?

b) YalmzI b)YalmzIIl c¢)Ivell

d) lvelll e) Il ve lll

f) Cevabini bilmiyorum

14. Modern ve klasik fizik iligkisi ile

ilgili olarak;

I.  Modern fizik ve klasik fizik
yasalar1 tamamen farklidir

Il. Klasik fizik yasalarmin yerini

modern fizik yasalar1 almigstir

Klasik fizik, gorece kiitlesi biiyiik

ve hizi kiiclik; modern fizik ise
gorece kiitlesi kiigiik ve hiz1 biiyiik
olan cisimlerin hareketlerini
aciklamaya odaklanir.

yargilarindan hangileri dogrudur?
a) YalmizIl b) YalmzIl
c) YalmzIll d) Ivell e) velll

f) Cevabini bilmiyorum
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15. Farkli sabit hizlarda hareket eden
referans sistemlerindeki zaman
genislemesinin hiza bagl degisimi
asagidaki grafikte gosterildigi gibi
olmaktadir.

Zaman genislemesi

1 6.2 0.3 04 05 0.6 07 OB 05 1
Hiz (€]

Buna gore zaman genislemesi;

I. sabit hizla giden bir araba

Il. sabit hizla giden bir jet ucagi

I11. 151k hizina yakin bir hizla giden bir
uzay araci

hangileri i¢in ihmal edilemez?

b) YalmzIll b) Ivell c) Ivelll

d) IHvelll e) I, 1lvelll

f) Cevabini bilmiyorum

16. Yildizlar aras1 kargo tagimaciligi
yapan bir sirketin sahibi
oldugunuzu diisiiniin. isi daha
ucuza getirmek i¢in ise alacaginiz
bir astronota;

I.  Sirketinizin duvarindaki saate
Il. Uzay aracinizdaki saate
I1l. Seyahat esnasinda astronotun

kolundaki saate

gore 6deme yapmak istemezsiniz?



b) YalnizI b) Yalmiz II ¢) Yalmz Il

d)
f)

17.

[velll e) I, Ilvelll

Cevabini bilmiyorum

Yerde duran bir uzay aracindaki
astronot, esnek bir yayin ucuna
astig1 cismin salinim
periyodunu 6Slgiiyor.
Daha sonra uzay araci
hizlanarak 151k hizina
yakin sabit bir hiz
kazaniyor ve yoluna
bu hiz ile devam
ediyor. Uzay araci
sabit hizla hareket t
ederken astronot, ayni

yay ile cismin
periyodunu tekrar dl¢iiyor.

Yerdeki gozlemciye ve astronota gore
cismin bu yeni periyodu arag
durgunken Ol¢iilen periyoda gore nasil

degisir?

Yerdeki gozlemci Astronot

A) Azalir Degismez
B) Degismez Azalir
C) Degismez Degismez
D) Artar Degismez
E) Artar Azalir
F)  Cevabimi bilmiyorum

18. Isik ile ilgili;

Renklere ayrilmasinin kesfedilmesi
Dalga gibi davrandiginin
ispatlanmasi

Foton denilen taneciklerden

olustugunun anlagilmasi

bulgulardan hangileri modern fizigin

dogusuna katkida bulunmustur?
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b) Yalmizl b) YalmzIll c) Ivell

d) Tvelll e)l, Ilvelll

f) Cevabini bilmiyorum

19. Bir binanin tepesinden serbest

birakilan bir cismin hareketini

incelemek i¢in agsagidakilerden
hangisi eylemsiz bir referans

sistemi kabul edilebilir?

I.  Kiz kulesi

[l. Sabit hizla giden Ankara Eskisehir
treni

Sabit siiratle ¢embersel bir

yorlingede gosteri yapan

motosikletli
a) Yalmzl D) YalmzIII ¢)Ivell
d) Hvelll e)l, 1lvelll

f) Cevabini bilmiyorum

20. Yildizlar arasi yolculuga ¢ikan
Ahmet, bize en yakin y1ldiz olan
Alfa Centauri’deki ziyaretini
bitirdikten sonra, yildizdan 0,5¢
hizi ile ayriliyor.

Buna gore yildizin 15181 Ahmet’e

gore Ahmet’i hangi hizla geger?

a) 0,5¢c b)0,5c-c arasi bir hizla
C) c-1,5¢ arasi bir hizla

d) 1,5chiziile

e) chiziile

f) Cevabini bilmiyorum



21. NASA’daki bilim insanlar1
yildizlar arasi bir yolculuga
c¢ikacak astronot i¢in hazirlik
yapmaktadirlar. Asagidakilerin
gerektiginden ne fazla ne de az
olmasi istenmemektedir.

Sizce astronotun;

I.  Yataginin boyu,

Il. Tiiketecegi yiyecek ve icecegin
miktar1

I1l. Kolundaki saate yetecek pilin

omri

verilenlerden hangileri astronotun 11k
hizina yakin bir hizla yolculugunu

yapmasi1 goz oniine alinip gerekli
hesaplarin yapilmasi gerekmektedir?

a) YalmzI b)YalmzIl c)Ivell

d) livelll e) I, 11velll

f) Cevabini bilmiyorum

22. Isik hizina yakin ytiksek hizla
hareket eden bir uzay araci
sekildeki gibi Diinya'nin K ve L
noktalarindan gecen dogruya
paralel bir yoriinge izliyor.

Buna gore, uzay aracindaki bir
gozlemci Diinya'y1 asagidakilerden
hangisi gibi goriir? (Diinya etrafindaki
kare cerceve, soruda ve siklarda ayni
biiytikliiktedir)

K

r Y\

M N

Yy

A
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b K
N M§N
L
d) K
L
e) K
M N
L

f) Cevabini bilmiyorum

23. Can, Sadik ve Ahmet’in 6zdes li¢
yay sarkaci vardir. Diinyaya
gore, Can 0.5c hizla ve Sadik
0.8c hizla giden bir uzay
aracinda iken yay sarkaglarinin
periyotlarini sirasiyla t1 ve t2
olarak, yerde durgun olan
Ahmet ise sarkacinin
periyodunu t3 olarak él¢tiyor.

Buna gore, t, tz ve t3 arasindaki

iliski asagidakilerden hangisidir?

c) t3>ti=t2

a) t>ti>t3 b) ti>te>ts

d) 3>t>1) e) t1=t=t;3

f) Cevabini bilmiyorum

24. Sabit bir hizla sizden uzaklasan
bir uzay aracini
gozlemliyorsunuz. Uzay araci geri
dontip ayn1 biiytikliikteki hizla
size dogru hareket ederken ki
durumu ile ilk durumunu
karsilastirdiginizda;



I.  boyu kisalir

Il. boyu degismez

I1l. icindeki saat daha yavas ilerler
. i¢indeki saatin ilerlemesi

degismez
yargilarindan hangileri dogrudur?

b) Yalniz I b)Ivelll c)lvelV

d) Ivelll e) Il ve IV

f) Cevabini bilmiyorum

25. Kemal ve Cemal’in (¢ok kiiciik
zaman farklarini bile 6l¢ebilen)
atom saatleri ayn1 zamani
gostermektedir. Cemal’in saati
diinyada dururken, Kemal saatini,
NASA tarafindan yeni gelistirilen
uzay aracinin i¢ine koyuyor. Uzay
aract Mars yolculugunu yaptiktan
sonra diinyaya doniiyor.

Kemal ve Cemal saatlerini yan yana

koyduklarinda;

I, Ikisi de ayni saati gdsterir
Il. Kemal’in saati geride olur
I1l. Cemal’in saati, Kemal’inkine gore

daha uzun araliklarla tiklar
yargilarindan hangileri dogrudur?
b) Yalmz II b)Yalmz IIT c) Il ve
d) lvell e) I, 1velll

f) Cevabini bilmiyorum

26. Yildizlararas1 yolculuga
hazirlanan Mustafa, yolculugun
hemen 6ncesi bir¢ok kontrolden
geciyor. Bunlardan bazilar
Mustafa’nin;

I. dakikadaki kalp atis sayis1
I1. boyu ve

I11. kitlesidir

290

Mustafa’ya ve diinyadakilere gore
yukaridaki niceliklerinden hangileri
yalnizca 1sik hizina yakin bir hiz ile

yolculuk vapacagindan dolayi
yolculuk 6ncesi degerlerine gore
degisebilir?

Kendisine gére  Diunvyadakilere gore

Al 1lvelll Ive lll
B) Hig biri I, 11 ve lll
C) lvelll Hig biri
D) Hig biri lvell

E) Hig biri Hig biri

F) Cevabini bilmiyorum

217.

Ayni yastaki uc¢ arkadas- Ahmet

tan ikisi sekilde belirtilen v N 04c
hizlarla ayni anda uzay "_l/ > 2
yolculuguna ¢tkip bir ismail

sure sonra ayni anda "_f\_;..}.p 08¢
Dunya’ya dénuyor. L

Dunya'daki goz-
lemcilere gore,
bu arkadaslarin
en gengten en
yashya siralani-
si nasil olur? '

0
P

A) ismail, Ahmet, Ali B) Ali, Ahmet, ismail

C) Hepsinin esit olur D) ismail, Ali, Ahmet

E) Ahmet, ismail, Ali

f) Cevabini bilmiyorum

28. Bir cismin kiitlesi ile ilgili olarak;

I. g enerjisi degisirse
Olclilemeyecek kadar bile olsa
kiitlesi de degisir

Il. Sabit gozlemciye gore farkli hizda
hareket etmeye baslarsa kiitlesi de
degisir

I1l. Sabit gézlemciye gore farkli hizda
hareket etmeye baslarsa

yogunlugu da degisir

yargilarindan hangileri dogrudur?



b) Yalmz1 b) Yalmz III c¢)1velll
d) Hvelll e) I, 1Hvelll

f) Cevabini bilmiyorum

29. Michelson-Morley deneyi;

I.  Deneyin hatali olduguna karar
verilmesi

Il. Esir kavramina gerek olmadigina
karar verilmesi

I11. Isik hizinin eylemsiz referans

siteminden bagimsiz oldugunun
anlasilmasi

hangileri ile sonuclanmigtir?

a) Yalmizl b) Yalniz I
c)Yalmiz III d) Ivell e) Ilvelll

f) Cevabin bilmiyorum

30. Ali, iki y1ldiz arasinda 151k hizina
yakin sabit bir hiz ile seyahate
cikiyor. Diinyadaki Omer ise
Ali’nin yolculugunu gézlemliyor.

W g pAe

Omer

—

Diinya

Omer ve Ali’ye gore iki yildiz
arasindaki uzaklik ve seyahat siiresi ile
ilgili;

I.  Uzaklik Ali’ye gore daha kisadir
1. Siire Omer’e gore daha fazladir
Il. Uzaklik ikisine gore esittir, siire

Ali’ye gore daha kisadir.
yargilarindan hangileri dogrudur?
a) YalmzI b) YalmzII
¢) Yalmz III d) Ivell e) Ilvelll

f) Cevabini bilmiyorum

F. ACIK UCLU SORULAR

» 31 ve 32. sorularin cevaplarimi optik formun arkasina yaziniz.

31. Modern fizigin dogusunu katkida bulunan gelismeleri yaziniz

32. Modern fizigin dogusuna katkida bulunan gelismeleri birer climle ile

aciklayiniz
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APPENDIX L

EXPERT OPINION FORM FOR THE FIRTS AND SECOND VERSIONS OF

THE MPUAT-S

MPUAT-S’NIN BIRINCI VE iKINCI SURUMLERI iCIN UZMAN GORUSU

FORMU

Sayin Uzman,

Bu test 10. smif dgrencilerinin modern fizik iinitesindeki basarilarin1 6lgmek icin
gelistirilmistir. Testte simdilik 37 soru goriinmektedir. Uzman goriisii ve pilot
uygulamadan sonra soru sayist 32’ye diisiiriilecektir. Liitfen bu test ile ilgili
asagidaki ifadeleri okuyup bununla ilgili diisiincelerinizi en iyi agiklayan segenegi
isaretleyiniz. Eklemek istediginiz Onerilerinizi ifadelerin yaninda yer alan bosluga

yazabilirsiniz.
Ilginize tesekkiir ederim.

iFADELER

|—\A>

ONERILER
iNiz

1. | Testin yonergeleri sizce agik ve takip
edilebilir mi?

2. | Testteki sorular hedef 6grencilerin
biligsel seviyelerine uygun mu?

3. | 32 soru sizce bu iinite i¢in yeterli
midir?

4. | 32 soruluk testin tamamlanmasi i¢in
ayrilan siire sizce uygun mu?

5. | Testin dili hedef 6grenciler i¢in sizce
uygun mu?

6. | Testte kullanilan yaz1 boyutunun
okunabilirligi sizce uygun mu?

7. | Testin maddelerinde kullanilan sekiller
sizce anlagilabilir mi?

8. | Test maddeleri (soru kokii veya
celdiriciler) dogru cevap ya da diger
maddeler i¢in ipucu igeriyor mu?
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Modern fizik tinitesinin ilk dort
kazanimi haftada 2 saat fizik dersi alan
ogrencilere 8 saatte anlatilmaktadir.
Yukaridaki Belirtke Tablosunda her
kazanim i¢in ayrilan soru sayisi sizce
uygun mu?

11.

Kazanima uygun olmayan soru/sorular
varsa, numarasini yandaki bosluga
yazabilir misiniz?

12.

Bloom taksonominin bilissel siire¢
boyutlarindan uygun olmayan
soru/sorular varsa, numarasini yandaki
bosluga yazabilir misiniz?

13.

Icerik bakimindan hatali oldugunu
diisiindiigiiniiz sorular var m1? Varsa
gerekli agiklamalart soru lizerinde
gosterebilir misiniz?

14.

Sorularin dogru cevabi olan sikki soru
izerinde kirmizi font yaparak
gosterebilir misiniz?
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APPENDIX M

TENTH GRADE MODERN PHYSICS ACHIEVEMENT TEST-TEACHER

ONUNCU SINIF MODERN FiZiK BASARI TESTi-OGRETMEN

A. Sadece 6gretim programinda verilenleri g6z 6niinde bulundurarak modern
fizigin dogusuna katkida bulunan gelismeleri siralayiniz.

B. Bu gelismelerin bazilarinda ortak olan bir 6zellik var midir? Varsa bu 6zelligi
kisaca acgiklayiniz.

A. Isik hizinin eylemsiz referans sisteminden bagimsiz oldugunun ileri
stiriilmesine neden olan arastirmalar hangileridir?

B. Bu arastirmalardaki hangi durum 151k hizinin eylemsiz referans sisteminden

bagimsiz oldugunun ileri siiriilmesine neden olmustur?

Ozel goreliligin kabullerinden biri ‘*’Fizik yasalari tiim eylemsiz referans

sistemlerinde aynidir” seklindedir. Bu kabulii 6rneklerle agiklar misiniz?

Isik hizina yakin hizla hareket eden Ali’nin elinde bir 1m uzunlugunda bir cubuk
vardir. Yerde duran Omer ise elindeki silgisini yere 0,3 saniyede diisiirdiigiinii
hesapliyor.

A. Omer, Ali’nin elindeki ¢ubugun uzunlugunu 0,8 m olarak hesapliyor. Sizce
kim ¢ubugun uzunlugu dogru hesapliyor?

B. Ali silginin diisme siiresini 0,24 saniye olarak 6l¢iliyor. Sizce kim silginin

diisme stiresini dogru hesapliyor?
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APPENDIX N

TREATMENT FIDELITY EXPERT VIEW FORM

KURS YETERLILiGI UZMAN GORUSU FORMU

Agciklama: Bu form, tez calismam i¢in diizenledigim kursun yeterliligini (treatment
fidelity) sorgulamak i¢in diizenlenmistir. Diger bir degisle bu form, diizenlenen
profesyonel gelisim (PG) kursunu gelistirmek i¢in alan yazinindan segilen kriterlerin
yeterli olup olmadigini ve bu kriterlerin kursun igerisine sistematik olarak entegre
edilip edilmedigini sorgulamaktadir.

Alan yazini, (a) kolay yiiriitiilebilir, (b) toplu katilimin oldugu, (c) aktif 6grenmenin
oldugu, (d) konu bilgisini artirici, (e) igerigi uyumlu, (f) yogun (alan yazina gore
toplamda 14 saattin altindaki kurslar etkisizdir) , (g) stirekli, (h) uzun siireli ve (1) is basinda
olan PG programlarini etkili gostermektedir. (Loucks-Horsley,1995; Darling-
Hammond,1996; Hawley & Valli, 1998; Birman, Desimone, & Porter, 2000; Joyce
& Showers, 2002; Guskey, 2003; Corcoran, 2007; Yoon et al., 2007; Desimone,
2008; Wei et al., 2009; Tanriverdi & Giinel, 2012).

Bunlarin yaninda bu ¢alisma, (a) isbirligine uygun ve (b) edinilen bilgileri hemen
kullanabilmeyi de etkili PG kurslarinin 6zelliklerine dahil etmistir. Dahasi, uzman
gortsleri alindiktan sonra (a) uygulama odakli ve (b) ihtiyag analizi merkezli olmay1
da etkili PG kurslarinin 6zelliklerine dahil etmistir.

Soru Al: Sizin eklemek istediginiz baska etkili PG kurs 6zellikleri var m1? Varsa bu
ozellikleri aciklar misiniz?
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Soru A2: Yukanda ‘aciklama’ kisminda alan vazin tarafindan etkili olduklari

Soru Bl: Asagidaki tablonun birinci siitununda alan yazinindan derlenen etkili PG
kurs 6zellikleri, ikinci siitunda bu kursun ilgili etkili PG 6zelligi ile ilgili yapist ve
sonraki siitunlarda ise bu ¢alismanin kKurs yapisinin etkili PG kurs 6zelliklerini ne
kadar icerdigini kodlayabileceginiz ii¢ secenek verilmistir. Her 6zelligin karsisindaki
lic secenekten birine “*X’’ isareti koyunuz.

Etkili PG kurs | Bu kursun ilgili yapis1

ozellikleri se| T =
EZ| 52| 2
< @ =
e E|EE _E
S 3| 23| 2
2 e B3

Kolay a. Kursa katilan 6gretmenler Ankara’nin

ylriitiilebilir Yenimahalle ve Mamak il¢elerindeki

okullarda gérev yapmakta olan farkl

(Delivered in tecriibelere sahip, 10. siniflara derse

conductive giren 6gretmenlerdir.

settings) b. Kurs, Yenimahalle’deki teknolojik

imkanlara (akili tahta vb.) sahip 6zel bir
okulun laboratuvarinda
gergeklestirilecektir.

c. Kursa yaklasik 10 6gretmen katilacaktir

d. Kurs Cuma aksamlari saat 18:00 ile
21:00 arasinda yapilacaktir.

e. Kaurs birlikte yemek yemek ile
baslayacak sonra laboratuvarda ders ile
devam edecektir.

f. Arastirmaci kursun her adimini
planlayan, gozlemci ve kendisine soru
soruldugunda cevap veren roliindedir.

g. Kurs, yemek dahil haftada {i¢ saat
olarak planlanmustir.

h. Kursa katilan 6gretmenler adaptasyon
stireci dahil toplam 21 saatlik bir egitim
alacaklardir. Bu egitim sadece, 6gretim
programina gore 8 (haftada 2 saat fizik
dersi olanlar) ya da 12 (haftada 3 saat
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fizik dersi olanlar) saatte anlatilan 10.
sinif modern fizik iinitesini
kapsayacaktir.

Kursun baglama saati, yeri vb.
Ozellikler, yapilan ihtiyag¢ analizi anketi
ve 0gretmenlerle yapilan yiiz ytlize
goriismelerle belirlenmistir.
Ogretmenler kursa ozel araglari ile
ikiser ve tiger gruplar halinde gelip
gideceklerdir. (Ogretmenlerin kursa gelip
gitme yol ticretleri 6denmek istenmis fakat
ogretmeler kabul etmemistir).

Kursta ele alinan 10. sinif modern fizik
tinitesine, birincisi tinitenin 6gretim
programina yeni dahil olmasi nedeniyle
Ogretmenlerin ihtiyaglarinin olabilecegi
diisiincesi, ikincisi kursa katilan
Ogretmenlerin belirlenmesi asamasinda
yapilan goriismeler ve ligiinciisi
yapilan ihtiyag analizi anketi
sonuclarina gore karar verilmistir.

Toplu katilim
(Collective
participation)

. Kursa katilan 6gretmenlerin hepsi fizik

Ogretmeni olacaktir.

. Kursa, hepsi 10.ncu smiflara derse giren

ve siiflarinda 10. sinif modern fizik
iinitesini anlatan 0gretmenler olacaktir.

Aktif 6grenme
(Active
learning)

Kurs esnasinda 6gretmenler konunun
onemli yerlerini tartisacak, sorular
soracak, konu ile ilgili sorular1 ¢ozecek,
diisiince deneylerini ve
animasyon/simiilasyonlari tartisarak
yorumlayacaklar.

Konu bilgisine
odaklanmis
(Focused on the
content of the

. Her hafta bir 6gretmen Kurstan dnce

konuya hazirlanacak ve konuyu sinifta
anlatacak sonra tartismaya acacaktir.

. Kursta yapilacak aktivitelerin tamami

subject that ogretmenlerin konu bilgilerini artirmaya
teachers teach) yonelik olacaktir.

Uyum . Kursta sadece 10.sin1f modern fizik
(Coherence) iinitesi islenecek.

. Kursta planlanan biitiin aktiviteler bu
iiniteye yonelik olacaktir.

. Ogretmenlerin konu dis1 tartismalar1 ve
planlanan ¢aligmalarin disina ¢ikmalari
arastirmaci tarafindan engellenecektir.

Yogun . Alt1 saatlik adaptasyon kursunu ve her
(Intensive) toplantinin bir saatini (yemek ve vb.

durumlarla gegirilen siire) ¢cikarttigimizda,
haftada 2 saat fizik dersi olan
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ogretmenler siniflarinda anlatacaklar
her bir saat ders i¢in 1.5, haftada 3 saat
fizik dersi olan 6gretmenler her bir saat
ders i¢in 1 saat kurs alacaklardir (Bu
degerler hesaplanirken okullarda haftalik ders
saatinin 40 dakika oldugu g6z 6niine alinmis ve
ogretmenlerin bu 40 dakikanin tamaminda ders

anlattiklari varsayilmustir).

Stirekli
(Sustained)

. Kurs, ikisi adaptasyon olmak tizere

toplam yedi hafta siirecektir.
Adaptasyon kursu pes pese 2 hafta ve
asil kurs pes pese 5 hafta siirecektir. (Bu
kursun etkinligi simdilik modern fizik tinitesi
iizerinden arastirilmaktadir. Y1l boyu diger iiniteler

icin de ayn1 kursun diizenlenmesi bu ¢alismamin
sonunda dneri olarak verilecektir).

Uzun siireli
(Long duration)

. Bu kurs toplam 7 hafta siirecektir.

Is basinda (Job- Bu kurs, 6gretmenlere is basinda bir
embedded) ogretim olanagr sunamamaktadir.
Edinilen . Kurs, 6gretmenlerin 10. sinif modern
bilgileri hemen fizik linitesini anlatmaya baslayacaklari
kullanabilme doéneme denk getirilecek ve 6gretmenler
(Just-in time her hafta kursta ele aldiklar1 kazanimi
teaching) bir sonraki hafta siniflarinda
anlatacaklardir.
Isbirligi . Ogretmenler kurs esnasinda anlasilmasi

(Collaboration)

zor kavramlari birlikte ele alacaklar ve
¢Ozemedikleri sorular1 birlikte
gézecekler.

. Ogretmenler mail ve telefon paylasimi

yapacak, hafta i¢i ihtiya¢ duyduklari
anda birbirleri ile anlik iletisim kurarak
igbirliklerine devam edecekler.

. Yemek esnasinda, kurs esnasinda veya

kurstan hemen sonra 6gretmenlerin
dokiiman paylasimi yapmalar1 ve birebir
gorlismeleri saglanacaktir.

. Kurs esnasinda 6gretmenlerin gruplar

halinde soru veya sorunlari belirleyip
cozmeleri saglanacaktir.

. Kurstan 6nce dersi anlatan 6gretmen

kendi partneri ile igbirligi yaparak dersi
hazirlayacaktir.

Kurs esnasinda kurulan yakin iliskilerle
ve paylasilan iletisim bilgileri ile
ogretmenlerin kurs sonunda da diger
tinitelerde isbirliklerine devam etmeleri
saglanacaktir.
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Uygulama g. Ogretmenler kursta kendilerine sorulan

odakl1 sorular1 cevaplamaya calisacaklar.

h. Cevabini bilmedikleri sorulari,
aciklayamadiklar1 kavramlari
gerektiginde kitaplardan veya internet
ortaminda aragtiracaklar.

Ihtiyac analizi a. Kurstan once ihtiyag¢ analizi ¢alismasi

merkezli yapilacaktir.

b. Ihtiyac analizi calismasi ile kursa
katilmaya istekli 6gretmenler
belirlenecek ve bu 6gretmenler ile ilgili
cesitli demografik bilgiler toplanacaktir.

c. Ihtiyag analizi ¢alismasi ile kursta
Ogretilecek tiniteye (10.sin1f modern
fizik tinitesi) 6gretmenlerin ne derecede
ihtiya¢ duyduklari, kurs esnasinda bu
iinite ile ilgili yapilacak aktivitelere vb.
karar verilecektir.

Soru B2: “‘Hig icermiyor’’ ya da ‘‘kismen i¢ermektedir’” olarak isaretlediginiz etkili
PG ozelliklerin bu kursa nasil (miimkiinse) daha iyi entegre edilebilecegini liitfen

Soru B3: Soru A’ya cevap olarak yazdiginiz etkili PG kurs 6zellikleri bu kursa
uyarlanabilir mi? Cevabiniz evet ise nasil uyarlanabilecegini liitfen yaziniz.
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APPENDIX O

TREATMENT OBSERVATION CHECKLIST

KURSU GOZLEM KONTROL LISTESI

Gozlem No: Gozlemci:
Tarih:

Kurs baglama saati: Kurs bitis saati:

Sayin gozlemci,

Bu form, su an gozlemlediginiz kursun etkili profesyonel gelisim
kurslarinin 6zelliklerini ne derecede tagidigini sorgulamaktadir.
Liitfen her maddenin karsisindaki bir secenege ““X’’ isareti
koyunuz. Bazi maddelerde siklik veya siire sorulduguna dikkat
ediniz.

Evet

Kismen

Hayir

Gozlemlenmedi

Yiiriitiilebilirlik (Delivered in conducive settings)

Kurs ortami diizenli ve ¢calismaya elverigli mi?

Kurs planlandigi gibi yiiriitiilityor mu?

Kurs zamaninda basliyor mu?

Kurs zamani1 §gretmenlerin toplanmasina uygun mu?

OB WN|F-

Kurs yerine ulasim kolay mi1?

Toplu katilim (Collective participation)

Ogretmenlerin hepsi fizik gretmeni mi?

Ogretmenlerin hepsi 10. siniflara derse giriyor mu?

Ogretmenler ayn1 okuldan m1?

O |N| O

Ogretmenlerin hepsi ayn1 ilgeden mi?

AKtif 6grenme (Active learning)

10 | Ogretmenler, kursta fiziksel olarak siirekli aktif mi?

11 | Ogretmenler, anlatan kisiye soru soruyorlar mi1?

12 | Kursta konu ve kavramlar tizerine aktif tartismalar yapiliyor
mu?

13 | Ogretmenler kurstan etkin bir sekilde faydalanmak igin
caba/gayret gosteriyorlar m1?
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14

Ogretmenler not aliyorlar mi1?

15 | Ogretmenler dersi dinliyorlar m1?

16 | Ogretmenler grenme konusunda istekli mi?
Konu alan bilgisi odakh (Focused on the content of the subject that teachers
teach)

17 | Ogretmenler birbirlerine fizik konularini anlatiyorlar mi?

18 | Yapilan aktiviteler konu alan bilgisi odakli m1?

19 | Konunun 6nemli yerlerini tartigiliyorlar mi?

20

Konuya ait, diisiince deneyleri yapiliyor ve
animasyon/simiilasyon gosteriliyor mu?

21 | Konuya ait drnek sorular ¢oziiyorlar mi1?
22 | Konunun igerdigi ana fikirlere vurgu yapiliyor mu?
23 | Kavramsal boyutu 6n plana ¢ikaran tartismalar oluyor mu?

24

Yapilan aktiviteler konunun igerdigi kavramlara yonelik mi?

25

Yapilan aktiviteler konunun igerdigi kavramlar1 pekistirme
islevini goriiyor mu?

Uyum (Coherence)

26

Kursta 10. sinif modern fizik iinitesi mi igleniyor?

27

Kursta yapilanlar 10. sinif modern fizik iinitesi etrafinda
birlesiyor mu?

28

Kursta yapilanlar 10.sinif 6grencilerinin seviyesine uygun
mu?

29

Kursta yapilanlar 10. sinif 6gretim programina uygun mu?

30

Yapilan calismalar 6gretmenlerin bilgilerini artirmaya
yonelik mi?

Yogun (Intensive)

31 | Kurs alan yazinin belirttigi yogunlukta m1? ‘ | |
32 | Kursta islenen kazanim i¢in harcanan siire ne kadardir? | ....... dakika
33 | Kursta harcanan toplam siire ne kadardue? | ... dakika
34 | Kursta profesyonel gelisim (yemek, siyasi konular vb.) | ....... dakika
disinda harcanan siire ne kadardir?
Siireklilik (Sustained)
35 | Kurs her hafta devam ediyor mu? || ]
Uzun siireli (Long duration)
36 | Kurs alan yazinin 6ngdrdiigii minimum uzunluktan fazla m1? ]
37 | Adaptasyon kursu toplam kag hafta siirmiistir? | ... hafta
38 | Asil kurs toplam kag hafta sirmtistar | ... hafta

Edinilen bilgileri hemen kullanma (Just in time teaching)

39

Ogretmenler, islenen konuyu kurstan sonraki hafta
siniflarinda anlatiyorlar mi?

41

Isbirligi

42

Kursta 6gretmenler birlikte ¢aligmalar yapiyorlar mi1?
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43 | Ogretmenler bilmedikleri/anlamadiklar1 konular1 digerlerine | ......... kisi
soruyorlarm? L kisi

a. Kag 6gretmen anlamadigi yeri sordu? | ... defa
b. Kag¢ 6gretmen bilmedigi yeri sordu?
c. Kursta ka¢ defa soru soruldu?
Bu maddeler kurstan sonra videolar seyredilerek
doldurulacaktir

44 | Ogretmenler ders materyali alis verisi yapiyorlar mi1? \ \ \
a. Kag 0gretmen ders materyali alis verisi yapt1? | ...... kisi
b. Kag farkli materyal paylasilds? | ... materyal
c. Kag defa materyal alig verigi yapildt? | ... defa

Bu maddeler kurs sonunda 6gretmenlere sorularak
doldurulacaktir.

45

Ogretmenler sorular birlikte ¢oziiyorlar mi1?

46

Ogretmenler iletisim bilgilerini paylasiyorlar mi1?

47

Derse hazirlanan 6gretmen ortagi ile igbirligi yapmis m1?

48

Ogretmenler gegmis deneyimlerinden s6z ederek érnekler
sunuyorlar mi?

Uygulama odak

49

Ogretmenlere ¢ozmeleri i¢in soru soruluyor mu?

50

Ogretmenler ihtiya¢ duyduklarinda kitap ve internet
kullantyorlar m1?

Ihtiyac analizi merkezli

51

Kurstan 6nce ihtiyag¢ analizi yapilmis m1?

52

Kursta yapilanlar ihtiya¢ analizi sonuglar ile uyumlu mu?

Dersi anlatan

53 | Konuya 6nceden hazirlanmisg mi1?

54 | Konuyu 6nceden ortagi ile ¢aligmis mi1?

55 | Dersi coskulu anlatiyor mu?

56 | Egitim 6gretim stratejilerini kullaniyor mu?

57

Konuyu animasyon, grafik, tablo, video vb. ile destekliyor
mu?

58

Gelen sorulara ikna edici cevaplar verebiliyor mu?

Ogretmen bilgisi

59

Pedagojik alan bilgisine yonelik ¢aligmalar oluyor mu?

60

Pedagojik bilgiye yonelik caligmalar oluyor mu?

61

Ogretim programina yonelik ¢aligmalar oluyor mu?

62

Konu alan bilgisine yonelik ¢aligmalar oluyor mu?

Kursta baska gozlemleriniz varsa liitfen yazimz:
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APPENDIX P

CLASSROOM OBSERVATION FRO

M-INITIAL VERSION

SINIF GOZLEM FORMU-IiLK SURUM

Bu form ‘‘Ogretmenin Ogretmene Ogretmesi’’ profesyonel gelisim kursuna Kkatilan
Ogretmenlerin, kursta edindikleri kazanimlarm - ___________________________,

siniflarina  yansimasini  gozlemlemek amaciyla i
diizenlenmistir. Formdaki alt boyutlar Shulman’in
(1987) ogretmen bilgisi boyutlarindan pedagojik i
alan bilgisi (kavramlar ve kavram yanilgilari, |
Ogretim stratejisi, Ogrenci bilgisi), pedagojik i
bilgisi (ders organizasyonu, dersin sunumu, smnifla !
etkilesim, sinif ortami), konu bilgisi ve oégretim .
programu bilgisini kapsamaktadir. i

Liitfen degerlendirmenizi s0yle yapiniz;
4=lyi: Davranis eksiksiz gdzlemlendi
3-2-1=0Orta: Davranis eksik gézlemlendi
0=Zay1f: Davranis sergilenmeli idi fakat
gbzlemlenmedi

Bos= Davranig gézlemlenmedi

Smuftaki 6grenci sayisti:
Ogretmen:
Gozlemci:

Tarih:

Kazanim:

Iyi | Orta | Zayif

Bos

=

ders anlatildi

Ogrencilerin 6grenme farkliliklar1 goz niine alinarak

Dersin girisinde yapilacaklardan bahsedildi

Kavram yanilgilarini ortaya g¢ikartacak sorular soruldu

Ogrenci sorularina anlagilir cevaplar verildi

Kavram yanilgilar1 agiklandi

Konunun ana kavramlar: anlatildi

Konu ve kavramlar uygun sira ile islendi

Konu giinliik yasam ile iligkilendirildi

(Coziilen sorular kazanimlara uygundu

Derste, verilecek kazanimlardan bahsedildi

RPRPROONO|OBRWIN

[l ]

(tanmim, formiil, grafik etc.) ile yeniden anlatildi

Ogrenciler konuyu anlamadiginda aymi sey farkli bir yol

Konun anlagilmasi igin farkli stratejiler kullanildi

==
w(N

Zor kavramlar benzetme, sekil, grafik,

animasyon/simiilasyon, diisiince deneyleri ile anlatildi

14 | Konunun anlasilip anlagilmadigi sorularla kontrol edildi

15 | Sorulan sorularin cevabi 6grencilere bulduruldu
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16

Ogrencilerin seviyesine uygun tartigmalar yapildi

17

Sinifin seviyesine uygun bilimsel dil kullanildi

18

Ogrencilerin konuyu anlamadiginin farkina varildi

19

Ogrencilerin anlamakta zorlandiklar1 yerler belirlendi

20 | Ogrencilerin 6nbilgileri yokland:

21 | Ogrencilerin anlayabilecegi sorular soruldu
22 | Dersin amaci1 agikca belirtildi

23 | Ders gelecekteki derslere baglandi

24 | Zaman verimli kullanildi
25 | Kavramlar acikga anlatildi
26 | Bilinmeyen kavramlar bilinenler iizerinden anlatildi

27

Siifta bir daginiklik vardi

28

Ders esprili anlatildi

29

Dersin 6nemli yerleri 6zetlendi

30

Konunun anlasilip anlagilmadigi kontrol edildi

31 | Konunun énemli yerleri vurgulandi

32 | Konunun zor kisimlari iizerinde duruldu
33 | Ders ozetlenerek bitirildi

34 | Ders coskulu bir sekilde anlatildi

35

Kazammlar yanhs verildi

36

Ogrencilere diisiinmeleri i¢in zaman tanindi

37

Ogrenciler soru sormaya tesvik edildi

38

Ogrencilerin sorular1 ve fikirleri dinlendi

39

Ogrenciler tartismaya tesvik edildi

40

Ogrencilerin konuyu anlamalari i¢in gerekli olan
Onbilgiler anlatildi

41

Derste ¢oziilen sorular 6grencilerin anlamasin
kolaylagtirdi

42

Ogrencilerin dikkatleri toplandi

43

Ogrencilerin not almalarina zaman tanindi

44

Ogrenci cevaplari tam olmadiginda yardime1 olundu

45

Sorular ve cevaplar gerektiginde tekrarlandi

46

Ogrencilerle bireysel olarak ilgilenildi

47

Ogrenci motivasyonu saglandi

48 | Ders rahat tavirlar i¢inde anlatild

49 | Ders 0grencilerin katilimu ile gecti

50 | Derste cogunlukla 6gretmen konustu

51 | Konu ile ilgili temel ilke ve kavramlar dogru anlatildi
52 | Ornek sorular dogru ¢oziildii

53 | Ogrenci sorularina dogru cevaplar verildi

54 | Konu etraflica anlatildi

95

Formiiller dogru kullanildi

56

Ogrencilerin konuyu anlamadiklarini anlad:

57

Birimler dogru kullanildi

58

Bilimsel olarak dogru dil kullanildi

59

Kavramlar arasi ilisikler kuruldu

60

Ogrencilerden sdylediklerini destekleyen veriler
bulmalari istendi

61

Soyledigi ifadelerin, sekillerin ve grafiklerin anlamini
dogru agikladi

62

Kazanimlarin digina ¢ikildi

63

Derse dikkat ¢ekici girig yapildi
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64 | Kazanimlar eksik verildi

65 | Dersin Onceki dersler ile iligkisine deginildi

66 | Ders uygun hizda anlatildi

67 | Verilen ddevler kazanimlara uygundu

68 | Ogrencilerin bireysel farkliliklar1 dikkate alindi

69 | Kavram yanilgilari uygun stratejiler kullanilarak
giderilmeye ¢alisildi

70 | Fizik-Teknoloji-Toplum-Cevre kazanimlari islendi

71 | Bilisim ve Iletisim Becerileri kazanimlar1 islendi

72 | Tutum ve Degerler kazanimlari islendi

73 | Ders yagam temelli yaklagimla anlatild

Varsa eklemek istediginiz diger goriislerinizi yaziniz:
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APPENDIX R

CLASSROOM OBSERVATION FROM-FINAL VERSION

SINIF GOZLEM FORMU-SON SURUM

Bu form, ‘‘Ogretmenin Ogretmene Ogretmesi’’ profesyonel gelisim kursuna
katilan 6gretmenlerin siniflarinda kursa e e

katilmadan 6nce ve kurs sonunda yapilacak Gozlem No:
gozlemler i¢in hazirlanmistir.

Formdaki alt boyutlar Shulman’in (1987) Okul Adr:
tanimladig1 “6gretmen bilgisi”’nin, alan bilgisi,
pedagojik alan bilgisi (kavram yanilgilari, Smif-Sube:

Ogretim stratejisi, 6gretim programi) ve
pedagojik bilgisi (ders organizasyonu, dersin
sunumu, sinifla etkilesim) boyutlarini

i Siftaki 6grenci sayist:
kapsamaktadir. E

Ogretmenlerin her bir boyutta sergiledigi Gézlemei Adi:
davraniglar gézlemci tarafindan ilgili tablolara
yazilacaktir. Gozlemci gozlemledigi her davranist ' Tgarih:

numara vererek aciklayacaktir. Alan bilgisi
boyutunda, davranig numarasinin bag tarafindaki
bosluga ‘‘Nerede’’ slitununda verilen,
(davranisin sergilendigi yerin) harfini yazacaktir.

Gozlemlerin tablolara nasil not edilecegini
daha iyi gorebilmek i¢in, 6rnek olarak, alan
bilgisi ile ilgili gozlemlenen iki davranisin yazimi, alan bilgisi tablosunda
gosterilmistir.

Kazanim(lar)in numarast:

Ogretmen Ad: |
Ders saati:

Tablolar su alt boyutlardan olugsmaktadir:
Tablo 1: Ogretmenlerin alan bilgilerindeki a-hatalar1 ve b-eksikleri igermektedir.

Tablo 2: Ogretmenlerin kavram yanilgilari, dgretim stratejileri ve dgretim
programi bilgisi alt boyutlarinda sergiledikleri davranislarini icermektedir.

Tablo 3: Ogretmenlerin dersin organizasyonu, dersin sunumu ve sinifla etkilesim
alt boyutlarinda sergiledikleri davraniglarini icermektedir.
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TABLO 1: ALAN BIiLGIiSI

a. Hata Nerede
1. ...c... Optigin modern fizigin bir alt alan1 oldugunu s6yledi. a. Tanim
b. Birim
C. Agciklama
2. ...a...Zaman genislemesi formiiliinde At,’1 olaya gore hareketli d. Ogrenci
olan kiginin 6l¢tligli zaman olarak tanimladi. sorusu
e. Ginlik
yasam
3. f. Kazanim
0. Formiil
h. iliski
i. Yorum
4, j. Ornek soru
¢Ozimil
k. Benzetme
I .
b. Eksik m. .
1.
2.
3.
4.
TABLO 2: PEDAGOJIK ALAN BILGISI
a. Kavram yanilgilar1 boyutunda sergilenen davranislar
1.
2.
3.
b. Ogretim stratejileri boyutunda sergilenen davramslar
1.
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o

Ogretim programu bilgisi boyutunda sergilenen davranislar

TABLO 3: PEDAGOJIK BIiLGIiSi

Ders organizasyonu boyutunda sergilenen davranislar

Dersin sunumu boyutunda sergilenen davranislar
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c. Smifla etkilesim boyutunda sergilenen davraniglar

Yukaridaki boyutlarda 6gretmenlerin performanslarini olumlu veya olumsuz etkileyen
faktorleri etkileri ile birlikte aciklayiniz:
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APPENDIX S

COURSE EVALUATION EXPERT VIEW FORM

KURS DEGERLENDIRME UZMAN GORUSU FORMU

A. Bu form, yedi hafta siirecek olan ‘‘OGgretmenin Ogretmene Ogretmesi’’

profesyonel gelisim kursuna katilacak oOgretmenlerin kurstaki kazanimlarini
sorgulamaktadir.  Kursta, katilimci Ogretmenler ziimre yapacaktir. Ziimre
faaliyetleri ¢ercevesinde 0gretmenler sirasiyla birbirlerine 10. sinif modern fizik
{initesinin konu ve kavramlarini anlatacaklardir. Ogretmenlerin gerekli yerlerde
isbirligi ve tecriibe paylasimi yapmalart beklenmektedir.

Ogretmenlerin (a) kursa kars1 tutumu, (b) kursun faydasi, (c) arastirmacinin etkinligi
ve (d) kursun ogretmen bilgilerine (Shulman, 1987) etkileri, kursa katilan
Ogretmenler tarafindan, bu form doldurularak arastirilacaktir.

. Kursa karsi tutum boyutunda, 6gretmenlerin yapilan kurstan memnun olup
olmadiklar1, kursu sevip sevmedikleri arastirilmaktadir.

. Kursun faydasi boyutunda, 6gretmenlerin kurstan yararlanip yaralanmadiklari,
paylasim yapip yapmadiklar1 ve 6zellikle kurstan sonra modern fizik {initesini
siiflarinda rahat anlatip anlatmadiklar1 arastirilmaktadir.

. Aragtirmacit boyutunda, kursu diizenleyen ve yiriiten arastirmacinin kurs
esnasindaki etkinligi ve giivenirligi arastirilmaktadir.

. Yapilan kursun 6gretmenlerin bilgilerine Shulman’in (1987) etkileri ii¢ alt boyutta
aragtirilmaktadir. Tablo 1°de kisaca agiklanan bu boyutlar pedagojik alan bilgisi,
pedagojik bilgi ve konu alan bilgisi boyutlarin1 kapsamaktadir.

Tablo 1: Ogretmen bilgisi (Shulman,1987)

Ogretmen
bilgisi boyutu

Aciklama

Konu alan
bilgisi (subject
matter
knowledge-
SMK)

Konu alan bilgisi, 6gretmenin konuyu ne kadar bildigini ve
konunun  6gretmende ne  diizeyde organize oldugunu
gostermektedir. Konu bilgisi, bir alandaki sadece kabul edilen
dogrularin  6grenciye aktarilmas1 degildir. Ogretmenler, bir
konunun neden gerekli oldugunu, neden Ogrenmeye deger
oldugunu ve konunun diger konulara nasil bagh oldugunu teori ve
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pratik anlamda aciklayabilmeliler (Shulman, 1986).

bir
Konuyu kavramlari,

Konu alan  bilgisi, konunun
aciklayabilmektir. sekilleri,
formiilleri, ilkeleri ve teorileri ile bilip agiklayabilmedir.

herhangi icerigini

grafikleri,

Pedagojik alan

Alan bilgilerinin pedagojik kuramlar, teoriler ve prensipler

bilgisi 1s18inda  yeniden organize edilerek Ogrencilerin anlayabilecegi
(pedagogical | formata dokiilmesi siirecinde bir Ggretmenin ihtiyag duyacagi
content biitlin bilgiler pedagojik alan bilgisi kapsaminda degerlendirilebilir
knowledge- (Shulman, 1986).
PCK)
Pedagojik alan bilgisi, icerik ve pedagojinin birlesimi olan bilgidir.
Bir konunun nasil Ogretilecegini, konunun bilinen/bilindik
yonlerini bilmedir.
Pedagojik Genel pedagojik bilgi; 6grenme kuramlar1 ve genel dgretim ilkeler
bilgi bilgisi, egitimin ¢esitli felsefelerini anlama, 6grenenler hakkinda
(pedagogical genel bilgi ve smif yonetimi ilke ve prensiplerini bilmeyi igerir
knowledge- (Grossman & Richert,1988).
PK)

Pedagojik bilgi, konudan bagimsiz,
prensiplerini bilmedir.

genel egitim Ogretim

B. Asagida verilen tablolar1 kurs degerlendirme formundaki maddelere gore
doldurunuz

Tablo 2: Anlasilmadigim1 diisiindiiglinliz maddeler varsa bunlar1 numaralarim
yazarak belirtiniz. Varsa nasil daha anlagilir hale getirilebilecekleri ile ilgili

goriislerinizi tabloya ekleyiniz.

Tablo 3: Cikmasim1 Onerdiginiz maddeleri, numaralarin1 yazarak ve c¢ikartma
sebebini belirterek tabloya ekleyiniz.

Tablo 4: Eklenmesini Onerdiginiz maddeleri, boyutunu da belirterek tabloya
ekleyiniz.

Tablo 5: Boyutu uygun olmayan maddelerin, hangi boyutta olmasi gerektigini
tabloya ekleyiniz.
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Tablo 2: Anlagilmayan maddeler

Madde

no | Onerileriniz

Tablo 3: Cikmasi 6nerilen maddeler

Madde

no | Sebep

Tablo 4: Eklenmesi Onerilen maddeler

Boyut

Eklenecek madde

Tablo 5: Boyutu uygun olmayan maddeler

Madde Gitmesi gereken boyut
C. Formun basligi uygun mudur? ( )Evet ( )Hayrr
D. Giris agiklamas1 uygun ve yeterli midir? ( )Evet ( )Hayrr
E. Puanlama uygun mudur? ( )Evet ( )Hayrr
F. Sizce bu form, yapilan kursu degerlendirmek i¢in yeterli midir?

( )Evet ( )Hayrr

. Varsa diger Oneri ve goriislerinizi liitfen yaziniz:
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APPENDIX T

COURSE EVALUATION FORM-INITIAL VERSION

KURS DEGERLENDIRME FORMU-ILK SURUM

Sevgili Ogretmenim,

Bu sorular katildiginiz profesyonel gelisim kursunu sorgulamaktadir. Ictenlikle
vereceginiz cevaplar yapilan kursun etkinligini belirlemede kullanilacak ve bundan
sonra diizenlenecek kurslarin igerigini belirlemede kullanilabilecektir.

Formu doldururken maddelerin ‘Bu kurs’ veya ‘ Kursta arastirmact’ gibi sozciiklerle
basladigina dikkat ediniz.

: :
5 2
2 E
2 g , & 9
@ S @ 9] @
x 5 S B =
= z E =
‘B =R =
(<5 < I < (<5
X Vs L Y X
# A. Kaursa karsi tutum
Bu kurs;

1 ...a katilmakla dogru bir karar verdim 14a 20 30 40 504

2 ...a katilmaya ihtiyacim vardi 14a 20 30 40 504

3 ...a keske arkadasim da katilsaydi 10 240 31 40 504

4 ...u sevdim 1a 20 30 40 504

5 ...ile modern fizikiinitesine ilgim artt: 1a 20 34 40 504
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6 ...a benzer bir programa tekrar katilmak isterim 10 20 34 40 50
7 ...a katilmaktan memnun oldum 10 240 30 440 54
8 ...tan sonra okulumdaki 6gretmenlerle benzer 10 20 30 40 50
caligmalar yapayi diisiinebilirim
9 ...1le modern fizikiinitesini daha ¢ok sevdim 1Q 20 30 430 50
B. Kursun faydasi
Bu kurs;
10 | -..benim i¢in faydali oldu 10 240 30 440 54
11 | --.tan umdugumdan daha cok istifade ettim 1a 20 30 40 504
12 | ...ta ¢ok sey 6grendim 10 240 340 404 504
13 | ..-ta giizel dostluklar kurdum 19 20 340 40 54
TRE ..i!e birlikte modern fizikiinitesini coskulu bir 10 20 30 40 50
sekilde anlattim
15 | ..ile birlikte modern fizikiinitesini rahat tavirlar 1@ 20 30 40 50
i¢inde anlattim
16 | ...ile modern fizik Unitesindeki birgok eksigimi 1@ 20 30 434 50
giderdim
17 | -.-ta faydali bilgi paylasimin da bulundum 10 240 30 40 504
18 | ...ta diger dgretmenlerden faydali ders 1Q 20 30 430 50
materyalleri aldim
19 | ...ile 6grencilerimle modern fizikiinitesinidaha 1@ 20 30 4Q 50
rahat tartistim
20 | ...akatilan arkadaslar ile iletisimimi devam 10 20 30 40 50
ettirecegim
21 | ...akatilan 6gretmenlerle faydali isbirligi yaptik 10 20 30 40 50
22 | ...akatilan 6gretmenlerle faydali i boliimii 1Q 20 30 40 50
yaptik
23 | ...akatilan 6gretmenlerin ders anlatim 10 20 30 40 50
tekniklerini begendim
24 | .. .taiyi ders anlatan 6gretmenler oldugunu 1Q 20 30 40 50
gbrdiim
C. Kursta arastirmaci
Arastirmaci;
o5 | ...kurs boyunca gayretli idi 10 20 310 40 504
26 | ...kursu giizel organize etmis 10 20 310 40 504
27 | ...nin tecriibesinden yararlandim 10 20 310 40 504
28 | ...bana samimi davrandi 10 20 340 40 54
29 | ...hepimize samimi davrandi 1a 20 30 40 50
30 | ...yaglivendim 10 20 340 40 54
31 | ...nmin aragtirma sonuglarini bizimle 10 20 30 40 50
paylasacagina inaniyorum
32 | ...ile iletisimimi devam ettirecegim 10 20 310 40 54
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D. Kursun pedagojik alan bilgisine etkisi

Bu Kurs ile birlikte modern fizik iinitesi;

33 | ..nde bilinen kavram yanilgilarini 10 20 30 434 50
aciklayabildim

34 ...nde yeni materyaller (sekil, sema, grafik, 1Q 20 30 40 50
formiil vb.) kullanabildim

35 ...nin diger tniteler ile olan iligkilerine 10 20 30 434 50
deginebildim

3% | ..ndedaha 6nce yapmadigim tartismalar 1Q 20 30 40 50
yapabildim

37 ...nde yeni animasyon/simiilasyonlar 1Q 20 30 404 50
kullanabildim

3g | ...nde yeni benzetmeler kullanabildim 1 20 30 40 504

39 | ...ndenyeni soru gesitleri ¢6zebildim 1a 20 30 40 504

40 | --.nde yeni soru ¢cézme teknikleri kullanabildim 10 20 310 40 54

41 | :--ndeki konu ve kavramlart yeni bir siraya gore 13 20 30 40 50
isleyebildim

P ..nde anlasilmayan konulari farkli yontem 1Q 20 30 40 50
(sekil-grafik-gosteri vb) ile anlatabildim

43 | ...ndedaha dnce sormadigim sorulart sorabildim 14 20 30 40 50

44 | ...ndekonuyu agiklayici 6rnekler verebildim 1 20 30 40 504

T ..ndeihtiyaci olan 68renciye yardim etmek i¢in 1@ 20 30 40 50
ders isleme seklimi degistirebildim

6 | ..nde 6grencileri tartismaya yonlendirici sorular 1@ 20 30 4Q 50
sorabildim

47 | ---nde ogrencilerin dikkatini gekecek aktiviteler 10 20 330 434 50
yapabildim

48 ...ile dgrencilerin konuyu anlayip 1Q 20 30 40 50
anlamadiklarini anlayabildim

49 ...ni anlayamayan 6grencilere faydali geri 10 20 30 434 50
doniisiim yapabildim

50 | ---ndedgrencilerin konular kavramalarina 1Q 20 30 40 50
yardimc1 olabildim

51 | ...ileilgili 6gretim programi bilgim artti 10 20 310 40 504

50 | - .le ilgili 6gretim programinda eksiklerimin 10 20 30 434 50
oldugunu anladim

53 | ...ileilgili 6gretim programini sevdim 19 20 30 40 50

54 | Jle ilgili 6gretim programinin yapisim dahaiyi 1@ 20 30 40 50
anladim

55 | ...ninokutulmasinim gerekli oldugunu anladim 1a 240 310 44 54

E. Kursun genel pedagojik bilgiye etkisi

Bu Kurs ile modern fizik iinitesini anlatirken;

56 | ...derse yeterli katilim saglayabildim 10 20 340 40 54

57 | ...derste yapilacaklardan bahsedebildim 19 20 30 40 504

58 | ...demokratik bir sinif ortami saglayabildim 10 20 310 40 54
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59 | ...08renci motivasyonunu saglayabildim 10 20 310 40 54
60 | --.zamani verimli kullanabildim 1 20 30 40 504
61 | -..bireysel farkliliklar1 g6z oniine alabildim 10 20 340 40 504
62 | ...disiplinsizlige karsi uygun onlemler alabildim ~ 1Q 20 30 40 50
63 | ...0grencilerle etkili iletisim kurabildim 1a 20 30 44 54
64 | -..sozel dilimi etkili bigimde kullanabildim 1a 20 30 44 54
65 | --.beden dilimi etkili bigimde kullanabildim 1 20 30 40 504
66 | -.-tahtay: diizenli kullanabildim 1 20 30 40 504
67 | ...0grencilerle kisisel olarak ilgilenebildim 19 20 30 40 504
68 | ...gerekli yerlerde 6zetleme yapabildim 10 20 340 40 504
69 ..konunun anlagilip anlasiimadigi kontrol 10 20 30 40 50

edebildim

...0grencileri tartigmalarin i¢ine ¢ekebildim
70 1a 240 310 44 54

F. Kursun konu alan bilgisine etkisi

Bu kurs ile modern fizik iinitesin deki/ i

anlatirken;
71 ...0grenci sorularma ikna edici cevaplar 1Q 20 30 40 50

verebildim
72 | ...glinliik hayat ile iliskisini kurabildim 19 240 310 44 54
73 | ...kavramlar1 birbiri ile iliskilendirebildim 19 240 310 44 54
74 | ...bilgimin arttigini fark ettim 19 20 30 40 50
75 | ...sorular1 rahat ¢ozdiim 19 20 30 40 50
76 | -..kavram yanilgilarini 6grendim 19 20 30 40 50
77 | ...kendi kavram yanilgilarimi giderdim 10 20 310 40 54
78 | ...konular1 daha diizenli anlattim 19 240 310 44 54
79 | ...bilimsel hatalarimi diizeltim 19 240 310 44 54
80 | ...Onemli yerleri vurgulayabildim 10 20 310 40 504

Katildigimiz bu program ile ilgili baska goriisleriniz varsa liitfen yazimz:
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APPENDIX U

COURSE EVALUATION FORM-FINAL VERSION

KURS DEGERLENDIRME FORMU-ILK SURUM

Sevgili Ogretmenim,

Bu sorular katildiginiz profesyonel gelisim kursunun igerigini ve olasi etkilerini
sorgulamaktadir. Igtenlikle vereceginiz cevaplar yapilan kursun etkinligini belirlemede
kullanilacak ve bundan sonra diizenlenecek kurslarin icerigini belirlemeye yardimci
olabilecektir.

Formu doldururken maddelerin ‘Bu kurs’ veya ¢ Kursta arastirmacyr’ gibi sozciiklerle
basladigina dikkat ediniz.

S
=
5]
=
E £ g
v § 5 E E 5
= 2 2 N S
E8 E & =&
& = 5 8 = &
XY M % % MM
# A.
Bu kurs;
...a katilmakla dogru bir karar verdim. 10 24 30 40 50
...a benzer bir programa tekrar katilmak 10 20 30 40 50
isterim.
...a karst olumlu hislerim olustu. 10 24 3d 40 50
...ta farkli 6gretmenlerden ders dinlemek 10 20 30 40 50
hosuma gitti.
...1le modern fizik lnitesine ilgim daha fazla 10 20 30 40 50
artt1.
...ile modern fizik tinitesini daha zevkli 10 20 30 40 50
anlattim.
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7 ...u sevdim. 10 20 30 4Q 504
8 ...ile modern fizik {initesini daha ¢ok sevdim. 14 24 3d 40 50
9 ...tan sonra okulumdaki 6gretmenlerle 10 20 30 40 50
benzer ¢aligmalar yapmayi diisiinebilirim.
10 | ...a katilan 6gretmenlerin ders anlatim
tekniklerini begendim. a2 33m 40 50
B.
Bu kurs;
11 | ---benim i¢in faydal oldu. 14 24 3d 40 50
12 | ...tan umdugumdan daha ¢ok istifade ettim. 14 20 30 40 504
13 | ...a katilmaya ihtiyacim vard. 14 20 30 40 504
14 | ...ta ¢ok sey 6grendim. 10 24 30 40 50
15 | ---ta giizel dostluklar kurdum. 14 20 340 40 54
16 | ---a keske arkadagim da katilsaydu. 140 24 34 401 50
17 ...1ile birlikte modern fizik tinitesini coskulu 10 20 30 40 50
b1r sekilde anlatabildim.
...1le birlikte modern fizik tinitesini daha 10 20 30 40 50
18 -
rahat anlatabildim.
19 | ...ile modern fizik iinitesindeki birgok 10 20 30 40 50
eksigimi giderdim.
20 | ...ta faydali bilgi paylasimin da bulundum. 10 24 30 40 50
21 | ...tadiger 6gretmenlerden faydali ders 10 20 30 40 50
materyalleri aldim.
22 | ...ile 6grencilerimle modern fizik {initesini 10 20 30 40 50
daha rahat tartistim.
23 | ...akatilan 6gretmenler ile iletisimimi devam 10 20 30 40 50
ettirecegim.
24 | ...akatilan 6gretmenlerle isbirligi yaptik. 10 24 34 440 50
25 | ...akatilan 6gretmenlerle is boliimii yaptik. 10 24 30 40 50
26 | ...ile modern fizik iinitesinin okutulmasinin
gerekli oldugunu anladim. 1 24 30 40 50
C.
Arastirmaci;
27 | ...kurs boyunca gayretliydi. 10 24 3d 40 50
28 | ...kursu giizel organize etmis. 10 24 3d 40 50
29 | ...nm tecriibesinden yararlandim. 10 24 3d 40 50
30 | ...bana samimi davrandi. 14 24 34 440 50
31 | ...hepimize samimi davrandi. 10 24 34 440 50
32 | ...ya giivendim. 14 24 34 40 50
33 | ...nin arastirma sonuglarini bizimle 10 20 30 40 50

paylasacagina inaniyorum.
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34 | ...ile iletisimimi devam ettirecegim. 10 20 30 40 50
D.

Bu kurs ile birlikte modern fizik iinitesi;

35 ...nde bilinen kavram yanilgilarini daha iyi 10 20 30 40 50
aciklayabildim.

36 ...nde yeni materyaller (sekil, sema, grafik, 10 o0 30 40 50
formiil vb.) kullanabildim.

37 ...nin diger iiniteler ile olan iligkilerine daha 10 o0 30 40 50
fazla deginebildim.

38 ...nde daha 6nce yapmadigim tartigmalar 10 20 30 40 50
yapabildim.

39 ...nde yeni animasyon/simiilasyonlar 10 20 30 40 50
kullanabildim.

40 | ---nde yeni benzetmeler kullanabildim. 14 24 3d 40 50

41 | --.nden yeni soru gesitleri ¢6zebildim. 10 24 3d 40 50

42 ...nde yeni soru ¢ozme teknikleri 10 20 30 40 50
kullanabildim.

43 ...ndeki kavramlar1 yeni bir siraya gore 10 o0 30 40 50
isleyebildim.

44 ...nde anlasilmayan konular1 farkl teknik 10 o0 30 40 50
(sekil,-grafik,-gosteri vb) ile anlatabildim.

45 ...nde daha 6nce sormadigim sorulari 10 o0 30 40 50
sorabildim.

46 | --.nde konuyu agiklayici 6rnekler verebildim. 1Q 20 340 40 54

47 ...nde ihtiyaci olan 6grenciye yardim etmek 10 o0 30 40 50
icin ders isleme geklimi degistirebildim.

48 ...nde 6grencileri tartismaya yonlendirici 10 20 30 40 50
sorular sorabildim.

49 ...nde 6grencilerin dikkatini ¢ekecek 10 20 30 40 50
aktiviteler yapabildim.

50 ...ile dgrencilerin konuyu anlayip 10 20 30 40 50
anlamadiklarini anlayabildim.

51 ...ni anlayamayan Ogrencilere faydal geri 10 o0 30 40 50
doniis yapabildim.

59 ...nde 6grencilerin konular1 kavramalaria 10 20 30 40 50
yardimc1 olabildim.

53 ...de 0grencilerin kavram yanilgisina daha 10 o0 30 40 50
fazla sahip oldugunu 6grendim.

54 | ...ileilgili 6gretim program bilgim artt1. 10 24 34 440 50
...ile ilgili 6gretim programinda eksiklerimin

55 | oldugunu anladim. 1a 20 3u 40 50
...ile ilgili 6gretim programinin yapisini daha

56 | iyi anla%hm. : e T 14 20 34 40 50

E.

Bu kurs ile modern fizik iinitesini
anlatirken;
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57 ...0grencilerimin derse katilimim 10 20 30 40 50
arttirabildim.

58 ...derste yapilacaklardan daha ¢ok 10 20 30 40 50
bahsedebildim.

59 ...daha demokratik bir simf ortami 10 20 30 40 50
saglayabildim.

60 | - .0grenci motivasyonunu daha fazla 1Q 20 30 40 50
saglayabildim.

61 | ---zamam daha verimli kullanabildim. 14 24 34 440 50

62 ...bireysel farkliliklar1 daha fazla g6z 6niine 10 20 30 40 50
alabildim.

63 ...disiplinsizlige kars1 daha fazla uygun 10 20 30 40 50
Onlemler alabildim.

64 ...0grencilerle daha fazla etkili iletisim 10 20 30 40 50
kurabildim.

65 ...sozel dilimi daha etkili bicimde 10 20 30 404 50
kullanabildim.

66 ...beden dilimi daha etkili bigimde 10 20 30 40 50
kullanabildim.

67 | -..tahtay1 daha diizenli kullanabildim. 10 24 30 40 50

68 ...0grencilerle kisisel olarak daha fazla 10 20 30 40 50
ilgilenebildim.

69 | gerekli yerlerde daha fazla 6zetleme 10 20 30 44 50
yapabildim.

70 ...konunun anlagilip anlasilmadigini daha 10 20 30 40 50
fazla kontrol edebildim.
...0grencileri tartigmalarin i¢ine daha fazla

71 | cekebildim. a2 M 40 50

F.

Bu kurs ile modern fizik iinitesin deki;

72 | ...konular1 daha diizenli anlattim. 10 24 34 440 50

73 | ...bilimsel hatalarimi diizelttim. 10 24 34 440 50

74 | ...dislince deneylerini daha iyi kavradim. 14 20 30 4Q 54

75 | ...kavramlar1 daha derinlemesine 6grendim. 10 24 34 440 50

76 | ...bilgimin arttigimi fark ettim. 10 24 34 440 50
...kendi kavram yanilgilarimi giderdim.

77 140 24 34 401 50
Bu kurs ile modern fizik iinitesini
anlatirken;

78 ...0grenci sorularina daha ikna edici cevaplar 10 20 30 40 50
verebildim.

79 | ...sorular1 daha rahat ¢6zdiim. 1Q 20 30 40 50

80 | -..formiilleri daha iyi yorumlayabildim. 14 24 34 440 50

81 | giinliik hayat ile iligkisini daha fazla 10 20 30 40 50

kurabildim.
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82 | kaivran?larlibi.rbiri ile daha fazla 10 20 30 40 50
iliskilendirebildim.

83 | ...gorselleri daha iyi yorumlayabildim. 10 24 30 40 50

84 | ..-6nemli yerleri daha fazla vurgulayabildim. 10 24 3d 40 50

85 ...formiillerle kavramlar arasindaki iligkiyi 10 20 30 40 50

daha iyi aciklayabildim.

Katildigimiz bu program ile ilgili baska goriisleriniz varsa liitfen yazimz:
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APPENDIX V

THE TTT PD COURSE SCHEDULE

TTT PD KURS CIZELGESI
Sunucu Kazanimlar Zaman
Eylemsizligi cismin durgun, sabit hizli ve sabit ivmeli Ocak
hareketi ile iliskilendirerek a¢iklar. 1. Hafta
Arastirmact Cismin eylemsizliginin kiitlesinin bir 6l¢iisii oldugunu
orneklerle aciklar.
Etki ve tepki kuvvet ciftlerini 6rneklerle agiklar.
Arastirmaci Net kuvvet ile cismin ivmesi ve kiitlesi arasindaki Ocak
bagintiy1 kullanarak problemler ¢é6zer. 2. Hafta
Tek boyutta sabit ivmeli hareketleri 6rneklerle aciklar.
Ogretmen -1 Modern fizigin dogusuna katkida bulunan gelismeleri Nisan
aciklar. 2. Hafta
Isik hizinin eylemsiz referans sisteminden bagimsiz
oldugunun ileri siiriilmesine neden olan arastirmalari
agiklar.
Ogretmen -2 Ozel gorelilik kuraminin temel kabullerini agiklar. Nisan
3. Hafta
Ogretmen -3 Isik hizina yakin hizlardaki hareketli i¢in uzunluk Nisan
degisimlerini yorumlar. 4. Hafta
Ogretmen -4 Isik hizina yakin hizlardaki hareketli i¢in zaman Mayis
degisimlerini yorumlar. 1. Hafta
Ogretmen -5 *Is1k hizina yakin hizlar icin yeniden yorumlanmasi Mayis
gereken bazi temel kavramlar érnekler vererek 2. Hafta

aciklar.

*Haftalik iki saat fizik dersi olan 6gretmenler bu kazanimi siniflarinda anlatmadilar
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APPENDIX W

KEY WORDS USED IN THE LITERATURE REVIEW

LITERATUR TARAMASINDA KULLANILAN ANAHTAR KELIMELER

Professional development, Professional development + teachers
Professional development + physics teachers

Professional development + science teachers

Professional development + mathematics teachers

Professional development +review

Professional development+ Meta analysis

Teacher collaboration, Teacher cooperation, Staff development
Teacher +in-service training

Professional development + student achievement

Effective professional development programs

Effective professional development design

Professional development programs in Turkey, Just —in time training
Just —in time training + Professional development

Just —in time teaching + physics, Just —in time teaching + science
Learning community + teaching practice, Professional learning communities
Professional communities + student achievement

Teacher training + teacher quality + student achievement

331



332



APPENDIX X

PERMISSION LETTER
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APPENDIX'Y

A SCENE FROM TTT PD COURSE

TTT PROFESYONEL GELISIM KURSUNDAN BiR SAHNE

Below is the document that includes some activities and discussions took

place during the sixth TTT PD course:

Initially the researcher made and introduction, he stated the topic that will be
held next week. Since it was going to be the last week of TTT PD, he stated
the importance of the last week and he talked about surprize that was going
to take place at the last week. Then, he started repeating the previous week'’s
topic. Following is a part of the repetition of the last week’s topic done by
researcher.

Researcher: In the previous week we tried to explain two things: the basic
postulates of the special relativity... The first, the laws of physics are the
same in any inertial frame of reference, second, the speed of light in a
vacuum is the same in any inertial frame of reference, regardless of the
relative motion of the source and observer. In order to explain the first
postulates we gave an example... What does ‘the laws of physics are the
same in any inertial frame of reference’ mean? Why do we need these
postulates? More, it is an essential postulate!... Just like the base of a
building, the modern physics is built on these two postulates. In order to
understand this, there are two observers; one in the car (he drew a car and the
observers) and the other is outside the car. For the observer in the car, the ball
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(he drew a ball moving up and down) thrown up will straightly move up and
down. According to the other observer, the ball will follow this path (he drew
a parabolic path for the ball). Now there are two different motions. This one
sees a different motion and this one sees a different motion. They measure
both the speed that the objects hit the ground and the kinetic energy of the
objects differently.

Not this experiment, let’s do another experiment. A force F acts on an object
in a moving car (he drew a car, an object and a force vector). While the car is
moving a force is acting on it. While the car is moving both this and this
observer make observations (he drew two observers outside and inside the
car). These two observers are going to measure different final velocities of
the object. But, what is the reason behind this difference. The reason of
different results is because the physical laws are different in this and this
reference frames (He drew the reference frames on the car and on the
ground)?.... Physical laws are same in all inertial reference frames but the
results can be different. The first postulate especially emphasise this. Do you
have any questions? This is important because we have to repeat this to
students. We have to reveal what this postulate says.

Teacher 12: I have a question. We had an example.... The one that explains
the interpretation of a car moving with the speed of...(The researcher
interrupted).

Researcher: | will explain it, it is about second postulate. But this is about the
first postulate. The results may be different but the physical laws are same. In
other words we don’t use different law here and here.

Teacher 9: Do we need to say this: Galileo also said the same thing...
Mechanic laws are same in all inertial reference frames. But when he came to
optics, magnetism and electric, he encounter with nuisance. With special
relativity it was understood that in all physics the physics laws are the same.
Do we have to also teach this to students?

Researcher: We can teach this... Unlike Galileo, Einstein enlarges the
condition and says that physics laws, including optics, magnetism and so on,
are same in all inertial reference frames. What | am obsessed is why do we

need this? What is the connection between this and special relativity? Why do
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we introduce this as a sine qua non for the postulate of special relativity? |
understand like this: In a moment you are going to present it (pointing the
teacher that going to teach that day). According to different observers or
different inertial reference frames the time measurement wouldn’t be
different? Wouldn’t the length measurement be different? What is the reason
behind the differentness? Is it because that physics laws are particular? No...
The physics laws are same... Because of the laws of the nature or because of
the laws that God legislate, even though the physics laws are same, the results
can be different. This is what | understand, are there any mistakes?

Now let’s look at the second postulate. For second postulate, saying that ‘the
speed of light is same in all inertial reference frames’ and then ending it is not
correct. You have to state the postulate but it is not enough, we have to make
its application. You can say: A car is moving toward that side (he drew car-
K) with 0.5c¢, another car is moving in the opposite direction (he drew another
car-L) with 0.6c. How much the observer in car K does measure the speed of
light coming from car L?

Teacher 6: It measures 1.1c

Researcher: Students mostly will say 1.1c.

Teacher 9: They may say 0.1c also.

Researcher: Right, they can say 0.1c. But the answer is c. All right, what
speed of light coming from K does L measure?

Teacher 9: He/she also will measure c.

Teacher 8: There is something like this... For instance there is a car moving
with ¢ away from earth. After a while one turns on a lamp. Will this light
reach the car?

Researcher: Could you please repeat the question.

Teacher 8: A car is moving away from earth with speed of light, if we sent a
light after the car will it reach the car?

Researcher: Good question. According to which observer?

Teacher 8: Now, if the light reaches, it means that the observer in the car will
see it.

Teacher 3: Or the observer in the space car will see it in the rear-view mirror!

(Several teachers laughed)
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Researcher: Can the man in the car see the light sent from the earth? Yes, he
can see.

Teacher 17 (a teacher participated most of the TTT PD, however she was not
a school teacher): Don’t they have a distance between them? Don’t they
move with constant speeds? How it will cover this distance?

Researcher: For example this one (K), how it will cover this distance? It will
go this distance like this: When it is moves with speed of light the distance
decreases to zero. The related formulas also give this result. When you go
with speed of light there is no distance between objects.

Teacher 5: Then it will see the car at the edge of the earth.

Researcher: Yes it will see the car at the edge of the earth.

Teacher 5: But it is still moving

Researcher: Once this start motion it will see the distance as zero. It means it
will reach the car. If you go with speed of light the time passed will be zero
also, it will reach the car at the moment. But, this is the result according to the
light itself. | want to say this: In how much time does the light of sun reach
us? According to us it takes approximately eight minutes. But according to a
photon leaving the sun, the time is zero. It comes spontaneously! Why?
Because as you speed up, the distance becomes smaller, once you reach the
speed of light the distance becomes zero.

Teacher 5: The car that moves with speed of light will see that it is not
moving away from the earth. Because the distance is zero!

Teacher 8: Something like this happens: The light exists at both places at the
same time. The students will think like this.

Researcher: It is perceived at both places at the same time. But according to
the observer in the car, the light will reach to the observer in the car after
t=x/t. According to the light that leaves the earth it will reach the car
spontaneously.

Teacher 5: But the car is moving with speed of light and the distance (x)
always increases. Thus, since the light that leaves the earth also moves with ¢
the distance should remain constant.

Researcher: But the car will see the light coming toward him with speed of

light. This is what the second postulates states. But you claim that since the
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car also moves with speed of light, the light from earth will never reach.
Actually good interpretation! Will it not reach?

Teacher 8: The light from Sun comes to us in about eight minutes. If earth
move with speed of light, will it again reach us?

Researcher: This is also a good question.

Teacher 8: Can we speak with cell phone or send SMS during moving with
speed of light? It seems that it depends of the direction of motion.

Researcher: We can make this discussion but first, let’s finish this discussion.
First let’s make the discussion; ‘can we see us in the mirror while we are
moving with speed of light’.

Teacher 4: The students can also ask this question: Which speed of car L is
going to be measured by the observer in car K?

Researcher: Well, the curriculum does not include ‘which speed of car L is
going to be measured by the observer in car K’.

Teacher 4: Then, what we are going to say if such a question is asked?
Researcher: We are going to say that the speed of light cannot be exceeded.
The measured speed will be smaller than ¢ and we are not going to explain
further.

Teacher 13: Well, we know that the maximum possible speed is the speed of
light. Are there any particles that are moving faster than light?

Researcher: No, not sir.

Teacher 13: Well, let me think like that: We say that light travels from sun to
earth in 8 minutes. But, when | imagine sun, | go there and 8 minutes does
not pass. Thus, I am reaching the sun in less than one second. Does this mean
that | am faster than speed of light?

Researcher: As an imagination you can go sun faster than light. You can say
that imagination is faster than light. Not only Sun, even, you can imagine
yourself in the centre of Milky Way. But, is it true to compare the
imagination and the light? Isn’t it just like mixing apples and the pears? We
have to be careful, because one of them is imagination and the other one is
light. Is it okay?

Teacher 13: Okey
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Researcher: Let’s return to ‘what we are going to see in the mirror while we
are moving with speed of light’. While the man is looking at the mirror, the
mirror itself also is moving with speed of light (he drew a man holding a
mirror). There is another version of this question: The mirror is stationary you
are moving toward the mirror. Let’s discuss it also. The first, you hold the
mirror like this (he described it with his hands) and you are moving with
speed of light. We have to discuss this with students, in terms of classical and
modern physics. According to classical physics the answer is this and
according to modern physics the answer is this. Now, if we think according to
classical physics: A photon reflected from the face of the man will move
toward the mirror with speed of light, but, since the mirror is also moving
with speed of light the photon will not strike the mirror and according to
classical physics the man will not see himself in the mirror. But, according to
modern physics, whatever is the speed of the mirror the light will come closer
to it with the speed c and the light will strike the mirror.

Teacher 8: By the way you are giving the answer of the aforementioned
question. The same logic can be used for that question.

Researcher: Yes, it is the same logic. Let’s think according to modern
physics. The car (He drew the earth and a car moving away from earth) is
moving with speed c and a light from earth follow it with speed c. Just like in
the previous logic. Whatever is the speed of the car the light from the earth
will come closer with speed c.

Teacher 6: Could you please make the interpretation in terms of modern
physics ones more?

Researcher: According to classical physics there is no problem isn’t it?
According to modern physics the light strike to our face and reflects with
speed c. Right? Even though the mirror is moving with speed of light, the
light will move toward the mirror with c, it will move always with c, because
the speed of light in a vacuum is the same in any inertial frame of reference.
According to reference frame of the mirror, even though it is moving with
speed c, isn’t it an inertial frame of reference? The speed of light is the same

in any inertial frame of reference, accordingly, according to mirror this light
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will move toward the mirror with speed c. It means that the light reflected

from the face will reach to the mirror and it will produce an image.

Similar discussion and teachings took place for about 21 more minutes. Once
the researcher finished the repetition of the last week’s topics, the presenter
of the sixth week (Teacher 9) started teaching the fourth objective specified in
the tenth grade curriculum. Actually he started to this objective the week
before. That week’s objective relatively took short time. That’s why an
introduction was made to the fourth objective.

Teacher 9: Last week we explained up to this point. Last week I tried to show
you some animations, however, I couldn’t. Let’s look at these animations.
We mentioned the Hafele-Keating experiment.

Researcher: Please let’s don’t make this discussion.

Teacher 9: No, no I will not start the discussion. Remember they put caesium
atom clocks in jet planes and the clocks were moving with high speeds. They
determined that the time for the clock in the plane was different from the time
for clock on earth. There is a video about this experiment.

The video, summarizing the experiment, was about three minutes.

Researcher: It said that the time difference was about one in forty billions of a
second isn’t it? Moreover it said that the calculated time difference was
compatible with theoretical calculations.

Teacher 9: With this experiment they have shown that the time dilation is
real. This was a video from YouTube. I can give the link anybody who wants.
You can start teaching time dilation in your class by introducing this
experiment. It is better to first watch this experiment and then teach the topic.
Researcher: You can have the video or the link.

Teacher 9: Yes, we can give the link. Moreover, there are some other links
related to time dilation, I will give all of them to you... Hafele-Keating then
published a related article.

Is it better to first show the animation about time dilation or first introduce
the topic?

Researcher: You know, but in my opinion let’s first listen to the topic.
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Teacher 9: In order to explain the time dilation mathematically, Einstein
designed a taught experiment. There is an observer in a train moving with
constant velocity and there is a stationary observer on the ground (he showed
a picture in PPT). Since it is moving with constant velocity it is an inertial
frame of reference. The reference frame of the train is x’- y’, I drew it with
red colour. On the other hand the reference frame of the stationary observer is
x-y reference frame. One of these reference frames is moving with constant
speed with respect to the other one. Now...The experiment done by the
observer in the train: There is a light source on the base of the train, there is a
mirror at the ceiling, a light pulse is sent from the light source, he measures
the time that pass for the motion of the pulse between the source and the
mirror. Let’s say he measures this time as t,. ‘t,‘ is the time measured by the
observer who is stationary with respect to the event. This is the time for the
light to move up and down. The stationary observer on the ground also
measures the up and down motion of the light pulse. He measures it as ‘t’.
However, they realize that the time spans that they measure are different.
What is this difference? In order to calculate it, let’s construct this ABC
triangle (He drew it both on the picture of the train and separately). Now, we
defined the distance between the light source and the mirror as ‘d’. By the
way we have to take this also into consideration: Both observers see the speed
of light same. This was because of the result of the second postulate. Light
travels independently than the inertial reference frames. We can write
d=c.t,/2, t, was the time of the up and down motion, t,/2 is the time for only
moving up. This is the height of the triangle. By the way, according to the
observer on the ground while the light pulse moves up it also moves toward
right together with the train. This blue path is the path of the light seen by the
observer on the ground. Thus, for this side of the triangle we can write c.t/2.
This observer sees that the light moves with speed ¢ and the light reaches the
mirror in t/2 time. We wrote this distance as c.t/2. Well, during this time what
is the distance taken by the train? According to the observer on the ground
the train has moved for a time span of t/2. Thus we wrote v.t/2 and from

Pythagorean Theorem we can write this equation.
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to

He then made some mathematical calculations and proved that t =

4
1—
CZ

He afterwards defined y and stated that in some books it is defined as

1 —:—z and in some books it is defined as 1_2 . He go further and

recommended to use only one of them and recommend to use first one. He
then simplified the equation and wrote both t = t,y and t = %"

Researcher: | am sorry, but | have to interrupt. Showing v as in the first case
is completely wrong. vy has only one definition... Not several... y is defined

as

. = and v is always bigger than one. If you define it as in the first case y
1-=

will be smaller than one.

Teacher 9: When the books write the first definition for the y, they express
that y is always smaller than one.

Researcher: Indeed! They use the first case and state that y is smaller than
one! By the way, y has a graph.

Teacher 9: | will show it. But, | looked at Serway and it also uses this

1

definition: —. However, when it describe the length contraction it uses the
1.72
1-=

Researcher: It is impossible.

Teacher 9: Serway is here (he opened pdf form of Serway and tried to find
the aforementioned part, but he couldn’t). Let me look at it after a while.
Researcher: Okey, while we discuss you can look at it.

Teacher 9: But, | prepared the presentation according to this representation of
Y.

Researcher: No, not. Teachers will confuse, we cannot use this definition of y.

So, it is not important, let’s change all y instantaneously.

1

Teacher 9: Okey, I will change instantaneously. As a resulty = = and

v
1——
c2

thereby we are going to write t = yt,. vy is always bigger than one. Let’s

solve a problem.
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Astronauts are taught to be paid in proportion to the time they spend in space.
An astronaut moves to space with a speed of 0.8c and returns back. Will
he/she want to be paid according to the clock on earth or the clock in the
spaceship? It is a simple question, what is your opinion?

Researcher: It is not so simple where did you get this question?

Teacher 9: It should be in Serway.

Teacher 8: Good question. He/she will want to be paid according to the clock
on earth, because much time passes there

Teacher 11: Yes, you are right.

Teacher 9: We can find the answer by looking at y. The time that the moving
observer measures (t,) will be smaller than the time (t) that the stationary
observer on the ground measures. Thus, astronauts will not want to be paid
according to their own clocks. Since the time measured by the stationary
clock will be more, the astronauts will want to be paid according to this
clock. This was a question to clarify the t = yt,,.

Again let’s do a simple question. How much does an astronaut moving with a
speed of 0.6¢ ages while a man on earth ages 15 years?

Teacher 8: In my opinion, we have to teach this question. Aging related to
time is controversial. Remember the twin paradox. The moving or the
stationary twins, there is no answer of the question ‘which one ages more?’
Teacher 9: We are going to explain it soon.

Teacher 8: Here, 15 years passed for the observer on earth... perhaps 12 or 10
years passed. Thus, both may have aged equally.

Teacher 9: No.

Teacher 8: You cannot say that aging is biological.

Teacher 9: According to the stationary observer the biological activities also
slows down. In other words, the stationary observer measures the heartbeats
of the moving one as slowed down. But, according to astronaut his heartbeats
are running normally. But, when the stationary attempts to measure the
astronaut’s heartbeats, he sees it as slowed down.

Researcher: Well, what is the question? ‘how much does the astronauts age’
according to whom?

Teacher 9: According to himself.
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Researcher: According to himself or according to the stationary observer?
Teacher 12: According the stationary observer?

Researcher: According to the stationary? Namely, according to whom?
Teacher 9: When the astronaut goes and returns back to earth the result is
same for both.

Teacher 8: Actually the question should be like this: How much time pass
according to the astronaut when 15 years pass on earth?

Teacher 6: It should be according to the stationary observer.

Teacher 13: It should be according to the stationary observer, because, it is
the astronaut who goes and returns back, he cannot feel the result.

Teacher 6: Yes you are right.

Teacher 9: Let me explain like this: If I recall correctly the result should be
12 years. He feels that he is 12 years aged, according to his own clock. He
came to the earth; the man on the earth has aged 15 years, but he is 12 years
old! The result is same for both. If he has aged 12 years it means that he has
aged 12 years.

Teacher 13: But physically we see that he has aged.

Researcher: Let’s think like this: There is a clock of the astronaut. He went
and came back with 0.6¢c. Now, he went and came back, does this clock will
show that 15 years passed?

Teacher 3: No, it will show fewer.

Researcher: Well, they are going to put the clocks side by side and the
astronaut will see that his clock is back! But during the journey the astronaut
is not aware that his clock is lagging back, isn’t it. Is he aware during the
journey that his time is slowing down?

Teacher 9: No during the journey he cannot notice it.

Teacher 5: Because his sensation also slows down.

Teacher 4: The question is deficient, it should state according to whom...
Teacher 3: Yes you are right.

Teacher 9: Let me solve this question as | understood. Remember our formula

to
2

-z

was t=toy= . What is ‘t’ and what is ‘t,” these are the questions that

students mostly confuse. In the equation, they can write them instead of each
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other and can find different and wrong results. That’s why we have to define
them clearly. t, is the time measured in the reference frame in which the event
takes place. What is the event? It is the motion of the spaceship. The observer
in that reference frame is the astronaut. The time that he is going to measure
is t,. The time that the astronaut measures... An observer on earth, a
stationary observer measures 15 years. Then let me write the formula. Since

we don’t know how much time is being measured by the astronaut, we can
to

_(0.60)2
p)

write 15 =

1

Researcher: Let’s explain to students like this: Does the time of the one that
goes to space and comes to back will be less? Yes. Namely, we are going to
measure the time of astronaut isn’t it? Therefore, if you confuse the ‘t’ and
‘ty’, try both in the formula, the one which calculated fewer is the ‘t,”. In
other words, in any case they have to measure the time of the astronaut fewer.
Isn’t it true?

Teacher 9: The moving clock runs slower.

Teacher 17: Last week you stated that these are not reversible. I mean...
Teacher 9: I will narrate it also.... While | teach the twin paradox | will
mention it.

Teacher 8: No, here we have to discuss. Now, according to the man moving
with this speed the man on earth will also recede with 0.6c.

Teacher 9: This is the paradox anyway. We are going to recite it.

Teacher 8: But in this question when it asks ‘how much does the astronaut
age’ it should specify the reference.

Teacher 9: At this stage, what we have to do is to induce the students that
according to the clock on earth the moving clock runs slower. The moving
clock will run slower and will measure less time. First, we have to inculcate
this to students mind by interpreting the formula. Then we have to teach,
what is ‘’? What is ‘t,’? The observers in different reference systems
measure which one? How to use the formula? At this stage this is enough.
Now, from the formula t,=12 year. In other words, the time the astronaut
measure is 12 years. Is it correct? Now, since in the frame of reference of the

astronaut 12 years pass, he will age 12 year when he return to earth. Now,
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what is the meaning of the question ‘does according to astronaut or according
to the man on earth 12 years pass’ I didn’t understand. If we interpret
differently, if we ask according to another one, what will be the result?
Researcher: What do you mean? Do you mean; the astronaut went and
returned back, he put his clock next to the clock that was on earth, his clock
will show that 12 years and the other clock will show that 15 years has
passed? Do you mean that both are going to say that the astronaut has aged
12?

Teacher 9: Yes

Researcher: In this sense it is true. We are going to discuss further but first
let’s give a break.

Several teachers wanted to continue and finis the discussion.

Teacher 10: May | ask a question?

Researcher: In order not to conduct these complex calculations, it is better to

introduce a simple way to make these calculations.

2
Teacher 9: Actually it is not to complex. All is to calculate the 1 —2 isn’t

oz
it?

Researcher: Yes, | mean that

Teacher 9: After several questions | will come to this point.

Researcher: Okey, teacher 10 was going to ask a question.

Teacher 10: | want to ask a similar question. It is in the book. There is a lamp
in the room. There is an observer in the room. There is another observer out
of the room moving in a space ship. Time span of the lamp giving light is 100
seconds. The observer in the room sees 100 seconds. In these cases what will
be seen by the observer in the spaceship?

Teacher 4: You mean does he/she see the more or see the less.

Teacher 9: He will measure a less time, accordingly he will measure a time
span less than 100 seconds. In other words the stationary observer will
measure 100 second isn’t it? The clock of the one who is moving will run
slower, accordingly will calculate a time span less than 100 seconds.

Teacher 7: There is one more point. We cannot detect which is mobile

Teacher 8: Right. Already we cannot determine which one is mobile.
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Teacher 9: Now, there are two objects apart, two objects in space, if there are
noting around we cannot detect which one is mobile. But now, not only earth
there are also, sun, moon and other planets... but one of them is moving...
discussion which one is mobile is meaningless, because, when you look at all
objects in the space that one is moving. The earth is stationary, moon, sun and
all other things in space are stationary but the object is moving. This is related
to the explanation that we are going to make after the twin paradox. In other
words, it is not possible to determine which object is mobile.

Researcher: Let’s give the answer of the question of our friend and have a
break. Could you repeat the question please?

Teacher 10: A lamp is shining in the room. The time span of the lamp shining
is 100 seconds. An outside observer in the spaceship measures this time. How
many second does he/she measure? Let’s he/she is moving with 0.6c.

Teacher 9: The time measured by the observer in the stationary frame of
reference is 100 seconds.

Researcher: Let’s define it as ‘ty’.

Teacher 9: This is the time measured by the observer who is stationary with
respect to the event. This event is not a turn on and turns off a lamp. The
event here is the time measurement of the moving observer.

Teacher 10: Now, do you mean that the stationary observer measure 100
seconds?

Teacher 9: The stationary observer measures 100 seconds. How much does
the moving observer measure if his speed is 0.6¢?

Teacher 10: But, when you started the topic you defined the ‘t,” as the time
measured in the reference frame where the event occur.

Teacher 9: The event here is the duration that the astronaut or the moving
observer measure.

Researcher: The event is measured by the astronaut; the astronaut assumes
himself as stationary and sees that the earth is moving backward.

Teacher 9: Namely this is the t,

Researcher: Because, the one that measures the event assumes himself
stationary, he/she assumes as if he/she is on earth. He/she sees that lamp as if

it is receding. Although yet it recede from earth, according to him at the same
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time the earth recede. Thus, according to astronaut he is stationary and the
earth moves back. Solving this question accompanied with the following
question will be better. There is a person on earth and he/she has a pendulum,
there is one also in the spaceship moving with 0.6¢. Let’s say they are spring-
mass systems because pendulums may work differently in different places.
Now, there are two identical spring-mass systems here and there. How do
they measure each other’s periods? If such a question is asked... or how
much will they measure the period? Both will measure the period as same.
Because both will see the spring-mass systems near themselves. Correct? But
will they measure each other’s period the more or the less?

Teacher 8: They will measure ‘more’.

Teacher 6: Well then, don’t we say that the time passes slower in the systems
moving with speed of light? Why the spring-mass systems oscillate same in
both cases?

Researcher: According to whom?

Teacher 6: The question is not according to whom... If I am moving with
speed of light and if the entire things move slower or everything functions
slower (all chemical or physical events), why then the spring-mass systems
oscillate with same periods?

Teacher 9: Physics laws are same in all inertial reference systems. The period

of spring-mas system is calculated with this formula: T = 2n CAf it

=3

moves with speed of light or with a speed close to the speed of light, he/she
will measure the period of the spring-mass system, in his/her reference
system, like this. But since it measures the time differently, he/she will see
the other one differently.

Then a ten minute break took place. During the break the lecturer of the week

looked at the Turkish version of the Serway for the definition of y. It was seen

that ywas defined as 1 — i—j! Then when it was compared with the original

Serway it was understood that there was a translational error! After the
break, discussions took place on the following question:
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Teacher 9: Here we have two spaceships. In each there are photons. The
photons are moving up and down. One of the spaceships is going to move
with a high speed. We are going to look at the motion of the photons in

spaceships. We are going to arrange the speed of the above one to 0.4c.
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