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ABSTRACT

MODE-METHOD INTERACTION:
THE EFFECTS OF INQUIRY VS. EXPOSITORY AND
BLENDED VS. FACE-TO-FACE INSTRUCTION ON 9TH GRADE STUDENTS’
ACHIEVEMENT IN, SCIENCE PROCESS SKILLS IN AND ATTITUDES TOWARDS
PHYSICS

Cetin, Ali
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor: Assist. Prof. Dr. Omer Faruk Ozdemir

March 2013, 194 pages

The purpose of this study is to find out the main effects of instructional modes (blended and
face-to-face), teaching methods (inquiry and expository) and the interaction effects between them on
9™ grade students’ physics achievements, science process skills, and attitudes towards physics.

To achieve this purpose, 2x2 factorial design with four treatment groups were constructed,
blended inquiry (W-INQU), blended expository(W-EXPO), face-to-face inquiry (INQU), and face-to-
face expository (EXPO). Two web environments, Web Based Inquiry Learning Environment-WILE
and Web Based Expository Learning Environment- WELE, were developed and used in blended mode
with inquiry and expository teaching methods. Internet accesibilities and technological availabilities
of the schools in Cankaya were used as two criteria of purposive sampling procedure, and then two
private and two Anatolian High Schools in Cankaya were selected as a convenience sampling. The
classes were randomly assigned to the treatment groups. 253 students’ scores were used for inferential
statistics.

The implementation of this study took six weeks in 2009-2010 academic year. Three
instruments were used to gather data: electricity achievement test, science process skills test, and
physics attitude scale. These instruments were administered both as pretests and as posttests. The data
were analyzed by using Multivariate Analysis of Covariance (MANCOVA). The results revealed that:
(1) blended instruction is more effective than face-to-face instruction in supporting students’
conceptual understanding of electricity and their science process skills. (2) The inquiry teaching
method is as effective as the expository teaching method when students’ mean academic achievement,
science process skills, and attitude scores are compared. (3) No interaction effect was found between
teaching methods and instructional modes.

Keywords: blended instruction, inquiry teaching method, electricity, science process skills, attitudes
towards physics, physics education
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0z

MOD - YONTEM ETKIiLESiMi:
ARASTIRMACI-SORGULAYICIYA KARSI ACIKLAYICI
VE HARMANLANMISA KARSI YUZ-YUZE OGRETIMLERIN 9. SINIF
OGRENCILERININ FiZIKTEKi BASARILARINA, BiLIMSEL SUREC BECERILERINE
VE TUTUMLARINA ETKIiLERi

Cetin, Ali

Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Bliimii
Tez Yoéneticisi: Yard. Dog. Dr. Omer Faruk Ozdemir

Mart 2013, 194 sayfa

Caligsmanin amaci 6grenme ortamlarinin (harmanlanmis ve yiiz-yiize), 6gretim metodlarinin
(arastirmaci-sorgulayici ve agiklayici) ve bunlarin etkilesimlerinin 9. sinif 6grencilerinin elektrik
konusundaki fizik basarilarina, bilimsel siire¢ becerilerine ve fizige kars1 tutumlarina etkilerini ortaya
¢ikarmaktir.

Bu amaca ulagmak i¢in, 2x2 faktor dizayni kullanilarak agiklayici ve aragtirmaci-sorgulayici
Ogretim yontemleri ile dort 6grenme grubu olusturuldu. Bu gruplar: web ile harmanlanmis
arastirmaci-sorgulayict (W-INQU), web ile harmanlanmis agiklayict (W-EXPO), yiiz-yiize
aragtirmaci-sorgulayict (INQU) ve yiiz-yiize agiklayici (EXPO). Bu galigmada web tabanli
arastirmaci-sorgulayici ve agiklayici 6grenme ortamlart (WILE and WELE) olusturuldu ve bu
6grenme ortamlar1 harmalanmig arastirmaci-sorgulayici ve agiklayici 6gretim metodlart ile kullanildi.
Orneklem segimine amagl bir sekilde Ankara’nin Cankaya ilgesinde internet ve teknolojik altyapist
mevcut olan okullarin se¢imiyle basladi. Daha sonra uygunluk gozetilerek Cankaya ilgesindeki iki
0zel ve iki Anadolu Lisesi secildi. Calismaya katilan siniflar rasgele gruplara atandi. 253 dgrencinin
sonuglari istatistiksel analizlerde kullanildu.

Bu ¢aligma 2009-2010 egitim-6gretim yilinin ikinci doneminde alt1 hafta siirdii. 9. sinif
ogrencilerinden veri toplamak i¢in ii¢ dlgme araci dntest ve sontest olarak kullanildi: electrik basart
testi, bilimsel siireg becerileri testi ve fizik tutum 6l¢egi. Elde edilen veri MANCOV A kullanilarak
analiz edildi. Sonug olarak su bulgulara ulasildi: (1) 6grencilerin elektrik konusundaki kavramsal
anlamalarmi ve bilimsel siire¢ becerilerini desteklemede harmanlanmis 6gretim ortami yiiz-yiize
ortamindan daha etkiliydi, (2) arastirmaci-sorgulayici 6gretim yontemi agiklayict 6gretim yontemi
kadar 6grencilerin akademik basarilarinda, bilimsel siire¢ becerilerinde ve fizige karsi tutumlarinda
etkiliydi, (3) 6gretim yontemleri ile 6grenme ortamlari arasinda etkilesim bulunamadi.

Anahtar Kelimeler: harmanlanmis egitim, sorgulayici 6gretim metodu, elektrik, bilimsel siire¢
becerileri, fizige karsi tutum
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CHAPTER 1

INTRODUCTION

The improvement in technology directly affects our life in a broad range of activities like
shopping, transportation, communication, or education. One of the technological developments is of
computers. With the development of nano-technological hardware, the size of computers decreased
while the capacity of computers increased and became cheaper. Nearly 30 years ago, limited number
of people could see the computers, but now they are a part of our lives in many areas like industry,
hospitals, banks, supermarkets and schools (Akkoyunlu, 1995).

Internet seems to be the stimulator of technological developments in computers and provides
very important opportunities for education (Karasar, 2004). The easiness on accessibility of the
internet based sources can provide students’ opportunities to restructure, rethink, categorize, and
critique knowledge and visualize scientific ideas by using animations or simulations (Linn, Davis, &
Bell, 2004). Students can also investigate dynamic events or situations that are difficult to observe in a
classroom or laboratory environment.

Planning effective use of internet can have an impact on the students’ ability to interpret
information in and out of the classroom settings (Fisher, 2000). Internet is mainly composed of web
based sources and web supplies a medium that students can easily reach knowledge (Yazici, 1999).
Web based instruction needs a learning environment in online settings. A successful learning
environment is a supportive learning environment. It should be not only appropriate for but also
adaptive to the needs of individual learners. In other words, the content should cover examples related
to their prior experiences and educational interests. It should also be written in a language appropriate
for their comprehension level, complement with a variety of learning styles, and offer additional
assistance at the times the learner needs it (Dupuis, 2003).

Web-based instruction became a unique instructional mode with the development and
common use of web based tools for instructional purposes. Although web-based instructional mode is
sometimes considered as an alternate to traditional face-to-face instructional mode, different
instructional modes provide different learning opportunities for students. During face-to-face
instruction, students learn by listening to lectures, contributing to discussions, and participating in the
laboratory activities in classrooms; whereas, during web based instruction, students learn by reading
texts, listening to audio, observing either still or animated images, watching videos, interacting with
virtual environments, or communicating via electronic tools (Yelon, 2006). When a face-to-face
instruction is blended with a web-based one, it provides the learners with explanations combining text,
voice, video, graphics, and simulations. Furthermore, teachers may supply individual guidance and
feedback and they may use the class time more efficiently (Dollar, Steif, & Strader, 2007). Blended
instruction is the term referring to the combination of different instructional modes like face-to-face
and web-based instructions. The definitions for blended learning in the literature are given as follows:

1. “Blended learning is defined as the mixture of various event-based activities, including
face-to-face classrooms, live e-learning, and self paced learning” (Singh, 2003)

2. Kriger, Marsh and Smith (as cited in Duhaney, 2004) define blended learning as a
combination of the use of electronic learning tools like software, email, World Wide Web and
traditional face-to-face classroom teaching to ensure maximum effectiveness.

3. Singh and Chris (as cited in Oh, 2006) claimed that blended instruction is a combination of
different instructional strategies in a course based on instructional needs. Different instructional
attributes are associated with the instructional medium, allowing diverse learning activities and
environments.

In this study, the blended instruction refers to the blend of web-based and face-to-face
instructional modes. The definitions indicate that blended learning mainly aims to use the advantages
of web based learning and those of face-to-face learning (Nickel, 2010). Olson and Wisher (2002)
reviewed 47 studies related to use of web based instruction published between 1996 and 2002.



According to their meta-analyses, the mean effect size for the “blended” courses was 0.48, while that
of the “all-online” courses was 0.08. Although this difference was not statistically significant, they
claimed that web-based instruction might be more beneficial for students learning when it is used in
conjunction with face-to-face classroom instruction. In other words, blended mode of instruction can
be more effective than either face to face or web based modes of instructions alone.

Although the use of different instructional modes has potentials to contribute learning, at the
same time, the instructional methods used in these modes can make a difference. Yelon (2006) states
that:

“Ineffective classroom training transformed to the internet is still ineffective
training. To produce effective blended instruction, first and foremost, be sure
to design instructional methods well” (p. 23).

1.1 Purpose of the Study

The main purpose of the study was to understand the interaction between teaching methods
and instructional modes. In other words, the effects of instructional modes were analyzed for different
teaching methods. While the instructional modes were set as blended and face to face instructions,
teaching methods were set as expository and inquiry methods for this study. The possible effects were
searched on 9" grade students’ physics achievements, science process skills, and attitudes towards
physics. A 2x2 factorial design, presented in Table 1.1 was used for the research.

Table 1.1

Constructed Treatment Groups in the Study

Teaching Methods
Expository Inquiry
Té Blended W-EXPO W-INQU
e w
52
==
£ Face to Face =~ EXPO INQU

Expository and inquiry methods were selected for this study simply because they are easy to
manipulate and compare. Inquiry and expository teaching methods are two of the mostly compared
methods in the literature (Haury, 1993; Cobern, Schuster, Adams, Applegate, Skjold, Undreiu, Loving
& Gobert, 2010; Yager & Akcay, 2010; Nwagbo, 2006; Lawson & Johson, 2002). While expository
teaching is a teacher-dominated traditional method, inquiry is a student-centered method. According
to inquiry oriented perspectives students should be not only physically but also cognitively engaged in
science activities through inquiry (Macaroglu, 2003). Inquiry involves active search of knowledge and
understanding to create and satisfy curiosity. National Research Council (1996) states that inquiry
involves activities like making observations, posing questions, planning investigations, using tools to
gather analyze and interpret data, proposing answers, explanations and predictions, and
communicating the results. However, there can be variations on the implementations of inquiry
method (Cobern, Schuster, Adams, Applegate, Skjold, Undreiu, Loving & Gobert, 2010). Therefore,
5E learning cycle, a more specific and a well-defined inquiry method, was selected for the study.



On the other hand, expository teaching involves direct transmission of knowledge from one
to another (Oliver & McLaughlin, 1996). It is defined as a teacher dominated teaching method
through which teacher lecturers, provides notes, and solves sample problems (Martin, 2006).
Expository texts are used as a material for expository teaching. According to Smith (2003) expository
teaching and expository texts can provide deeper understanding if students are motivated to read
variety of texts to find information and analyze different perspectives.

For the blended modes of instructions, two different web based environments were designed
according to the basic characteristics of learning cycle and expository methods. Consequently,
students were instructed in four different treatments during the study.

1) Blended mode of instruction with inquiry teaching method (W-INQU),

2) Blended mode of instruction with expository teaching method (W-EXPO),

3) Face-to-face mode of instruction with inquiry teaching method (INQU), and

4) Face-to-face mode of instruction with expository teaching method (EXPO).

The main effects of instructional mode and teaching methods on students’ physics
achievements, science process skills, and attitudes towards physics were investigated through this
study. The interaction effects were also analyzed to understand how the teaching methods would
contribute to the effectiveness of instructional modes.

1.2 Main Problem

The problem to be studied in this study is formulated as follows:

In what way the learning cycle and expository teaching methods contribute to the effects of
blended instruction on 9™ grade high schools students’ physics achievements on electricity, science
process skills, and attitudes towards physics?

1.2.1 Sub-Problems

The sub-problems are listed as follows:

1. What is the main effect of instructional modes (blended vs. face-to-face) on the
population means of the combined dependent variables of 9™ grade students’ posttest
achievement scores on “electricity”, posttest science process skills, and posttest attitude
scores towards physics when their pretest scores of achievements on ‘“electricity”,
science process skills, and attitudes towards physics are controlled?

2. What is the main effect of teaching method (5E learning cycle vs expository) on the
population means of the combined dependent variables the 9™ grade students’ posttest
achievement scores on‘“electricity”, posttest science process skills, and posttest attitude
scores towards physics when their pretest scores of achievements on “electricity”,
science process skills, and attitudes towards physics are controlled?

3. What is the interaction effect between teaching method and instructional modes on the
population means of the combined dependent variables of the 9™ grade students’ posttest
achievement scores on “electricity”, posttest science process skills, and posttest attitude
scores towards physics when their pretest scores of achievements on ‘“electricity”,
science process skills, and attitudes towards physics are controlled?

1.3 Null Hypotheses
The null hypotheses are listed as follows:

1. There is no statistically significant main effect of instructional modes (blended vs. face-to-
face) on the population means of the combined dependent variables of 9" grade students’
posttest achievement scores on “electricity”, posttest science process skills, and posttest
attitude scores towards physics when their pretest scores of achievements on “electricity”,
science process skills, and attitudes towards physics are controlled.

2. There is no statistically significant main effect of teaching method (5E learning cycle vs.
expository) on the population means of the combined dependent variables of 9" grade
students’ posttest achievement scores on “electricity”, posttest science process skills, and



posttest attitude scores towards physics when their pretest scores of achievements on
“electricity”, science process skills, and attitudes towards physics are controlled.

3. There is no statistically significant interaction effect between teaching method and
instructional modes on the population means of the combined dependent variables of 9"
grade students’ posttest achievement scores on “electricity”, posttest science process skills,
and posttest attitude scores towards physics when their pretest scores of achievements on
“electricity”, science process skills, and attitudes towards physics are controlled.

1.4 Significance of the Study

Obviously, the developments in technology, computers, and the internet affect the Turkish
education system. In the late 1980s, Turkish Ministry of Education started a campaign called “a
million computers for schools” and aimed to supply at least one computer to each school. After that,
new campaigns went on over time. In 2008, Ministry of Education supplied internet connections to
each school. However, the internet was not effectively used in courses except for a few number of
universities. The use of the internet by high school students was very limited. In 2011, Ministry of
Education started a new and country-wide project to increase the use of technology and internet in
high schools. The name of this project is FATIH (The Movement of Increasing Opportunities and
Improving Technologies) and it aims to create e-contents to provide individuals opportunities for self-
improvements by e-learning. Another purpose of the FATIH project is to help individuals to improve
their technology usage and improve the practice of the internet in educational settings (National
Ministry of Education, 2012). Some companies started to create e-content for FATIH project and
presented them to Ministry of Education.

First of all, this study aims to help web developers built web based learning environments
based upon specific teaching methods. The lesson plans and instructional materials such as web based
learning environments developed for this study are also expected to be used by physics teachers
during their instructional practices.

Secondly, this study will contribute to blended learning literature in terms of its effects on
students’ possible gains. Quite a number of studies conducted in different domains especially in
biology revealed that blended instruction has positive effects on students’ achievements, problem
solving skills, and attitudes, and recommended that it should be used in other subject areas
(Delialioglu & Yildirim, 2007; Nellman, 2008; Sanders & Shatler, 2001). However, there are only a
limited number of studies conducted in the domain of physics which usually focused on the
effectiveness of blended instruction. There is one meta-analysis in the literature about blended
learning and it is released by US Department of Education (Means, Toyama, Murphy, Bakia & Jones,
2009). According to this meta-analysis, students who took all or part of their classes online performed
better than those taking the same course through traditional face-to-face instruction. However, the
researchers state that this result could not be generalized to K-12 students, because the studies
included to the meta-analysis mainly are related to higher education or medical training. There is only
a limited number of studies about K-12 level. The current study will contribute to the literature of
blended learning by focusing on instruction of 9™ grade physics curriculum.

Finally, apart from the arguments provided so far, the major significance of this study is to
make contributions to the current literature by focusing on the possible interactions between
instructional mode and instructional method. Blended, web based, or face-to-face instructional modes
have different effects on students’ achievements, science process skills and attitudes towards physics.
As mentioned before, blended courses have higher effect sizes than the all-online courses (Olson &
Wisher, 2002), or blended instruction have higher gain scores when compared to face-to-face
instructional mode (Chandra & Watters, 2012). However, the methods used in these studies were not
exactly defined or only one kind of teaching method was used. Inquiry and expository teaching
methods are two distinct methods that can make a difference on students’ combined dependent
variables when used with blended or face-to-face instructional modes. The current study constructed
two learning environments on the web and they were designed with inquiry and expository teaching
methods in blended and face-to-face modes. The quantitative data of the study will be used to
understand the possible interactions between instructional mode and method.



1.5 Definitions of the Terms

5E Learning Cycle: is a widely used inquiry based method for science instruction providing a
structured way to implement inquiry in the classroom. (Marek, 2008). It includes five phases: engage,
explore, explain, elaborate, and evaluate.

Blended Instruction: is the combination of web based and face-to-face instructions (Littlejohn
& Pegler, 2007).

Expository Teaching: is a teacher dominated instructional method. The teacher is the
controller and the imparter of knowledge. The teacher lectures, provides notes, explains charts, solve
sample problems, read stories, and so on. All activities are designed and applied by the teacher. The
teacher decides what is to be learned by the students. (Martin, 2006).

Internet: is a computer network that joins computers around the world together. It mainly
consists of TCP/IP protocols, World Wide Web, file transfer, chat, conferencing and instant
messaging (Seferoglu, 2006).

Instructional Mode: refers to the structural aspects of a course that have a major influence on
the scheduling of classes: traditional, blended, and local online, or distance education (California State
University - Policy Statement, 2003).

Inquiry: is a multifaceted activity that involves making observations, posing questions,
examining books and other sources of information, planning investigations, reviewing what is already
known, using tools to gather, analyze, and interpret data, proposing answers, explanations, or
predictions, communicating the results. (National Research Council, 1996).

Teaching Method: is a way to shape information that supplants or compensates for cognitive
processes necessary for achievement or motivation (Saloman, as cited in Clark, 1994).

Web Based Instruction: can be viewed as an innovative approach for delivering instruction to
a remote audience, using web as a medium (Khan, 1997).






CHAPTER 2

REVIEW OF RELATED LITERATURE

Technological developments of computers (Akkoyunlu, 1995) especially the world wide use
of the internet (Karasar, 2004) affect educational systems. World Wide Web is the mostly used
internet environment (Yazici, 1999). This chapter starts with the first section of “web based
instruction and physics”. The literature review continues with “blended instruction”, its definition,
advantages and studies about it. Then the historical and popular debate between Richard Clark and
Robert Kozma is presented in “medium-method conflict” section. This debate mainly focuses on the
importance of teaching method used in an instructional medium. Then, inquiry teaching methods in
web are reviewed and “5SE learning cycle in web” is presented. One of the effects of learning cycle is
related to “science process skills” of the students: therefore, particular attention was given to the
science process skills. Inquiry teaching method is mainly compared with expository teaching method
in the literature (Haury, 1993; Cobern, Schuster, Adams, Applegate, Skjold, Undreiu, Loving &
Gobert, 2010; Yager & Akcay, 2010; Nwagbo, 2006; Lawson & Johson, 2002). The section of
“Expository teaching method in web” is used for a comparison. Finally, electricity subject in physics
is reviewed and “studies about electricity” are presented.

2.1 Web Based Instruction and Physics

Web-based instruction (WBI) uses the World Wide Web as the primary medium of course
content delivery, class communication and class management. It has a growing preference of the
internet bringing learning to students instead of bringing students to knowledge (Wang & Gearhart,
20006). In the literature, there are quite a number of studies about WBI in physics.

For example, Persin (2002) studied three four-year-periods in a South Florida high school
between the years of 1991 and 2002. In these four-year-periods, he searched the effects of WBI on
science students. First two of these periods did not include WBI and in the final one he used a web site
to deliver weekly lecture notes, plans and assignments while also providing links to other sources of
information in physics. He found that WBI enhance students’ science achievements when their final
scores are compared. The students receiving WBI got higher academic achievement than those
receiving only traditional education with the mean effect size of 0.266, which suggested the typical
students moved from 50th percentile to the 60.4th percentile when the web assisted instruction was
combined with traditional methods.

Sun, Lin and Yu (2008) found similar results when they used web-based laboratory for
science courses. They claimed that using technology is a new trend and can support learning in
science courses. In addition, this web based laboratory can accommodate different learning styles.
Quasi-experimental design is used for the study. 132 students were selected from four-fifth grade
classes from two different elementary schools in Taiwan. F test is used for hypothesis testing
(F=1.532, p>0,5). One of the results of this study was that the learning achieved in experimental group
was more than that of the control group; most of the students (nearly three-fourths) were willing to use
the laboratory. At the end of the study, they concluded that students get more interested in simulated
experiments, science conceptions are built up more efficiently, and WBI achieved much better
learning than traditional teaching.

Another study (Sengel, 2005) was conducted in Turkey with 51 private secondary school
students. The aim of the study was to investigate the effects of WBI on students’ achievements and
attitudes toward science. A web-site related to science was developed by the researcher and used as a
supplementary material to the course. The results of the study showed that students got higher mean
values on post-test than pre-test scores in 6™ (M pogtiest =56.55 » M prectest =42.85 ), 7™ (M pogt-test =58.38,
Mprc—tcst :4681)9 and S[h (M post-test — 4765> Mprc—tcst = 3724) gradel”s-



Parallel with the research studies related to the effects of WBI, there is an increasing number

of web sources on the internet directly related to physics. Some of these homepages and their
properties are exemplified below;

1.

The Baldufa Project; the project is prepared by Polytechnic University of Catalonia and url :
http:///baldufa.upc.es is designed to help both teachers and students in teaching-learning
activities in physics. “t” (theory documents), “p” (problems) and “q” (questions) are
constructed by the authors. “Baldufa” pages include “find your teacher” and “the problem of
the month” options. “Find your teacher” option consists of an index listing by name of all the
teachers who are using “Baldufa” as a teaching and learning material. The names are active
and lead to the teachers’ homepages. “The problem of the month” option presents a problem.
Users solve it themselves and send to the “Baldufa” server, then the best solution is
published. The web-site is only used for helping to students or teachers; it is not used for an
academic study. (Bohigas, Jaen, & Novell, 1998).

Motion Workshop; video-based system has several advantages such as; improved image size,
higher quality, greater time resolution and ease of use. These advantages can be developed in
World Wide Web (Chow, Carlton, Ekkekakis & Hay, 2000). “Motion Workshop” is prepared
with these advantages by University of Melbourne. This applet allows students to track the
motion of an object in a video clip, display resulting data in a spreadsheet and manipulate
graphs representing the motion (Pearce & Livett, 2001). “Motion Workshop” supply students
to make connections with real-world physics. Motion of three ball being juggled, motion of
pool balls, collisions are some of the video-clip examples. Students can analyze these
motions by pointing the objects in the clips. The positions of the objects are graphed by the
program and analyzed by the students (Pearce & Livett, 1998). The important point of this
project is graphical analyses of the motion, because students have difficulty in constructing
motion graphs and this study helps them about drawing graphs.

xyZET and WebTOP; These are 3d simulation programs in the internet. “xyZet” (Hartel,
2000) is about mechanic subjects like collision processes, conservation of momentum,
conservation of energy, planetary motion and pendulum motion. It is tested to understand for
the effectiveness and robustness of the material in classroom environment. As a rule 30-50%
of each lesson was teacher-oriented and this time is used to introduce the topic, explain
important terms and definitions, and demonstrate the relevant experiments. Most students
spent more than 50% of their time working on the assignments and sample problems in
“xyZET” program. Finally, the material has proven to be robust and applicable. Classroom
activities lead to a wide variation in the rate of student progress. Most students are very
strongly oriented toward assignments. “WebTOP” (Mzoughi, Herring, Foley, Morris, &
Gilbert, 2005) is a computer graphics software that helps instructors teaches and students
learn about waves and optics. This software includes simulations and homework problems.
First, it was used to simulate waves and optics in class. Second, the students were required to
do two homework sets in which they needed to use “WebTOP”. Finally, a questionnaire was
prepared for the evaluation of the program and students find “WebTOP” demonstrations as
“very useful” and “WebTOP” homework in between “very useful” and “”’pretty useful”.

PhET project: university of Colorado developed over 85 interactive simulations for science
learning and teaching. The main characteristics of these simulations are emphasizing the
connections between real life phenomena and the underlying science, making invisible
visible (e.g. atoms, molecules, electrons, protons), including visual models that experts use to
aid their thinking. In the lecture, these simulations can be used as an animated illustration or
enabling classroom inquiry.

(http://phet.colorado.edu/publications/classroom-use/PhETUselnLecture.pdf) Wieman,
Adams, and Perkins (2009) claim that the PhET simulations allow students carry out
exploration and learning that is cognitively similar to that of scientist, something they do not
have the experience or motivation to do with most real equipment in physics. Wieman,
Adams, Loeblein and Perkins (2010) also claim that PhET interactive simulations are widely
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used in teaching physics and chemistry. And they say that these simulations can be used in
similar ways of lectures, homework, in-class activities and laboratory.

These web-sites (The Baldufa, Motion WorkShop, xyZET, WebTOP and PhET) are designed
for different purposes. However the selected strategies in them can be used to produce new web-sites
for blended instruction. In this study, two web sites are prepared according to two teaching methods:
expository and inquiry (5E learning cycle). In these web sites, theory based documents, problems and
questions and their solutions are presented for the blended group of W-EXPO as in the Baldufa
project. Similarly videos, simulations and physics applets are used for the blended group of W-INQU
as in the Motion Workshop, xyZET, WebTOP. Some simulations of PhET are directly used in web
based inquiry learning environment.

2.2 Blended Instruction

Blended learning, a combination of the use of electronic tools and traditional face-to-face
classroom teaching strategies, is not a new concept and it has been growing in popularity, particularly
in education (Duhaney, 2004). Dollar, Steif and Strader (2007) listed the opportunities and challenges
of enhancing traditional classroom instruction with web based courses as follows:

Opportunities

a) Active Learning: carefully prepared and appropriately applied computer based materials can
promote high levels of cognitive activity on the part of students. These materials should
appropriately intersperse and sequence content, questioning, practice and assessment.

b) Explanations combining voice and evolving graphics: Combinations of voice and graphics
have advantages of multiple pathways of information (aural and visual) and offer enormous
benefits relative to textbooks.

¢) Simulations: textbooks and instructors cannot offer dynamic simulations of relevant
phenomena. Dynamic simulations are beneficial to explore an event.

d) Problem solving with individual instantaneous guidance and feedback: While solving
homework problems students sometimes need few hints, but when they are unavailable (at 2
am), their time is wasted. The individual guidance and feedback for problem solving that
students can get from online material are instantaneous and right on time.

e) Convenience of Review: Online materials can be engaged multiple times, giving students
opportunities to review when convenient for them.

f) Feedback to instructors and more productive use of class time: data-mining technologies can
be used to control students. Instruction time can be used more effectively.

Challenges

a) Design: It is important to signal users where they are and what is expected at each instant.

b) The challenges facing computer based materials: After completing the online materials,
students should solve problems on paper with drawings, symbols and mathematics as is
traditionally done. We could give them written homework on the side.

Delialioglu and Yildirim (2007) define the blended instruction in their study, “students’
perceptions on effective dimensions of interactive learning in a blended learning environment”. They
say that instructors use simulations, online exercises and online feedback to create richer learning
environments. The systematic and strategic integration of these tools to meet pedagogical goals
introduce a new strategy that can be called blended learning, hybrid instruction, mediated learning,
web enhanced instruction or web assisted instruction. The idea behind blended learning is to redesign
the instruction to maximize the advantages of both face-to-face and online modes of instruction.

Gunter, Sanders and Morrison-Shetlar, and Yildirim (as cited in Delialioglu & Yildirim,
2007) found that blended courses affect students’ learning positively. Delialioglu and Yildirim (2007)
designed a blended “Computer Networks and Communications” elective course at Middle East
Technical University. 25 students enrolled the course and the study lasted 14 weeks, the students met
once a week for an hour in class, but essential parts of the course were conducted online. At the end,
the materials and the activities are found beneficial for learning by the students. They proposed
several suggestions for the productive use of blended instruction. First of all, not only the technologies
but also pedagogical philosophies, theories and instructional design methodologies should be blended.



Secondly, multimedia should be used in the web component to enhance learning. Thirdly, the
communications between student-student and student-instructor should be encouraged and provided
with facilities. Finally, online self-assessment tools should be provided to students. In addition to
these, they claim that blended learning environments should be constructed for different students in
different subject areas for the future studies.

Similar study conducted by Bernard and Cummings (2003) in the Caribbean. A web-based
course was designed for “Information Technology” and implemented at some selected secondary
schools. Before the study begins, an initial survey was conducted among the schools to determine the
readiness for web based education as well to gain an understanding of the existing instructional
characteristics. The course syllabus is revealed three types of units: concept based, skill based, and
problem based learning. Concept based learning units contain descriptive instructional materials that
require the students to understand the terms and concepts. The computer is used as tutor. Skill based
learning units contain hands-on experience. After explaining the role of the tool, students completed
some given tasks. Immediate feedbacks were given to the students. Computer is used as a tool.
Problem based learning units contain analytical skills in problem solving. Students are responsible to
apply and use the knowledge to solve problems and to perform critical thinking activities such as
analyzing and evaluating. Computer is used as a trainee.

The teachers played the role of facilitator rather than a dispenser of instruction. At the end of
the study, Bernard and Cummings (2003) claim that web based courses are effective for both slow
learners and gifted students. Individual attention, teacher encouragement, repetition of explanations
and assistance with practical exercises helped slow learners whereas the gifted students are
encouraged by the teacher to become faster than the rest of the class.

Another study was conducted by Nellman (2008) for Biology courses in California, “a
formative evaluation of high school blended learning biology course”. The study aimed to answer the
question “will participants increase their domain knowledge and problem solving skills after
instruction in a high school level blended distance learning biology course?”” Additionally, participant
reactions to the blended instruction model were surveyed. The study consisted of pilot and main study
groups and participants were students in an urban Southern California public high school biology
course in genetics content. All students (N=144) were selected from biology classes and 115 of them
participated to the study. 67 of them were randomly placed into the control group and the others
placed into the treatment group. All students were issued a textbook and it’s I-Text CD for home use.
Three different instruments were used during the study. (1) Content Understanding Test includes 16
multiple choice test items to measure content understanding and 6 essay type questions to measure
problem solving skills. (2) Students Attitude Questionnaire. (3) Technology Survey.

The hypothesis and related findings were as follows:

Hypothesis 1: Participants in a high school level blended biology course will increase their
domain knowledge.

The results provided evidence that participants in the study significantly increased their
domain knowledge (genetics content understanding). Mean improvement was 31% (t=21,97, df=66,
p=.01).

Hypothesis 2: Participants in a high school level blended biology course will increase their
problem solving skills.

The results provided evidence that participants in the study significantly increased their
problem solving skills (Punnett squares). Mean improvement was 28% (t=11,67 , df=66, p=.01).

These three examples about blended instruction suggest that it should be studied in different
fields. The first study was about a computer course and done in a university. It concludes that the
blended instruction should have pedagogical philosophies. The second study was about Information
Technology and gives information about the design of the course, the role of the teacher and the
effects on slow and gifted learners. The third study was about biology and it concludes that blended
instruction has the effect on students’ knowledge positively. These results show that blended
instruction can be used in physics and it can effect students’ achievements.

Blended learning aims to combine the advantages of traditional courses and web based
instruction together to enhance students learning and achievements (Nellman, 2008). Physics is one of
the different subject areas for blended instruction and the current study aims to use it in a physics
course. Because when ERIC is searched with the keywords “blended instruction” and “physics”
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2.4 Inquiry Learning

Inquiry is a multifaceted activity that involves making observations, posing questions,
examining books and other sources of information, planning investigations, reviewing what is already
known, using tools to gather, analyze, and interpret data, proposing answers, explanations, and
predictions, communicating the results. (National Research Council, 1996). Inquiry method is mainly
compared to traditional expository teaching method in the literature (Haury, 1993; Cobern, Schuster,
Adams, Applegate, Skjold, Undreiu, Loving & Gobert, 2010; Yager & Akcay, 2010; Nwagbo, 2006;
Lawson & Johson, 2002; Sokolowski & Rackley, 2011).

Nwagbo (2006) designed a study with 147 students from high schools in Nigeria. Students’
achievements and attitudes to biology were tested. At the end he concludes that inquiry method
significantly better than the expository method in enhancing cognitive achievement in Biology and
students attitudes were changed positively with two teaching methods. Yager and Akcay (2010)
designed a study with 12 teachers who agreed to participate in inquiry and traditional sections in their
classes. 365 students for inquiry sections and 359 students for traditional sections were included into
the study. Science process skills and understanding of science concepts were analyzed. The results
showed that understanding of science concepts and science process skills of the students increased in
inquiry sections and the difference is statistically significant. Similar to these studies, Lawson and
Johson (2002) and Sokolowski and Rackley (2011) also found results that support inquiry learning
about students understanding. However, these studies were not administered in a web based medium.
Mioduser, Nacmias, Lahav and Oren (2000) reviewed 436 web sites, 146 (33,5 %) of them were
related to physics, instructional model of these sites are classified as 330 (75,7 %) direct and 123 (28,2
%) inquiry based instruction. At the end of the study, their judgement about the web sites that one step
ahead of the technology and two steps back for the pedagogy (p. 73). This study shows that web based
learning environments mainly composed of direct instruction and the literature needs studies with web
based inquiry.

The application of the inquiry instruction in web based learning environments should be
supported by academic institutions, public organizations and private companies (Mioduser, Nacmias,
Lahav & Oren, 2000). In the literature, there are some web based inquiry environments. These are
listed below:

Web based inquiry science environment (WISE): It is constructed by Berkeley University in
1997 and supplies science inquiry activities for K-12 students. This environment gives some
opportunities like reading and writing prompts, predict, observe, explain and reflect, critique and
feedback, science narratives, challenge questions; argument organizers and explanation generation
tools, idea manager, WISE draw and flipbook animator, MySystem; activity templates, inquiry and
role-play, peer critique and feedback, debate, brainstorm, discussion; rich media and interactive
simulations, virtual experiments, multimedia texts
(http://wise.berkeley.edu/webapp/pages/features.html). Viola (2010) designed a doctoral study with
WISE, he constructed two version: first, students make a claim and find an evidence for a subject in
Biology and second, students do not make such a claim and evidence. He concluded that there is no
significant difference between two versions of WISE, but there was a significant difference between
the test scores of students who had different teachers.

Global Learning and Observations to Benefit the Environment (GLOBE): GLOBE involves
students from 5000 schools in 60 countries. The students make environmental measurements and
reports them using World Wide Web. Globe provides meaningful application for computer and
communications technologies, increases students’ performance in the job market every-where in the
world, uses wide variety of operational capabilities of Web, provides data, visualizations and
information (Finarelli, 1998). In 2012, the number of GLOBE schools is 25,257 and the number of
teachers is 917 (http://www.globe.gov). Kids and Global Scientists (KGS) project is related to weather
and it is designed for the needs of thousands of students and teachers in Detroit public schools
(Songer, Lim & Kam).

GetSmart: website was developed for the purpose of investigating the impact of teacher
produced online materials to improve students’ performance and attitudes in physics classes at a high
school in Australia. GetSmart includes web based lessons, texts, online chats and interactive activities.
A study was constructed by Chandra and Watters (2012) to investigate the effects of GetSmart in a
blended learning environment on year 12 students’ achievement about “electronics” and “atomic
physics unit”. 48 students were assigned to treatment group and 32 students to control group. Two
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experienced physics teacher (including the researcher) participated to the study. Knowledge, and
science processes were tested. The main effects for knowledge was statistically significant in the favor
of blended instruction, but there was no statistically significant main effect for science process skills.
(http://www.copacabana-p.schools.nsw.edu.au/Get_Smart Pages/Get_Smart.htm). GetSmart include
both inquiry and expository materials designed by teachers.

As discussed above, there are a few number of projects related to web based inquiry
environments. Additionally, these studies did not used for quantitative data analyzes. The literature
about web based inquiry needs some projects to enrich the literature with quantitative data. This study
aims to fill also this gap as discussed in chapter 1.

Bass, Contant and Carin (2009) stated that inquiry instruction had some special features that
considerably fundamental to 5E learning cycle, these are;

e Learners are engaged by specific questions: Ideally, students would generate questions from
their own experiences but many students need assistance in learning to form questions. In
many cases the focus question or problem is formed by the teacher.

e Learners give priority to evidence as they plan and conduct investigations: Students devise
ways to gather evidence to answer their questions. The degree of assistance is varying during
the students collect data, decide the relevant data and organize the data. Students may use
experimental investigations.

e Learners connect evidence and scientific knowledge in generating explanations: Students
describe, classify and explain their observations and work by themselves and work with one
another. Students learn from their explanations and ask “why something happens” or “what
has happened”.

e Learners apply their knowledge to new specific problems: To develop and extend their
understanding students must apply their new knowledge to new circumstances.

e Learners engage in critical discourse with others about procedures, evidence and
explanations: Children love to talk about their experiences and inquiry; science provides
students to organize, record, report and reflect their knowledge.

These complex processes of inquiry instruction can be considerably simplified through the use of SE
learning cycle (Bass, Contant & Carin, 2009).

2.4.1 5E Learning Cycle
5E learning cycle supplies constructivism, conceptual change and inquiry learning in a
classroom setting (Campbell, 2000). Bybee and Landes (1990) stated that the learning cycle is
originally proposed by J. Myron Atkins and Robert Karplus in 1962 and then incorporated in the SCIS
(Science Curriculum Improvement Study) program. This original model consisted of three phases:
exploration, conceptual invention and application (Hammermand, 2006). The final version of the
cycle was developed in the late 1980°s as a component of Science for Life and Living curriculum
created through the Biological Sciences Curriculum Study (BSCS) group (Bybee & Landes, 1990).
This group summarized these five phases as follows in their web-sites as a full report of
2006.
e Engage: this phase aims to promote curiosity and make connections between past and present
knowledge of the students. Discrepant events can be used to supply curiosity.
e Explore: Conceptual change is facilitated. Students may complete lab activities, explore
questions and possibilities, design and conduct preliminary investigations.
e Explain: Students’ understanding of engage and explore phases is important and this phase
provides opportunity to demonstrate their conceptual understanding, processes and skills.
This phase also provides opportunities for teacher to directly introduce a concept and make
explanations.
e FElaborate: Through new experiences, teachers challenge and extend students’ conceptual
understanding and skills. Students use their understanding for new additional activities.
e Evaluate: Students assess their understanding and teachers evaluate students progress toward
achieving the educational objectives.
5E learning cycle format is a widely used inquiry based format for science instruction and it provides
a structured way to implement inquiry in the classroom (Talley, & Cherry, 2009).

13


http://www.copacabana-p.schools.nsw.edu.au/Get_Smart_Pages/Get_Smart.htm

2.5 Science Process Skills and Related Studies

Science process skills can be defined as the skills that can facilitate learning, supply an active
role to students during classrooms, develop students’ responsibilities, increase learning and help
students acquire research methods (Cepni, Ayas, Johnson & Turgut, 1997).

Science has three important dimensions: scientific knowledge, science processes, and
scientific attitudes. The processes of doing science are the science process skills that scientists use.
Science process skills and inquiry skills are necessary skills for creating scientific knowledge (Lanka,
2007). That means these skills can be accessed by applying them in the laboratory activities. Science
process skills can be classified into two: basic science process skills and integrated science process
skills.

Basic Science Process Skills:

* Observing - uses senses to gather information about an object or an event. It is a description
of what was actually perceived. This information is considered qualitative data.

* Measuring - uses standard measures or estimations to describe specific dimensions of an
object or an event. This information is considered quantitative data.

* Inferring - formulates assumptions or possible explanations based upon observations.

* Classifying - groups or orders objects or events into categories based upon characteristics or
a defined criteria.

* Predicting - guesses the most likely outcome of a future event based upon a pattern of
evidence.

» Communicating - uses words, symbols, or graphics to describe an object, action or an event.

Integrated Science Process Skills:

* Formulating Hypotheses - states the proposed solutions or expected outcomes for
experiments. These proposed solutions to a problem must be testable.

* Identifying of Variables - states the changeable factors that can affect an experiment. It is
important to change only the variable being tested and kept the rest constant. The one being
manipulated is the independent variable; the one being measured to determine its response is
the dependent variable; and all variables that do not change and may be potential independent
variables are constants.

* Defining Variables Operationally - explains how to measure a variable in an experiment.

* Describing Relationships Between Variables - explains relationships between variables in
an experiment such as between the independent and dependent variables plus the standard of
comparison.

* Designing Investigations - designs an experiment by identifying materials and describes
appropriate steps in a procedure to test a hypothesis.

* Experimenting - carries out an experiment by carefully following directions of the
procedure so the results can be verified by repeating the procedure several times.

* Acquiring Data - collects qualitative and quantitative data as observations and
measurements.

* Organizing Data in Tables and Graphs - makes data tables and graphs for data collected.

* Analyzing Investigations and Their Data - interprets data statistically, identifies human
mistakes and experimental errors, evaluates the hypothesis, formulates conclusions, and
recommends further testing where necessary.

* Understanding Cause and Effect Relationships - what caused what to happen and why.

* Formulating Models - recognizes patterns in data and makes comparisons to familiar
objects or ideas.

When the science programs of different countries are searched, basic science process skills
are important for elementary and early childhood students and integrated science process skills are
important for secondary schools (Temiz, 2007).

These skills cannot be thought as steps of a procedure or independent segments. They are all
related with each other. So the improvement of these skills can help meaningful learning and help
individuals while solving problems in their daily life (Aktamis & Ergin, 2007).
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A study was conducted with college biology and elementary majors to understand the
attitudes of computer simulations on science process skills. Participants did use online resources and a
computer simulation which is prepared with 5SE method. A questionnaire was prepared to understand
their attitudes toward science process skills. At the end of the study, 40% of biology majors and 85%
of elementary education majors indicated that computer simulations helped them to improve their
science process skills (Lee, Hairston, Thames, Lawrence, & Herron, 2002).

In another study (Lanka, 2007) a learning environment was created by using an inquiry skills
to facilitate science process skills in teaching of physics teachers. In this learning environment,
teachers get assessments to improve their science process skills in four dimensions.

+ Skill C1: Using and organizing techniques, apparatus and materials;

+ Skill C2: Observing, measuring and recording;

« Skill C3: Interpreting and evaluating experimental observations and data;
« Skill C4: Planning, carrying out and evaluating investigations.

After the study, teachers’ perceptions were surveyed with a questionnaire which was
prepared with a likert scale. The researcher found that with this questionnaire: 1) Fostering scientific
attitudes (4,58 out of 5); 2) Encouraging learners to observe safety precautions at all times when
conducting scientific investigations(4,67 out of 5); 3) Facilitating investigative/inquiry activities(3,87
out of 5).

In another study (Huppert, Lomask & Lazarowitz, 2002), a computer assisted learning
environment was created with computer simulations. Treatment groups got computer simulations with
classroom teaching. In computer laboratories treatment group students made 3 experiments by using
the simulations and noted the data to the given worksheets. Then the students analyzed data. Control
groups were instructed only traditional classroom teaching. An achievement test and a biology test of
science processes were used. These tests were taken from the literature. The effects of this
environment on students’ achievements and scientific process skill were investigated. Treatment
groups students got higher achievement scores and science process skills’ scores than the control
group students with the effect size of 2.66 and 3.02 respectively.

According to these studies, science process skills can be improved with the use of appropriate
teaching method and material together. In this study, web based learning environments with SE and
expository teaching methods were developed. Both include the same subject matter and related
examples and assessments. The effects of these blending methods on students’ science process skills
were investigated with a Science Process Skills Test which was taken from the literature.

2.6 Expository Teaching

Oliver and McLaughlin (1996) described five interactions between teacher and students;
social, procedural, expository, explanatory and cognitive. According to their model, expository can be
defined as the demonstrations of knowledge or skills in response to a direct request from one to
another. Similarly, Martin (2006) defined expository teaching as a teacher centered teaching method.
Martin also says that according to expository teaching, teacher lectures, provides notes, shows videos,
explains charts, solves sample problems, and demonstrates laboratory exercises, reads stories and so
on. All activities are teacher controlled. In addition to these, expository methodology has had its place
in science education. Explanations of certain scientific concepts, such as nuclear energy, atomic
theory, may be best handled in an expository mode with the whole class. However, Jerome Bruner
argued that expository teaching has “two major weaknesses: (1) it makes the learner passive, and (2)
the knowledge presented is inert” (Eggen & Kauchak , as cited in Martin, 2006).

On the other hand, expository texts mainly related to information and may use rhetorical
structures such as cause and effect, analysis, compare and contrast, explanation, description,
classification, illustration, argument and persuasion, and definition (VanderMey, Meyer, Van Rys,
Kemper, & Sebranek, as cited in Jenkins, 2009). Due to Smith (2003), expository texts have three
main advantages. First, if the information is presented to children in a fun and creative ways, children
can develop more sophisticated skills in critical and analytical thinking. Second, students can
synthesis material by reading from a variety of texts to find information on a topic, drawing out the
main points and learn how to search for relationships among pieces of information. Third, teachers
should provide different expository texts to students, so they have a chance to see different
perspectives and finally this will supply the students’ deeper understanding of the text.
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In the literature, there are some studies that compare expository and inquiry teaching
methods. For example; Anders, Berg, Christina, Bergendahl, Bruno and Lundberg (2003) designed a
study to investigate students’ attitudes towards learning after inquiry and expository versions of a
chemistry laboratory. During the expository instruction, the experiment was described in detail.
During the inquiry instruction, written information of the task was given to students to compare the
two catalysts in any way they found relevant. The students had to use their existing knowledge to
formulate a hypothesis, plan, perform and evaluate their experiment. 190 university students from
different departments were the participants of the study. The attitudes of the students were analyzed
by using a questionnaire and interview. At the end of the study, authors said that they had found true
difference between the inquiry and expository instruction. They claimed that inquiry version was more
beneficial than expository for the students.

As a second study that compares expository and inquiry, Nwagbo (2006) designed the study
to compare guided inquiry and expository teaching methods in secondary schools biology course. A
pre-test, post-test non equivalent control group design was adopted to the study and 147 students from
four secondary schools participated in Nigeria. For data collection three instruments were used,
scientific literacy test, biology achievement test and biology attitude test. Biology teachers were
trained four weeks and the study lasted 6 weeks. The students’ interactions were minimal. The lesson
plans were given to the teachers. For the guided inquiry groups, drawing attention to the instructional
materials (charts, real specimens, models etc.), probing questions, student questioning and drawing of
conclusions and the teacher directing students’ inconsistencies were used. Each activity was followed
by a class discussion. The control group was taught the same biology concept, using expository
method. Teacher delivered the pre-planned lesson to the students with little or no instructional
materials. Student-teacher instruction was minimal. The students listened and assimilated principles
and procedures for the correct solutions of problems. As a result of the study, the guided inquiry
method was found significantly better than the expository method in enhancing cognitive achievement
in biology. All the groups showed positive attitude to biology for the two teaching methods. There
were no statistically significant interactions between teaching methods and scientific literacy on
achievement and on attitudes to biology. As a final study about the comparison of inquiry and
expository, Sweak, Jong and Joolingen (2004) tried to investigate the effects of discovery learning and
expository instruction on definitional and intuitive learning. While discovery learning included
hypothesis generation, experimental design and data interpretation and used simulation learning
environment, expository instruction paid more attention to directly exposing definitions and equations
and used hypertext learning environment. A pre-test, post-test design was adopted for the study and
112 students participated. The researchers expected for the discovery learning (simulation) group
students do better in intuitive learning test and for the expository instruction (hypertext) group
students do better in definitional learning test. However, it was found that expository instruction group
performed better on the definitional knowledge test and intuitive knowledge test but not on the time
needed to answer items. On the explanation test there was no difference between the two groups. The
researchers claimed that in the simulation group many students followed the assignments given and
did not engage in self guided discovery but in the hypertext group assignments were more directly
presented. This implies that simulations are to be considered only when clear benefits of discovery are
expected and only with sufficient learning time and freedom for the students to engage in discovery.

The findings in the literature can be summarized as following:

a) Expository teaching is a teacher centered and traditional teaching method. The students are
passive and the teacher controls all activities in class.

b) Expository texts are mainly using for description, definition, explanation, cause and effect,
analysis, compare and contrast etc. and they may supply deeper understanding of the concept.

¢) Expository teaching is used for the comparison part in the studies. To investigate the effect of
inquiry learning, expository teaching is used as the traditional instruction. However, in the
studies there are no details of how they do expository teaching. In some studies, expository
teaching supplies deeper understanding of knowledge, in some other studies inquiry supplies
that. There is no strict beneficial literature between expository and inquiry.
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2.7 Studies about Electricity

The literature was searched to review the studies about electricity subject. The methods used
to teach electricity, the difficulties and misconceptions related to electricity are presented below.

Zavala (2008) performed a qualitative study to understand the teaching methods,
misunderstandings and gaps of teachers while teaching electricity. He claimed that students started to
learn electricity concepts at elementary level and apply their knowledge in daily life activities related
to electricity. These activities were also the sources of their misunderstanding of electricity concepts.
Additionally, teachers used different teaching methods according to their specific teaching goal. Four
of six participant teachers of the study were willing to use laboratory activities, while two of them
preferred lecture format for their primary method of instruction.

Different teaching methods can be preferred to teach a subject but electricity has many
misconceptions and it is a part of real life. The electricity misconceptions were classified by different
researchers in different formats. According to McDermott and Shaffer (1992) students did not
understand how current flows in a wire and think a battery as a source of constant current instead of
constant potential difference. And also Yalvag (1998) classifies the misconceptions related to
electricity in the literature as follows;

The sink model: a single wire is enough for the electric current.

The clashing current model: positive electricity moves from positive terminal and meet on

the device with negative electricity coming from negative terminal.

The weakening current model: current gradually weakens while passing the electrical device.

The shared model: current is the same at all points in circuit regardless of the type, series or

parallel.

Local reasoning: the change in one part of the circuit does not affect the other

parts.

Empirical rule: the closest bulb to the battery lights brighter than the others.

Maloney, O’Kuma, Hieggelke, and Heuvelen (2001) tried to investigate the students’
difficulties about electricity and magnetism and developed a survey “Conceptual Survey of Electricity
and Magnetism (CSEM)”. This survey was applied to more than 5000 physics students in four years.
At the end of this survey study, they concluded that students had some difficulties about electricity
and magnetism. The difficulties related to electricity were about the charge distribution in conductors
and insulators, applications of Newton’s third law (students seem to believe larger “objects” (in
charge magnitude) exert large forces than smaller objects). Researchers of the study claimed that these
difficulties could be eliminated with the newly developed and improved teaching way of electricity
and magnetism.

The findings about electricity in the literature show that students hold misconceptions related
to electricity and the subject should be taught with alternative teaching methods.

2.8 Summary of Related Literature

The literature review started with the web based instruction and physics. The effects of web
based instruction on students’ achievements and types of web based environments prepared for
science and physics education were reviewed. First of all, web based instruction aims to bring learning
to students by using internet (Wang & Gearhart, 2006). This aim changed students’ learning. For
example; Persin (2002), Sun, Lin and Yu (2008), and Sengel (2005) found similar results about web
based instruction, increase on students’ achievements. During these studies, web based environments
were constructed and used for experimental groups. However, what kind of teaching methods were
used while preparing these environments was not stated. Secondly, some web environments like the
baldufa, motion workshop, xyZET and WebTOP, and Phet were reviewed. These web environments
were developed with different designs. While one environment were designed for lecture notes,
problems and questions, another environment designed for videos, 2d and 3d simulations. These
differences of web environments can be used while preparing inquiry and expository teaching
methods. For example; Baldufa contains lecture notes, solved problems and questions. It has similar
activities of expository teaching methods. On the other hand, simulations in Phet can be used for
explore and elaborate phases of SE learning cycle.
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Then, blended instruction was reviewed. Blended instruction aims to combine the advantages
of face-to-face environment with web based instruction. These discussions about the opportunities and
challenges of blended instruction were reviewed. The opportunities are: active learning, explanations
combining voice and evolving graphics, simulations, problem solving with individual instantaneous
guidance and feedback, convenience of review, and feedback to instructors. The challenges are mostly
design and material based challenges. The studies  propose arguments about the advantages of
blended learning and how to design their studies with blended instruction. There were only two
studies (Nellman, 2008; Chandra & Watters, 2012) try to investigate the effects of blended instruction
on students achievements and science process skills. However, these studies did not mention which
teaching methods were used in web based environments. So, new studies should give the detailed
information about

Then, medium-method conflict was reviwed based upon the arguments of Richard E. Clark
and Robert B. Kozma. While Clark (1994) defines medium as a mere vehicle and argues that it does
not supply learning alone, Kozma (1994) states that technology will influence learning in the future
and defining technology as a mere vehicle may result with never to understand the potential
relationship. In the further studies, Nancy and Monica (2005) states that Clark’s mere vehicle turned
to supersonic jet with the development of internet and web based sources.

After the importance of method used in a technological medium, inquiry and expository
teaching methods were reviewed. They are two distinct methods. While inquiry is a student-centered
and it involves multifaceted activities like making observations, posing questions, planning
investigations and using tools to gather, analyze, and interpret data (National Research Council,
1996), expository teaching method is a teacher-centered and involves activities like giving lectures
and notes, solving sample problems and reading stories (Martin, 2006).
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CHAPTER 3

METHOD

In this chapter, population, sample and sampling procedure, research design, variables,
procedure, treatments, material development process, instruments, confirmatory factor analysis,
teacher training, treatment fidelity and verification, statistical analysis, power analysis, unit of
analysis, assumptions and limitations are discussed.

3.1 Population

The target population consists of all 9™ grade students attending private and Anatolian high
schools located in Cankaya district of Ankara in Turkey. The accessible population is also the 9™
grade high school students enrolled in physics courses in these schools. Table 3.1 shows the number
of private and Anatolian high schools and students in Ankara and Cankaya during 2009-2010
academic year.

Table 3.1

Number of Private and Anatolian High Schools and Number of 9" Grade Students in Cankaya
and Ankara

School Type Location Number of Number of 9" Grade Students

Schools Girls Boys TOTAL
Private ~ High Cankaya 17 366 409 775
Schools Ankara 40 1,267 1,402 2,669
Anatolian High  Cankaya 14 1,129 931 2,060
Schools Ankara 58 3,868 4,793 8,661

There are 17 private and 14 Anatolian high schools in Cankaya district. 2,669 private and
8,661 Anatolian high school students are in these schools. 775 of private and 2,060 of Anatolian high
school students are in Cankaya district. The number of boys is larger than that of girls in these
schools.

3.2 Sample and Sampling Procedure

The sample for the study was selected from the accessible population by purposive sampling.
The internet accessibilities and technological availabilities were important criteria for the study.
Students needed to access internet during their classroom hours and the computers should be available
and ready to use softwares like JAVA and flash players. Two private and two Anatolian high schools
in Cankaya complying these criteria were selected as a convenience to the researcher for the study.
The teachers of the selected schools were informed about the nature of the study and they accepted to
participate in the study.

Five classrooms from private high schools and eight classrooms from Anatolian high schools
were participated to the study. Student distribution in these schools is shown in Table 3.2.
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Table 3.5

Variables of the Study

Name  of Dependent (DV)/ Categorical Scale
Variable Independent (IV) /Continuous

MOT v Categorical Nominal
Mode v Categorical Nominal
Pre-EAT v Continuous Interval
Pre-SPST v Continuous Interval
Pre-PAS v Continuous Interval
Post-EAT DV Continuous Interval
Post-SPST DV Continuous Interval
Post-PAS DV Continuous Interval

MOT: Methods of Teaching, Mode: Instructional mode, EAT: Electricity
Achievement Test, SPST: Science Process Skills Test, PAS: Physics
Attitudes Scale, Pre: Pretest, Post: Posttest

3.5 Procedure

This study was started with the observations of some students’ interests to internet based
educations while he was working as a teacher in a private school. Then, he focused on internet based
learning and reached blended instruction.

The literature review was started with Middle East Technical University library portal with
searching for relevant articles pertaining to blended instruction. The databases searched were
Educational Resources Information Center (ERIC), ProQuest Dissertations and Abstracts and Social
Science Citation Index (SSCI). The keywords such as “Blended Learning”, “Blended Instruction”,
“Web-Based Instruction”, “Online Learning”, “Expository Instruction”, “Inquiry based Instruction”,
“Learning Cycle”, “Electricity” and combination of them were used to find related articles. In some
cases, too many articles were provided as result of search. In these cases, “high school” or “physics”
terms were used to filter the search results.

Based upon the review of the related literature, the necessary instructional materials materials
were developed. Two web sites for conservation of energy were constructed by using 5E learning
cycle and expository teaching methods. They were tested in the first semester of 2009-2010 education
year. According to the test results, new web sites for electricity concept were developed for the main
study in the second semester. Meanwhile, electricity achievement test, lesson plans, and study plans of
treatments were developed. Permissions for the simulations used in the web environments were taken
from the web developers of Phet and Walter Fendth. Also permission for science process skills test
was taken from Burak Kagan Temiz.

Meetings were organized with administrations of private and Anatolian high schools and
physics teachers in these schools. They accepted to participate in the study. Then, the permissions to
implement the study were taken from Middle East Technical University Ethic Community and
Ministry of Education. After all permissions were taken from Middle East Technical University and
Ministry of Education, the main study started.

Before starting implementation, meetings were organized with each teacher and the details of
lesson plans, study plans, and teaching methods were discussed. The treatments lasted six weeks.
Before and after the treatment, the instruments (electricity achievement test, science process skills test
and physics attitude scale) were used as pretest and posttest. All data collected from students were
entered to electronic medium, cleaned, and analyzed by using SPSS Statistics 13.0.
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3.6 Treatments

As discussed above, four instructional groups were constructed for the study. These were
face-to-face expository, face-to-face inquiry, blended expository and blended inquiry groups. In the
following sections, the details of these groups will be explained.

3.6.1 Face-to-Face Expository Instruction

Expository teaching is a teacher dominated instruction. The teacher is the controller and the
imparter of knowledge. The teacher lectures, provides notes, explains charts, solves sample problems,
reads stories, and so on. All activities are designed and conducted by the teacher. The teacher decides
what is to be learned and how is to be learned by the students (Martin, 2006).

Four sub-topics of electricity were designed according to expository learning. Each topic was
planned for two classroom hours. The definition of the concepts, relations among them, related tables
and figures, examples, possible questions and problems to be asked to students during classroom
hours, their solutions, and homework problems were provided in the lesson plans of expository
teaching. The lesson plans of expository treatment group were presented in Appendix A-1.

3.6.2 Face-to-Face Inquiry Instruction

Inquiry oriented instruction refers to student-centered activities through which students
construct their own knowledge about scientific ideas, as well as develop necessary skills to conduct
inquiries about the natural world. Inquiry involves the activities such as posing questions, reviewing
what is already known, planning investigations, making observations, using tools to gather, analyze,
and interpret data, proposing answers, explanations, and predictions, and communicating the results.
(National Research Council, 1996).

“SE learning cycle” is a widely used inquiry based instructional method for science
instruction providing a structured way to implement inquiry in the classroom. (Marek, 2008). It
includes five phases, engage, explore, explain, elaborate and evaluate. The content of each phases are
explained in the Table 3.6.

Table 3.6

The Content of S5E Phases in Inquiry Treatment Group

Engage To supply the curiosity, videos, photos or interesting questions are used.

Explore An experiment manual is prepared for each sub-topic. This manual directs the teacher
during the experiment. It is not distributed to students.

Explain At the end of the experiment, students are expected to explain an event with the

questions written in the manual.

Elaborate  Students are expected to elaborate specific concepts or models with further simulations
on the web or questions written on the manual.

Evaluate The evaluation questions are distributed to students.

The role of the teacher during the implementation of learning cycle was to guide students,
facilitate the experiments, and encourage students to reveal their opinions. Two hours were allocated
for the each sub-topic of the unit. To help the teachers easily implement an inquiry oriented
instruction, lesson plans were developed according to the phases of SE learning cycle. The lesson
plans were presented in Appendix A-2.

23



3.6.3 Blended Expository Instruction

There were two environments for blended expository instruction (WEXPO) group. One was
the web based expository learning environment (WELE) and the second one was the face to face
expository learning environment. Two hours lesson plans were prepared for each sub-topic of the
related unit. The implementation of WEXPO started with WELE and continued in face to face
classroom environment. The study and lesson plans about WEXPO were presented in Appendix A-3.
In the following section, details of WELE and classroom activities are explained.

3.6.3.1 Web Based Expository Learning Environment

The web address of WELE is www.dersfizik.net/expo and it was prepared for WEXPO group
students. This web site starts with data mining, introduction page and the objectives of the sub-topic.
These properties are the same with web based inquiry learning environment. The common parts are
explained in Section 3.6.5.

WELE was constructed by using expository teaching method. Four sub-topics, which were
constructed with the objectives of Ministry of Education, were divided into sub-titles. These sub-titles
are given in Table 3.7.

Table 3.7

Sub Topics and Sub Titles of WELE

Sub Topics of WELE
Electricity Resistance of a Ohm’s Connections of
Current Wire Law Resistances
Formation of Resistance of a Ohm’s Series Connections
electric current Wire Law
Quantity of Evaluation Evaluation Parallel Connections
Electric Current Questions Questions
Evaluation Mixed Connections

Questions

Evaluation Questions

Sub-titles

First sub-topic “electricity current” is explained here. In the first part of electricity current,
the formation of electricity was described. The movements of electrons and electric field during the
electric current were figured as in the textbooks. The role of the battery and the definition of electric
current are directly explained. The historical development of electric current was also presented and at
the end of this part, unit questions were asked and the answers were requested.

In the second part of electricity current, the quantity of electric current was described. The
definition and the formula of electric current were directly given. At the end of this part, unit
questions were asked and the answers were requested.

In the third part of electric current, two exercises were given. Then, the solutions of these
exercises were shown in a new page. In the final part, the evaluation questions were given. The pages
of WELE related to “electric current” are given in Appendixes B-1.

3.6.3.2 Classroom Activities of WEXPO

Students firstly used WELE in computer laboratory and then the same subject was reviewed
in classroom environment. Expository teaching method was used in classroom environment and
formation of electricity, the quantity of electric current were summarized and then the exercises and
the evaluation questions were solved in classroom environment.

24


http://www.dersfizik.net/expo



















Conservation of energy 1: Definitions of potential and kinetic energy were provided by using
the real life examples.

Conservation of energy 2: Conservation of energy was provided by using the equation that
initial energy is equal to the final energy in closed systems.

Conservation of energy 3: Conservation of energy was applied on an example of a closed
system.

Exercises: Four exercise problems were presented in an order. Students first saw the problem
and then the solution.

Problems: Five problems are given to the students. But students only saw the problems, the
solution of the problems were not presented.

3.7.1.6 Treatment Problems in Testing

Problems faced during the implementation of treatments are reported in this section. These
problems are detected while observing and during the interviews with students.

An interview protocol was constructed to obtain students’ general opinions. Four students from
classes of WILE and two students from class of WELE were selected randomly. A hand-cam was
used during the interviews. This interview protocol and its results are given in Appendix C. The
problems observed during testing were listed below:

e Students started the web sites by taking accounts. They obtained their own ID and passwords.
During this stage, web sites requested them to confirm their e-mails and then sent back the
mail to their e-mail addresses. This took longer time then expected.

e In the engage phase of WILE, there was a video showing the simple pendulum motion.
Students clicked at the same time to video so some computers did not open the video.

e In the engage phase of WILE, also some computers did not have appropriate media player
program and so these students could not watch the video in their own computers. During the
testing, these students watch the video from their friends’ computers and then went on on
their own computers.

e In the explore phase of WILE, there was a Java Applet which is prepared by Walter Fendth.
There was no appropriate Java version in the computers so students had to download the Java
first and then see the applet.

e In the explain phase of WILE, students shared their opinions in the forum. But some students
could not send their opinions, because they had not used the forum page before.

e In the elaborate phase of WILE, a PHET simulation from Colorado University was used.
Students firstly clicked on a link to open the university web site, then downloaded the
simulation from this site, then open and used. This took again longer then expected

e In the evaluation phase of WILE, little number of students could complete this part. During
the use of WELE, students got bored and did not send or do anything. Just read the subject
and solved the exercises.

e Students forgot to write their names and the tables came to researchers’ mail inbox without
names.

3.7.1.7 Solutions of Treatment Problems
The solutions generated for the detected problems were as follows:
e Students selected only their user IDs and passwords to obtain an account. The confirmation
with e-mails is deleted.
e A new link is constructed in each video and if the students did not open the video, they could
download the video and open with media player.
e It is decided that download the latest version of media player and Java to each computer
before the main study, and also software of videos, java applets and simulations were
provided to the teachers.
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Students were informed about how to use forums before the main study.

A new link was constructed that directly open PHET simulations.

All questions were asked students in multiple choice formats in evaluation questions parts.
Comments and message boards were added to WELE.

To remind students to write their names while using the message boards, a reminder of “don’t
forget to write your name” written in red ink were inserted at the top of the message boards
and also a new code was added.

3.8 Instruments

Three instruments were used for the study; 1) Electricity Achievement Test (EAT), 2)
Science Process Skills Test (SPST), and 3) Physics Attitude Scale (PAS). Details about the
instruments were provided in the following sections

3.8.1 Electricity Achievement Test

EAT were used to understand the effects of blended instructions on 9™ grade students’
achievements about electricity. The results of this test were used to measure students’ achievements
about electricity as mentioned in first and second research questions. The 9" grade physics curriculum
includes the topics electric current, resistance of a wire, Ohm’s law, and connections of resistances. A
new test including these topics was prepared for the study and used as pretest and posttest.

Valid and reliable tests can be constructed with carefully planned tests. (Tekin, 1996).
Gronlund (1998) states the preparation steps of an achievement test as follows: 1) Describe and define
learning outputs of the test, 2) Construct table of specifications, 3) Construct suitable test items, 4)
Check and control test items, 5) Order test items, and 6) Prepare the directives of the test. Similar to
these steps, Spector (1992) states a circle while constructing a test. The steps of this circle as follows:
1) define constructs, 2) design test items, 3) pilot test, 4) application and item analysis, and 5)
reliability and norm. The steps of the circle can be repeated during the procedure and the constructer
can turn back in between steps.

Gronlund and Spector have similar steps in their test constructions but finally Crocker and
Algina (1986) gives more detailed processes of test construction as follows and these processes are
used to construct EAT.

The behavioral objectives of Ministry of Education were obtained from the 9™ grade physics
curriculum as given in Appendix D-1. Four main objectives were determined by the Ministry of
Education. These four objectives are named as electric current (objective 1.1), resistance of a wire
(objective 1.3), Ohm’s Law (objective 1.2) and connections of resistances (objective 1.4). According
to this classification, the objective list of EAT was prepared in more detail. Totally 26 behavioral
objectives was prepared by using textbooks and other doctoral studies about electricity (Sen, 2010 ;
Sancar, 2007). The objective list of EAT was given in Appendix D-2. The relation between objectives
of EAT and objectives of electricity determined by Ministry of Education was given in Table 3.9.

Table 3.9

Objective number of EAT vs Objectives of Electricity Determined by Ministry of Education

Objectives of Electricity Determined by Ministry of Education

Electric Current  Resistance of a Ohm’s Law Connections  of

Wire Resistances
Objective 1-2-3-4 10 -11 - 12 7-8-9 14 - 15 - 16 -
number of EAT 5 -6 13 17 18 - 19 -
20 21 22 -23 -

24-25-26

32



Table of test specifications of EAT was prepared with the use of Bloom’s taxonomy and sub
titles of electricity. While preparing this table is, the electricity concept was divided into 4 sub-titles as
Ministry of Education did. According to the final version of the test, the specification table was
reconstructed as given in Appendixes D-3.

The items related to electricity were taken from 9™ grade Physics books, university entrance
exam (OSS) questions, open high school 9" grade exam questions, and studies about electricity in the
literature. Source of the items in the pool was presented in Table 3.10.

Table 3.10

Source of Items in the Pool

Source of Item Number of Items taken from Percentage of items in the
the source pool
1- Physics Books 27 40%
2- University  Entrance 14 20%
Exam
3- Open High School 10 14%
Exam Question
4- Studies about 18 26%
Electricity

Physics Books: Three physics books were used as the source of items in the pool. One of them is a
textbook that is used in private high schools and published by Oran Publishing. Fifteen objective type
(true-false and fill in the blanks) items were added to item pool from this source. Second book is a
textbook (Halliday, Resnick & Walker, 1993) that is used by university students in physics department
at Middle East Technical University. Seven essay type items were taken for the pool and then they
changed to multiple choice items with adding distracters. These books are originally in English and
after the selection of the items they were translated into Turkish. The translations were also checked
by a PhD student at Middle East technical university. The other physics book is an ancillary textbook
for high school physics and published by Zambak Yayinlari. Five essay type items were taken and
distracters were added to these items.

University Entrance Exam: university entrance exam questions between 1992 and 2008 were
searched. Fourteen questions were added to the pool.

Open High School Exam Questions: 2008-2009 academic year high school exam questions were
reviewed and ten questions related to electricity were included into the pool.

Studies about Electricity: three studies from the literature were used. Nine questions from Sen (2010)
and Sencar’s (2007) doctoral thesis were selected for the pool. The third study about electricity was
related to 8" grade students’ understanding of fundamental electricity concepts (Akdeniz, Bektas,
Yigit, 2000) and three questions were taken from the study for the pool.

Thirty two items were selected from the pool according to the table of test specifications and
solved by the researcher. The answer key of the test was constructed. Some questions had four
distracters or some had no distracters, new distracters were added to these items. The test was
distributed to two research assistants at Middle East Technical University and the answer key was
prepared by them. Research assistants also checked table of test specifications and Bloom’s
taxonomy. Assistants and researcher did a meeting and discussed the compatibility of test items with
specifications table. Finally, it was agreed upon that there should be thirty questions in the test and
46% is on knowledge, 12% is on comprehension, 30% is on application and 12 % is on analysis levels
acoording to Bloom’s taxonomy. Source of items in the final version of the test is given in Table 3.11.
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Table 3.11

Source of Items in the EAT

Source of Item Number of Item Number in EAT
1- Physics Books 3% 6% 8% 13%% 4% [5% 7%k @Kk [QHkk DOk ] kkk
22***’ 23***’ 24***’ 25***’ 26***’ 27***’ 28***’ 30***
2-  University Entrance 9%, 11°, 16°
Exam
3- Open High School Exam 4,5,7,
Question

4-  Studies about Electricity 1%, 2%, 10°, 12°, 29"

* Lise Fizik 2 Elektrik (2005), Zambak Yayinlari, Caglayan A.S. Basimevi, Izmir.
**Halliday, Resnick and Walker (1993)

***Physics 9 High School (2007.), Oran Yayinlari, Feryal Matbaacilik, Ankara.
a: 0SS-2004 b: 0SS-2001 ¢:08S-1992 d: Akdeniz, Bektas and Yigit (2000).
e: Sen (2010). f: Sencar (2007).

Thirty items in total were used in pilot test. It included sixteen multiple choice, ten fill in the
blanks and four true/false type items. This test was distributed to thirty two private high school 10™
grade students to understand the missing or misunderstandings of the test items. 45 minutes was given
to the students to complete but most of them were completed nearly in 30 minutes. The final version
of EAT is given in appendix D-4.

The responses of the students were analyzed by using ITEMAN program. The Cronbach’s
Alpha reliability coefficient of the responses was found to be 0.57. Item difficulty and item
discrimination indices were in acceptable range. However, according to ITEMAN results, Items 2, 6
and 16 needed modifications. Then, SPSS analysis was conducted to determine the items that decrease
the Cronbach Alpha reliability coefficient. Items 2, 6, 9 and 22 were the items that decrease the
reliability coefficient. Item difficulty indexes of each item are evaluated by using ITEMAN results.
The items between 0.20 and 0.80 are remarked as acceptable items (Measurement and Evaluation
Center, 2003). Items 1, 19 and 27 are decided as easy questions and items 5, 6, 8, and 14 are difficult
items. Then the discrimination indexes were calculated by using ITEMAN. Measurement and
evaluation center (2003) reports about discrimination values as: 0.40 and higher values are very good
items, between 0.30 and 0.39 are good items, between 0.20 and 0.29 are fairly good items, 0.19 or less
are poor items. At the end of the item discrimination, items 1, 2, 5, 6, 7, 8, 10, 14, 16 and 29 are
remarked as unacceptable items. Upon the review of the unacceptable items some of them required to
be revised as in Table 3.12. The other items in EAT are decided as not required to revise.

Table 3.12

Revisions Made in EAT ltems

Item Number Revision Made in Item

Item 2 Battery, wire and lamp figure are added to the shape. The names of each are
written.

Item 8 The question sentence is changed. The relation between resistance and length is
given and the value of current is asked.

Item 9 To show the direction of current, the battery shape is added to figure.

Item 22 The question sample is changed as more simple.

Item 29 The question sample is changed as more simple.
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Some statistics about the item analysis of the pilot study are given in Table 3.13.

Table 3.13

Pilot Study Statistics for EAT

Number of Items 30
Number of Examinees 32
Mean 14.000
Variance 13.125
Standard Deviation 3.623
Skewness 745
Kurtosis .004
Cronbach alpha .567
Mean Item Difficulty 467

Mean Item Discrimination  .365

As discussed above, the reliability constant of the test is calculated as .567 at the end of the
pilot study and 5 items were revised. During the main study, pre-test and post-test reliabilities of the
test were calculated as 0.776 and 0.886, respectively. These are acceptable Cronbach’s Alpha values
due to Maloney et, al. (2000). ITEMAN results for posttest of the study were presented in Appendix
D-5.

A physics educator and three research assistants from Middle East Technical University and
a high school physics teacher examined the final form of the test with respect to the appropriateness of
the items for the content and grade level and face validity. Their recommendations were reflected in
the test items.

EAT was scored with 1.0 for correct answers and 0.0 for wrong answers. The scores of the
students were ranged between 0.0 and 30.0. Higher scores of the students indicated more and lower
scores indicated less understanding of the electricity concept.

However, after implementing EAT in the main study, some items (14, 20, 21, 22, 27, 29, 30)
were decided to make revision for further studies usage because there were some missing or
misunderstanding points in these items. These items were also checked in ITEMAN results, and
decided not to reduce from the study. The revised versions of these items were also presented in
paranthesis in appendix D-4.

3.8.2  Science Process Skills Test

According to Temiz (2007), science process skills have started to investigate in1960s in the
world and 1990s in Turkey. However, there is no test constructed for Turkish students except for
Science Process Skills Measurement Test, the original name of this test is “Bilimsel Siire¢ Becerileri
Olgiim Testi (BSBOT)” which was developed and validated by Temiz (2007). Until this test, Burns,
Okey and Wise (1985) constructed a test to measure defining variables, designing investigations and
experimenting, formulating hypothesis, organizing and drawing graphs. The original name of the test
is “The Test of Integrated Science Process Skills-II (TIPS II)” and includes 36 items. The Cronbach’s
Alpha coefficient of the test was 0,86. This test was translated to Turkish by Ozkan, Askar and Geban
in 1991.

BSBOT is selected for this study. Because it was a new test and originally prepared for
Turkish students. It includes 6 modules:
Module 1: Identifying and Defining Variables and Formulating Hypothesis
Module 2: Describing Relationships between Variables, Designing Investigations and Experimenting
Module 3: Organizing Data in Tables
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Module 4: Organizing Data in Graphs
Module 5: Analyzing Investigations and Their Data and Formulating Models
Module 6: Identifying and Defining Variables and Formulating Hypothesis

As described in literature review chapter, these modules are integrated science process skills.
The names of module 1 and module 6 are the same. Module 1 contains multiple choice questions,
while module 6 includes essay type questions.. According to Temiz, each module needs one
classroom hour (40 minutes). This means to use BSBOT at least 6 hours are needed which was not
feasible for the current study. . Therefore, a new test, shorter version of the BSBOT was used for the
study.

New test was constructed according to the recommendations of Temiz (2007) and named as
Science Process Skills Test (SPST). This test includes eight items from module 1, two items from
module 2, two items from module 3, two items from module 4 and eight items from module 5, and
two items from module 6. This first version was included 24 items.

During the content validity procedure of this version, the expert judgment is used. The test is
given to two research assistants and an associated professor. The general opinion about the test was; it
needs much time than a classroom hour (40 minutes). So it was decided that the number of essay type
items should be decreased and one item from module 3 and module 4 and two items from module 6
were taken out. As a result, the final version of SPST was constructed with 20 items which includes
two essay types and eighteen multiple choice type items. The final version of SPST was presented in
Appendixes E-1.

Each module in SPST is scored with 8 points. Modules 1 and 5 had eight items, module 2 had
two items, and modules 3 and 4 had one essay type items. Each item in modules 1 and 5 was scored
1.0 for correct answer, each item in module 2 was scored 4.0 for correct answers. Modules 3 and 4
were scored by rubrics with a maximum score of 8.0. The rubrics were adapted from Temiz (2007)
and given in Appendixes E-2. The scores of the students were ranged between 0.0 and 40.0. Higher
scores of the students indicated more and lower scores indicated less on the level of science process
skills.

The reliability of the test scores (Cronbach’s Alpha) according to pretest and posttest result
were calculated 0.85 and 0.91 respectively.

Before using the items, Temiz was informed about the study and his permission to use the itemswas
presented in Appendix E-3.

3.8.3  Physics Attitude Scale (PAS)

Students’ level of attitudes towards physics was measured by physics attitude
scale (PAS) presented in Appendixes F. This scale was originally developed by Taglidere and
modified by Kiigiiker by adding 5 negative items. Five-point likert type scale was used in 24 items. So
the students can get 24 and 120 as minimum and maximum scores. Taslidere performed the factor
analysis for the scale and found that the test measures physics attitudes in five factors; enjoyment, self
efficacy, importance of physics, achievement-motivation and interest related behavior. So during the
current study, it is decided that the factor analysis is not required to renew. However, confirmatory
factor analysis is conducted to show whether our study confirms or not the factor of Taslidere’s.
Confirmatory factor analysis was presented in the following section.
The reliability coefficient of PAS was found 0.94 in Taslidere’s study, 0.83 in Kiiciiker’s study, 0.91
and 0.85 in the pretest and posttest of Serin’s study. PAS is used as pretest and posttest in the current
study. It was administered to 305 9" grade students as a pretest and Cronbach’s Alpha reliability
coefficient is found 0.94. It was administered to 314 high school 9™ grade students as a posttest and
Cronbach’s Alpha reliability coefficient is found 0.93. The reliability coefficients were similar to each
other, this shows the test scores seems reliable and consistent with Taglidere’s, Serin’s and Kiigiiker’s
results.

3.9 Confirmatory Factor Analysis

Confirmatory factor analysis was constructed for PAS in both pretest and posttest scores.
According to the findings there are 5 factors in PAS. Before starting the factor analysis, descriptive
statistics and assumptions are discussed in the following section.
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3.9.1 Descriptive Statistics for Confirmatory Factor Analysis

The factors constructed by Taglidere were shown in Table 3.14. According to these factors,
new variables were constructed in Statistical Package for Social Studies (SPSS) by averaging the
items. Negative items were recoded with positive values. 1.0 was recoded with 5.0, 2.0 was recoded
with 4.0, 4.0 was recoded with 2.0 and 5.0 was recoded with 1.0 in the 4, 8, 13, 17 and 24 items.

Table 3.14

Factor Analysis Results of PAT in Taslhdere’s Study

Factors Item Numbers
Enjoyment 1,2,16,17,23
Self Efficacy 9,10, 11, 18,21
Importance of Physics 3,4,5,13, 14
Achievement-Motivation 6,7,8,12
Interest related Behavior 15,19, 20, 22, 24

Descriptive statistics of the study was performed by means of Statistical Package for Social
Studies (SPSS), version 13. Results of descriptive statistics for all factors in PAS are given in Table
3.15.

Table 3.15

Descriptive Statistics for Pretest Scores on the PAT and Related Reliability
Coefficients

N Min Max Mean SD  Skew. Kurt. Alpha
preenjoym 245 1.00 500 347 092 -058 0.07 0.87
presefti 245 1.00 500 352 082 -037 036 0.88

preimphys 245 1.00 5.00 3.35 0.88 -047 0.03 0.84
preachmotv 245 1.00 5.00 4.02 0.72 -120 236 0.77
preintrelb 245 1.00 5.00 2.66 0.98 0.28 -0.77  0.83
postenjoym 245 1.00 5.00 3.53 091 -0.62 0.21 0.87
postseffi 245 1.00 5.00  3.55 0.82 -0.18 -0.19 0.87
postimphys 245 1.00 5.00 3.40 0.83 -0.23 0.02 0.79
postachmotv 245 1.00 5.00 4.00 0.72 -094 1.67 0.79
postintrelb 245 1.00 5.00 2.82 1.00 0.07 -0.72  0.83

Note. enjoym: enjoyment, seffi: self-efficacy, imphys: importance of physics,
achmotv: achievement motivation, intrelb: interest related behavior

3.9.2  Assumptions of Confirmatory Factor Analysis

According to Tabachnick and Fidell (2007, pp. 733-734), there are five assumptions for
confirmatory factor analysis. These are; sample size and missing data, normality, outliers,
multicollinearity and singularity, and residuals.

The adequate sample size for confirmatory factor analysis is defined as minimum 16:1 ratio
(sample size: observed variable) in Tabachnick and Fidell (2007, pp. 733-734). The current study has
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the sample size of 253 and the dependent variables in PAS are enjoyment, self-efficacy, importance of
physics, achievement motivation, and interest related behavior. So the ratio of sample size to observed
variable is 50:1 (253:5). So the sample size is adequate for the study. The missing values were
replaced with series mean as discussed in missing data analysis, so there were no missing values.

For multicollinearity, it is the simplest way to run correlations (Pallant, 2007 , p. 225). If the
correlations are above 0.80, it will be considered removing the cases. Correlations among factors
before and after treatment are given in Table 3.16. All correlations are significant and below 0.80.

Table 3.16

Correlations among Factors Before and After Treatments

Variables preenjoym Preseffi preimphys  preachmotv

preenjoym

presefti 124%*

preimphys .599* S527*

preachmotv .554* .653* 553%*

preintrelb .683* .594* S31* 449%*
postenjoym postseffi ~ postimphys postachmotv

postenjoym

postseffi 677*

postimphys JT13* 563*

postachmotv ST75% .632* S12*

postintrelb .684%* S557* .625% 377*

Note. enjoym: enjoyment, seffi: self-efficacy, imphys: importance of
physics, achmotv: achievement motivation, intrelb: interest related
behavior

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

For normality assumption, skewness and kurtosis values were checked in Table 3.15. Only
one value of kurtosis exceeds +2. The other values are between -2 and +2, so it was concluded that
normality assumption was met.

Univariate outliers were checked by using boxplots as described in Pallant (2007, pp. 59-61).
There were eight outliers. They were excluded from the study. Additionally multivariate outliers were
checked by using Mahalanobis distances again as explained in Pallant (2007, pp220-223). No case
was evaluated as multivariate outlier. Outliers were discussed during missing data analysis in Chapter
4.1.

Residuals were checked in the LISREL output. As a result, the assumptions of confirmatory
factor analysis were not violated.

3.9.3  Results of the Confirmatory Factor Analysis

In the model, physics attitudes of the students were constructed by five factors; enjoyment,
self efficacy, achievement motivation, importance of physics, and interest related behavior.

The model was repeated three times with lisrel statistical program until pretest scores reached
the good fit. Firstly, there was no good fit between the model and observed data. (x*=31.31, p =0.00,
GFI=0.95; AGFI= 0.85; RMSEA= 0.10; SRMR=0.039). A detailed output of lisrel was given in
Appendix I-1. Secondly the model was repeated with adding a covariance between self-efficacy and
achievement-motivation. (x2 = 17,41, p = 0.00, GFI= 0.97; AGFI= 0.90; RMSEA= 0.064; SRMR=
0.033). Finally, a covariance was added between students’ achievement-motivation and importance of
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physics. Figure 3.7 shows the final model resulted with a god fit between the model and the observed
data (x*=1,25, p = 0.74, GFI= 1.00; AGFI=0.99; RMSEA= 0.00; SRMR= 0.008).

018*‘PREENJOY\
0.
0.

-37 = PRESEFFI

1.00

/n_aa*'PREIMPHY
15

~e3=pPREACHMO

P\F‘ \F'

0.43*=PREINTRE

Chi-Square=1.25, df=3, P-wvalue=0.74114, RMSER=0.000

Figure 3.6 The Model Showed a Good Fit With the Pretest Data With the
Standardized Regression Coefficients

The same procedure was used for the posttest results of the PAS. Again the model was
repeated three times to reach a good fit. Firstly, there was no good fit between the model and observed
data (5* = 35.46, p = 0.00, GFI= 0.95; AGFI=0.84; RMSEA= 0.11; SRMR= 0.047). A detailed output
of lisrel was given in Appendix I-2. Secondly the model was repeated with adding a covariance
between self-efficacy and achievement-motivation (3 = 10.60, p = 0.03, GFI= 0.98; AGFI= 0.94;
RMSEA= 0.022; SRMR= 0.025). Finally, a covariance was added between students’ achievement-
motivation and interest related behavior. Figure 3.7 shows the final model resulted with a god fit
between the model and the observed data (x> = 1.94, p = 0.58, GFI= 1.00; AGFI= 0.98; RMSEA=
0.000; SRMR= 0.008).
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Figure 3.7 The Model Showed a Good Fit With the Posttest Data With the
Standardized Regression Coefficients

As a result, confirmatory factor analysis was performed to confirm the five factors of PAT.
However, two modifications were done to reach a good fit. This means that there are correlations
between factors.

3.10 Teacher Training

Before the study begins, it is planned to make a meeting with all teachers at the same time.
But, the schools in the study were far away from each other and the teachers did not teach the same
groups. Table 3.17 shows the groups and teachers distributions to groups.

Table 3.17

Teachers Distributions to The Treatment Groups

Treatments in the study

EXPO INQU W-EXPO W-INQU
AX Teacher A Teacher A Teacher A Teacher A
1 AY Teacher B Teacher C Teacher B Teacher C
é PX Teacher R Teacher R
Lm) PY Teacher D Teacher D
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So, special meetings were planned with each teacher. There were four teachers in the study as
seen in Table 3.18. The researcher (R) was the teacher of PX school.

PX teacher was the researcher (teacher R) of the study and 5 years teaching experience. PY
school teacher (teacher D) was a male and had 5 year teaching experience. He participated to the study
with two classes. The classes in the private schools assigned for inquiry and blended web with inquiry
groups. So, the teacher in PY was trained for inquiry instruction. First of all, the importance of the
study and the groups in the study were explained to him. Inquiry and 5E learning cycle was
introduced. By using the timeline of the study for each group, the expectations from the teacher was
explained. During the timeline of the study, he said that he couldn’t perform these experiments before,
so the experiments were performed with the researcher before the study. During the laboratory
experiments, it was observed that some of the equipments for the experiments were not enough for the
whole class. These equipments were supplied by the researcher. Then, the instruments were given to
the teacher and explained how they should be administered. Also daily lesson plans and laboratory
sheets were povided.

In AX school, one physics teacher was participated to the study with four classes. Teacher C

was a male and 21 year experienced. A meeting was planned with him and first of all, the importance
of the study and the groups in the study are explained. Inquiry, expository and 5SE learning cycle was
introduced briefly. By using the timeline of the study for each group, the expectations from the
teachers were explained. How he should use the web sites was explained. Teacher C said that he
performed the experiments in the study in laboratory each year. So, the experiments were not
introduced. Then the instruments were given to him and explained how they should be administered.
Also, daily lesson plans and laboratory sheets were provided to the teacher.
In AY school, two physics teachers were participated to the study with two classes of each. One of
them was female (teacher A) and 18 years of experience and the other one was male (teacher B) and
21 years of experience. Teacher A applied expository teaching method in her classes and teacher B
applied inquiry teaching method. A meeting was planned with two teacher at the same time and first
of all, the importance of the study and the groups in the study were explained to them. Inquiry and 5E
learning cycle were introduced briefly. By using the timeline of the study for each group, the
expectations from the teachers were explained. How they should use the web sites were introduced.
Teacher B informed the researcher that he performed the experiments in the study in laboratory each
year. So the experiments were not introduced them. Then the instruments were provided and
explained how they should be administered. Also daily lesson plans and laboratory sheets were
provided.

3.11 Treatment Fidelity and Verification

Two web based learning environments WILE and WELE were constructed by the researcher
and used during the study. Thesis monitoring committee checked all the instructional materials
developed for the study and made some recommendations like constructing an introduction page for
each learning environment and for each sub-topic.. With the light of their advices, the web sites were
continuously revised. In addition to them, the supervisor of the study always checked and controlled
the steps in the treatments.

Expert judgment form was used for treatment fidelity, and classroom observation checklist
was used for treatment verification.

3.11.1 Expert Judgment Form

Expert judgment form (EJF) was prepared to get the opinions of experts related to the web
sites. WELE and WILE were prepared for the study. One is related to expository teaching and one is
inquiry teaching. Both web sites divided electricity into four parts similar to the curriculum. One EJF
(Appendixes H) was prepared for the first parts of the web sites and then it was adopted to the other
parts.

EJT includes mainly three parts. The first part is related to the general characteristics of the
expert and includes 14 questions related to the experts’ experiences, education levels, and their
expertise related to science and mathematics materials. The second part was related to the properties
of W-INQU web site. This web site was constructed according to SE learning cycle. It includes 5 parts
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for each phase of the cycle. Twenty-seven Likert scale and four essay type questions related to each
phase were asked to the experts. The final part of EJT was related to the properties of W-EXPO group
web site. This web site mainly included texts, problems and solutions related to electricity. Twenty-six
Likert scale and four essay type questions related to each page were asked to the experts. At the end of
the web-site evaluation, some general questions about the usability of the web sites were asked.

Likert scale items have four alternatives as “very good”, “good”, “medium”, “bad” and “very
bad”. Alternatives were coded as “5” for very good, “4” for good, “3” for medium, “2” for bad, and
“1” for very bad. EJFs were distributed to teachers, PhD students, and academicians. One academician
from Middle East Technical University and one physics teacher from private school replied EJFs.
Descriptive statistics of EJF for WILE is presented in Table 3.18.

Table 3.18

Descriptive Statistics of EJF for WILE

Mean S5.D.
Chapter 1: Electric Current
Technical and Visual Evaluation 4.10 0.78
1.1 An electricity accident 4.00 0.00
1.2 Electricity Simulation* 0.00 0.00
1.3 Simulation Results 4.33 0.57
1.4 What happens during the current? 4.75 0.50
1.5 Evaluation questions 4.75 0.50
Chapter 2: Resistance of a Wire
Technical and Visual Evaluation 4.30 0.48
2.1 Properties of a wire in the lamp 5.00 0.00
2.2 What affects resistance? 4.67 0.57
2.3 What affects resistance? 4.67 0.57
2.4 Definition of resistance 4.50 0.57
2.5 Evaluation questions 4.75 0.50
Chapter 3: Ohm’s Law
Technical and Visual Evaluation 4.10 0.57
3.1 Electricity generation with lemons 4.00 0.00
3.2 Volt — current experiment 4.67 0.57
3.3 Volt-current experiment 4.67 0.57
3.4 What happens inside? 4.25 50
3.5 Evaluation questions 3.00 0.81
Chapter 4: Connections of Resistances
Technical and Visual Evaluation 4.00 0.00
4.1 WheatstoneBridge* 0.00 0.00
4.2 Connections experiments 5.00 0.00
4.3 Experiment Results 4.00 0.00
4.4 What happens inside? 4.00 0.00
4.5 Evaluation questions 3.75 0.50

*Simulation and videos in these sections could not opened by experts, so
these sections were coded as 0.00.

According to Table 3.18, in general, expert opinions about WILE seems positive. However,
in Chapter 1.2, the expert could not open the simulation to evaluate, similarly in Chapter 4.1, expert
could not open the video. They were the technical problems and solved by a computer engineer. The
issues raised by the expert in evaluation questions of Chapter 3.5 were overcomed by adding different
kinds of questions.
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Additionally, experts’ responses to essay type items and general opinions about the materials were
evaluated and necessary revisions were made. Similarly, descriptive analysis for WELE are presented
in Table 3.19.

Table 3.19

Descriptive Statistics of EJF for WELE

Mean S.D.
Chapter 1: Electric Current
Technical and Visual Evaluation 4.56 0.53
1.1 Formation of electric current 4.20 0.48
1.2 Quantity of Electric Current 4.40 0.55
1.3 Solved Exercises 4.50 0.57
1.4 Evaluation questions 3.75 0.95
Chapter 2: Resistance of a Wire
Technical and Visual Evaluation 4.11 0.60
2.1 Resistance of a Wire 4.20 0.45
2.2 Solved Exercises 4.50 0.57
2.3 Evaluation questions 4.00 0.82
Chapter 3: Ohm’s Law
Technical and Visual Evaluation 4.11 0.33
3.1 Ohm’s Law 3.60 0.89
3.2 Solved Exercises 3.75 0.95
3.3 Evaluation questions 3.75 0.95
Chapter 4: Connections of Resistances
Technical and Visual Evaluation 4.00 0.00
4.1 Series Connections 3.60 0.55
4.2 Solved Exercises 3.75 0.50
4.3 Parallel Connections 4.00 0.00
4.4 Solved Exercises 4.00 0.00
4.5 Mixed Connections 3.60 0.55
4.6 Solved Exercises 3.75 0.50
4.7 Evaluation questions 3.75 0.50

According to Table 3.19, expert opinion about “evaluation questions” were between medium
to good. To increase the quality of evaluation parts the quality of the questions were reviewed and the
number of solved questions in each chapter were increased.

3.11.2. Classroom Observation Checklist

Classroom Observation Checklist was used for treatment verification (Appendix I). The aim
of the checklist was to veryfiy that the instructions in treatment groups were consistent with the the
preestablished instructional plans. The checklist includes four parts. Each part corresponds to one
treatment type in the study. The main characteristics of each treatment were reflected in the checklist.
EXPO group classroom observation checklist (COC) includes 11 items, W-EXPO group COC
includes 17 items, INQU group COC includes 17 items, and finally W-INQU group COC includes 24
items. For the blended groups, COC was devided into two parts as classroom activities and web
activities.

The study was conducted for four weeks in 13 classes. The researcher was also a teacher of 3
classes, so the researchers’ classes observed with another observer who was a research assistant in the
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department of secondary science and mathematics education at METU. This observer made two
observation in the researchers classes and four observations in the other teachers’ classes with the
researcher. The researcher also observed 16 classes. Totally, 22 hours were observed by the researcher
and the other observer. That means 21% of 104 classroom hours were observed in the study. The
number of observations and the treatment groups were presented in Table 3.20.

Table 3.20

The Number of Observed Classroom Hours in Schools

Treatments in the study Total
EXPO INQU W-EXPO  W-INQU
AX 2 6 8

“vAY 2 242% 2+42% 10

o

o PX 2% 2

5

»n PY 2 2

Total 2 4 4 12 22

*These observations were done with an observer who is a research assistant at
Middle East Technical University.

In each observation, a COC is filled. Each item in the checklists have three alternatives “Yes”
(meaning that the instruction is consistent with the preestablished standards of instruction), “Partial”
(partial consistencey), and “No” (not consistent). “Yes” is coded as “2”, “partial” is coded as “1”, and
“no” is coded as “0”. Then, the mean values and standard deviations of each observation were
presented in Table 3.21.

According to this table, overall treatment means seem to above 1.50 and this can be
concluded 75% of the desired lesson plans was administered in the classes. In the observation 4 of
face-to face inquiry treatment group, the experiment was not administered by teacher so the mean

value seems low.
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Table 3.21

Descriptive Statistics of Classroom Observation Checklists

Mean S.D.
Face-to-Facce Expository Treatment
Observation 1 1.45 1.07
Observation 2 1.63 0.82
Overall 1.55 0.95
Face-to-Face Inquiry Treatments
Observation 1* 1.84 0.40
Observation 2** 1.81 0.47
Observation 3 1.61 0.62
Observation 4 0.75 1.40
Overall 1.50 1.04
Blended Expository Treatment
Observation 1* 1.78 0.50
Observation 2* 1.91 0.35
Observation 3** 1.78 0.50
Observation 4** 1.83 0.46
Overall 1.83 0.41
Blended Inquiry Treatment
Observation 1 1.79 0.48
Observation 2 1.87 0.40
Observation 3 1.67 0.52
Observation 4 1.93 0.30
Observation 5 1.85 0.43
Observation 6 2.00 0.00
Observation 7*** 1.74 0.65
Observation 8*** 2.00 0.00
Observation 9 1.84 0.43
Observation 10 1.93 0.30
Observation 11 1.84 0.43
Observation 12 1.87 0.40
Overall 1.87 0.40

* These observations were done by an observer who is a research assistant
at Middle East Technical University with researcher.

**Researcher’s observation made with the other observer.

***These observations were done in researchers classes by an observer who
is a research assistant at Middle East Technical University.

In order to obtain reliable results with COC, some observations were done by another
observer. Mean scores of these observations are seen in Table 3.21. Therefore, these three
observations had two scores. The correlation coefficients between these scores were presented in
Table 3.22 .
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Table 3.22

Correlation Coefficients Of Two Observers

Obserations Correlation Coefficient
Observation 1 (INQU) 0.86
Observation 2 (W-EXPO) 0.74
Observation 3 (W-EXPO) 0.76

As a conclusion, the researcher and the other observer were almost in agreement that the
implementations were mostly consistent with the lesson plans.

3.12 Statistical Analysis

First of all, two independent variables were identified during the study; methods of teaching
and instructional mode. Secondly, to control students’ prior knowledge, three pretest scores were used
as covariates; electricity achievement (preEAT), science process skills (preSPST), and physics
attitudes (prePAS). There were three dependent variables which were measured by using posttest
scores. These are; electricity achievement (postEAT), science process skills (postSPST), physics
attitude (postPAS).

Descriptive statistics were performed for each group in the design of the study with using the
independent and dependent variables described above. Then Multivariate Analysis of Covariance
(MANCOVA) was performed for the inferential statistics. Finally follow-up ANCOVAs were
performed in order to evaluate effects of independent variables on the dependent variables separately.

3.13 Power Analysis

This study looks for small or medium effect sizes as similar to the studies in literature review.
The selected a value (the probability of rejecting a true null hypothesis) is .05 and B value (the
probability of failing to reject a false null hypothesis) is .20 for the study. The power analysis was
performed by using the explanations given in Cohen (1977). There are two cases for factorial design
in this book. The first one is including equal number of sample sizes in each group. The alpha value is
defined as .05, the effect size is medium and f=.25, the degrees of freedom for four teaching methods
is u=3 and finally the desired power is .80. According to these values, sample size tables of Cohen
(1977, p: 384) shows that this study needs 45 participant for each group. The study contains four
groups so it needs at least 45*%4=180 participants.

The second case includes unequal number of sample sizes in groups. For this case, the
number of average sample size is calculated by

n: number of average sample size in groups

n=— N: total number of participants in study

k: number of groups in the study

314 students participated to this study and there were 4 teaching groups. So the average sample size is
314
Nn=—=78
4
Alpha= .05, u=3, f=.25, and n=78. According to these values, power tables of Cohen (1977, p: 316)
show that the power of the study is .97.

However, after the missing data analysis, 245 students participated to all posttests and the
average sample size of the groups are calculated again,
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Alpha= .05, u=3, £=0.25, and n=63. According to these values, power tables of Cohen (1977, p: 316)
show that the power of the study is 0.91.

3.14 Unit of Analysis

For the independence of observations to be met, the experimental unit and the unit of analysis
should be the same. However, in this study similar to other doctoral studies (Pesman, 2012; Serin,
2009), it was not possible to make experimental unit and the unit of analysis the same. The
experimental unit of this study is each intact group, and the unit of analysis is each participant.

3.15 Assumptions and Limitations
Assumptions of the study are listed below:
1. Students answered the tests seriously, consciously and truthfully.
2. The treatments were implemented as in lesson plans.
3. The independence of observation was satisfied.
Limitations of the study are listed below:
1. The results of the study are limited to 9™ grade students who were in private and Anatolian
high schools in Cankaya.
2. The results are limited to “electricity” concept.
3. The results of the study are limited to inquiry and expository teaching methods and their
integration to blended and face-to-face instructional modes.
4. In private high schools, the number of intact classes was not enough to construct all groups. It
is preferred that only inquiry groups were constructed in these schools. So expository
treatments were not administered in private schools.
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CHAPTER 4

RESULTS

This chapter includes missing data analysis, descriptive statistics, and inferential statistics
with MANCOVA analysis. At the end, the results of the study are summarized.

4.1. Missing Data Analysis

Four instruments were used for the study. 314 students participated in the posttests and 305
students participated in the pretests. So, nine students were missing at the beginning of the study.
Numbers of present and missing values associated with the variables are shown in Table 4.1. A class
in school PY was excluded from the study because students’ post SPST scores were very low when
compared with preSPST scores. There were sixteen students in this class. Therefore, the sample
decreased to 298.

Table 4.1

Missing values prior to the analysis

Variable Present (N)  Missing (N)  Missing (%)
PreEAT Scores 290 8 3
PreSPST Scores 285 13 4
PrePAS Scores 290 8 3
PostEAT Scores 279 19 6
PostSPST Scores 276 22 7
PostPAS Scores 272 26 9
Gender 298 0 0

During the missing data analysis, first of all, the students that did not have one of the posttest
scores were excluded from the study. The number of students in the study decreased to 261. Secondly,
the missing values of pretest scores were identified. Eleven scores from preEAT, seven scores from
preSPST and seven scores from prePAS were missing. Their percentage was less than 5 percent and
thus there seems to be no inconvenience for replacing the missing values with the series mean value
(Tabachnick & Fidell, 2007, p.63). These missing values were replaced with series mean value.
Finally, univariate and multivariate outliers were checked. While deciding univariate outliers,
normality plots and z-scores of the cases were used. The cases that exceeded +£3 were determined as
an outlier (Tabachnick & Fidell, 2007, p.73). Table 4.2 shows the scores of outliers, Cases 1 to 7 were
recognized as an univariate outlier. However, during descriptive statistics, the kurtosis value of the
postSPST score was -9.964 and then Case 8 was identified to be an outlier in the = W-EXPO group.
These cases were excluded from the study. Then, Mahalanobis distances were calculated to define
multivariate outliers. However, no multivariate outliers were found in the data, all probability of
Mabhalanobis distances exceeded 0.001(Tabachnick & Fidell, 2007, p.74).

As a result, 253 students’ scores were accepted to be used in descriptive and inferential
statistics.
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Table 4.2

The Pretests and Posttests Scores of Outliers

Cases  Treatment Post Post Post Pre Pre Pre Zpost Zpost Zpost
Group EAT SPST  PAS EAT SPST  PAS EAT SPST PAS

Casel EXPO 2.00 38.00 76.00 12.00 36.50 81.00 -332 0.67 0.36
Case2  WINQU 5.00 2.00 92.00 3.00 27.00 116.00 -2.68 -3.69 0.57
Case3 WINQU  7.00 3.00 73.16  4.00 1550 64.00 -225 -3.57 0.53
Case4 WINQU  9.00 5.00 87.81 7.00 1.00 7026  -1.83 -334 0.32
Case5 INQU 12.00  2.00 78.00  2.00 4.00 87.00 -120 -3.70 -0.25
Case6  INQU 14.00  6.00 59.00  9.00 2.00 84.00 -0.77 -3.21 -1.35
Case7 EXPO 15.00 27.00 24.00 13.00 28.00 24.00 -0.55 -0.66 -3.39
Case8 WEXPO 19.00 21.50 102 12.68 30.50 8044 -0.22 -4.18 1.29

EXPO: Face-to-Face Expository Treatment Group; W-INQU: Blended Inquiry Treatment
Group;INQU: Face-to-Face Inquiry Treatment Group; post: Posttest; pre:Pretest; EAT:Electricity
Achievement Test; SPST: Science Process Skills Test; PAS: Physics Attitudes Scale

4.2 Descriptive Statistics

The gender distribution of 253 students included in the analyses was homogeneous. 130
students were female and 123 students were male. Number of male and female students, mean values,
standard deviations, skewness and kurtosis values, maximum and minimum scores of each group are
given for the pretest and posttest scores of EAT, SPST and PAS, respectively.

4.2.1  Descriptive Statistics for PreEAT and PostEAT

Descriptive statistics of students’ preEAT and postEAT scores are given in Tables 4.3 and
4.4, respectively. EAT was constructed by the researcher for this study and it includes 30 items. The
correct answer was coded as 1 and the wrong answer as 0. So the minimum score is zero and
maximum score is thirty for the test.

In the face-to-face groups, male and female students’ pretest scores were nearly the same
means (12.39, 12.55) in EXPO group but those of the INQU group were slightly different (12.36,
14.45). INQU group (13.45) students seemed more successful than EXPO group (12.46). In the
blended groups, male students of WINQU groups (11.03) seemed less successful and female students
of WINQU groups (13.46) seemed the most succesful. In addition, WINQU group (12.26) seemed less
successful than WEXPO group (13.08).

Table 4.3

Descriptive Statistics for the PreEAT

Method  Gender N Mean SD Skewness  Kurtosis  Min Max
EXPO Male 23 12.39 4.80 -0.208 -0.901 4.00 20.00
Female 18 12.55 3.83 -0.691 0.536 5.00 18.00
Total 41 12.46 4.35 -0.348 -0.675 4.00 20.00
INQU Male 38 12.36 4.58 -0.349 -1.010 3.00 20.00
Female 41 14.45 3.14 0.412 -0.350 8.00 21.00
Total 79 13.45 4.01 -0.414 -0.142 3.00 21.00
WEXPO Male 21 13.01 4.54 -0.043 0.965 2.00 22.00
Female 29 13.13 2.94 0.313 -1.008 8.00 19.00
Total 50 13.08 3.66 0.037 0.960 2.00 22.00
WINQU  Male 41 11.03 4.24 -0.606 -0.040 1.00 18.00
Female 42 13.46 4.34 -0.874 0.507 2.00 20.00
Total 83 12.26 4.44 -0.635 -0.022 1.00 20.00
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The mean scores of the groups are high in preEAT. The reason for this can be that the
elementary school curriculum includes similar objectives with that of 9™ grades related to electricity.
When the objectives of elementary and secondary school curriculums are compared, “resistance of the
wire” is taught at 6 grade level, “Ohm’s law”, “electric current” and “connections of resistances” are
taught at 7" grade level (National Ministry of Education, 2012).

At the end of the posttest of EAT, all groups increased their own means, and this was an
obvious expectation at the beginning. In the face-to-face groups, INQU students (17.19) seemed a bit
more successful than EXPO ones (16.63). Female students of these groups seemed more successful
than male students.

In the blended groups, WEXPO showed the best performance and got the highest mean score
(19.60). Female and male students of this group had similar means (19.33 and 19.79). The overall
mean of WINQU group was 18.05, female and male students’ means were 18.76 and 17.31
respectively.

Table 4.4

Descriptive Statistics for the PostEAT

Method Gender N Mean SD Skewness  Kurtosis Min Max
EXPO Male 23 15.95 4.71 -1.290 1.431 4.00 21.00
Female 18 17.50 4.47 -1.479 1.814 7.00 22.00
Total 41 16.63 4.62 -1.286 1.208 4.00 22.00
INQU Male 38 16.44 3.94 -0.565 -0.332 6.00 22.00
Female 41 17.87 431 -1.075 1.396 4.00 24.00
Total 79 17.19 4.18 -0.767 0.348 4.00 24.00
WEXPO Male 21 19.33 3.75 0.056 -1.110 14.00 25.00
Female 29 19.79 3.59 -0.929 0.630 10.00 25.00
Total 50 19.60 3.63 -0.481 -0.366 10.00 25.00
WINQU Male 41 17.31 4.41 -0.934 1.908 4.00 25.00
Female 42 18.76 5.34 -0.703 0.100 6.00 27.00
Total 83 18.05 5.33 -0.673 0.587 4.00 27.00

The gained scores and effect sizes of each treatment group were computed and shown in
Table 4.5. WEXPO got the highest improvement with an effect size of 1.79.

Table 4.5

Gain Scores and Effect Sizes of Each Group for EAT

Method Gender N Gain Scores Cohen’s d
EXPO Male 23 3.56 0.75
Female 18 495 1.19
Total 41 4.17 0.93
INQU Male 38 4.08 0.96
Female 41 3.42 0.91
Total 79 3.74 0.91
WEXPO Male 21 6.32 1.52
Female 29 6.66 2.03
Total 50 6.52 1.79
WINQU Male 41 6.28 1.45
Female 42 5.30 1.09
Total 83 5.79 1.18
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Because some hypotheses of the study were related to comparison of the effects of methods
of teaching and instructional modes, EAT scores of face-to-face groups (EXPO and INQU), blended
groups (WEXPO and WINQU), expository instruction groups (EXPO and WEXPO) and inquiry
instructions groups (INQU and WINQU) were computed as in Table 4.6. According to the table, there
is an obvious difference between blended groups and face to face groups, and also between expository
and inquiry groups. Whether these differences are significant or not will be discussed after
MANCOVA analysis.

Table 4.6

Gain Scores and Effect Sizes of EAT with respect to Hypothesized Groups

Method Gender N Gain Scores Cohen’s d
Expository Male 44 4,88 1,09
EXPO+WEXPO Female 47 6,01 1,66
Total 91 5,46 1,36
Inquiry Male 79 5,22 1,22
INQU+WINQU Female 83 4,37 1,01
Total 162 4,79 1,06
Face to face Male 61 3,88 ,87
EXPO+INQU Female 59 3,89 1,00
Total 120 3,89 ,92
Blended Male 62 6,29 1,48
WEXPO+WINQU Female 71 5,86 1,39
Total 133 6,06 1,37

4.2.2  Descriptive Statistics for PreSPST and PostSPST

The descriptive statistics of science process skills test (SPST) were presented in Table 4.7
and Table 4.8. There were totally 20 items, 18 of which were multiple choice and 2 of which were
essay type items. There were five modules in SPST with each have eight points. The maximum score
was 40 and the minimum was zero. The missing values of preSPST and postSPST were replaced with
ZEero.

Table 4.7

Descriptive Statistics for the PreSPST

N Mean SD Skewness Kurtosis  Min Max
EXPO Male 23 36.50 2.65 -1.446 3.721 28.00 40.00
Female 18 35.44 3.77 -1.116 0.590 27.00 40.00
Total 41 36.03 3.19 -1.344 1.779 27.00 40.00
INQU Male 38 27.09 12.01 -0.650 -1.108 4.00 40.00
Female 41 32.47 6.53 -1.207 1.040 13.50 40.00
Total 79 29.88 9.88 -1.143 0.232 4.00 40.00
WEXPO Male 21 32.02 6.10 -0.397 -0.774 19.00 40.00
Female 29 35.31 421 -0.855 0.103 24.50 40.00
Total 50 33.93 5.29 -0.799 -0.071 19.00 40.00
WINQU Male 41 31.21 8.30 -1.157 0.188 11.00 40.00
Female 42 31.22 8.71 -1.566 1.967 5.00 40.00
Total 83 31.22 8.45 -1.354 1.040 5.00 40.00
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In the expository teaching groups, EXPO and WEXPO, overall mean scores (36.03 and
33.93) are higher than the mean scores (29.88 and 31.22) in inquiry teaching groups, INQU and
WINQU. In the INQU groups it is clear that females (32.47) were more successful than males (27.09).

At the end of the posttest scores of SPST, all groups increased their own means except for
EXPO group whose scores decreased a little. Male students in this group decreased their means, while
female groups were nearly the same. However, still EXPO and WEXPO groups (34.59 and 36.23)
had higher means than INQU and WINQU groups (30.81 and 32.63).

Table 4.8

Descriptive Statistics for the PostSPST

N Mean SD Skewness Kurtosis  Min Max

EXPO Male 23 34.00 5.11 -1.290 1.431 25.00 40.00
Female 18 35.36 5.27 -1.560 1.960 21.00 40.00

Total 41 34.59 5.16 -0.968 -0.230 21.00 40.00

INQU Male 38 28.50 8.87 -0.482 -0.839 8.00 40.00
Female 41 32.96 7.61 -1.611 2.111 9.50 40.00

Total 79 30.81 8.49 -0.950 -0.117 8.00 40.00

WEXPO Male 21 34.69 4.83 -0.749 -0.933 25.50 40.00
Female 29 37.35 2.28 -0.349 -1.392 33.00 40.00

Total 50 36.23 3.77 -1.319 1.207 25.50 40.00

WINQU Male 41 31.59 7.79 -1.175 0.304 13.00 40.00
Female 42 33.67 7.45 -1.517 1.294 13.50 40.00

Total 83 32.63 7.64 -1.295 0.582 13.00 40.00

The gain scores and effect sizes of each group were computed and presented in Table 4.9.
WEXPO got the highest improvement; EXPO group got negative effect sizes; INQU and EXPO
groups got small effect sizes. Whether these improvements significant or not will be discussed after
MANCOVA analysis.

Table 4.9

Gain Scores and Effect Sizes of Each Group for SPST

Method Gender N Gain Scores Cohen’s d
EXPO Male 21 -2.50 -0.61
Female 20 -0.08 -0.02
Total 41 -1.44 -0.34
INQU Male 39 1.41 0.13
Female 35 0.49 0.07
Total 74 0.93 0.10
WEXPO Male 21 2.67 0.49
Female 28 2.04 0.60
Total 49 2.30 0.50
WINQU Male 41 .38 0.05
Female 40 2.45 0.30
Total 81 1.41 0.18
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Gain scores of face-to-face groups (EXPO and INQU), blended groups (WEXPO and
WINQU), expository instruction groups (EXPO and WEXPO) and inquiry instruction groups (INQU
and WINQU) were computed as in table 4.10. According to this table, there is an obvious difference
between groups. According to methods of treatments, inquiry groups got higher improvement scores
than expository groups. In addition, for instructional mode, blended learning groups got higher
improvement than face to face learning group. However these differences are small, there may not be
significant. Whether these differences are significant or not will be discussed after MANCOVA
analysis.

Table 4.10

Gain Scores of SPST with respect to Hypothesized Groups

Method Gender N Gain Scores Cohen d
EXPO+WEXPO Male 44 -0.03 -0.01
Female 47 1.23 0.33
Total 91 0.61 0.14
INQU+WINQU Male 79 0.88 0.09
Female 83 1.48 0.20
Total 162 1.18 0.14
Face to face Male 61 -0.06 -0.01
Female 59 0.32 0.05
Total 120 0.12 0.02
Blended Male 62 1.16 0.16
Female 71 2.28 0.37
Total 133 1.74 0.26

4.2.3  Descriptive Statistics for PrePAS and PostPAS

The scores of physics attitude scale (PAS) were evaluated by SPSS 13.0. Table 4.11 and
table 4.12 presents the descriptive statistics of the prePAS and postPAS, respectively.

PAS was taken directly from the literature. There were 24 items with Likert scale. So each
item was coded from 1 to 5 and the score range become 24 and 120. The missing values were replaced
with smean score.

Table 4.11

Descriptive Statistics for the PrePAS

N Mean SD Skewness  Kurtosis Min Max

EXPO Male 23 87.39 17.15 0.116 -0.672 59.00 120.00
Female 18 71.24 22.05 0.140 -0.865 36.00 111.00

Total 41 80.30 20.84 0.168 0.544 36.00 120.00

INQU Male 38 85.53 15.46 0.528 -0.178 57.00 119.00
Female 41 76.62 11.54 0.080 -0.878 53.00 96.00

Total 79 80.91 14.21 0.544 0.310 53.00 119.00

WEXPO Male 21 92.43 13.99 -0.648 -0.231 62.72 113.00
Female 29 81.78 15.56 -1.527 2.314 36.00 102.00

Total 50 86.25 15.70 -1.089 1.747 36.00 113.00

WINQU Male 41 81.25 17.25 -1.514 2.854 28.00 108.00
Female 42 76.23 16.52 -0.026 0.292 40.00 119.00

Total 83 78.71 16.98 -0.749 0.967 28.00 119.00
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In the blended expository teaching group, WEXPO, overall mean score (86.25) is higher than
the other groups. In all groups, it seems that male student have positive attitudes than female students.

At the end of the posttest scores of PAS, only WINQU groups increased its own mean from
78.71 to 83.31.

Table 4.12

Descriptive Statistics for the PostPAS

N Mean SD Skewness Kurtosis  Min Max
EXPO Male 23 85.35 21.13 -0.242 -0.099 38.00 120.00
Female 18 76.08 20.80 0.205 -0.653 47.16 119.00
Total 41 81.28 21.24 -0.038 -0.573 38.00 120.00
INQU Male 38 87.47 12.82 0.430 0.020 63.00 120.00
Female 41 74.87 16.19 0.325 0.108 40.00 114.00
Total 79 80.91 15.88 0.047 -0.023 40.00 120.00
WEXPO Male 21 91.21 1491 -0.464 -0.361 62.00 114.00
Female 29 80.14 16.11 0.308 0.240 52.00 120.00
Total 50 84.79 16.41 -0.035 -0.487 52.00 120.00
WINQU Male 41 87.07 17.76 -0.796 0.601 40.00 120.00
Female 42 79.64 13.03 -0.446 -0.214 50.00 102.00
Total 83 83.31 15.90 -0.442 0.153 40.00 120.00

The gain scores and effect sizes of each group were computed and presented in Table 4.13.
WINQU got the highest improvement; WEXPO and EXPO got similar improvements; INQU group
effect size is zero; whether these values are significant or not will be discussed after MANCOVA
analysis.

Table 4.13

Gain Scores and Effect Sizes of Each Group for PAS

Method Gender N Gain Scores Cohen’s d
EXPO Male 21 -2.04 -0.11
Female 20 4.84 0.23
Total 41 98 0.05
INQU Male 39 1.94 0.14
Female 35 -1.75 -0.12
Total 74 0.00 0.00
WEXPO Male 21 -1.22 -0.08
Female 28 -1.64 -0.10
Total 49 -1.46 -0.09
WINQU Male 41 5.82 0.33
Female 40 3.41 0.23
Total 81 4.60 0.28
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The interesting point in Table 4.13 is that male students in EXPO group decreased their
means while female students increased. The reason of this result is the students’ pretest results.
Female students got low while male students got high scores in the pretest.

The mean scores of face-to-face groups (EXPO and INQU), blended groups (WEXPO and
WINQU), expository instruction groups (EXPO and WEXPO) and inquiry instructions groups (INQU
and WINQU) were computed as in Table 4.14.

Table 4.14

Gain Scores of PAS with respect to Hypothesized Groups

Method Gender N Gain Scores  Cohen d
EXPO+WEXPO Male 44 -1,65 -10
Female 47 ,84 ,05
Total 91 -,36 -,02
INQU+WINQU Male 79 3,95 25
Female 83 ,86 ,006
Total 162 2,36 15
Face to face Male 61 44 ,03
Female 59 26 ,02
Total 120 33 ,02
Blended Male 62 3,44 21
Female 71 1,35 ,09
Total 133 2,32 14

According to this table, inquiry groups’ physics attitudes got higher than expository groups.
Similarly blended groups got higher attitudes than face-to-face groups. However, these differences are
small and this may not be significant. Whether these differences are significant or not will be
discussed after MANCOV A analysis.

4.3 Inferential Statistics

In this part, inferential statistics were constructed by using MANCOVA model. Three steps were
applied. First of all, covariates are determined, secondly assumptions of MANCOVA are checked and
finally MANCOVA results are discussed.

43.1 Determination of Covariates

The statistical creterian to identify a covariate is that there should be uncorrelation among
covariates and correlation between covariate and dependent variables (Tabachnick & Fidell, 2007, pp.
211-212). The relation between covariates needs to be smaller than .80 (Stevens, 2009, p.292). The
correlation table between the variables was constructed by using SPSS as shown in Table 4.15.
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Table 4.15

Correlation Among Possible Covariates and the Dependent Variables

Variables preEAT preSPST prePAS postEAT  postSPST
preSPST 402

prePAS 118 125

postEAT 438 304 .095

postSPST .456 746 .084 468

postPAS .091 102 .650 142 .072

Pretest scores can be treated as a covariate to control pre-existing differences between groups
and additionally the covariate should be a continous variable, measured reliable and correlate with
dependent variable (Pallant, 2007, pp. 233-234). As seen in Table 4.15, the correlations between
pretests’ scores are smaller than .80 and there seems correlation between pretests and posttests. As a
result, pretests of EAT, SPST and PAS will be used as the covariates of this study.

4.3.2  Assumptions of MANCOVA

Five assumptions of MANCOVA were checked; independence of observations, normality,
multicollinearity, homogeneity of variances and homogeneity of regression.

Independence of observations, data collectors (teachers participated to the study) verified that
the students completed tests on their own. To understand whether there was any violation in the
scores, their scores were controlled for the anomalies by the researcher before the analyses starts.

Normality, skewness and kurtosis values are given in the descriptive statistics. The values
between -2 and +2 can be accepted as normal distribution. (George & Mallery, 2003, pp. 98-99). Only
the Kurtosis values of preSPST for male EXPO group and prePAS for female WEXPO group
exceeded +2. This is not a serious violation, because all other values were in acceptable range. Then,
to test multivariate normality, Mahalanobis distances were calculated by using SPSS (Pallant, 2007,
pp 220-223). Univariate and multivariate outliers were excluded from the study during missing data
analysis. As a result, normality assumption was decided to be established.

Multicollinearity refers to high correlation among a set of independent variables. (Pallant,
2007, p 225). Correlations about potential covariates are represented in table 4.15. The correlation
among the variables is less than .80. So multicollinearity assumption was satisfied.

Homogeneity of variances can be tested by using Levene’s test in SPSS. This test is more
robust against nonnormality (Stevens, 2009, pp 227-228). Table 4.16 shows the Levene’s test results
and it was seen that p values for postEAT and postPAS were higher than 0.05. Therefore,
homogeneity of variances was for these dependent variables. However, p value for the postSPST
scores was not higher than 0.05. So homogeneity of variances assumption is not met for postSPST.

Table 4.16

Levene’s test of equality of error variances

F dfl df2 Sig.
pOStEAT 0.582 3 249 0.627
postSPST 5.724 3 249 0.001
postPAS 0.965 3 249 0.410
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Box’s test of equality of covariance matrices was used for homogeneity of covariances. This
assumption is related to sample sizes of groups. There were larger than 20 cases in each group. The
ratio of largest group/ smallest group should be less than 1.5 to verify this assumption. However, this
ratio was not met and there was no significant value in Box’s M test. Tabachnick and Fidell (2007, p.
252) states that if the sample size are unequal and Box’M test is not significant then robustness is not
guaranteed. In this case, the sample sizes and the sizes of variances and covariances can be controlled.
If the larger samples produce larger variances, the alpha level is conservative so that the null
hypothesis can be rejected with confidence. Table 4.17 shows the variances and sample sizes of each
treatment group for each dependent variable.

Table 4.17

Variances of Treatment Groups

EXPO W-EXPO INQU W-INQU
n=41 n=150 n=79 n=83

postEAT 21,338 13,184 17,438 24,290
postSPST 26,678 14,247 72,142 58,435
postPAS 451,404 269,525 252,487 252,864

According to the Table 4.17, when the variances of treatment groups and the samples sizes in
each cell are controlled, there is no direct proportion between sample size of each group and
variances. Fortunately, F test is robust against this assumption (Stevens, 2009, p.227). It is assumed
that the homogeneity of variances was met but homogeneity of variances/covariances matrices was
not met.

Homogeneity of regression assumes that slope of the regression between dependent variable
and covariates are the same with the population slope of regression coefficient for each cell
(Tabachnick and Fidell, 2007 pp. 202-203). This assumption can be tested by using syntax in SPSS. A
syntax is formed by using the explanations in Stevens (2009, pp.300-308) and in Tabachnick and
Fidell (2007, pp 281-284). The syntax is shown in Figure 4.1.

[ Syntaxd - SPSS Syntax Editor =n E=R <

File Edit View Data Transform Analyze Graphs Utilities Run  Window Help

Zd8 B o Bk a0 |

MANOVA postEAT,postS5PST,postPAS, preEAT 1,preSPST_1,prePAS 1 by MOT(O,1),Mode (0,1)
/print=signif(brief)

/BNALYSIS=postEAT, postSPST, postPAS
)"DESIGN=;:1’EEAI'_1,preSPST_l,prePAS_l,MOI‘,MDde,MDT by Mode,
POOL (preEAT_1,preSPST_1,prePAS 1)BY MOT+

POOL (preEAT 1,preSPST_1,prePAS 1)BY Mode+

POOL (preEAT_1,preSPST_1,prePAS 1)BY MOT BY Mode
SRANALYSIS=postEAT
)"DESIGN=;:IEEAI'_1,preSPST_l,prePAS_l,MDI‘,MDde,MDT by Mode,
POOL (preEAT_1,preSPST_1,prePAS 1)BY MOT+

POOL (preEAT 1,preSPST_1,prePAS 1)BY Mode+

POOL (preEAT_1,preSPST_1,prePAS 1)BY MOT BY Mode
SBNBRLYSIS=post5PST
)"DESIGN=;:IEEAI'_1,preSPST_l,prePAS_l,MDI‘,MDde,MDT by Mode,
POOL (preEAT_1,preSPST_1,prePAS 1)BY MOT+

POOL (preEAT 1,preSPST_1,prePAS 1)BY Mode+

POOL (preEAT_1,preSPST_1,prePAS 1)BY MOT BY Mode
/ANALYSIS=postPAS
fDESIGN=prEEAI‘_l,preSPST_l,prePAS_l,MOI‘,MDde,MOT by Mode,
POOL (preEAT 1,preSPST 1,prePAS 1)BY MOT+

POOL (preEAT_1,preSPST_1,prePAS_1)BY Mode+

POOL (preEAT_1,preSPST_1,prePAS 1)BY MOT BY Mode

T
]

(TABACHNICK-FIDELL PP 281-284)

? 5PS5S Processor is ready

Figure 4. 1 SPSS Syntax For Homogeneity of Regression Assumption
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While writing the syntax, the posttest scores of EAT, SPST, and PAS were used as dependent
variables, pretest scores of EAT, SPST, and PAS were used as covariates and method of treatments
(MOT) and instructional mode (Mode) were used as independent variables. After defining the
variables, follow-up ANCOVA analyses were constructed for each dependent variable. As stated in
Tabachnick and Fidell (2007, pp.281) homogenity of regression is established alpha value is set as
0.01 level for siginificance. After running the syntax on SPSS, to perform the MANCOVA: F=1.43,
p=.073 , Wilk’s Lambda = .852, and to perform the follow up ANCOVA’s F =0.81, p=0.604 for
postEAT , F =2.11, p=0.030 for postSPST, F =1.65, p=0.103 for postPAS. As a result of these, all
values to perform MANCOVA and follow-up ANCOVAs exceed F value in the given alpha set in
Tabachnick and Fidell. Homogenity of regression assumption is established. The SPSS output for
homogeneity of regression is given in appendix K.

433 MANCOVA RESULTS

The dependent variables of the study were the posttest scores on electricity achievement test
(postEAT), science process skills test (postSPST), and physics attitude scale (postPAS). The
independent variables are methods of teaching (MOT) and instructional modes (Mode). The
covariates were the pretest scores on electricity achievement test (preEAT), science process skills test
(preSPST), and physics attitude scale (prePAS).

The first hypothesis was;

“There is no statistically significant main effect of instructional modes (blended vs face-to-

face) on the population means of the combined dependent variables of the 9™ grade students’

posttest achievement scores on the subject of “electricity”, posttest science process skills, and
posttest attitude scores towards physics when their pretest scores of achievements in

“electricity”, science process skills, and attitudes towards physics are controlled.”

Table 4.18 shows the MANCOVA results of the study. According to this table, when the main effect
of instructional mode is checked, there is evidence that instructional mode makes a significant
difference on the dependent variables (postEAT, postSPST, and postPAS). In other words, the effect
of instructional mode is statistically significant (F(3,244)=6.697, p=0.000, Wilk’s Lambda=0.924,
partial eta squared = 0.076 and observed power=0.974) when students’ pretest scores were controlled.
Therefore, p =0.000 and o =.05 (p < ), null hypothesis is rejected.

Table 4.18
MANCOVA Results
Wilks’ F Hypothes  Error Sig E?:al Observed
Lambda is df df ’ Power
squared
Intercept 0.712 3291 3 244 0.000 0.288 1.000
PreEAT 0.863 12.91 3 244 0.000 0.137 1.000
PreSPST 0.681 38.05 3 244 0.000 0.319 1.000
PrePAS 0.590 56.56 3 244 0.000 0.410 1.000
MOT 0.981 1.613 3 244 0.187 0.019 0.421
Mode 0.924 6.697 3 244 0.000 0.076 0.974
MOT By IM 0.984 1.314 3 244 0.270 0.016 0.349

The second hypothesis was;

“There is no statistically significant main effect of teaching method (5E learning cycle vs
expository) on the population means of the combined dependent variables of the 9" grade
students’ posttest achievement scores on the subject of “electricity”, posttest science process
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skills, and posttest attitude scores towards physics when their pretest scores of achievements

in “electricity”, science process skills, and attitudes towards physics are controlled.”
When the main effects of the method of teaching is checked, there is no evidence that the method of
teaching make a significant difference on the dependent variables (postEAT, postSPST, and
postPAS). In other words, the effect of methods of teaching is not statistically significant
(F(3,244)=1.613, p=0.187, Wilk’s Lambda=0.924, partial eta squared = 0.019 and observed
power=0.421) when students’ pretest scores were controlled. Therefore, p =0.187 and o =.05 (p> ),
null hypothesis is failed to reject.

The third hypothesis was;

“There is no statistically significant interaction effect between teaching method and

instructional media on the population means of the combined dependent variables of the 9™

grade students’ posttest achievement scores on the subject of “electricity”, posttest science

process skills, and posttest attitude scores towards physics when their pretest scores of

achievements in “electricity”, science process skills, and attitudes towards physics are

controlled.”
When the interaction effect is checked, there is no evidence that there is an interaction between
method of teaching (MOT) and instructional mode (Mode). The interaction is not statistically
significant (F(3,244)=1.314, p=0.270, Wilk’s Lambda=0.984, partial eta squared = 0.016 and
observed power=0.349). In other words, there is no interaction between MOT and Mode, when the
students’ pretest scores were controlled. Therefore, p =0.270 and a =.05 (p > a), null hypothesis is
failed to reject.

As a result, one hypothesis was rejected while two hypothesis were failed to reject. For the
rejected hypothesis, follow-up ANCOVA was constructed to understand significant difference on
which dependent variable exist.

4.3.4  Follow-up ANCOVA Results

In order to see the main effects are in favor of which groups. Univariate ANCOVAs for each
dependent variable are necessary. Table 4.19 shows the univariate ANCOVA results.

The alpha value (0.05) is divided to 3, which is the number of dependent variables in the
study, to obtain new alpha as described in Tabachnick and Fidell (2007, p. 270). Because a
Bonferroni type adjustment is required for the inflated type I error in case of separate univariate tests
instead of multivariate test. The new alpha is set at 0,017 levels.

Table 4.19

Univariate ANCOVA Results

Source Dependent df F Sig. Partial Observed

Variable Eta Power
Squared

Intercept PostEAT 1 44901  0.000 0.154 1.000
PostSPST 1 42.999 0.000 0.149 1.000
PostPAS 1 28.895 0.000 0.105 1.000

MOT PostEAT 1 0.228 0.633  0.001 0.076
PostSPST 1 4.288 0.039 0.017 0.541
PostPAS 1 0.717 0.398 0.003 0.135

Mode PosStEAT 1 14.902 0.000 0.057 0.970
PostSPST 1 8.440 0.004 0.033 0.825
PostPAS 1 0.993 0.320 0.004 0.168

MOT by Mode PosStEAT 1 2.148 0.144  0.009 0.309
PostSPST 1 0.558 0.456  0.002 0.115
PostPAS 1 1.331 0.250  0.005 0.210
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According to the Table 4.18, the main effect of instructional mode is on the dependent

variables of achievement (postEAT) and science process skills (postSPST). In other words, blended
instruction and face to face instruction significantly differ on the achievement with a medium effect
size (F(1,246)=14.902 , p=0,000 ; partial eta squared =0.057 , observed power=0.970). The postEAT
mean scores for blended and face-to-face groups are 18.63 and 17.00 respectively. The postEAT mean
scores of the blended groups are higher than the face-to-face groups. As a result, the significant
difference between blended and face-to-face groups in achievement (postEAT) scores is in favor of
the blended groups. According to the other dependent variable postSPST, blended instruction and
face-to-face instruction significantly differ on the science process skills with a small to medium effect
size (F(1,246)=8.440 , p=0,004 ; partial eta squared =0.033 , observed power=0.825).
The postSPST mean scores for blended and face-to-face groups are 33.98 and 32.10 respectively. The
postSPST mean scores of the blended groups are higher than the face-to-face groups. As a result, the
significant difference between blended and face-to-face groups in the postSPST scores is in favor of
the blended groups.

4.4 Summing up the Results

1. There is a statistically significant difference with a medium effect size between mean
combined scores of electricity achievement, science process skills and attitudes towards
physics in blended and face-to-face instructional groups. According to follow-up ANCOV As
for each dependent variable, blended and face-to-face groups significantly differ in the
achievement and science process skills scores with a medium effect size. This significant
difference seems to be in the favor of blended instruction. There is no statistically significant
difference in students’ attitudes towards physics.

2. There is no statistically significant difference between inquiry (SE learning cycle) and
expository teaching methods on the combined dependent variables of the 9™ grade students’
posttest achievement scores on the subject of “electricity”, posttest science process skills and
posttest attitude scores towards physics when their pretest scores of achievements in
“electricity”, science process skills and attitudes towards physics are controlled.

3. There is no statistically significant interaction effect between teaching method and
instructional mode on the combined dependent variables of the 9" grade students’ posttest
achievement scores on the subject of “electricity”, posttest science process skills and posttest
attitude scores towards physics when their pretest scores of achievements in “electricity,”
science process skills and attitudes towards physics are controlled.
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CHAPTER 5

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS

In this chapter, discussions about the results, possible threats to internal and external validity,
conclusions, implications, and recommendations for further studies are presented.

5.1 Discussion

The purpose of the study was to investigate the main effects of instructional modes (blended
and face-o-face), teaching methods (inquiry and expository) and the interaction effects between them
on 9" grade students’ achievements on electricity, science process skills, and attitudes towards
physics. In this 2x2 factorial design, a statistically significant effect was observed solely for
instructional mode. The students who were instructed in blended mode got higher scores than the
students who were instructed in face-to-face mode on electricity achievement and science process
skills tests.

Blended learning is designed to integrate the strengths of face-to-face learning experiences
with the strengths of web based learning experiences (Garrison & Kanuka, 2004; Vaughan &
Garrison,2005; Vignare, 2007, as cited in Nickel, 2010). Several studies reported that blended learning
affects students’ learning positively (Chandra & Watters, 2012; Delialioglu & Yildirim, 2007,
Nellman, 2008). Based upon the review of empirical studies Larsen (2012) also concluded that
blended learning improves achievement. The idea that blended learning enhances students
understanding was supported with the results of the current study. This study also revealed that
blended instructional mode affect students’ science process skills as well as achievements.
Nevertheless, this study did not detect any evidence that instructional modes can make a difference on
students’ attitudes towards physics. This result is similar with that of Bilal and Erol (2009) but
contradicts with others’ (Chandra & Watters, 2012; Sun, Lin and Yu, 2008; Sengel, 2005). A positive
effect of blended mode of instruction on students’ achievement and science process skills observed
probably because students instructed in blended mode can access the course content and have a
chance to review it, practice and actively involve the activities, solve extra problems, and share their
opinions and questions with their teachers any time they needed.

Two teaching methods, inquiry and expository, were selected to test the possible effects of
teaching methods. The analysis of data could not detect a significant difference between the effects of
teaching methods on students’ possible gains. Actually, there is no conclusive evidence in the
literature about the superiority of a specific instructional method on students’ achievements. While
some studies (Nwagbo, 2006; Yager & Akcay, 2010; Lawson & Johson, 2002; Sokolowski &
Rackley, 2011) conclude that inquiry learning provides better understanding when it is compared to
expository learning, some others (Sweak, Jong and Joolingen, 2004) present contradictory evidence
that expository teaching provides better understanding. This is probably because achievement is a
multifaceted construct and the effect of a specific instruction depends on what sort of achievement is
intended. In this study, the achievement test included different types of items formats but the problem
situations were limited to well-defined problems. Although the result that inquiry did not make a
difference on students’ achievements can be understandable from this perspective, the result that
inquiry did not make a difference on students’ science process skills is a little odd. The rationale of
inquiry based teaching is to stimulate science process skills. Students need to actively use and
consequently improve science process skills during an inquiry based instruction. Quite a number of
studies have also showed that inquiry based teaching methods improve students’ science process skills
(Ergiil, Simsekli, Calis, Ozdilek, Gokmengelebi, & Sanlh, 2011; Simsek & Kabapinar, 2010;
Campbell, Zharg & Neilson, 2011). In this study, when the students’ science process skill scores are
checked, gain score of inquiry groups (0.93) is higher than those of expository groups (-1.44).
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However, this difference is not statistically significant. This is probably because improving students’
science process skills needs much more time than the time spent in this study.

The research design of the study had an advantage of seeing the effects of each instructional
mode for two different teaching methods and each teaching method in two different instructional
modes; consequently, the interaction between teaching method and instructional mode was tested.
However, no evidence was detected about the interactions. It is worth to notice that the methods of
this study are limited to expository and inquiry and it is still possible to detect an interaction effect
between instructional method and mode when some other methods like modelling, problem based or
project based learning are implemented. In the same way, type of modes can also create an interaction.
Blended and face-to-face modes were used in the current study. Only web based learning mode or
different percentages of web and face-to-face in blended learning mode can still make a difference in
terms of interactions between instructional methods and modes.

5.2 Implications

This study found that blended learning environment creates some advantages to increase
students’ understandings and science process skills. The current physics curricula are developing with
the technological developments in FATIH project and this project should be supported by public and
government. Teachers can integrate some technological issues to their classrooms in an appropriate
way. They can use blended learning and technological tools while developing their instructions to
improve students’ achievement levels. Additionally, textbook writers or publication companies can
invest on developing web based learning environments.

Furthermore, while using technology in classrooms, teachers should be careful because
technology may not be as beneficial as expected, if technology and teaching method are not blended
successfully because an ineffective classroom environment transformed to blended learning will still
be ineffective (Yelon, 2006). In the current study, there is no difference between the expository and
inquiry learning methods in blended mode. The new technological tools can include inquiry teaching
methods as well as expository teaching method.

5.3 Recommendations for Further Studies

In the current study, there were two independent variables, instructional modes and methods
of teaching, and three dependent variables: achievement, science process skills and attitudes.
However, some other independent variables (gender, school, school type) can also be used during the
analysis.

Firstly, gender, instructional mode, and teaching method were used as independent variables
in the collected data, MANCOVA analysis was repeated and the results were the same with the
current study. There was only statistically significant difference in instructional mode in favor of
blended mode of instruction. Addition of gender to the study did not make a difference.

Secondly, instructional mode and gender were used as fixed factors; without methods of
teaching. In this case, gender was found significant for PAS scores. That is, there is a statistically
significant difference between male and female students’ PAS scores. It seems that the attitudes of
females towards physics changed positively with blended instruction more than those of males and it
is statistically significant. Similarly, Sanders & Morrison-Shatler (2001) reported that females had
significantly more positive attitudes than males to blended learning and females used the web more
often than males. This study can be repeated by including gender differences in the future studies.

Thirdly, the schools and instructional mode were used as fixed factors. In this case, there was
a statistically significant difference between schools on students SPST scores. When the descriptive
statistics for schools were examined with instructional mode, it can be concluded that the mean scores
of SPST in AX were higher than those in AY. PX mean scores were the smallest when compared with
AX and AY. Furthermore, there was an interaction between schools and instructional mode for EAT
and SPST scores. This interaction showed that in school AX, blended learning did not excessively
change students’ achievements on the subject of electricity, and science process skills. In AY, blended
learning increases students’ science process skills, and achievements on the subject of electricity. In
PX blended learning decreases achievements and skills. These interactions are shown in figure 5.1.
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Implementation

Teacher training were administered with the teachers. Each teacher was informed about the
importance of the study. The lesson plans and study plans were prepared and submitted to the
teachers. How they should use these plans was explained. Schools were visited during the
implementation and classroom observation checklists were used. The implementation threat is thus
assumed to be controlled.

5.5 External Validity

External validity concerns whether the study results conducted with a sample group can be
generalized to the population or not (Gay & Airasian,2000). In the current study, two different school
types were used: Anatolian and private high schools. There were 2,669 private, 8,661 Anatolian high
school students in Ankara. The accessible population includes 775 of private and 2,060 of Anatolian
in 14 Anatolian and 17 private high schools in Cankaya district. In the sample of the study, there were
89 private high school students, it corresponds to 11.5 % of all private high schools students, and 225
Anatolian high school students, it corresponds to 10.9 % of all Anatolian high schools students.
Therefore, the number of students (n=314) participated in the study exceeds 10% of the accessible
population; the results of this study can be generalized to this accessible population. In Cankaya
district, the students are expected to have medium or high socioeconomic status. Participated
Anatolian high schools also select the students with the high school entrance exam and the scores of
the students must be high. The students in these schools were mostly medium or high achievers. In
conclusion, the results can be generalized to similar other settings.

5.6 Conclusions

According to the results of the current study blended instruction is more effective than face-to
face instruction on 9" grades students’ achievements in electricity subject and science process skills.

With respect to the effect of inquiry teaching method, it was not different from the effects of
expository teaching method on students’ achievement, science process skills and attitudes towards
physics. There seems to be no interaction between instructional modes and teaching methods either.
However, it has to be noted that while the teaching methods were limited to expository teaching and
learning cycle, instructional modes were limited to face to face and blended instruction for this
conclusion. Therefore, further studies are needed with different teaching methods and instructional
modes to elaborate the instructional mode and method interactions.
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) B(")I:I"JM 3
OLCME - DEGERLENDIRME :

Ogrencilere Odev-1 sorular1 dagitilacak ve diger dersin ilk boliimiinde yapilamayan sorular kontrol
edilecektir. Ogretmen tarafindan bireysel ve grup halinde 6grenciler degerlendirilecektir.

BOLUM 4
UYGULAMAYA ILIiSKIN ACIKLAMALAR

Elektrik Akimi ve Akim Siddeti:
Siire : 90 dakika, Anlatilacak, gosterilecek, sekilleri ¢izilecek, cizdirilecek, drnekler verilecek,

Farkli maddelerden 6rnek oOlglimler yapilacak, tartisilacak. 2 soru ¢oziilecek. 9 soru ddev
verilecek. Konu anlatimi sirasinda boliim sorulari 6grencilere sorulacak ve verilen cevaplara

gore konunun agiklamalarina devam edilecektir.

KAYNAKCA :
» M.E.Bk. Ders Programlari, Fizik Ders Programi,

»  Siirat Yayinlar1 — Fizik 1 Ders Kitab1, 154 — 177. sayfa, Fizik Deney Kitabi,
» 11.Eyliil 2007 tarihli iinitelendirilmis y1llik ders plani,
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Odev-1

Ad1 Soyadi:
Okulu:
Sinifi:
Numarasi:

1.

A B c D
Yukaridaki elektrik devrelerinin hangisinde 151k
yanar?

2.

Devre Elemani Devre Elemani Devre Elemani Devre Elemani
Yukaridaki elektrik devrelerinin hangisinde
gosterilen elektrik akim yonii dogru
gosterilmistir?

3.
Devre Elemant Devre Elemani Devre Eleman1 Devre Elemant

€ AC I,

Yukaridaki elektrik devrelerinin hangisinde gosterilen
elektron akim yonii dogru gosterilmistir?

82

Asagidaki climleleri dogru/yanhs seklinde
smiflandirin.

4. Pil elektrik devrelerinde potansiyel fark
saglayan devre elemanidir.

5. Iletken igerisinden gegen yiik miktarina akim
denir.

6. Elektron akimi pilin + ucundan - ucuna
dogrudur?

7. Elektrik akiminin birimi Amperdir.

8. Bir elektrik devresinden 3 dakika boyunca 6
Amperlik akim gegtigine gore; bu elektrik devresinden
gecen yiik miktar1 kag coulomb dur?

A) 2 coulomb

B) 6 coulomb
C)18 coulomb
D) 360 coulomb
E) 1080 coulomb

9. Bir iletkenin herhangi bir kesitinden 0,2 saniyede
3.10"® tane elektron gegtigine gore, bu iletkenden
gecen elektrik akim1 kag Amper'dir? (1 elektronun
yiikii 1,6.10™"° coulomb' dur.)

A) 1,0 Amper
B) 1,2 Amper
C) 1,8 Amper
D) 2,4 Amper
E) 3,0 Amper



€8

. Grup: Agiklayict Ogretim (Expository Teaching)

Ders 1: Girig

-Ontestler

s (aligmaile ilgili genel
bilgi.

Ders 2: Girig
-Ontestler

* Fizik tutum é&lgegi

Ders 3:Elektmk Alkom

+ Elektrik-elektron

Ders 4: Elekmk Akmu

» Coziimli Omekler

Ders 5:Bir Detkenin
Lirenci

* Direncin bagl oldugu

* Internet tutum élged (PAT) akmi ¢ Degerlendirme degiskenler

(IAT) » Elektrik bagan o  Alim Siddeti sorularmim ¢oziilmesi
* Bilimsel siire¢ beceri testi (EAT)

testi (SPST)
(smaf) (smif) (smaf) (smaf) (smuf)
Ders 6: Bir Iletkenin Ders 7: OHM Kanunu Ders 3: OHM EKanunu Ders 9: Direnclerin Ders 10: Direnclerin
Direnci Baglanmasi Baglanmasi

+ Direnclerin Seri

» Coziimlii Omekler + Ohm Kanunu « Cozimlii Omekler baglanmasi + Cozimli Omekler
s Degerlendirme s  Ampermetre ve o Degerlendirme * Direnclerin Paralel * Degerlendirme

sorularmnimn ¢ézilmesi Volmetre sorularinimn ¢ézilmesi Baglanmast sorularmnm ¢&ziilmesi

+ Direnclerin karisik
baglanmas1

(smaf) (smaf) (smif) (smaf) (sinaf)
Ders 11:Bitig Ders 12: Bitig
-Sontestler
s Intemettutum Slcedi o Fizik tutum &lced

(IAT) (PAT)
* Bilimsel siireg beceni » Elektrik basart

testi (SPST) testi (EAT)
(smaf)

(smaf)




APPENDIX A-2

LESSON PLANS FOR INQUIRY TREATMENT

FiZiK DERS PLANI-1

BOLUM 1
SINIF :Lise 1
SUBELER : Arastirmaci ve Sorgulayici (Inquiry) kullanilacak olan siniflar
UNITE NO 05
UNITE ADI  : MADDE VE ELEKTRIK,
KONU : Elektrik Akimu
BASLAMA : 01.Mart.2010.
BITIS : 07.Mart.2010.
SURE : 2 Ders Saati,

BOLUM 2
AMACLAR :

1. Potansiyel farkini, bir iletkenin iki ucu arasinda akim olugmasina neden olabilecek enerji
farkinin bir gostergesi olarak ifade edildigini hatirlayarak basit bir elektrik devresindeki
roliinii agiklar

HEDEF VE DAVRANISLAR :
Bu béliimiin sonunda dgrenciler:

elektrik akiminin yoniinii anlar.

elektrik akimi sirasinda elektronlarin hareket yoniinii agiklar.
elektrik akimini elektron sayisint ve zamani kullanarak tanimlar.
elektrik akiminin birimini sdyler.

Konu ile ilgili problemleri ¢ozer.

UNITE KAVRAMLARI :
Potansiyel fark, Pil, Elektron, letken, Elektrik Akimi, Elektron Akimi, Akim Siddeti, Yiik Miktar,
OGRENME — OGRETME - YONTEM VE TEKNIKLERI :

1. Arastirmaci ve Sorgulayici (Inquiry- SE)

KULLANILACAK EGIiTiM TEKNOLOJIiLERi, ARAC - GERECLER KAYNAKCA :
1. Ders Kitabi,

Odev Kagtlari

Deney Malzemeleri

Bilgisayar ve Televizyon

Tepegoz

Rl
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DENEYIN SONUCU:

Deneyin sonunda 68rencilere asagidaki sorular sirasi ile sorulacaktir. Bu sorulardan alinan
cevaplara gore bir sonraki asamaya gecilecektir.

Lambay1 yakabildiniz mi?

Lambanin yanmasi i¢in neler gereklidir?

Lambanin yanmasi i¢in iiretecin sadece — kutbu kullanilabilir mi?
Lambanin yanmasi i¢in iiretecin sadece + kutbu kullanilabilir mi?
Kapali devreyi ve acik devreyi tanimlayiniz?

DETAYLANDIRMA: Sorular tamamlandiktan sonra devre icerisinde yiiklerin nasil hareket
ettigi ve akim siddetinin biiyiikliigiiniin hesaplanmasi ile konu detaylandirilacaktir.

Uretecin bir ucundan diger ucuna elektrik yiiklerinin hareketini saglayan kesintisiz iletken yola
“elektrik devresi” denir. Elektrik devresinde elektronlar iiretecin — kutbundan ¢ikarak + kutba dogru
hareket ederler. Bu olaya elektrik akimi denir. Elektrik akimi ile elektron akimi ters yonliidiir.
Elektrik devresinde akimin yoni ( + ) kutuptan, ( - ) kutba dogru kabul edilmistir.

Elektrik akiminin siddeti; devreden birim zamanda gegen yiik miktari olarak tanimlanir.

Akim siddeti "i" , iletkenin herhangi bir kesitinden "t" siirede gegen toplam yiik miktar1 "q" ile
gosterilirse akimin degeri;

;=4
¢
Simgesi 18mi birinu Birim
semboli
{ Akim Amper A
Siddeti
q Yk Coulomb |c¢
miktari
t Zaman samye S
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2. Grup: Arastirmaci ve Sorgulayict Ogretim (Inquiry Teaching)

Ders 1: Girig

-Ontestler

* (Caligmaile ilgili genel
bilgi.

Ders 2: Giris
-Ontestler

+ Fizik utum &lgegi

Ders 3: Elektnk Alcom

s FElekmk-elektron

Ders 4: Elektnk Alkum

« Fonu Tekran

Ders 5:Bir Detkenin
Direnci

+ Direncin bagl oldugu

» Intemet tutum &lgegi (PAT) akimi ¢  Odev-1 sorularmm degiskenler
(IAT) » Elekink basan s  Alum Siddet ¢oziilmesi * Denev-2
« Bilimsel siirec beceri testi (EAT) s Denev-1
testi (SPST)
(smmaf) (smaf) (Fizik Lah) (smif) (Fizik Lab)
Ders 6: Bir Iletkenin Ders 7: OHM Kanunu Lesson 8: OHM EKanunu | Ders 9: Diren¢lerin Ders 10: Direnglerin
Direnci Baglanmas: Baglanmasi
 Ohm Kanunu s Konu Tekran » Direnclerin Seri
+ Konu Tekrarn * Deney-3 o  (Odev-3 sorularmm baglanmasi * Konu Tekran
+ Odev-2 sorularmm coziilmesi * Direnclerin Paralel + Odev-4 sorularmm
poziilmesi Baglanmasi poziilmesi
* Direnclerin kansik
baglanmasi
* Deney-4
{(sinif) (Fizik Lab) (sm1f) (Fizik Lab) {(sinif)

Ders 11:Bitig

-Sontestler

+ Intemnet tutum dlceg
(IAT)

* Bilimsel siire¢ becen
testi (SPST)

(smnif)

Ders 12:Bitig

+ Fizik utum &lgegi

(PAT)
» Elekink basan

testi (EAT)
(smn1f)




APPENDIX A-3

LESSON PLANS FOR BLENDED WEB WITH EXPOSITORY TREATMENT

FiZiK DERS PLANI-1

BOLUM 1
SINIF : Lise 1.
SUBELER : Web ile harmanlanmis anlatim (Blended web with expository) ydntemi
kullanilacak smiflar
UNITE NO :5
UNITE ADI : MADDE VE ELEKTRIK,
KONU : Elektrik Akimu
BASLAMA : 01.Mart.2010.
BITIS : 07.Mart.2010.
SURE : 2 Ders Saati
BOLUM 2
AMACLAR :

1. Potansiyel farkini, bir iletkenin iki ucu arasinda akim olugsmasina neden olabilecek enerji
farkinin bir gostergesi olarak ifade edildigini hatirlayarak basit bir elektrik devresindeki
roliinii agiklar

HEDEF VE DAVRANISLAR :
Bu boliimiin sonunda dgrenciler:
e clektrik akiminin yoniinii anlar.
o clektrik akimi sirasinda elektronlarin hareket yoniinii agiklar.
e clektrik akimini elektron sayisini ve zamani kullanarak tanimlar.
e clektrik akiminin birimini séyler.
e Konu ile ilgili problemleri ¢6zer.
UNITE KAVRAMLARI :
Potansiyel fark, Pil, Elektron, letken, Elektrik Akimi, Elektron Akimi, Akim Siddeti, Yiik Miktari,

OGRENME - OGRETME - YONTEM VE TEKNIKLERI :
1. Web ile harmanlanmis anlatim (Blended web with expository)

KULLANILACAK EGIiTiM TEKNOLOJILERi, ARAC - GERECLER KAYNAKCA :
1. Ders Kitabi,
2. Bilgisayar- Internet

www.dersfizik.net/expo isimli web adresinin 1. boliimiindeki elektrik akimi baglikli konu
ogrenciler tarafindan islenecektir. Dersin sonunda 6grencilere “degerlendirme sorular1”
kisminin tamamlanmasi gerektigi hatirlatilacaktir. Bu boliime gelemeyen 6grenciler var
ise bir sonraki derse kadar tamamlamalari istenecektir.

Sinif dersi sirasinda dgrencilere konu tekrar edilecektir. Ogrencilerin degerlendirme
sorularinda yapilamayan drnekler var ise bunlar sinifta ¢oziilecektir.

OZET :
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BOLUM 3
OLCME - DEGERLENDIRME :
Ogrencilerin “Degerlendirme Sorular1” boliimiinii tamamlamalar1 saglanacaktir Ogretmen tarafindan
bireysel ve grup halinde 6grenciler degerlendirilecektir.

BOLUM 4
UYGULAMAYA iLiSKiN ACIKLAMALAR :
Elektrik Akimi ve Akim Siddeti:
Siire : 90 dakika, Anlatilacak, gosterilecek, sekilleri ¢izilecek, cizdirilecek, drnekler verilecek,
Farkli maddelerden 6rnek oOlglimler yapilacak, tartisilacak. 2 soru ¢oziilecek. 9 soru odev
verilecek. Konu anlatimi sirasinda boliim sorular1 dgrencilere sorulacak ve verilen cevaplara
gore konunun agiklamalarina devam edilecektir. Ogretmen &grencilerin verdikleri cevaplar
ayn1 web adresinden kontrol ederek, sinif dersini sekillendirebilir.

KAYNAKCA :
» M.E.Bk. Ders Programlari, Fizik Ders Programi,
» Siirat Yayinlar1 — Fizik 1 Ders Kitab1, 154 — 177. sayfa, Fizik Deney Kitabi,
» 11.Eyliil 2007 tarihli iinitelendirilmis y1llik ders plani,
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. Grup Web ile Harmanlanmis Aciklayict Ogretim (Blended Web with Expository)

Ders 1: Girig

Ders 2: Giris

Ders 3: Elekwmil Aloma

Ders 4: Elektrik Aloma

Ders 5:Bir Hetkenin

-Ontestler -Ontestler Direnci
* (Caligmaile ilgili «  www.dersfizik net'expo
genel bilgi. * Fizik tutum élged 1- Elektrik Ak * Konu Tekran » www.dersfizik net'expo
« Internet tutum (PAT) » Degerlendime 2- Bir Dletkenin
Blceg (TIAT) ¢ Elektrik basari testi sorularmm ¢oziilmesi Direnci
» Bilimsel siireg (EAT)
beceri testi (SPST)
(smaf) (smaf) (Bilgisayar Lab) (smif) (Bilgisayar Lab)
Ders 6:Bir lletkenin | Ders 7: OHM Kanunu Ders 8: OHM Kanunu Ders 9: Direnglerin Ders 10: Direnglerin
Direnci Baglanmasi Baglanmasi

» Konu Tekran
* Degerlendirme

o  www.dersfizik net'expo
3- OHM Kanunu
*  Ampermetre ve

+ Konu Tekran

* Degerlendirme
sorularinm ¢oziilmesi

o wyww dersfizik net'expo
4- Direnclerin

* Konu Tekran
s Degerlendirme

sorularmim voltmetre okunmas: Baglanmasi sorularmnin ¢&ziilmesi
¢oziilmesi
(smaf) (Bilgisavar Lab) (smaf) (Bilgisavar Lab) (smaf)
Ders 11:Bitis Ders 12:Bitig
-Sontestler
* Intemet tutum ¢ Fizik tutum &lced
cleegi (IAT) (PAT)
» Bilimsel siireg o Elektrik basari testi
beceri testi (SPST) (EAT)

(smn1f)

{sma1f)




APPENDIX A- 4

LESSON PLANS FOR BLENDED WEB WITH INQUIRY TREATMENT

FiZiK DERS PLANI-1

BOLUM 1
SINIF : Lise 1.
SUBELER : Web ile harmanlanmis sorgulayici (Blended web with inquiry) 6gretim yontemi
kullanilacak siniflar
UNITE NO :5
UNITE ADI  : MADDE VE ELEKTRIK,
KONU : Elektrik Akimi
BASLAMA : 01.Mart.2010.
BITIS : 07.Mart.2010.
SURE : 2 Ders Saati,
BOLUM 2
AMACLAR :

1. Potansiyel farkini, bir iletkenin iki ucu arasinda akim olugsmasina neden olabilecek enerji
farkinin bir gostergesi olarak ifade edildigini hatirlayarak basit bir elektrik devresindeki
roliinii agiklar

HEDEF VE DAVRANISLAR :
Bu boliimiin sonunda dgrenciler:

elektrik akiminin yoniinii anlar.

elektrik akimi sirasinda elektronlarin hareket yoniinii agiklar.
elektrik akimint elektron sayisini ve zamani kullanarak tanimlar.
elektrik akiminin birimini sdyler.

Konu ile ilgili problemleri ¢ozer.

UNITE KAVRAMLARI :
Potansiyel fark, Pil, Elektron, Iletken, Elektrik Akimi, Elektron Akimi, Akim Siddeti, Yiik Miktari,

OGRENME - OGRETME - YONTEM VE TEKNIiKLERI :
1. Web ile harmanlanmis sorgulayici (Blended web with inquiry)

KULLANILACAK EGIiTiM TEKNOLOJILERi, ARAC - GERECLER KAYNAKCA :
1. Ders Kitabi,
2. Bilgisayar

www.dersfizik.net/inqu isimli web adresinin 1. boliimiindeki elektrik akimi baslikli konu
ogrenciler tarafindan islenecektir. Dersin sonunda dgrencilere “degerlendirme sorular1”
kisminin tamamlanmasi gerektigi hatirlatilacaktir. Bu boliime gelemeyen 6grenciler var
ise bir sonraki derse kadar tamamlamalari istenecektir.

Sinif dersi sirasinda dgrencilere konu tekrar edilecektir. Ogrencilerin degerlendirme
sorularinda yapilamayan ornekler var ise bunlar sinifta ¢oziilecektir.

OZET :
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BOLUM 3
OLCME - DEGERLENDIRME :Ogrencilerin “Degerlendirme Sorularr” boliimiinii
tamamlamalari saglanacaktir Ogretmen tarafindan bireysel ve grup halinde dgrenciler
degerlendirilecektir.

BOLUM 4
UYGULAMAYA ILiSKIN ACIKLAMALAR :

Elektrik Akimi ve Akim Siddeti:

Konuya ilgi ¢ekilecek, deneyi yaptirilacak, konu ile ilgili teorik aciklamalar yapilacak, konu
detaylandirilacak ve son olarak degerlendirilecektir. Bir ¢ok bilimsel kavrami &grencilerin
kesfetmesi hedeflenmistir. Bu nedenle 6gretmen sadece bir yol gdsterici veya bazi noktalarda
yardim edici olarak gorev yapacaktir.

Konu hem sinifta hem de bilgisayar laboratuarinda islenecektir. Konuya internette ilgi ¢ekme
ile baslanacak, deneyleri yaptirilacak ve konu ile ilgili agiklamalar yapilacaktir. Bundan sonra
konu detaylandirilacak ve degerlendirilecektir. Bu asamalarin hepsi O6grenci tarafindan
gergeklestirilecektir.

Sinif dersi sirasinda laboratuarda yapilan olay sinif igerisinde tekrarlanacaktir. Ogretmen fen
lab1 sirasinda videonun nasil oldugunu o6grencileri etkileyip etkilemedigi iizerine sorular
soracaktir. Bundan sonra deneyle ve forum boliimil ile ilgili sorularla devam edecektir. 4.
boliimiin sonundaki yiik hareketini tartisacaktir. Son olarak Ogrencilerin degerlendirme
sorularindan yapamadiklart ile ders sonlandirilacaktir.

KAYNAKCA :
» M.E.Bk. Ders Programlari, Fizik Ders Programi,
» Siirat Yayinlar1 — Fizik 1 Ders Kitab1, 154 — 177. sayfa, Fizik Deney Kitabi,
» 11.Eyliil 2007 tarihli iinitelendirilmis y1llik ders plani,
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4.

Grup Web ile Harmanlanmis Sorgulayict Ogretim (Blended web with Inquiry)

Ders 1: Girig

Ders 2: Girig

Ders 3: Elektik Alommn

Ders 4: Elektrik Alorm

Ders 5: Bir lletkenin

-Ontestler -Ontestler Direnci
« Caligmaile ilgili  www.dersfizik netinqu
genel bilgi. + Fizik tutum élcegi 1- Elektrik Akima + EKonu Tekran » www.dersfizik netinqu
e Intemettutum &lged (PAT) » Degerlendirme 2- Bir Hletkenin
(IAT) s FElektrik bagan test sorularinm ¢ézilmesi Direnci
= Bilimsel siire¢ becen (EAT)
testi (SPST)
(smuf) (smaf) (Bilgisayar Lab) (smf) (Bilgisayar Lab)
Ders 6: Bir Iletkenin Ders 7: OHM Kanunu Ders 8: OHM Kanunu Ders 9: Direnglerin Ders 10: Direnglerin
Direnci Baglanmasi Baglanmasi

* Konu Tekran
* Degerlendirme

o ywww dersfizik netingu

3- OHM Eanunu
s  Ampermetre ve

s Eonu Tekran

s Degerlendimme
sorularnm ¢éziillmesi

o wyww dersfizik net'ingu

4- Direnglerin

* Konu Tekran
* Degerlendirme

sorularinm voltmetre ckunmasi Baglanmasi sorularnin ¢ozillmesi
coziillmesi

(smaf) (Bilgisavar Lab) (smaf) (Bilgisavar Lab) (smif)

Ders 11:Bitis Ders 12:Bitis

-Sontestler

o Intemettutum Slcedi

(IAT)
* Bilimsel siire¢ becen
testi (SPST)

(simaf)

+ Fizik mtum d&lcedi

(PAT)

+ Elektrik basan testi

(EAT)
(smif)
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Goriisme Sonuclari

Daha 6nce hig interneti kullanarak ders ¢aligtin mi?

Expol Evet. Matematik, caligma kagitlar1 ve Tiirkce konu anlatimi.
Expo2 Evet, deney videolari izledim.
Inqul Evet. Ingilizce dersinde exercise yapmak igin
Inqu2 Evet, sozliik olarak, aragtirma yapmak i¢in derslerde siir v.s., matematikte.
Inqu3 Hayir.
Inqu4 Arastirma 6devlerim igin.
o Interneti en ¢ok hangi amag i¢in kullaniyorsun?
Expol Oyun ve bazen ders (dersfizik.net)
Expo2 Ders, msn, facebook
Inqul Ders, oyun, video, chat.
Inqu2 Her amagli kullantyorum. msn, facebook, ders v.s.
Inqu3 Oyun ve facebook.
Inqu4 Oyun ve mail.
o Internette karsilastigin web-siteleri hakkinda ne diisiiniiyorsun?
Expol Hepsi iyi
Expo2 Isimlerini hatirlamiyor, ama yeterliler.
Inqul Her tiir sitte var, kotii ve iyi. Kullanmayi biliyorsaniz sorun yok.
Inqu2 Binlerce site ¢ikiyor ve ¢ogunun gorsel yan1 ve igerigi iyi degil.
Inqu3 Internette derse zaman ayirmak istemiyorum.
Inqu4 En son sizin sitenize girdim.
e  Bu zamana kadar interneti 6gretmenlerin kullandi mi1? Kulandiysalar nasil?
Expol Evet, edebiyat, internetteki slaytlar iizerinden ders anlatiliyor.
Expo2 Evet video gostermek i¢in kullaniyorlar.
Inqul Evet, slaytlar {izerinden ders anlatiliyor.
Inqu2 Bilgisayar kullantyorlar ama interneti az kullaniyorlar.
Inqu3 6. sinifta fen dersi igin oyun sitesi yapmiglardi. Sizinkinden daha koétiiydii. Sadece
sorular vardi. Kimse zevk almadi.
Inqu4 Evet tarih dersinde haritalar: indiriyoruz.
e Bu calismay1 yapmadan 6nce beklediginle, ¢alisma sirasinda gordiiklerin seni tatmin etimi?
Expol Iyiydi ama daha fazla konu eklenebilir.
Expo2 Tek konu olmasini beklemiyordum. Sasirdim..
Inqul Boyle bir site bekliyordum.
Inqu2 Ne cok farkli, ne de ¢ok benzer oldu. Ben herhalde soru ¢ézdiik¢e puan alacagiz gibi
seyler bekledim.
Inqu3 -
Inqu4 Evet bence giizel bir site. Tekrar olsa ben girerim.
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www.dersfizik.net sitesinde gordiigiin konuyu anladin m1?

Expol Tiirk¢e kismi kullanarak anladim.Konunu adi: potansiyel, kinetik enerji.
Expo2 Evet, Konun ad1 kuvvet hareket ti.
Inqul Evet anladim. Konunun adi : enerji.
Inqu2 Evet.
Inqu3 Evet. Konunun ad1 kuvvet ve hareket
Inqu4 Evet konuyu anladim. Mekanik enerjinin degismedigini gdzlemlemek.
e Sence bu konu sinif ortaminda m1 yoksa internet temi daha iyi anlagilir?
Expol Ikisi de bence ayni
Expo2 Smif igerisinde islenen.
Inqul Her ikside kullanilabilir. Hem sinif, hem de internet.
Inqu2 Internette bazen dikkat dagilabiliyor. Ama hareketli ve gorsel olmas1 sadece bununla
ilgilendigimizde ¢ok faydali.
Inqu3 Farkli olmadiklarini diisiinliyorum.
Inqu4 Ikisi de olur.
e Sence fizikte karsilastigin diger konularda bu sekilde web iizerinden anlatilabilir mi?
Expol Bazi konular anlatilabilir. Is1 anlatilmaz digerleri anlatilabilir.
Expo2 9. sinif tiim konular olabilirdi.
Inqul Bence dersler sinif ortaminda daha iyi anlagiliyor.
Inqu2 -
Inqu3 Olabilir. Bilmiyorum.
Inqu4 Belki sicaklik anlatilamaz.
e Bu web sitesi senin fizik dersine olan ilgini degistirdi mi?
Expol Ilgimi degistirmedi, hala ayn1 notr {im.
Expo2 Zaten seviyordum. Degistirmedi.
Inqul -
Inqu2 Pek ilgimi degistirmedi.
Inqu3 Ilgimi artirdi. Kay-kay simulasyonu felan ¢ok giizeldi.
Inqu4 Seviyordum hala seviyorum.
e Ilk boliimdeki video sence yeteri kadar ilgi ¢ekici mi?
Expol Bizde video yoktu.
Expo2 -
Inqul Videoyu agamadim.
Inqu2 Hayir, hig internete giremedim.
Inqu3 -
Inqu4 -
e  Web sitesi igerisindeki en ¢ok hangi boliimii yaparken sevdin?
Expol -
Expo2 -
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Inqul

Forum boliimiinii. Arkadasglarimin yaptig1 yorumlara baktim.

Inqu2 Kaykayli b6liimii yapmaktan zevk aldim.
Inqu3 Kaykayli b6liimii yapmaktan zevk aldim.
Inqu4 Kaykayli b6liimii yapmaktan zevk aldim.
e  Web sitesi icerisinde bagka bir siteden program indirmen gerekirken, bunu kolaylikla yapabildin
mi?
Expol -
Expo2 -
Inqul Evet. Bir zorlugu yoktu.
Inqu2 Evet, hemen acild1.
Inqu3 Evet agabildim.
Inqu4 O boliime kadar okulda gelemedim. Evded babamla beraber yaptik.
e  Web sitesini kullanirken doldurdugun tablolar hakkinda ne diistiniiyorsun?
Expol -
Expo2 -
Inqul -
Inqu2 Siz anlattiktan sonra kolayca degistirip yapabildik.
Inqu3 Biraz yardimla ¢oziilebilir. Ben Tiirk¢e yaptim ama kendi bagima anlayamadim.
Inqu4 -
e  Web sitesinin sonunda cevaplandirdigin, degerlendirme sorulari sence konuyu tamamen 6lgiiyor
mu?
Expol -
Expo2 -
Inqul Bence 6l¢iiyordu. Girip yaptim.
Inqu2 Son boliime kadar gelemedim.
Inqu3 Son boliime gelemedim.
Inqu4 Son boliime kadar gelemedim.
e  Enerjinin korunumu ile ilgili olarak karsina ¢ikacak sorulara cevap verebilecegini diigiiniiyor
musun?
Expol Evet.
Expo2 Galiba ¢ozebilirim.
Inqul Evet ¢zebilirim.
Inqu2 Herhalde cevaplayabilirim.
Inqu3 Sorusuna bagl.
Inqu4 -
e  Sence bu sitenin en iyi ve en kotii yani nedir?
Expol Teknolojiyi kullanarak daha iyi 6greniriz. Kotii yan yok.
Expo2 Bize derslerde yardimci olmasi.
Inqul Ogretmenimizin yapmis olmast iyi yani.
Inqu2 Hem Ingilizce hem de Tiirkce olmasi. Kotii yan bilmiyorum.
Inqu3 Simulasyon ve oyunlarin olmast
Inqu4 Simulasyonlar, kaykayli boliim. Bagtaki soru boliimii kétiidii, ben soru sevmem.
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Site igerisindeki yonlendirmeler sence yeterlimiydi?

Expol Evet. Sonraki sayfaya gecisler vardi. Soru ¢6ziimleri vardi.
Expo2 Evet. Kullanim kolaydi.
Inqul Evet kesinlikle yeterliydi.
Inqu2 Evet kesinlikle anlagilird1. Her sey agikt1.
Inqu3 Bence yeterliydi. Kendim yapabildim.
Inqu4 Site igerisinde rahatca gecis yapabildim.
e Sence biitlin arkadaglarin bu ¢alismaya gereken 6nemi verdimi? Hayirsa neden?
Expol -
Expo2 -
Inqul Bazi arkadaslarim zorlanmig olabilir.
Inqu2 Siz gbzlemlediniz. Ama muhakkak iyi yapanlar olmustur.
Inqu3 Bazi kigiler tamamlamadi galiba.
Inqu4 -
e Eve gittiginde bu siteyi tekrar a¢ip kaldigin yerden devam ettin mi?
Expol Evet. Sorular1 ¢ézdiim.
Expo2 Ben sifremi unuttum o yilizden girmedim.
Inqul Evet ¢caligmayi tamamlamak ve bagka neler var bakmak igin girdim.
Inqu2 Denedim son boliim i¢in ama internet sorunluydu acamadim.
Inqu3 Hayir agmadim.
Inqu4 Evet babamla beraber agtim ve devam ettim.
e Sence bu sitenin daha etkili olmasi i¢in neler yapilabilir?
Expol Dabha fazla konu eklenmeli, videolar ve oyunlar eklenebilir.
Expo2 Videolar eklenmeli. Kapsam degistirilmemeli.
Inqul Animasyon ve videolarin sayisi artirilabilir.
Inqu2 Animasyonlarin sayisi artirilabilir.
Inqu3 Bilmiyorum.
Inqu4 Simulasyonlu boliim sayisi artirilabilir.
e Bu calismaya katilmaktan zevk aldin mi1?
Expol Evet
Expo2 Evet sitede ders ¢aligmak giizeldi.
Inqul Evet eglenceliydi.
Inqu2 Evet ozellikle kay-kay boliimiinde cok eglendik.
Inqu3 Normal dersten daha iyiydi.
Inqu4 Evet, okuldan ayrilmayacak olsam ikinci donem devam ederdim.
e  Site igerisinde bulunan forum bolimii kullandin m1? Kullanmadiysan neden?
Evet ise Forum boliimiinde arkadaslarinla fizik tartigmak hosuna gitti mi?
Expol Forum boliimiinii gérmedim.
Expo2 Gordiim ama kullanmadim.
Inqul Evet forumlar ¢ok severim.
Inqu2 Normal bir forum sitesine gére daha basit ve 6z bence daha iyi ve kullanisli.
Inqu3 Cevaplari karsilagtirmak i¢in iyi bir boliim.
Inqu4 Hayir gérmedim.
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Sence sinif igersisinde yaptigimiz tartigmalar mi1 yoksa internet ortaminda yapilan forum bolimii
mii daha etkili? Ikisi arasinda fark var mi1?

Expol Sinif i¢i daha etkilidir.
Expo2 -
Inqul Sinif igerisinde yapilan daha etkilidir.
Inqu2 Internet ortaminda ¢iinkii siif ortaminda kagcirabiliyorsunuz ama internet te doniip
tekrar bakabiliyorsunuz.
Inqu3 Bence fark yok. Sadece igerik farkli.
Inqu4 -
e Site igerisinde bazi deneyler gerceklestirdiniz. Sence bu deneyleri laboratuarda mi1 yapsak yoksa
internet ortami yapsak daha ilgi gekici ve anlagilir olur?
Expol -
Expo2 -
Inqul -
Inqu2 Fizik labinda yapilan deneyler {i¢ boyutlu anlayabilmek igin daha uygun ama bundan
sikilanlar da oluyor. Onlar i¢in bilgisayar daha iyi.
Inqu3 Uc boyutlu yaparsak daha etkili olabilir. Ama bilgisayarin degerleri gdstermesi daha
kolay ve anlagilir.
Inqu4 -
o  Web sitesinde karsilagtigin zorluklardan bahseder misin?
Expol Uye olmakta zorlandik, bir sorun vardi.
Expo2 Higbir zorlugu yoktu.
Inqul Benim i¢in yoktu.
Inqu2 Her seyi anlayabildim. Yoktu.
Inqu3 Tablolarin tizerine adimi yazmay1 unuttum. O sekilde gonderdim.Tablolar1 doldururken
zorlandim.
Inqu4 Eve gidince java yliklemem gerekti.
e  Web sitesinin kullanimi i¢in ayrilan siire sence yeterlimiydi?
Expol 75-80 dakika lazim yetigtiremedik.
Expo2 Once okudum, sonra anlamadigim yerleri tekrar okudum. Problemlerin yarisinda siire
bitti. Siire yeterli degildi.
Inqul Bence yeterliydi. Ben aciklama kismu yiiziinden yetistiremedim. 5 dakikam daha
olsaydi siteyi burada bitirebilirdim.
Inqu2 [lk kullanim oldugu igin yetistiremedim. Tablolar1 geri tusuna basinca kaybettim. Ama
ikinci kullanimda yetistirlebilir.
Inqu3 Iki ders saati yapilabilir.
Inqu4 Bana gore siire yeterli degildi.
e Sence bu siteyi gelistirmek i¢in daha ne yapilabilir?
Expol Uye yeri agilabilir, google a reklam verilebilir, videolar eklenebilir.
Expo2 Videolar eklenebilir.
Inqul Gorsel seylerin sayisi artirilabilir.
Inqu2 Resimler eklenebilir. Animasyonlarin sayisi artirilabilir.
Inqu3 Dili anlayamadim. Daha sade bir dil kullanilabilir.
Inqu4 Simulasyon ve aligtirmalar eklenebilir.
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APPENDIX D-1

GOALS AND OBJECTIVES OF MINISTRY OF EDUCTAOIN ABOUT ELECTRICITY

9. Sinif Uniteler

E. Ogrenci Kazamimlar

5. UNITE: ELEKTRIK VE MANYETIiZMA

KAZANDMLAR

ACIKLAMALAR

1. Elektrik akumu ile ilgili olarak 6grenciler:

1.1 Potansiyel farkins, bir iletkenin iki ucu arasinda akim olusmasma neden
olabilecek enerji farkimin bir gostergesi olarak ifade edildigini hatirlayarak
basit bir elektrik devresindeki roliinii agiklar (BIB-4.c.d).

1.2 Bir iletkenin tizerinden gegen akim ile iletkenin uglan arasmdaki potansiyel
farks arasindaki iliskiyi deneyerek kesfeder (PCB-1.efg2.ac.d.f.
3ab.cdfh).

1.3 Bir iletkenin direncinin bagl oldugu faktdrleri deneyle gosterir (PCB-1.e.fg
2acdf 3abcdfh).

1.4 Seri ve paralel devrelerde akim, direng ve potansiyel farki arasindaki iligkiyi
deneyerek gosterir (PCB-1.e.fig2.ac.d.f 3.ab.c.dfh).

['] 1.1 Elektrik devrelerinde elektrik enerjisi kaynaklarinin bir potansivel farks
olusturdugu ve Potansiyel farkinin gerilim olarak da adlandrilabildigi vurgulanir.

['] 1.1 Ogrenciler, evlerindeki veya okullanindaki elekirik prizlerine gesitli maddeleri
sokmamalar ve bunun tehlikeleri konusunda uyarilir. Yalitkan maddelerin bazi
durumlarda iletken olabilecekleri vurgulanir.

22?7 1.2 “Elektrik akim yiiklerin pilin pozitif kutbundan ¢ikip negatif kutbuna dogru
hareket eder”. * Akim elektrik devre elemanlari tarafindan tiketilir.” ve “Akim
pilin pozitif ve negatif kutbundan ¢tkip ampul iizerinde carpigir.”

[] 1.2 Akim. potansiyel fark ve enerji kavramlannin ayni seyler olmadigs etkinliklerle
fark ettirilmelidir.

[ 1.2 Ogrenciler Ohm yasasm kesfedecekleri devreleri kurarken ampermetre,
voltmetre, reosta gibi devre elemanlarinin baglanma gekillerinin gerekgeleri
konusunda temel bilgiler verilmelidir.

S 1.3 Ogrenciler 7. stmf Fen ve Teknoloji dersinde iletkenin direncinin dik kesit, cins
ve uzunluga gore degisimini bir ampuliin parlakligim gozlemleyerek irdelemisti. Bu
diizeyde 1se voltmetre ve ampermetre kullanarak kuracaklan bir elektrik devresi ile
kegfeder.

w4 1.2 ve 1.3 R=V/1, R=p. l/4 formiilleri kavramlar arasindaki iliskiyi ifade etme
kolaylig1 saglayacagindan bu diizeyde verilmelidir.

277 1.4 “Seri bagl ampuller paralel bagl ampullerden her zaman daha parlak yanarlar”
ve “Paralel bagl ampuller seri bagl ampullerden her zaman daha parlak yanarlar™

4: Ders I¢i Ilizkilendirme, G: Diger Derslerle ligkilendirme,

29?: Kavram Yamilgzisa, [1]: Uyan,

#=4: Sinirlamalar




APPENDIX D-2

OBJECTIVE LIST OF ELECTRICITY ACHIEVEMENT TEST

Kazanim Listesi

1.

NN

10.
11.
12.

13.

14.
15.
16.
17.
18.
19.
20.
21.

22.
23.
24.
25.
26.

Verilen elektrik devrelerinin i¢inden agik ve kapali olmast durumuna bakarak elektrik enerjisinin
iletildigi devreyi seger.

Kapli devre tanimini yapar.

Elektrik devresinde elektrik akiminin yoniinii pilin uglarini kullanarak ifade eder.

Elektrik akiminin tanimini yapar.

Elektrik devresinde pilin gorevini tanimlar.

Devreden gegen elektron sayisini [=q/t formiiliinii kullanarak hesaplar.

Direng biiyiikliigiiniin iletkenin hangi fiziksel 6zelliklere bagh oldugunu agiklar.

Direng biiyiikliigiiniin iletkenin boyu ile iliskisini agiklar.

Direng biiyiikliigiinii bagh degiskenleri kullanarak hesaplar.

Potansiyel fark — Akim grafigine gore direng degerini hesaplar.

Elektrik devresinde, direng sabit kalmak kosulu ile, pilin voltu arttik¢a akimin artacagini bilir.
Elektrik devresinde, potansiyel sabit kalmak kosulu ile, diren¢ degisiminin akimi {izerine etkisini
hesaplar.

Elektrik devresinde , potansiyel sabit kalmak kosulu ile, diren¢ degisiminin akimi1 ne sekilde
degistirdigini agiklar.

Elektrik devrelerinde ampermetrenin ne sekilde kullanildigini bilir.

Elektrik devrelerinde voltmetrenin ne sekilde kullanildigint bilir.

Seri ve paralel bagl elektrik devrelerini ayirt eder ve bu devrelerde esdeger direngleri hesaplar.
Seri bagl elektrik devrelerinde Ohm kanununu kullanarak devreden gegen elektrik akimini hesaplar.
Seri bagl elektrik devrelerinde esdeger direncin nasil hesaplandigini agiklar.

Seri bagli elektrik devrelerinde direnglerin iizerine diisen potansiyel farki ayr1 ayri1 hesaplayabilir.
Paralel bagl elektrik devrelerinde akimin kollara nasil dagildigini agiklar.

Paralel bagli elektrik devrelerinde Ohm kanununu kullanarak devreden gegen elektrik akimini
hesaplar.

Paralel bagli elektrik devrelerinde esdeger direncin nasil hesaplandigini agiklar.

Paralel bagli elektrik devrelerinde direnclerin {izerine diisen potansiyel farki ayr1 ayr1 hesaplayabilir.
Karisik bagl elektrik devrelerinde kollardan gegen akimi hesaplar.

Karigik bagh elektrik devrelerinde direnglerin iizerine diisen potansiyel farki ayr1 ayr1 hesaplayabilir.
Paralel ve seri bagl elektrik devrelerinde lambalarin parlakliklar ile kollardan gegen akim arasinda
iliski kurar.
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APPENDIX D-3

TABLE OF TEST SPECIFICATIONS OF ELECTRICITY ACHIEVEMENT TEST

Kazamm | Bilme Kavrama Uygulama Analiz Sentez | Deger- Toplam | Yiizdelik
Diizeyi | Kazanm No | Kazanmm No | Kazanim No | Kazanim No lendirme | Kazanm | Kazanm
Konu (Soru No) (Soru No) (Soru No) (Soru No) Sayist Yiizdesi
(Soru (Soru
Sayist) Yiizdesi)
1. ELEKTRIK AKTMI 2(27) 6(3) 1(2) 6(7) 22(23)
a. Elektrik 3(20.21)
akimmim 4(1)
meydana gelisi | 5(19)
b. BirIletkendeki
Akim Siddeti
2. BIRILETKENIN 7@) 5(5.6) 3@) 13(13)
DIRENCI 8(28)
3. OHM KANUNU 11(22) 10(7) 13(10) 6(6) 23 (20)
14(17) 12(8)
15(18)
4. DIRENCLERIN 18 (23) 17 (24) 16 (11) 26 (30) 11(13) 42 (44)
BAGLANMASI 22 (25) 20(12) 19 (9)
a. Direnglerin Seri 23 (29) 21(26) 24(13,149)
Baglanmasi 25(15.16)
b. Direnglerin Paralel
Baglanmasi
c. Direnglerin karssik
Baglanmas
Toplam 12 (13) 30) 8(1D) 30) 26(30) | 100 (100)
Yiizdelik 46 (42) 12 (13) 30 (35) 12(10) 0 0 100 100 (100)




APPENDIX D-4

ELECTRICITY ACHIEVEMENT TEST (EAT)

Elektrik Unitesi Basar Testi

Sevgili 6grenciler,

Bu test “Elektrik” {initesindeki “Elektrik Devreleri” konusu ile ilgili olarak hazirlanmis 16 ¢oktan
secmeli, 10 eslestirme ve 4 dogru-yanlis olmak iizere toplam 30 adet sorudan olusan bir testtir.

Testin sonuglari sizlere daha iyi ve anlasilir bir fizik dersinin gelistirilmesine katkida
bulunabileceginden 6nem tasimaktadir. Aldiginiz notlar kesinlikle ortalamanizi etkilemeyecektir. Liitfen
tlim sorular1 cevaplamaya galiginiz. Smav siiresi 40 dakikadir. Katiliminiz igin tesekkiir ederim.
Aciklama: testin cevaplarini sizlere dagitilan cevap kagitlarina isaretleyiniz.

1. Elektrik Akimim asagidaki ifadelerden hangisi en iyi sekilde tanimlar?

A) Pozitif yiiklerin iletken tizerindeki hareketi

B) Negatif yiiklerin iletken tizerindeki hareketi

C) Notronlarin iletken iizerindeki hareketi

D) Atomlarin iletken ilizerindeki hareketi

E) Pozitif (+) ve negatif (-) yliklerin iletken {izerinde hareketi

2 Pil

B C D
Yukaridaki devrelerin hangisinde veya hangilerinde lamba yanar?

Baglanti
Kablosu

8 Lo
|

A) Yalmz A B) YalmzC C) Yalniz D D)AveC E)BveD

3. Bir elektrik devresinden 1,6 Amper’lik akim gectiginde devre kesitinden 1 saniye icerisinde
gecen elektron sayisi kactir? (1 elektronun yiikii = 1,6. 10™° coulomb)

A) 1077 B) 10" C) 10" D)10° E) 10""®
4. Tletken bir telin direnci asagidakilerden hangilerine baghdir?
I.  Boyuna
II. Cinsine

III. Kesit Alanina

A) Yalniz I B) Yalmiz I C) Yalmz III D)Ivell E) L, II ve III
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5. Oz direnci 4.10° Q.m, boyu 3 metre ve Kesit alani 2 m? (metrekare) olan bir levhanin

A) 107 B) 6. 107 C)7.107° D)12.107

direnci kac Q dur?

E) 24.107°

6. Bir iletken telin uzunlugu 4, cap1 2 katina ¢ikarildiginda direnci ilk direncinin ka¢ katina

A)l

A)l

Al

A) 16

cikar?

B)2 C) 4 D)8

Potansiyel fark (V)-Akim (A) grafigi
verilen devrenin direnci ka¢ Q dur?

B)2 C) 4 D)8 E) 16

Sekildeki ayarh direncin uclar1 arasinda

20 V uygulanmustir. Ayarh direncin
hareketli ucu M noktasinda iken 2 A akim
geciyor. Hareketli u¢ P noktasina getirilerek
direnc iki katina cikarildiktan sonra
direncten ka¢ A akim gecer?

B)2 Q)4 D)10 E) 20

Sekildeki devre parcasinda R;=5 Q diren¢
iizerinden 2A akim gecmektedir. Buna gore;
R,=8 Q direncin uclar1 arasindaki potansiyel
fark kag volttur?

B) 12 C) 10 D)8 E) 4
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E) 16
V (Volt)
A
8 _________ 1
! ! i (Amper)
0 2 4
VKLZZOV
K L
HAYAVAVAVAVAVAVAVAVAVAVAVAS
LU
P M N
1
R]ZSQ R2=8Q




10.

A)
B)
0
D)
E)

11.

Sekildeki devredeki A direncinin yerine daha
yiiksek diren¢ konuldugunda, devredeki akim
bu degisiklikten nasil etkilenir?

|\
+ |-
Devredeki akimda degisiklik olmaz, ¢iinkii pil ayn1 akim1 saglamaya devam eder.
B ve C iizerindeki akimlar esit olarak azalir, ¢iinkii devredeki toplam direng artar.
Sadece B ve C nin akimlar1 degisir, ¢iinkii B ve C direncleri A dan sonra yer almaktadir.

B ve C bu durumdan etkilenmez, ¢iinkii A da yapilan degisiklik sadece o bdlgeyi etkiler.
C deki akim B dekinden azdir, ¢iinkii akim yoluna harcanarak devam eder.

R
AW
R —W—
AW

T =R == gw

K M

Sekildeki K, L, M devre parcalar: 6zdes direnclerle olusturulmustur. K devre parcasinin
esdeger direnci Ry, L ninki R, M ninki de Ry, dir. Buna gore Ry, R, Ry arasindaki iliski

nedir?
A)Rg <Ry <Rp B) Rk <R <Ry C)RL <Ry < Rk
D)RK<RL:RM E)RM<RK:RL
12. 1,2,3,4,5, ve 6 noktalarindan gecen 1 2
akimlar: biiyiikten kiigiige dogru _._@_._
siralaymiz. (Lambalar 6zdestir.)
A) 5>1>2>3>4>6 3 4
B) 5>3>1>4>2>6 _‘_@_._
C) 5=6>3=4>1=2
D) 5=6>1=2=3=4
E) 1=2=3=4=5=6 5 I 6
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13. Sekildeki elektrik devresinde R;=2 Q R,=3 Q)
R3=6 Q dur.Buna gore; ampermetre hangi

degeri gosterir?
12V _—_— EERz
<
A

Al B)2 04 D)8 E) 12 M
14.

K 2A

Y : A'A'A'A'A

AAAAA AAAAA L

vy vy e

Sekildeki devre parcasinda 3 Q luk direngten 2 A ik akim gectigine gore K ve L noktalar
arasindaki potansiyel farki bulunuz. (Revised Version: Sekildeki devre parcasinda 3 Q luk
direncten 2 A Ik akim gectigine gore K ve L noktalar:1 arasindaki potansiyel farki ka¢ Volt’tur?)

A)6 B) 12 C)18  D)24 E) 30

15.

ia

36 V

Sekildeki devre parcasinda 4 Q luk direncin uglarina baglanan voltmetre 36 V gosterdigine gore 3Q
luk direncin uclarina bagh voltmetre kag voltu gosterir?

A6 B) 12 C) 18 D)24  E)30

16. Sekildeki devre parcasindan i siddetinde
elektrik akimi1 gegmektedir. Buna gore,
R direnclerinin uclar1 arasindaki

V1, V,, V3 potansiyel farklari arasinda
nasil bir iliski vardir?

A) V<V, <V; B) V;<V,; <V, O Vo<V, =V; E
D) V] :V3< V2 E) V] = V2: V3 '

=

131



17-26 arasindaki bosluklara asagidaki tabloda verilen kelimeleri dogru sekilde yerlestirin. Cevap
anahtariizda bu béliim icin ayrilan kismi uygun kelimelerin yanindaki harfleri yazarak
doldurunuz. Bu béliimdeki ayn1 kelimeyi birden fazla kullanabilirsiniz.

(A)Pozitif (B)Negatif (C)Dogru (D)Ters
(E)Artar (F)Azahr (G)Degismez (H)Ampermetre
(DVoltmetre (J)PIl

(17) elektrik devrelerine seri olarak baglanir ve elektrik akimini dlger.

(18) elektrik devrelerine paralel olarak baglanir ve potansiyel fark: dlcer.

Elektrik devrelerinde kimyasal enerjiyi elektrik enerjisine ¢eviren devre elemanina (19)
denir.

Kabul edilen elektrik akimi pilin (20) ucundan (21) ucuna dogrudur.

(Revised Version: Bir pilin iki ucu arasina iletken bir tel baglandiginda, tel iizerinden gegen elektrik
akimiin pilin (20) ucundan (21) ucuna dogru hareket ettigi kabul edilir.)

Ohm kanununa gore kullanilan pilin potansiyel farki ile akim siddeti arasinda (22) oranti
vardir..

(Revised Version: Ohm kanununa gére kullanilan pilin potansiyel farki ile devreden gegen akim siddeti
arasinda (22) oranti vardir.)

Seri bagli devrelerde, direng sayisi arttlkg;a esdeger (toplam) direng degeri (23) ve devreden
gegen akim miktart (24)

Paralel bagli devrelerde, direng sayisi arttikca esdeger (toplam) direng degeri (25) ve

anakoldan gegen akimin biiyiikliigii (26)

27-30 arasindaki sorular1 okuduktan sonra cevap anahtarimizda dogru oldugunu diisiindiigiiniiz
ciimleler icin “D” harfini, yanhs oldugunu diisiindiigiiniiz ciimleler icin “Y” harfini yuvarlak icine
alimz.

Dogru Yanlis
27. D Y__ Elektrik akiminin olusabilmesi i¢in bir pilin siirekliligi olan iletken bir yola bagl
olmast gereklidir.

(Revised Version: Elektrik akiminin olusabilmesi i¢in bir pilin iki ucu arasinda siirekliligi olan iletken
bir tele bagli olmasi gereklidir.)

28. _D__ Y  Biriletkenin boyu artarsa direng degeri de dogru orantili olarak artar.
29. D Y Paralel bagl devrelerde direnglerin uglar1 arasindaki potansiyel farklar aymidir.

(Revised Version: Elektrik devrelerinde, paralel bagli direnglerin uglar1 arasindaki potansiyel farklar
aynidir.)

30.._ D Y  Evlerimizdeki lambalar birbirlerine seri olarak baglanmislardir.

(Revised Version: Evlerimizdeki lambalar birbirlerine seri olarak baglanmiglardir. (her lamba ayr bir
elektrik diigmesi ile yanmaktadir))
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Elektrik Unitesi Basar1 Testi Cevap Kagid:

AdiSovady:

Okulu:

Smifi:

Erkek []

I. Dénem Fizik Notu:

Cinsiveti: Kiz

Cevaplar

ABCDEFGHIJ

ABCDEFGHIJ

S

ABCDEFGHIJ

ABCDEFGHIJ

ABCDEFGHIIJ

ABCDEFGHIJ

Soru

Numarasi

21

22
23
24

26
27

28

29
30

Cevaplar

A B.C. D. E.

000 00

OO0 000

000 00

00O 00

OO0 0 00

000 00

ABCDEFGHIJ

ABCDEFGHIJ

ABCDEFGHIJ

ABCDEFGHIJ

Soru

Numarasi

11
12
13

14
15

16
17
18

19
20

Cevaplar

A.B.C. D. E.

000 00

000 00

Q0000

000 00

OO0 0 00

000 0o

OO0 0 00

000 00

OO0 00O

Soru

Numarasi

10
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APPENDIX D-5

ITEMAN OUTPUT FOR POSTEST OF ELECTRICITY ACHIEVEMENT TEST

MicroCAT (tm) Testing System

Copyright (c) 1982, 1984, 1986, 1988 by Assessment Systems Corporation

Item and Test Analysis Program —- ITEMAN (tm) Version 3.00

Item analysis for data from file postdata.Dat Page 1
Item Statistics Alternative Statistics
Seq. Scale  Prop. Point Prop. Point
No. -Item Correct Biser. Biser. Alt. Endorsing Biser. Biser. Key
1 0-1 0.455 0.568  0.452 A 0.102 -0.181 -0.107
B 0.455 0.568 0.452 ~*
C 0.010 -0.406 -0.107
D 0.061 -0.047 -0.024
E 0.299 -0.013 -0.010
Other 0.073 -1.000 -0.661
2  0-2 0.519 0.343 0.273 A 0.213 0.191 0.136
B 0.166 0.002 0.001
C 0.032 -0.269 -0.109
D 0.519 0.343 0.273 *
E 0.003 -0.668 -0.115
Other 0.067 -1.000 -0.668
3 0-3 0.242 0.315 0.230 A 0.271 0.277 0.206
B 0.242 0.315 0.230 *
C 0.073 -0.076 -0.040
D 0.092 -0.018 -0.010
E 0.051 -0.249 -0.119
Other 0.271 -0.455 -0.339
4 04 0.895 1.000 0.693 A 0.006 -0.303 -0.068
B 0.016 -0.522 -0.166
C 0.003 -0.101 -0.017
D 0.010 -0.600 -0.158
E 0.895 1.000 0.693 ~*
Other 0.070 -1.000 -0.665
5 0-5 0.481 0.491 0.391 A 0.029 -0.279 -0.109
B 0.481 0.491 0.391 *
C 0.073 -0.058 -0.031
D 0.115 -0.002 -0.001
E 0.140 0.046  0.030
Other 0.162 -0.729 -0.486
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6

10

11

12

13

0-6

0-7

0-8

0-9

0-10

0-11

0-12

0-13

0.086

0.222

CHECK THE KEY
A was specified, B works better

0.768

0.478

0.487

0.385

0.729

0.382

0.204

0.825

0.577

0.603

0.576

0.899

0.561

0.511

0.124

0.597

0.460

0.481

0.453

0.670

0.440

0.359

0o QW >

Other

Mo QW

Other

0o QoW

Other

0 oaQw»

Other

0o QW

Other

HoQw»

Other

HoOOQow»

Other

0o Q>

Other
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O O O O o o O O O O oo O O O O o o O O O O oo O O O O oo O O O O oo

O O O O oo

O O O O oo

.086
.525
.118
.143
.019
.108

.006
.768
.096
.022
.022
.086

.478
.032
.118
.150
.064
.159

.487
.057
.134
.051
.080
.191

.236
.385
.102
.070
.096
J111

.073
.06l
.729
.019
.019
.099

.038
.089
.182
.382
.159
.150

.204
.226
.194
.064
.143
.169

222
.469
.037
.115
.024
.000

.026
.825
.003
.607
.588
.000

577
.100
.082
.062
.204
.745

.603
.348
.043
J111
.101
.672

.069
.576
.268
.071
.000
.972

.115
L4774
.899
.072
.350
.000

.153
.092
.071
.56l
.123
.847

.51l
.240
.019
.081
.100
.751

0

-0

.124
.374
.023
.074
.008
.610

.006
.597
0.
.218
.212
-0.

002

673

.460
.041
.050
.041
.104
.494

.481
172
.027
.053
.055
.466

.050
.453
.158
.037
.000
.586

.06l
.239
.670
.025
.119
.687

.066
.052
.049
.440
.082
.553

.359
172
.013
.041
.064
.505



14 0-14 0.150 0.290 0.189

CHECK THE KEY
C was specified, B works better

15 0-15 0.433 0.663 0.527

16 0-1le6 0.255 0.335 0.247

17 0-17 0.812 1.000 0.726

18 0-18 0.806 1.000 0.738

19 0-19 0.838 1.000 0.767

20 0-20 0.713 0.809 0.609

21 0-21 0.701 0.807 0.612

22 0-22 0.643 0.770  0.599

23 0-23 0.685 0.867 0.663

HoOQw>

Other

HoQw

Other

0o QW

Other

Other

o Qw >

Other

o Qw

Other

Other
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.178
.322
.150
.127
.057
.166

.099
.096
.433
.115
.054
.204

.092
.255
.076
.166
.159
.252

.812
.06l
.000
.127

.051
.806
.006
.137

.010
.003
.838
.150

.713
.159
.003
.010
.115

.146
.701
.025
.013
.115

.643
.182
.175

.685
.108
.025
.182

.068
.287
.290
.156
.051
.768

.034
J111
.663
.089
.242
.680

.057
.335
.066
.288
J111
.646

.000
.283
.000
.000

.187
.000
.414
.000

.523
.050
.000
.000

.809
.099
.462
.678
.000

.061
.807
391
.361
.000

.770
.002
.000

.867
.235
.103
.000

.047
.220
.189
.098
.025
.514

.020
.064
.527
.054
.117
.478

.033
247
.036
.193
.073
.475

726
.143
.000
.749

.089
.738
.093
CTT1

.138
.008
.767
.754

.609
.065
.079
.179
L721

.040
.612
.148
.106
.726

.599
.002
.757

.663
.140
.039
.702



24  0-24 0.525 0.627 0.500

25  0-25 0.315 0.473 0.362

26 0-26 0.162 0.271 0.181

CHECK THE KEY
A was specified, C works better

27  0-27 0.866 1.000 0.e641

28  0-28 0.761 0.891 0.648

29  0-29 0.535 0.492 0.392

30  0-30 0.650 0.747  0.580

There were 314 examinees in the

Scale Statistics

Scale: 0
N of Items 30
N of Examinees 314
Mean 15.962
Variance 40.935
Std. Dev. 6.398
Skew -1.058
Kurtosis 0.600
Minimum 0.000
Maximum 27.000
Median 17.000
Alpha 0.886
SEM 2.156
Mean P 0.532
Mean Item-Tot. 0.487
Mean Biserial 0.651

A 0.092
B 0.525
C 0.194
Other 0.188
A 0.153
B 0.315
C 0.220
Other 0.312
A 0.162
B 0.140
C 0.366
Other 0.331
A 0.866
B 0.029

Other 0.105

A 0.761
B 0.150
Other 0.089
A 0.535
B 0.360

Other 0.105

A 0.248
.650
Other 0.102

W
o

data file.
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.105
.627
.169
.000

.005
.473
.181
.624

.271
.120
.360
.631

.000
.241
.000

.891
.338
.000

.492
.002
.000

.226
.747
.000

.060
.500
.117
.713

.003
.362

0.129

.476

.181
077
.281
.487

.641
.094
. 660

.648
221
.693

.392
.002
.634

.166
.580
.678



APPENDIX E-1

SCIENCE PROCESS SKILLS TEST (SPST)

Bilimsel Siirec¢ Becerileri Testi

Adi Soyadu: Sinifi: Okulu:

Degerli Ogrenciler;

Bu test sizlerin degiskenleri belirleme ve hipotez kurma, degisken degistirme, tablo olusturma, grafik
¢izme ve grafik okuma becerilerinizi 6lgmek amaciyla gelistirilmistir. Testte 22 adet ¢oktan segmeli
ve a¢ik uglu soru bulunmaktadir.

Asagidaki kutuda; testte gegen “Degisken” ve “Hipotez” kavramlarmin tanimlarini bulunmaktadir.
Teste baslamadan once liitfen asagidaki agiklamalari okuyunuz.

Aciklamalar:

Degisken; Belirli sartlar altinda degisimi veya sabit tutulmasi olaylarin gidisatin etkileyebilecek tiim
faktorlerdir. Bir bilimsel aragtirmada ii¢ ¢esit degisken bulunur.
e Bagimsiz degisken (degistirilen degisken): Bir deneyde arastirmaci tarafindan arastirma problemine
uygun olarak bilingli degistirilen faktor veya kosuldur.
e Bagimh degisken (cevap veren degisken): Bagimsiz degiskendeki degisiklikten etkilenebilecek
degiskendir.
e Arastirma boyunca degistirilmeyen sabit tutulan degiskenlere ise kontrol edilen (sabit tutulan)
degiskenler denir. Bir deneyde genellikle birden ¢ok kontrol edilen degisken vardir.
Hipotez (varsayim): Degiskenler arasindaki iligkiler hakkindaki tahminlerdir. Bilimsel bir deney veya
arastirma, bir hipotezi test etme amactyla yapilir. Bilimsel bir hipotezin en 6nemli 6zelligi deneyle sinanabilir
olmasidir.

Kiigiik bir aragtirma 6rnegi asagida verilmistir.
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Arastirma Sorusu: Acaba, bitkilere verilen su miktart ile bitkilerin biiylime hiz1 arasinda bir iliski var
midir?

Hipotez: “Bitkilere ne kadar ¢ok su verilirse boylar1 da o kadar hizli uzar

Bunu yaparken, tiim saksilara ayni
cins topraktan esit miktarda
doldurmaliyiz. Tiim saksilar: esit
miktarda giines 151g1 alacak sekilde
ayni ortama koymaliyiz ve ayni cins
tohumlar kullanmaliyiz.

s

Denemek igin bu fasulyelere farkli
miktarlarda su verelim.
Boylarindaki uzamalar: élgelim.

s

Bagimsiz Degisken:

Verilen su miktar1
Kontrol Edilen

Bagimh Degisken: Degiskeqler:
Boydaki uzama Toprak cinsi, tohum
miktar1 cinsi, giines 15181

miktar1, ortamin
sicaklig1, saksilarin
yeri, saksilarim
biiyiikliigii, toprak
miktari

Testteki sorularin cevaplarmni iizerine isaretleyiniz.
Cevaplama i¢in verilen siire 40 dakikadir.
Testten alacaginiz puanlar fizik dersi 6gretmeninize de verilecektir. Liitfen testi ciddiyetle
cevaplayiniz.
Katkilariniz igin tesekkiir eder, basarilar dileriz.
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Ayse, dibinde ¢esitli biiyiikliiklerde delik bulunan dort 6zdes bardak ile asagidaki yeni deneyi
yapmustir. 1, 2, 3 ve 4. sorular1 agagida verilen paragrafa gore cevaplandiriniz.

5 § § B

l. deneme I1. deneme I11. deneme V. deneme

Ayse, 1. denemesinde tabaninda 2 mm c¢apinda delik bulunan bardaga 15 cm yiiksekliginde sivi koyup,
stvinin bardaktan tamamen bosalmasi i¢in gegen siireyi 15 saniye olarak 6lgmiis. II. denemesinde
tabaninda 3 mm capinda delik bulunan bardaga ayni sividan 15 cm koyup bosalma siiresini 10 saniye
olarak 6lgmiis. III. denemesinde tabaninda 4 mm c¢apinda delik bulunan bardaga ayni sividan 15 cm
koyup bosalma siiresini 7 saniye olarak 6lgmiis ve IV. denemesinde tabaninda 5 mm ¢apinda delik
bulunan bardaga ayni sividan 15 cm koyup, bosalma siiresini 7 saniye olarak dlgmiistiir.

1. Asagidakilerden hangisi bu arastirmadaki bagimsiz degiskendir?
a.Bardaga konulan siv1 yiliksekligi
b. Sivinin bosalma siiresi
c.Bardagin tabanindaki delik sayisi
d. Bardagin tabanindaki deligin biytkligi
e.Bardaga konulan sivinin cinsi

2. Asagidakilerden hangisi bu arastirmadaki bagimli degiskendir?
Bardaga konulan sivi1 yiiksekligi

Stvinin bosalma siiresi

Bardagin tabanindaki delik sayisi

Bardagin tabanindaki deligin biytikliigii

Bardaga konulan sivinin cinsi

opo0 o

3. Asagidakilerden hangisi veya hangileri bu arastirmadaki kontrol edilen
degiskenlerdir?
i. Bardaga konulan siv1 yiiksekligi
ii. Sivinin bogalma siiresi
iii. Bardagin tabanindaki delik sayisi
iv. Bardagin tabanindaki deligin biiyiikligii
v. Bardaga konulan sivinin cinsi
a. Yalmzi b.iveivc.i,iiivev d.iii, ivve v e.iiveiv

4, Bu aragtirmada test edilmek istenilen hipotez asagidakilerden hangisi olabilir?
Bardagin tabanindaki deligin ¢api kii¢iildiikge, sivinin yogunlugu azalir.
Bardaga konulan sivinin yiiksekligi arttikca, delikten bosalma siiresi artar.
Bardagin tabanindaki delik sayisi arttik¢a, delikten bosalma stiresi kisalir.
Bardaga konulan sivinin yogunlugu arttik¢a, delikten bosalma siiresi uzar.
Bardagin tabanindaki deligin ¢ap1 biiyiidiikce, delikten bosalma siiresi
azalir.

oao0 o
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Aliye, kalmliklar1 esit, boylar1 farkli bakir teller kullanarak elektrik devreleri kurmus ve devrelerden
gecen akimlar1 ampermetre kullanarak 6lgmistiir. 5, 6, 7 ve 8. sorular1 asagida verilen paragrafa gore
cevaplandiriniz.

Aliye, I.denemesinde devreyi; 10 cm uzunlugunda bakir tel, bir ampul, iki kalem pil ve baglanti

|. deneme I11. deneme

A

A

A

kablolar1 kullanarak kurmus ve ampermetreden gegen akimi 1 Amper olarak dlgmiistiir. Ikinci
denemesinde devredeki 10 cm’lik teli ¢ikarip yerine 25 cm boyunda ve ayni kalinlikta bakir tel takmis
ve yeni durumda devreden 0,4 Amperlik akim gegtigini dl¢miistiir. Uciincii denemesinde ise devredeki
25 em’lik teli ¢ikarip yerine 40 cm boyunda ve ayni kalinlikta bir bakir tel takmis ve yeni durumda
devreden 0,25 Amperlik akim gectigini 6lgmiistiir.

5. Asagidakilerden hangisi bu aragtirmadaki bagimsiz degiskendir?

Devreden gegen akim

Telin yapildig1 madde tiirii

Telin kalinlig1

Telin boyu

Devredeki pil sayisi

opo0ow

6. Asagidakilerden hangisi bu arastirmadaki bagiml degiskendir?
Devreden gegen akim

Telin yapildig1 madde tiirii

Telin kalinlig:

Telin boyu

Devredeki pil sayist

oao o

7. Asagidakilerden hangisi veya hangileri bu arastirmadaki kontrol edilen degiskenlerdir?
i. Devreden gecen akim
ii. Telin yapildig1 madde tiirii
iii. Telin kalmlig
iv. Telin boyu
v. Devredeki pil sayist

a. i, iii ve v b.iveivc. Yalmz i d. iii ve iv e. ii,ivve v
8. Bu aragtirmada test edilmek istenilen hipotez asagidakilerden hangisi olabilir?
a. Elektrik akimi bakir telden aliiminyum tele gore daha kolay gecer.
b. Pil sayisi arttikca deveden gegen akim da artar.
c. Devredeki telin boyu uzadik¢a devreden gegen akim azalir.
d. Ampul saysi arttik¢a devreden gecen akim azalir.
e. Devredeki telin kalinlig1 arttikga devreden gegen akim artar.
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9. “Dibinde delik bulunan bir kaptaki suyun bosalma siiresi, delik capi1 arttikca azalir.”
hipotezini test etmek i¢in agagida verilen deney diizeneklerinden hangisi en uygun olanidir?

I
A

a1 4 || |- |-4eD |-G
]

su

<
)
ag

sabun

00 |40 | -kl U
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10. “Bir sarkacin ucundaki kiitle arttik¢a gidip gelme siiresi de artar.” hipotezini test etmek i¢in
asagida verilen deney diizeneklerinden hangisi en uygun olanidir?
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11. Murat bir bilyeyi yerden belirli bir yiikseklikten biraktiginda, yere carpip zipladigim
gozlemlemigtir. Murat bilyenin serbest birakilma yiiksekligi ile ziplama yiiksekligi arasinda
bir iliski olup olmadigini arastirmak i¢in asagidaki deneyi yapmustir. Birinci denemesinde
bilyeyi 1 metre yiikseklikten birakmus ve 0,7 metre yiiksege zipladigim lgmiistiir. Ikinci
denemesinde bilyeyi 1,5 metre yiikseklikten birakmis ve 1 metre yiiksege zipladigim
6lgmiistiir. Ugiincii denemesinde bilyeyi 2 metre yiikseklikten birakmis ve 1,4 metre yiiksege
zipladigini 6lgmiistiir. Dordiincii denemesinde bilyeyi 2,5 metre yiikseklikten birakmis ve 1,7
metre yiiksege zipladigini Slgmiistiir. Besinci denemesinde bilyeyi 0,5 metre yiikseklikten
birakmis ve 0,3 metre yiiksege zipladigini dlgmiistiir. Murat’in topladig: verileri agagidaki
bos alana ¢izeceginiz uygun bir veri tablosunda gosteriniz.

12. Bir otomobil belirli bir hizla giderken siiriiciisii frene basarak, otomobilin yavaslamasini
saglar. Fren yapmaya basladiktan sonra, otomobilin siirati belirli zaman araliklartyla
Olciilmiis ve veriler asagidaki tabloya kaydedilmistir. Tablodaki verileri kullanarak asagidaki
grafik kagidi iizerine siirat-zaman grafigini ¢iziniz.

Tablo: Otomobilinin Siiratinin Zamanla Degisimi

Zaman (Saniye) Siirat (Metre/saniye)

0 80

5 70

10 60

15 50
20 40
25 30

30 20

35 10
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Can, bir kitabin sayfa sayisi ile kiitlesi arasindaki iligkiyi arastirmus ve asagidaki grafigi ¢cizmistir. 26,
27,28 ve 29. sorular grafige gore cevaplaymiz.

A
Kiitle (g)

140

120

100

80

60

40

20

Sayfa Sayisi

0 20 40 60 80 100 120 140 160

13. Kitabin kiitlesi ile sayfa sayisi arasinda nasil bir iligki vardir?
a) Kiitle, sayfa sayist ile dogru orantili olarak azalmaktadir.
b) Kiitle, sayfa sayisi ile ters orantilidir.
¢) Kiitle, sayfa sayisinin karesi ile dogru orantilidir.
d) Kiitle, sayfa sayisinin karesi ile ters orantilidir.
e) Kiitle, sayfa sayisi ile dogru orantili olarak artmaktadir

14. Grafigin egimi asagidakilerden hangisidir?
a) 0,5 b) 1 c)2 d) 10 e) 20

15. Grafige gore 120 sayfalik bir kitabin kiitlesi kag gram olmalidir?
a) 110 b) 115 c) 120 d) 125 e) 130

16. Kiitle (m) ile sayfa sayisi (s) arasindaki matematiksel iliskiyi gosteren esitlik asagidakilerden
hangisidir?
a) m=2s+10 b) m=s+10 ¢) m=10-s d) m=s-10 e) m=10-2s
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Mehmet, bahgelerinde bulunan misir ve aygicegi bitkilerinin biiyiimelerini gézlemleyerek, bitkilerin
boylarmin zamanla degisimlerini gosteren asagidaki grafigi cizmistir. 35, 36, 37 ve 38. sorulari
grafikten yararlanarak cevaplayiniz.

y

A
Boy (cm)

80

70

60

50

- = = +Aygicegi
Misir

40

NN

30

20 2

10 4 v

0 20 40 60 80 100 120 140 160 Zaman (giin)

17. Grafige gore iki bitkinin boyu hangi giin esit olmustur?
a)30 b) 35 c) 60 d) 90 e) 100

18. Grafige gore asagidaki zaman araliklarindan hangisinde misirin boyu aygi¢eginin boyundan
biiytiktiir?
a) 0-20 b)20-40 ¢)60-80 d)80-100  e) 100-120

19. Aygiceginin boyu 20. giin misirin boyunun kag¢ katidir?
a)6 b)5 c)4 d) 0,3 e) 0,2

20. Grafige gore asagidaki yargilardan hangisi veya hangilerine ulasilabilir?
1. Aygicegi sabit bir hizla biiylimektedir
2. Misirin biiytime hiz1 giderek artmaktadir.
3. Aygigeginin boyu 200 giin sonra misirin boyunu gegecektir.
4, 100. glinden sonra aygigegi bitkisinin boyu azalmaya baglamstir.

a) Yalniz | b) Il ve IV c)lvell d) 1T ve 111 e) Yalmz IV
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APPENDIX E-2

RUBRICS FOR ESSAY TYPE ITEMS IN SCIENCE PROCESS SKILLS TEST

Modiil-3

IKi DEGISKENLI VERILERIN KAYDEDILMESI (TABLOLASTIRILMASI)

ILE ILGILI ANALITIK KRITER OLCEGI

Kategori | Agiklama ‘
Tablo yapist asagidaki sekillerden birine uygun ¢izilmis
[ Ba = [ Bagumh dezisk | Bagimsiz degisken ) 3
73 = veya - —
= Bagunh degisken =
= — - - — -
S Tablo yapisi asagidaki sekillerden birine uygun cizilmis
E [ Bagumhdegisken | Bagzimsiz degish | veva Bagunh degisken G2 3
= [ [ | [ | ¥ Bagunsiz degisken =
Veriler yukarida belirtilenlerin dismda bir tablo yapisinda kaydedilmis 1
Veriler tablo disinda bir formda (resim. ¢izim, grafik, metin vb.) kaydedilmis 0
_ Bagimsiz degisken i¢in stitun (veya satir) basligi var 1
if 2| Bagimsiz degisken igin stitun (veya satir) bashig1 yok veya yanhs (verilerle 0
z uyumsuz)
z Bagimh degZisken icin siitun (veya satir) bashg var 1
L
2 | 3| Bagunh degisken icin siitun (veya satir) bashg yok veya yanlis (verilerle 0
uyumsuz)
Tum veri gruplar dogrulukla kaydedilmis V_erller tablo d1§111‘_1?' b_agka 3
= : — —— — bir formda kaydedilmis
E |y 1-2 veri grubu hatah. digerleri dogru kaydedilmis veva 2
5 3 den ¢ok hatali veri kaydi var Veri gruplar arast 1
- S : - : : eslesmeler anlasilnuiyorsa
Hicbir veri grubu dogrulukla kaydedilmemis 0 puan 0
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. . . Modiil-4 . .
CIZGI GRAFIK KONTROL LISTESI

Kategori | Aciklama Ep‘fng
= 1 | Yatay eksenin yanma ait oldugu degisken ach veya sembolu yazilnus
c“f 2 | Diisey eksenin yanma ait oldugu degisken adi veya sembolu yazilmus
5 3 Eksenler koordinat sisteminin uygun bélgesinde ve grafik kagidindaki cizgilere
E oturacak sekilde diizeiin cizilmis
2
5 4 | Eksenler ayn1 0 noktasindan bagslatilnus ve her iki eksen de numaralandirilmis
5 | Yatay eksen O'dan (veya bir baslangi¢ degerinden) itibaren esit araliklarla ve artan
- sirayla bélmelendirilmis (bdlmeler esit aralikli degilse 11 ve 12 de 0 puan)
o N . 5 5
2 | 6 | Yatay eksende sadece ana bolmelendirme rakamlan gosterilmis
z Yatay eksendeki aralik genislikleri tablodaki verilerle uyumlu ve ilgili tim verileri
= 7 | agikea gosterebilecek sekilde secilmis.(aralik genislikleri esit degilse 0 puan)
(araliklar belirli bir katsayi ile genigletilmis olabilir, ancak genisletme oram ilgili
eksenin yanina belirtilmemisse 0 puan)
3 Diisey eksen 0'dan (veya bir baslangi¢c degerinden) itibaren esit araliklarla ve artan
sirayla bélmelendirilmis (bélmeler esit aralikh degilse 14 ve 15 de 0 puan)
§ 9 Diisey eksende sadece ana bolmelendirme rakamlart gosterilmis (araliklar belirli
& bir katsayi ile genisletilmis olabilir)
2 Diisey eksendeki aralik genislikleri tablodaki verilerle uyumlu ve ilgili tiim
a 10 verileri acikca gosterebilecek sekilde secilmis.(aralik genislikler: esit degilse 0
puan) (araliklar belirli bir katsay: ile genisletilmis olabilir, ancak genisletme oram
ilgili eksenin vamna belirtilmemisse 0 puan)
° Tablodaki tiim veri ciftleri yapilan bélmelendirmeye uygun olarak eksenlere 3
£ dogrulukla yerlestirilmis )
7 1 veya 2 veri ciftinde hata var digerleri dogru olarak verlestirilmis 2
= N cok sayida hatals veri ¢cifti var 1
5 Hicbir veri dogru olarak yerlestirilememis veya 0
g Eksenlerin bélmelendirilmesi tamamen hatal
£ |12 [ Isaretli noktalar cember i¢ine almarak (veya bagka bir isaretle) belirginlestirilmis.
%
i; 13 | Verilen verilere uygun bir cizgi grafigi formati secilmis.
Y r n B T T T - - L - -
2 | 14 | Isaretli noktalar en uygun ¢izgilerle birlestirilmis (Fonksiyon dogrusal veya egri

olabilir.) (16'dan en az | puan alinnus olmali yoksa 0 puan verilecek)
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APPENDIX E-3

PERMISSION TO USE SCIENCE PROCESS SKILLS TEST

Re: Bilimsel Sireg Beceri Testi hakkinda Onemli
FROM: | Burak Kajan TEMIZ | +

To: | ali cetin

Merhaba Ali bey,

Ahfta bulunmak sartiyla testi kullanabilirsiniz. (bazen internette
kendi gelistirdidim materyallere bagkalannin adlanyla rastiyorum, o
nedenle atfta bulunmanizi isterim) Iy calismalar...

Temiz, B. K. (2007). “Fizik Ofretiminde Ogrencilerin Bilimsel Sire¢
Becerilerinin Olcilmesi™ Yayimlanmarmig Doktora Tezi. Gazi Universitesi
Egitim Bilimleri Enstitisi, Ankara.

Yrd. Doc. Dr. Burak Kagan TEMIZ

Nigde Universitesi, Egitim Fakiiltesi
ilkéigretim Fen Rilgisi Ogretmenligi AB.D.
Tel: +80
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APPENDIX F

PHYSICS ATTITUDE SCALE (PAS)

ELEKTRIK TUTUM OLGEGI
Adi Soyadu: Sinifi: Okulu:

Sevgili 6grenciler,

Bu 6lgekte Elektrik tinitesindeki konulara iligkin goriis veya yargi bildiren ciimleler yer almaktadir.
Bu cilimleleri dikkatlice okuyunuz. Belirtilen ifadelere ne 6l¢iide katilip katilmadiginiz1 sag taraftaki
stitunda yanit olarak verilen beg secenekten birine (X) isareti yazarak belirtiniz. Liitfen testi igten ve
samimi olarak cevaplayiniz. Cevaplariniz gizli tutulacak ve hi¢bir kimseyle paylasilmayacaktir.
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Elektrik Unitesi

Elektrik Akimi ve Akim Siddeti

Bir iletkenin Direnci

Ohm Kanunu

Direnclerin Baglanmasi
- Direnglerin Seri Baglanmasi
- Direnglerin Paralel Baglanmasi
- Direnglerin Karisik Baglanmasi

oow»

Kesinlikle katiliyrum

Katiliyorum

Kararsizim

Katilmiyorum

Kesinlikle katilmiyorum

1. “Elektrik Unitesi” konularini severim.

2. “Elektrik Unitesi” konularina karst olumlu hislerim vardir.

3. “Elektrik Unitesi” konularindan égrendiklerimin hayatimi
kolaylagtiracagina inantyorum.

4. “Elektrik Unitesi” konularinin gelecekte &neminin artacagina
inanmiyorum.

5. “Elektrik Unitesi” konularinin, ilerideki ¢alismalarimda bana yararlh
olacagina inantyorum.

6. “Elektrik Unitesi” konularinda basarili olmak i¢in elimden geleni yaparim.

7. “Elektrik Unitesi” konularinda elimden gelenin en iyisini yapmaya
calisirim.

8“Elektrik Unitesi” konularinda basarisiz oldugumda daha ¢ok ¢abalamam.

9. “Elektrik Unitesi” konularini §grenebilecegimden eminim.

10. “Elektrik Unitesi” konularinda basarili olabilecegimden eminim.

11.“Elektrik Unitesi” konularmin kullanildig1 zor problemleri
cozebilecegimden eminim.

12. “Elektrik Unitesi”” konularmin gegerli oldugu problemler ne kadar zor
olursa olsun, elimden geleni yaparim.

13. “Elektrik Unitesi” konularinin ilerideki meslek hayatimda énemli bir yeri
olacagim diislinmiiyorum.

14. “Elektrik Unitesi” konularindan 6grendiklerimin, giindelik hayatta isime
yarayacagini diigiiniiyorum.

15. “Elektrik Unitesi” konular1 veya teknolojideki uygulamalari ile ilgili
kitaplar okumaktan hoslanirim.

16. “Elektrik Unitesi” konular1 benim icin eglencelidir.

17. Okulda “Elektrik Unitesi” konularmi ¢alismaktan hoslanmam.

18. “Elektrik Unitesi” ile ilgili daha zor problemlerle basa cikabilecegimden
eminim.

19. Okuldan sonra arkadaslarla“Elektrik Unitesi” konular1 hakkinda
konugmak zevklidir.

20. Bana hediye olarak “Elektrik Unitesi” ile ilgili bir kitap veya konu ile
ilgili aletler, araglar verilmesinden hoslanirim.

21. Yeterince vaktim olursa en zor “Elektrik Unitesi” ile ilgili problemleri
bile ¢ozebilecegimden eminim.

22. Arkadaslarla “Elektrik Unitesi” konular1 veya teknolojideki uygulamalar
ile ilgili meseleleri konugmaktan hoslanirim.

23. “Elektrik Unitesi” konular el becerilerimin gelismesinde etkilidir.

24. “Elektrik Unitesi” konulari ile ilgili ders saatlerinin daha ¢ok olmasini
istemem.
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APPENDIX G

EXPERT JUDGEMENT FORM

UZMAN DEGERLENDIRME FORMU

Bu form ODTU Egitim Fakiiltesi, orta dgretim fen ve matematik alanlar1 egitimi béliimiinde yiiksek
lisans tez caligmasi olarak yiiriitiilen www.dersfizik.net isimli internet sayfasinin degerlendirilmesi
icin hazirlanmistir. Bu sayfa SE modeli kullanilarak olusturulmustur ve Web destegi ile harmanlanmis
sorgulayict (Blended web and inquiry) ve agiklayici (Blended web and expository)dgretim yontemleri
ile 9. siniflarda uygulanmasi planlanmaktadir. Bu amagla olusturulan internet sayfasina uzmanlarin
goriisii gok dnemlidir.

Hazirlanan web sayfasi ilk olarak “Enerjinin Korunumu” konusunda pilot uygulamasi yapilmis ve site
icerisindeki linklerin ¢aligmasina bakilmistir. Asil ¢aligma “Elektrik Akimi” konusunda gelistirilerek
ana caligma yapilacaktir. Bu nedenle su an degerlendirmeniz istenen “Elektrik Akim1” isimli
boliimdiir.

Asagida vereceginiz bilgiler arastirmaci tarafindan gizli tutulacak ve uzmana iligkin kisisel bilgiler
hicbir sekilde yayinlanmayacaktir.

1. Formu dolduran uzmana iliskin bilgiler:

CAlISHIZT 1S: 1eeuvieeiitieiesiect et ste et et et e sttt e stesteeaesteesaessesseesaesseesaessaessenseesnen be seessens
Calistig1 iste deneyimi (Y11): c.oooveeieieriiiieieie ettt veeteees sveeerens seeeneas
ESItim dUrUmuU: ......ocoooiiiieiee ettt eeneenes o
Uzmanlik @lanlart: .........cocvieiiiiiieeiieieseeeie ettt e e v e e sreeeveenes veeeanas

Liitfen asagidaki tabloyu her bir uzmanlik alani i¢in bir uzmanlik derecesi isaretleyerek doldurunuz.

Uzmanlik Derecesi

Uzmanlik Alan1 Az Orta Yiksek

Bilgisayar destekli egitim

Elektrik konulari egitimi

Materyal gelistirme

Fen veya matematik egitimi

e-posta (istege bagli olarak doldurabilirSiniz): .........ccccce veevveriieviens ver creviees crvereens

Varsa daha dnce degerlendirmesini yaptiginiz 6grenim materyallerinin veya bilgisayar destekli egitim
araglarinin kapsami hakkinda kisa bilgi veriniz.

Varsa iizerinde arastirma ¢aligmas yliriittii§iiniiz 6grenim materyallerinin ve bilgisayar destekli egitim
araglarinin kapsami hakkinda kisa bilgi veriniz.

Varsa fen egitimi, matematik egitimi veya enerji-elektrik konular1 egitimi ile ilgili yiiriittiiglintiz
arastirma ¢aligmalarinin kapsami hakkinda kisa bilgi veriniz.
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Varsa materyal gelistirme veya bilgisayar destekli egitim araglari izerine yayinlarinizi kisaca yaziniz.

Varsa fen egitimi, matematik egitimi veya enerji-elektrik konulari egitimi {izerine yayinlarinizi kisaca
yaziniz.

2. www.dersfizik.net/inqu Degerlendirme Maddeleri ve Goriisler

Bu kisimda dersfizik.net isimli internet sayfasinin degerlendirmesi igin sorular ve tablolar yer
almaktadir. Bu internet sitesine girmek icin asagidaki kullanici ad1 ve parolay1 kullanabilirsiniz.

Kullanic1 Adi: deneme  Sifre:332211

a) Teknik ve Gorsel Degerlendirme

Olciit Aciklama

Cok kotii
Koti
Orta

Iyi

Cok iyi

Sayfanin yiiklenmesi uzun siire aliyor mu?

Sayfa igerisinde dilbilgisi hatas1 var m1?

Sayfa igerisinde acik ve anlasilir bir dil kullanilmisg
m1?

Arka plan ve metin arasinda renk uyumu var mi1?

Site 9. sinif 6grencilerinin kullanimi i¢in uygun mu?

Sizin internet servis saglayiciniz (Explorer, firefox,
chrome v.b.) ile sayfa gdriiniimii nas1l?

Her sayfada “Anasayfa”ya donils miimkiin mii?

Sayfa igerisinde dolagim yeteri kadar agik ve net mi?
(linkler)

[leti boliimii 6grencilerin fikirlerini belirtmeleri icin
uygun bir arag mi1?

Sayfalardaki video ve simiilasyonlar ¢alistyor mu?

b) icerik Degerlendirmesi

Liitfen asagidaki tabloyu www.dersfizik.net/inqu adresindeki “1-Elektrik Akimi1” baglikli b6liimiin alt
basligr “1-1 Elektrik Kazas1” i¢in belirlenen 6lgiitlere gore doldurunuz.

Olciit Aciklama

Cok kotii
Koti
Orta

Iyi

Cok iyi

Videonun seviyesi dgrencilerin
seviyelerine uygun mu?
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Video &grencinin ilgisini gekmek i¢in
yeterli mi?

Boliim sorusu dgrencilerin cevap
verebilecegi seviyede mi?

Liitfen asagidaki tabloyu www.dersfizik.net/inqu adresindeki “1-Elektrik Akim1” baglikli boliimiin alt
baglig1 “1-2 Elektrik Simiilasyonu” icin belirlenen 6lgiitlere gore doldurunuz.

Olciit Aciklama

Cok koti
Koti
Orta

Iyi

Cok iyi

Simiilasyonun seviyesi
ogrencilerin seviyelerine uygun
mu?

Simiilasyon i¢in verilen yonergeler
yeterli mi?

Simiilasyon S5E yontemindeki
aragtirma (explore) i¢in yeterli mi?

Liitfen asagidaki tabloyu www.dersfizik.net/inqu adresindeki “1-Elektrik Akim1” baglikli boliimiin alt
basligr “1-3 Simiilasyon Sonuglar1” igin belirlenen 6l¢iitlere gére doldurunuz. Bu boliim 6grencilerin
kullanimi sirasinda, eksik olduklari kisimlara gore 6gretmen ve arastirmact tarafindan agiklamalar
igerecektir.

Olciit Aciklama

Cok koti
Koti
Orta

Iyi

Cok iyi

Bu boliimdeki sorular konuyu
aciklamak i¢in yeterli midir?

Sorular bir 6nceki bolimiinde
kullanilan simiilasyonu agiklamak
icin yeterlimidir?

Sorular 6grenciler tarafindan
anlagilabilir mi?

Liitfen asagidaki tabloyu www.dersfizik.net/inqu adresindeki “1-Elektrik Akim1” baslikli boliimiin
alt baglig1 “1-4 Akim Sirasinda neler oluyor?” i¢in belirlenen 6lgiitlere gore doldurunuz.

Olgiit Aciklama

Cok kotii
Koti
Orta

Iyi

Cok iyi

Simiilasyonun seviyesi 0grencilerin
seviyelerine uygun mu?

Simiilasyon i¢in verilen yonergeler yeterli mi?

Simiilasyon 5E yontemindeki detaylandirmak
(Elaborate) i¢in yeterli mi?

Sorular &grenciler tarafindan anlasilabilir mi?
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Liitfen asagidaki tabloyu www.dersfizik.net/inqu adresindeki “1-Elektrik Akimi1” baslikli boliimiin
alt baglig1 olan “1-5 Degerlendirme Sorular1” i¢in belirlenen 6lgiitlere gére doldurunuz.

Olciit Aciklama

Cok kotii
Cok iyi

Koti
Orta
Iy1

Sorular konunun
hedefleri ile uygun mu?

Sorular hedefleri 6lgmek
icin yeterli sayida nu?

Sorular bilimsel hata
iceriyor mu?

Degisik bilissel
seviyelerden sorular
iceriyor mu?

Liitfen asagidaki sorular1 yanitlayiniz.

Hazirlanan web sayfasinin SE modeline uygunlugu hakkindaki goriisleriniz nelerdir?

Sizce hazirlanan bu web sayfasi sinif ortami ve web harmanlanmasi sirasinda kullanilabilir mi?
Neden?

3. www.dersfizik.net/expo Degerlendirme Maddeleri ve Goriisler

Bu kisimda dersfizik.net isimli internet sayfasinin degerlendirmesi igin sorular ve tablolar yer
almaktadir. Bu internet sitesine girmek icin asagidaki kullanici ad1 ve parolay1 kullanabilirsiniz.

Kullanici Adi: deneme  Sifre:332211

a) Teknik ve Gorsel Degerlendirme

Olciit Aciklama

Cok kotii
Cok iyi

Koti
Orta
Iyi

Sayfanin yiiklenmesi uzun siire aliyor mu?

Sayfa igerisinde dilbilgisi hatas1 var m1?

Sayfa icerisinde acik ve anlagilir bir dil kullanilmis
m1?

Arka plan ve metin arasinda renk uyumu var mi1?
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Site 9. sinif 6grencilerinin kullanimi i¢in uygun mu?

Sizin internet servis saglayiciniz (Explorer, firefox,

chrome v.b.) ile sayfa gdriiniimii nas1l?

Her sayfada “Anasayfa”ya doniis miimkiin mii?

Sayfa icerisinde dolagim yeteri kadar agik ve net

mi? (linkler)

“Yorumlar” boliimii 6grencilerin fikirlerini

belirtmeleri i¢in uygun bir ara¢ mi?

b) icerik Degerlendirmesi

Liitfen asagidaki tabloyu www.dersfizik.net/expo adresindeki “1-Elektrik Akimi” baslikli bolimiin
alt baglig1 “1-1 Elektrik Akiminin meydana gelisi” i¢in belirlenen dlciitlere gore doldurunuz.

Olciit

Cok kotii

Koti

Orta

Iyi

Cok iyi

Aciklama

Sekiller 6grencilerin
konuyu anlamalari i¢in
uygun mu?

Konu anlatimi yeterli
mi?

Konu anlatimi seviye ye
uygun mu?

Konu anlatimi igerisinde
bilimsel hata var m1?

Bo6liim sorular1 bu
boliim igin yeterli mi?

Liitfen asagidaki tabloyu www.dersfizik.net/expo adresindeki “1-Elektrik Akimi” baslikli bolimiin
alt bashg1 “1-2 Bir Iletkendeki Akim Siddeti” i¢in belirlenen &lgiitlere gore doldurunuz.

Olciit

Cok kotii

Koti

Orta

Iyi

Cok iyi

Aciklama

Sekiller 6grencilerin
konuyu anlamalari igin
uygun mu?

Konu anlatimi yeterli
mi?

Konu anlatimi seviye ye
uygun mu?

Konu anlatimi igerisinde
bilimsel hata var mi?

Boliim sorular1 bu
boliim i¢in yeterli mi?
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Liitfen asagidaki tabloyu www.dersfizik.net/expo adresindeki “1-Elektrik Akimi1” baslikli bolimiin
alt bashigi “1-3 Coziimlii Ornekler” igin belirlenen 6lgiitlere gére doldurunuz.

Olgiit

Cok kotii

Kotii

Orta

Iyi

Aciklama

Cok iyi

Coziimlii 6rneklerin
say1st yeterli mi?

Cozlimlii 6rnekler
konuya uygun mu?

Coziimler sorunun
¢Oziimii i¢in yeterli mi?

Cozim bilimsel hata
iceriyor mu?

Liitfen asagidaki tabloyu www.dersfizik.net/expo
alt baglig1 olan “1-4 Degerlendirme Sorulari” igin belirlenen 6lgiitlere gore doldurunuz.

adresindeki “1-Elektrik Akimi1” baglikli boliimiin

Olciit

Cok kotii

Koti

Orta

Iyi

Aciklama

Cok iyi

Sorular konunun
hedefleri ile uygun mu?

Sorular hedefleri 6lgmek
i¢in yeterli sayida nmi?

Sorular bilimsel hata
iceriyor mu?

Degisik bilissel
seviyelerden sorular
iceriyor mu?

Liitfen asagidaki sorular1 yamtlayiniz.

Hazirlanan web sayfasinin agiklayici (expository) yonteme uygunlugu hakkindaki goriisleriniz

nelerdir?

Sizce hazirlanan bu web sayfasi sinif ortami ve web harmanlanmasi sirasinda kullanilabilir mi?

Neden?
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APPENDIX H

CLASSROOM OBSERVATION CHECKLIST

Smf: ...

Degerlendirilen grup............

Tarih: ...l

Ders siiresi: ................ =

Degerlendiren: .................. - g a

el F| <

Sinif Gozlem Formu (Expo) L > = <

1 | Ogretmen derste kendisine verilen “ders planini” takip ediyor mu?

2 | Ogretmen 6dev sorularinin yapilip yapilmadigimi kontrol etti mi?

3 | Ogrenme &gretmenin konuyu anlatmasi ile mi basliyor?

4 | Ogretmen konu anlatimi sirasinda dgrencilere soru soruyor mu?

5 | Ogretmen dgrenciye siirekli bilgi veren konumda nudir?

6 | Derste ¢oziimlii 6rnekler ¢6ziildi mii?

7 | Ogrenciler dgretmene soru soruyorlar n?

8 | Ogretmen degerlendirme veya ddev sorularini smifta ¢6zdii mii?

9 | Ogretmen ders islenebilecek rahat bir ortam saglayabiliyor mu?

10 | Ders sonunda 6dev sorular1 dagitildi m1?

11 | Ders saati igerisinde 6gretmen ders planini tamamlayabildi mi?
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Simf: ...
Degerlendirilen grup............
Tarih: ...l

Ders siiresi: ................
Degerlendiren: ..................

Simif Gozlem Formu (W-Expo)

Evet

Kismen

Hayir

NA

WEB-CALISMASI

1 | Ogrenciler bilgisayar baginda ikili gruplar halinde mi oturuyorlar?

2 | Ogrenciler bilgisayarda internet sitesini kullantyorlar mi1?

3 | Ogrenciler 6gretmene soru soruyorlar mi1?

4 | Ogrenciler bilgisayardaki sorulara birlikte cevap veriyorlar mi1?

5 | Ogretmen dgrencilerin internet sitesindeki sorularina cevap verebiliyor
mu?

6 | Ogrenciler internet sitesindeki konu anlatimini takip edebiliyorlar m?

7 | Ogrenciler ders sirasinda degerlendirme sorular1 boliimiine gelebildiler mi?

8 | Ogrenciler teknik bir sorun ile karsilastilar mi?

9 | Ders saati icerisinde dgrenciler ders planina gore istenen yere gelebildiler
mi?
SINIF CALISMASI

10 | Ogretmen 6dev sorularinin yapilip yapilmadigimi kontrol etti mi?

11 | Ogretmen derste kendisine verilen “ders planini” takip ediyor mu?

12 | Ogretmen dgrenciye siirekli bilgi veren konumda midir?

13 | Ogretmen konu anlatimi sirasinda dgrencilere soru soruyor mu?

14 | Derste ¢oziimli ornekler ¢oziildii mii?

15 | Ogrenciler dgretmene soru soruyorlar n?

16 | Ogretmen degerlendirme veya ddev sorularini simifta ¢ozdii mii?

17 | Ogretmen ders islenebilecek rahat bir ortam saglayabiliyor mu?
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Degerlendirilen grup............
Tarih: ...l Ders siiresi: ................ Degerlendiren:

Sinif Gozlem Formu (Inqu)

Evet

Kismen

Hayir

NA

Sinifta gruplar olusturulmusg mu?

Ogretmen 6dev sorularinin yapilip yapilmadigini kontrol etti mi?

Ogretmen derste kendisine verilen “ders planini” takip ediyor mu?

Ogretmen ilgi gekme boliim sorularii dgrencilere yoneltiyor mu?

Ogrenciler deneyleri grup halinde mi yapiyorlar?

Ogrenciler grup iginde tartigtyorlar mi?

Ogrenciler deney diizeneklerini kurabiliyorlar m1?

1
2
3
4
5 | Ogrenciler 6gretmene soru soruyorlar mi1?
6
7
8
9

Ogrenciler deneyi kendilerinden istenen siire icerisinde tamamlayabildiler
mi?

10 | Ogrenciler deneylerden sonra sorulara cevap verebiliyor mu?

11 | Ogrenciler deney sonunda dgretmenin sorularina cevap verebiliyorlar mi?

12 | Ogretmen agiklama béliimiinde yeterli agiklamalar1 yapabiliyor mu?

13 | Ogrenciler grup iginde aldiklar1 cevaplari paylastyorlar mi?

14 | Ogretmen ders islenebilecek rahat bir ortam saglayabiliyor mu?

15 | Ogretmen grupca calismalari igin dgrencileri cesaretlendiriyor mu?

16 | Ders sonunda 6dev sorular1 dagitildi m1?

17 | Ders saati i¢erisinde 6gretmen ders planini tamamlayabildi mi?

160




Smifi oo
Tarih: ...,

Degerlendirilen grup............
Ders siiresi: ................ Degerlendiren:

Simif Gozlem Formu (W-Inqu)

Evet

Kismen

Hayir

NA

WEB-GALISMASI

1 | Ogrenciler bilgisayar basinda ikili gruplar halinde mi oturuyorlar?

2 | Ogrenciler bilgisayarda internet sitesini kullanryorlar nm?

3 | Ogrenciler 6gretmene soru soruyorlar mi?

4 | Ogrenciler bilgisayardaki sorulara birlikte cevap veriyorlar mi1?

5 | Ogretmen dgrencilerin internet sitesindeki sorularina cevap verebiliyor
mu?

6 | Ogrenciler simiilasyon programlarini ¢alistirabiliyorlar nm?

7 | Ogrenciler deney diizeneklerini kurabiliyorlar m?

8 | Ogrenciler grup iginde tartistyorlar mi?

9 | Ogrenciler deneylerden sonra sorulara cevap verebiliyor mu?

10 | Ogretmen aciklama boliimiinde yeterli agiklamalar1 yapabiliyor mu?

11 | Ogrenciler ders sirasinda degerlendirme sorulari boliimiine gelebildiler mi?

12 | Ogrenciler teknik bir sorun ile karsilastilar mi1?

13 | Ders saati igerisinde 6grenciler ders planina gore istenen yere gelebildiler
mi?
SINIF CALISMASI

14 | Ogretmen bir dnceki dersi tekrar etti mi?

15 | Ogrenme ilgi cekme boliimii ile mi basliyor?

16 | Ogretmen ilgi cekme béliim sorularii 6grencilere yoneltiyor mu?

17 | Ders, tartigma merkezli olarak mu yiiriitiiliiyor?

18 | Ogrenciler dgretmene soru soruyorlar mi1?

19 | Ogretmen 6dev sorularinin yapilip yapilmadigimi kontrol etti mi?

20 | Ogretmen derste kendisine verilen “ders planini” takip ediyor mu?

21 | Ogretmen dgrenciye siirekli bilgi veren konumda midir?

22 | Ogretmen konu anlatimi sirasinda dgrencilere soru soruyor mu?

23 | Ogretmen degerlendirme veya dev sorularini smifta ¢ozdii mii?

24 | Ogretmen ders islenebilecek rahat bir ortam saglayabiliyor mu?
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APPENDIX I-1

LISREL OUTPUT OF PRETEST DATA FOR CONMATORY FACTOR ANALYSIS

DATE: 4/ 4/2012
TIME: 13:42

LISREL 8.80 (STUDENT EDITION)
BY

Karl G. Joreskog and Dag Sorbom

This program is published exclusively by
Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100

Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2006
Use of this program is subject to the terms specified in the
Universal Copyright Convention.
Website: www.ssicentral.com

The following lines were read from file C:\Users\HakiPESMAN\Documents\ali\pre-
post factor\pre cfa\model pre.SPJ:

Raw Data from file 'C:post factorcfa.psf'
Latent Variables phyatt

Relationships
PREENJOY = phyatt
PRESEFFI = phyatt

PREIMPHY = phyatt
PREACHMO = phyatt
PREINTRE = phyatt
Path Diagram

End of Problem
Sample Size = 245
precfa

Covariance Matrix

PREENJOY PRESEFFT PREIMPHY PREACHMO PREINTRE

PREENJOY 0.84
PRESEFFT 0.55 0.68
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PREIMPHY 0.48 0.38 0.77

PREACHMO 0.37 0.39 0.35 0.52
PREINTRE 0.61 0.48 0.46 0.32 0.96
precfa

Number of Iterations = 5
LISREL Estimates (Maximum Likelihood)

Measurement Equations

PREENJOY = 0.80*phyatt, Errorvar.= 0.21 , Ry = 0.75
(0.049) (0.031)
16.30 6.87

PRESEFFI = 0.69*phyatt, Errorvar.= 0.21 , Ry = 0.70
(0.045) (0.026)
15.38 7.84

PREIMPHY = 0.61*phyatt, Errorvar.= 0.41 , Ry = 0.47
(0.052) (0.041)
11.75 9.83

PREACHMO = 0.51*phyatt, Errorvar.= 0.26 , Ry = 0.49
(0.042) (0.027)
12.06 9.73

PREINTRE = 0.72*phyatt, Errorvar.= 0.43 , Ry = 0.55
(0.056) (0.046)
12.95 9.40

Correlation Matrix of Independent Variables

Goodness of Fit Statistics

Degrees of Freedom = 5

Minimum Fit Function Chi-Square = 32.80 (P = 0.00)
Normal Theory Weighted Least Squares Chi-Square = 31.31 (P = 0.00)
Estimated Non-centrality Parameter (NCP) = 26.31
90 Percent Confidence Interval for NCP = (12.25 ; 47.86)
Minimum Fit Function Value = 0.13
Population Discrepancy Function Value (FO) = 0.11

(
90 Percent Confidence Interval for FO = (0.050 ; 0.20)
Root Mean Square Error of Approximation (RMSEA) = 0.15
90 Percent Confidence Interval for RMSEA = (0.10 ; 0.20)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.00060
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Expected Cross-Validation Index (ECVI) = 0.21
90 Percent Confidence Interval for ECVI = (0.15 ; 0.30)
ECVI for Saturated Model = 0.12
ECVI for Independence Model = 3.55

Chi-Square for Independence Model with 10 Degrees of Freedom = 856.67
Independence AIC = 866.67
Model AIC = 51.31
Saturated AIC = 30.00
Independence CAIC = 889.18
Model CAIC = 96.32
Saturated CAIC = 97.52

Normed Fit Index (NFI) = 0.96
Non-Normed Fit Index (NNFI) = 0.93
Parsimony Normed Fit Index (PNFI) = 0.48
Comparative Fit Index (CFI) = 0.97
Incremental Fit Index (IFI) = 0.97
Relative Fit Index (RFI) = 0.92

Critical N (CN) = 113.23

Root Mean Square Residual (RMR) = 0.027
Standardized RMR = 0.039
Goodness of Fit Index (GFI) = 0.95
Adjusted Goodness of Fit Index (AGFI) = 0.85
Parsimony Goodness of Fit Index (PGFI) = 0.32

The Modification Indices Suggest to Add an Error Covariance

Between and Decrease in Chi-Square New Estimate
PREACHMO PREENJOY 12.2 -0.08
PREACHMO PRESEFFT 15.5 0.08
PREINTRE PREENJOY 9.5 0.10

Time used: 0.016 Seconds
TIME: 13:43

LISREL 8.80 (STUDENT EDITION)
BY

Karl G. J"reskog & Dag S”rbom

This program is published exclusively by
Scientific Software International, Inc.

7383 N. Lincoln Avenue, Suite 100
Lincolnwood, IL 60712, U.S.A.
Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2006
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Use of this program is subject to the terms specified in the
Universal Copyright Convention.
Website: www.ssicentral.com

precfa
Covariance Matrix
PREENJOY PRESEFFI PREIMPHY PREACHMO PREINTRE
PREENJOY 0.84
PRESEFFI 0.55 0.68
PREIMPHY 0.48 0.38 0.77
PREACHMO 0.37 0.39 0.35 0.52
PREINTRE 0.01 0.48 0.46 0.32 0.96
precfa

Number of Iterations = 7

LISREL Estimates (Maximum Likelihood)

Measurement Equations

PREENJOY = 0.82*phyatt, Errorvar.= 0.17 , R? = 0.80
(0.049) (0.032)

16.89 5.25

PRESEFFI = 0.66*phyatt, Errorvar.= 0.25 , R? = 0.64
(0.046) (0.030)

14.30 8.25

PREIMPHY = 0.60*phyatt, Errorvar.= 0.41 , R? = 0.47

(0.052) (0.042)

11.56 9.80

PREACHMO = 0.47*phyatt, Errorvar.= 0.30 , R? = 0.42
(0.044) (0.031)

10.63 9.81

PREINTRE = 0.74*phyatt, Errorvar.= 0.41 , R? = 0.57
(0.056) (0.045)

13.25 9.10

Error Covariance for PREACHMO and PRESEFFI = 0.084
(0.023)
3.58
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Correlation Matrix of Independent Variables

phyatt
1.00

Goodness of Fit Statistics

Degrees of Freedom = 4

Minimum Fit Function Chi-Square = 17.81 (P = 0.0013)

Normal Theory Weighted Least Squares Chi-Square = 17.41 (P = 0.0016)
Chi-Square Difference with 1 Degree of Freedom = 13.90 (P = 0.00019)
Estimated Non-centrality Parameter (NCP) = 13.41

90 Percent Confidence Interval for NCP = (4.06 ; 30.28)

Minimum Fit Function Value = 0.073

Population Discrepancy Function Value (FO) = 0.055

90 Percent Confidence Interval for FO = (0.017 ; 0.12)
Root Mean Square Error of Approximation (RMSEA) = 0.12
90 Percent Confidence Interval for RMSEA = (0.064 ; 0.18)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.021

Expected Cross-Validation Index (ECVI) = 0.16

90 Percent Confidence Interval for ECVI = (0.12 ; 0.23)
ECVI for Saturated Model = 0.12

ECVI for Independence Model = 3.55

Chi-Square for Independence Model with 10 Degrees of Freedom = 856.67
Independence AIC = 866.67

Model AIC = 39.41

Saturated AIC = 30.00

Independence CAIC = 889.18

Model CAIC = 88.92

Saturated CAIC = 97.52

Normed Fit Index (NFI) = 0.98
Non-Normed Fit Index (NNFI) = 0.96
Parsimony Normed Fit Index (PNFI) = 0.39
Comparative Fit Index (CFI) = 0.98
Incremental Fit Index (IFI) = 0.98
Relative Fit Index (RFI) = 0.95

Critical N (CN) = 182.92

Root Mean Square Residual (RMR) = 0.021
Standardized RMR = 0.033

Goodness of Fit Index (GFI) = 0.97

Adjusted Goodness of Fit Index (AGFI) = 0.90
Parsimony Goodness of Fit Index (PGFI) = 0.26

166



The Modification Indices Suggest to Add an Error Covariance

Between and Decrease in Chi-Square New Estimate
PREACHMO PREIMPHY 16.3 0.10
Time used: 0.016 Seconds

DATE: 4/ 4/2012
TIME: 13:43

LISREL 8.80 (STUDENT EDITION)
BY

Karl G. Joreskog and Dag Sorbom

This program is published exclusively by
Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100

Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2006
Use of this program is subject to the terms specified in the
Universal Copyright Convention.

Website: www.ssicentral.com

precfa
Covariance Matrix

PREENJOY PRESEFF| PREIMPHY PREACHMO
PREENJOY 0.84
PRESEFF| 0.55 0.68
PREIMPHY 0.48 0.38 0.77
PREACHMO 0.37 0.39 0.35 0.52
PREINTRE 0.61 0.48 0.46 0.32
precfa

Number of Iterations = 5
LISREL Estimates (Maximum Likelihood)

Measurement Equations

PREENJOY = 0.83*phyatt, Errorvar.= 0.15 , R? = 0.82
(0.049) (0.032)

17.10 4.73

PRESEFFI = 0.66*phyatt, Errorvar.= 0.25 , R? = 0.63
(0.046) (0.030)
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14.25 8.33

PREIMPHY = 0.59*phyatt, Errorvar.= 0.43 , R? = 0.45
(0.052) (0.043)

11.23 9.91

PREACHMO = 0.44*phyatt, Errorvar.= 0.33 , R? = 0.37
(0.045) (0.032)

9.92 10.21

PREINTRE = 0.74*phyatt, Errorvar.= 0.41 , R? = 0.57
(0.056) (0.045)

13.25 9.06

Error Covariance for PREACHMO and PRESEFFI 0.10
(0.023)

4.49

Error Covariance for PREACHMO and PREIMPHY = 0.096
(0.025)
3.84

Correlation Matrix of Independent Variables

phyatt
1.00

Goodness of Fit Statistics

Degrees of Freedom = 3

Minimum Fit Function Chi-Square = 1.24 (P = 0.74)

Normal Theory Weighted Least Squares Chi-Square = 1.25 (P = 0.74)
Chi-Square Difference with 1 Degree of Freedom = 16.16 (P = 0.00)
Estimated Non-centrality Parameter (NCP) = 0.0

90 Percent Confidence Interval for NCP = (0.0 ; 4.21)

Minimum Fit Function Value = 0.0051

Population Discrepancy Function Value (FO
(
(RMS

ol
~.

)
90 Percent Confidence Interval for FO = (0.
Root Mean Square Error of Approximation
90 Percent Confidence Interval for RMSEA = (0.0 ;

P-Value for Test of Close Fit (RMSEA < 0.05) = 0.87

Expected Cross-Validation Index (ECVI) = 0.11

90 Percent Confidence Interval for ECVI = (0.11 ; 0.13)
ECVI for Saturated Model = 0.12

ECVI for Independence Model = 3.55

Chi-Square for Independence Model with 10 Degrees of Freedom = 856.67
Independence AIC = 866.67

Model AIC = 25.25

Saturated AIC = 30.00

Independence CAIC = 889.18
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Model CAIC = 79.26
Saturated CAIC = 97.52

Normed Fit Index (NFI) = 1.00
Non-Normed Fit Index (NNFI) = 1.01
Parsimony Normed Fit Index (PNFI) = 0.30
Comparative Fit Index (CFI) = 1.00
Incremental Fit Index (IFI) = 1.00
Relative Fit Index (RFI) = 1.00

Critical N (CN) = 2238.41

Root Mean Square Residual (RMR) = 0.0066
Standardized RMR = 0.0080

Goodness of Fit Index (GFI) = 1.00

Adjusted Goodness of Fit Index (AGFI) = 0.99
Parsimony Goodness of Fit Index (PGFI) = 0.20

Time used: 0.016 Seconds
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APPENDIX I-2

LISREL OUTPUT OF POSTTEST DATA FOR CONFIRMATORY FACTOR ANALYSIS

DATE: 4/ 4/2012
TIME: 15:14

LISREL 8.80 (STUDENT EDITION)
BY

Karl G. Jbreskog and Dag Sorbom

This program is published exclusively by
Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100

Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2006
Use of this program is subject to the terms specified in the
Universal Copyright Convention.

Website: www.ssicentral.com

The following lines were read from file C:\Users\HakiPESMAN\Documents\ali\pre-
post factor\post cfa\path.SPJ:

Raw Data from file 'C:post factorcfa.psf'
Latent Variables phyatt

Relationships

POSTENYO = phyatt
POSTSEFF = phyatt
POSTIMPH = phyatt
POSTACHM = phyatt
POSTINTR = phyatt

Path Diagram
End of Problem

Sample Size = 245
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postcfa
Covariance Matrix

POSTENYO POSTSEFF POSTIMPH POSTACHM  POSTINTR

POSTENYO 0.82

POSTSEFF 0.51 0.68

POSTIMPH 0.54 0.39 0.70

POSTACHM 0.38 0.38 0.31 0.53

POSTINTR 0.62 0.45 0.52 0.28 1.00
postcfa

Number of Iterations = 4
LISREL Estimates (Maximum Likelihood)

Measurement Equations

POSTENYO = 0.82*phyatt, Errorvar.= 0.16 , Ry = 0.81
(0.047) (0.027)
17.31 5.84

POSTSEFF = 0.63*phyatt, Errorvar.= 0.28 , Ry = 0.59
(0.046) (0.031)
13.62 9.25

POSTIMPH = 0.66*phyatt, Errorvar.= 0.26 , Ry = 0.63
(0.046) (0.030)
14.30 8.88

POSTACHM = 0.48*phyatt, Errorvar.= 0.30 , Ry = 0.43
(0.043) (0.030)
11.10 10.10

POSTINTR = 0.74*phyatt, Errorvar.= 0.45 , Ry = 0.55

(0.057) (0.047)
13.01 9.52

Correlation Matrix of Independent Variables

Goodness of Fit Statistics

Degrees of Freedom = 5

Minimum Fit Function Chi-Square = 35.97 (P = 0.00)
Normal Theory Weighted Least Squares Chi-Square = 35.46 (P = 0.00)
Estimated Non-centrality Parameter (NCP) = 30.46
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90 Percent Confidence Interval for NCP = (15.18 ; 53.22)

Minimum Fit Function Value = 0.15
Population Discrepancy Function Value (FO) = 0.12
90 Percent Confidence Interval for FO = (0.062 ; 0.22)
Root Mean Square Error of Approximation (RMSEA) = 0.16
90 Percent Confidence Interval for RMSEA = (0.11 ; 0.21)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.00015

Expected Cross-Validation Index (ECVI) = 0.23
90 Percent Confidence Interval for ECVI = (0.16 ; 0.32)
ECVI for Saturated Model = 0.12
ECVI for Independence Model = 3.64

Chi-Square for Independence Model with 10 Degrees of Freedom = 876.98
Independence AIC = 886.98
Model AIC = 55.46
Saturated AIC = 30.00
Independence CAIC = 909.49
Model CAIC = 100.47
Saturated CAIC = 97.52

Normed Fit Index (NFI) = 0.96
Non-Normed Fit Index (NNFI) = 0.93
Parsimony Normed Fit Index (PNEI) = 0.48

Comparative Fit Index (CFI) = 0.96
Incremental Fit Index (IFI) = 0.96
Relative Fit Index (RFI) = 0.92

Critical N (CN) = 103.36

Root Mean Square Residual (RMR) = 0.031
Standardized RMR = 0.047
Goodness of Fit Index (GFI) = 0.95
Adjusted Goodness of Fit Index (AGFI) = 0.84
Parsimony Goodness of Fit Index (PGFI) = 0.32

The Modification Indices Suggest to Add an Error Covariance

Between and Decrease in Chi-Square New Estimate
POSTACHM POSTSEFF 25.9 0.11
POSTINTR POSTACHM 14.9 -0.11

Time used: 0.031 Seconds
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TIME: 15:14
LISREL 8.80 (STUDENT EDITION)
BY
Karl G. J”reskog & Dag S”rbom

This program is published exclusively by
Scientific Software International, Inc.

7383 N. Lincoln Avenue, Suite 100
Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2006
Use of this program is subject to the terms specified in the
Universal Copyright Convention.

Website: www.ssicentral.com

postcfa

Covariance Matrix

POSTENYO  POSTSEFF  POSTIMPH POSTACHM POSTINTR
POSTENYO 0.82

POSTSEFF 0.51 0.68

POSTIMPH 0.54 0.39 0.70

POSTACHM 0.38 0.38 0.31 0.53

POSTINTR 0.62 0.45 0.52 0.28 1.00
postcfa

Number of Iterations = 5

LISREL Estimates (Maximum Likelihood)

Measurement Equations

POSTENYO = 0.83*phyatt, Errorvar.= 0.14 , R? = 0.83
(0.047) (0.029)

17.51 4.92

POSTSEFF = 0.6l*phyatt, Errorvar.= 0.31 , R? = 0.54
(0.047) (0.033)

12.85 9.45

POSTIMPH = 0.66*phyatt, Errorvar.= 0.26 , R? = 0.63
(0.047) (0.030)

14.30 8.71

POSTACHM = 0.45*phyatt, Errorvar.= 0.33 , R? = 0.38
(0.044) (0.032)

10.17 10.19
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POSTINTR = 0.75*phyatt, Errorvar.= 0.44 , R? = 0.56
(0.057) (0.047)
13.22 9.34

Error Covariance for POSTACHM and POSTSEFEF = 0.11
(0.025)
4.38

Correlation Matrix of Independent Variables

phyatt
1.00

Goodness of Fit Statistics

Degrees of Freedom = 4

Minimum Fit Function Chi-Square = 11.23 (P = 0.024)

Normal Theory Weighted Least Squares Chi-Square = 10.60 (P = 0.031)
Chi-Square Difference with 1 Degree of Freedom = 24.85 (P = 0.0)
Estimated Non-centrality Parameter (NCP) = 6.60

90 Percent Confidence Interval for NCP = (0.49 ; 20.31)

Minimum Fit Function Value = 0.046

Population Discrepancy Function Value (FO) = 0.027

90 Percent Confidence Interval for FO = (0.0020 ; 0.083)
Root Mean Square Error of Approximation (RMSEA) = 0.082
90 Percent Confidence Interval for RMSEA = (0.022 ; 0.14)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.15

Expected Cross-Validation Index (ECVI) = 0.13

90 Percent Confidence Interval for ECVI = (0.11 ; 0.19)
ECVI for Saturated Model = 0.12

ECVI for Independence Model = 3.64

Chi-Square for Independence Model with 10 Degrees of Freedom = 876.98
Independence AIC = 886.98

Model AIC = 32.60

Saturated AIC = 30.00

Independence CAIC = 909.49

Model CAIC = 82.12

Saturated CAIC = 97.52

Normed Fit Index (NFI) = 0.99
Non-Normed Fit Index (NNFI) = 0.98
Parsimony Normed Fit Index (PNFI) = 0.39
Comparative Fit Index (CFI) = 0.99
Incremental Fit Index (IFI) = 0.99
Relative Fit Index (RFI) = 0.97

Critical N (CN) = 289.37
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Root Mean Square Residual (RMR) = 0.018
Standardized RMR = 0.025

Goodness of Fit Index (GFI) = 0.98

Adjusted Goodness of Fit Index (AGFI) = 0.94
Parsimony Goodness of Fit Index (PGFI) = 0.26

The Moadification Indices Suggest to Add an Error Covariance

Between and Decrease in Chi-Square New Estimate
POSTINTR POSTACHM 8.8 -0.08
Time used: 0.016 Seconds

DATE: 4/ 4/2012
TIME: 15:14

LISREL 8.80 (STUDENT EDITION)
BY

Karl G. Joreskog and Dag Sorbom

This program is published exclusively by
Scientific Software International, Inc.
7383 N. Lincoln Avenue, Suite 100

Lincolnwood, IL 60712, U.S.A.

Phone: (800)247-6113, (847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inc., 1981-2006
Use of this program is subject to the terms specified in the
Universal Copyright Convention.

Website: www.ssicentral.com

postcfa
Covariance Matrix
POSTENYO POSTSEFF POSTIMPH POSTACHM
POSTENYO 0.82
POSTSEFF 0.51 0.68
POSTIMPH 0.54 0.39 0.70
POSTACHM 0.38 0.38 0.31 0.53
POSTINTR 0.62 0.45 0.52 0.28
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postefa

Number of Iterations = 5

LISREL Estimates (Maximum Likelihood)

Measurement Equations

POSTENYO = 0.82*phyatt, Errorvar.= 0.16 , R? = 0.81
(0.047) (0.028)

17.28 5.52

POSTSEFF = 0.61*phyatt, Errorvar.= 0.31 , R? = 0.54
(0.047) (0.033)

12.86 9.40

POSTIMPH = 0.67*phyatt, Errorvar.= 0.26 , R? = 0.63
(0.040) (0.029)
14.43 8.79

POSTACHM = 0.47*phyatt, Errorvar.= 0.31 , R? = 0.41
(0.044) (0.032)
10.58 9.76

POSTINIR = 0.76*phyatt, Errorvar.= 0.42 , R? = 0.58
(0.056) (0.0406)
13.45 9.11

Error Covariance for POSTACHM and POSTSEFE = 0.096
(0.025)
3.77

Error Covariance for POSTINTR and POSTACHM = -0.08

(0.025)
-3.06

Correlation Matrix of Independent Variables

phyatt
1.00

Goodness of Fit Statistics

Degrees of Freedom = 3
Minimum Fit Function Chi-Square = 1.90 (P = 0.59)

Normal Theory Weighted Least Squares Chi-Square = 1.94 (P
P

Chi-Square Difference with 1 Degree of Freedom = 8.66 (
Estimated Non-centrality Parameter (NCP) = 0.0
90 Percent Confidence Interval for NCP = (0.0 ; 6.13)

Minimum Fit Function Value = 0.0078
Population Discrepancy Function Value (FO) = 0.0
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90 Percent Confidence Interval for FO = (0.0 ; 0.025)
Root Mean Square Error of Approximation (RMSEA) = 0.0
90 Percent Confidence Interval for RMSEA = (0.0 ; 0.092)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.77

Expected Cross-Validation Index (ECVI) = 0.11

90 Percent Confidence Interval for ECVI = (0.11 ; 0.14)
ECVI for Saturated Model = 0.12

ECVI for Independence Model = 3.64

Chi-Square for Independence Model with 10 Degrees of Freedom = 876.98
Independence AIC = 886.98

Model AIC = 25.94

Saturated AIC = 30.00

Independence CAIC = 909.49

Model CAIC = 79.96

Saturated CAIC = 97.52

Normed Fit Index (NFI) = 1.00
Non-Normed Fit Index (NNFI) = 1.00
Parsimony Normed Fit Index (PNFI) = 0.30
Comparative Fit Index (CFI) = 1.00
Incremental Fit Index (IFI) = 1.00
Relative Fit Index (RFI) = 0.99

Critical N (CN) = 1456.65

Root Mean Square Residual (RMR) = 0.0062
Standardized RMR = 0.0081

Goodness of Fit Index (GFI) = 1.00

Adjusted Goodness of Fit Index (AGFI) = 0.98
Parsimony Goodness of Fit Index (PGFI) = 0.20

Time used: 0.016 Seconds
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APPENDIX K

SPSS OUTPUT FOR HOMOGENEITY OF REGRESSION FOR MANCOVA ASSUMPTION

The default error term in MANOVA has been changed from WITHIN CELLS to
WITHIN+RESIDUAL. Note that these are the same for all full factorial
designs.

e

**x*x*xx Analysis of Variance*****x*

253 cases accepted.
0 cases rejected because of out-of-range factor values.
0 cases rejected because of missing data.
4 non-empty cells.

4 designs will be processed.

****x* Analysis of Variance--design 1******

Order of Variables for Analysis
Variates Covariates
POStEAT
postSPST
pOStPAS

3 Dependent Variables
0 Covariates

***x*x*x*Analysis of Variance--design 1*****x*
Multivariate Tests of Significance

Tests using UNIQUE sums of squares and WITHIN+RESIDUAL error term
Source of Variation Wilks Approx F Hyp. DF Error DF Sig of F

PREEAT_1 ,895 9,232 3,00 235,000 ,000
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PRESPST_1 ,901 8,647 3,00 235,000 ,000

PREPAS_1 ,578 57,290 3,00 235,000 ,000
MOT ,965 2,878 3,00 235,000 ,037
MODE ,989 ,834 3,00 235,000 ,476
MOT BY MODE 993 ,543 3,00 235,000 ,653

POOL(PREEAT 1PRESP ,852 1,432 27,00 686,964 073
ST_1 PREPAS_1) BY MO

T + POOL(PREEAT_1 PR

ESPST_1 PREPAS_1) BY

MODE + POOL(PREEAT _

1 PRESPST_1 PREPAS_1

) BY MOT BY MODE

*xxxx*Analysis of Variance--design 2******

Order of Variables for Analysis
Variates Covariates
pPOStEAT

1 Dependent Variable
0 Covariates

*xxxx*Analysis of Variance--design 2******

Tests of Significance for postEAT using UNIQUE sums of squares

Source of Variation SS DF MS F Sigof F
WITHIN+RESIDUAL 3855,16 237 16,27
PREEAT_1 395,78 1 39578 24,33 ,000
PRESPST_1 5,40 1 540 ,33  ,565
PREPAS_1 ,20 1 ,20 ,01 912
MOT 5,76 1 5,76 35,552

MODE 4,08 1 4,08 25,617

MOT BY MODE 25,22 1 25,22 1,55 214

POOL(PREEAT 1PRESPS 119,16 9 1324 81 ,604
T_1 PREPAS_1) BY MOT

+ POOL(PREEAT 1 PRE

SPST_1 PREPAS_1) BY

MODE + POOL(PREEAT 1

PRESPST_1 PREPAS_1)

BY MOT BY MODE

(Model) 1247,72 15 83,18 511 ,000
(Total) 5102,88 252 20,25

179



R-Squared = ,245
Adjusted R-Squared = ,197

*r*xx**Analysis of Variance--design 3******

Order of Variables for Analysis
Variates Covariates
posStSPST

1 Dependent Variable
0 Covariates

*r*xx*x*Analysis of Variance--design 3******

Tests of Significance for postSPST using UNIQUE sums of squares

Source of Variation SS DF MS F Sigof F
WITHIN+RESIDUAL 6390,82 237 26,97
PREEAT_1 181,03 1 181,03 6,71 ,010
PRESPST 1 602,11 1 602,11 22,33 ,000
PREPAS 1 23,56 1 23,56 ,87 ,351
MOT 179,42 1 179,42 6,65 ,010
MODE 13,14 1 13,14 49 486
MOT BY MODE 6,34 1 6,34 24,628

POOL(PREEAT 1PRESPS 511,09 9 5679 211 ,030
T_1 PREPAS_1) BY MOT

+ POOL(PREEAT_1 PRE

SPST_1 PREPAS_1) BY

MODE + POOL(PREEAT _1

PRESPST_1 PREPAS_1)

BY MOT BY MODE

(Model) 680455 15 453,64 16,82 ,000
(Total) 13195,38 252 52,36
R-Squared = ,516

Adjusted R-Squared = ,485
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**xxxx Analysis of Variance--design 4**x***x*

Order of Variables for Analysis
Variates Covariates
postPAS

1 Dependent Variable
0 Covariates

***xxx Analysis of Variance--design 4*****x*

Tests of Significance for postPAS using UNIQUE sums of squares

Source of Variation SS DF MS F Sigof F
WITHIN+RESIDUAL 39472,94 237 166,55

PREEAT_1 34,75 1 34,75 21,648
PRESPST_1 505,50 1 50550 3,04 ,083
PREPAS_1 28569,78 1 28569,78 171,54 ,000
MOT 370,49 1 37049 2,22 137
MODE 305,24 1 30524 1,83 ,177

MOT BY MODE 11,26 1 11,26 ,07 795

POOL(PREEAT 1 PRESPS 246801 9 27422 165 ,103
T_1 PREPAS_1) BY MOT

+ POOL(PREEAT 1 PRE

SPST_1 PREPAS_1) BY

MODE + POOL(PREEAT _1

PRESPST_1 PREPAS_1)

BY MOT BY MODE

(Model) 32788,75 15 218592 13,12 ,000
(Total) 72261,69 252 286,75
R-Squared = ,454

Adjusted R-Squared = ,419
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APPENDIX L-1

PERMISSION FOR CIRCUIT SIMULATOR

Re: circuit simulator Hide Details

FROM: | Mark Sullivan Monday, February 15, 2010 5:02 P

TO: | cemali_1999@yanhoo.com

Dear Ali,

Thank you for bringing the problem to my attention! Areboot ofthe server seems to have brought it back to life. Please feel free to link to the simulator. If you examine the
source of the page hitp:fmark madscientistws/, I'm sure you'll see how to invoke it. Please send me a link to your web site so | can refer my visitors to it as well

- Mark Sullivan -

ssnavanssss REPLY SEPARATOR ***tssmass
On 214/2010 at 3:40 AM ali cetin wrote:
Dear Mark Sullivan

I am Ali Cetin. phd student at Middle Est Technical University Ankara/Turkey.

I am preparing a web site about eleciricity for my phd thesis. and If you let me, I would like to use your "circuit simulator” program in my web site.
Today vour simulation program does not work, is there any problem about your site.

Sincerely

Ali Cetin
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APPENDIX L-2

PERMISSION FOR PHYSICS APPLETS

Re: OHM's LAW simulation & 1 Hide Details
FROM: | Walter Fendt  + Saturday, June 27, 2009 7:09 PM
To: | ali cetin

Dear Mr Cetin,

sorry that| was not able to answer more early! The applet about OChm's law has bee translated by
M. Haluk Sefkatli lastyear (see hitpiwwwwalter-fendt de/ph14trindex html). | send you a zip file {ph14trzip) which contains this translation.

Kind regards
Walter Fendt

ali cetin schrieb:

=

=

=1 am Ali CETIN from Turkey and a student at Middle East Technical University, Secondary Science and Mathematics Education Department and a physics teacher. | am
preparing a web-site for my phd thesis and | saw your simulation at hitp:i'wwwwalter-fendt de/ph11e/ with the name of "Ohm’s Law”. | would like to use your simulation in
my web-site for the students to draw a graphic of Ohm's Law. Can you let me and send me java codes. | wantto change the language. Your name will be used in web site.
Thank you for your helping.

=

Wowow
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APPENDIX L-3

PERMISSION FOR PHET SIMULATIONS

Re: About your simulations Hide Details

FROM: | phethelp Monday, February 15, 2010 7:16 PM
TO: | ali cetin

Ali,

You are welcome to use our simulations in your research project. We
do preferthat you link to our site as opposed to hosting the sims
directly on your site. Here's an example of how you could do this for
a sim translated into Turkish:

hitp:/phet.colorado. edu/sims/circuit-construction-kit/circuit-construction-kit-ac_trinlp
If you plan to use sims that are not already translated into Turkish
you can use the Translation Utility to make and submit a translation
Of course always make sure you are citing PhET as the source ofthe
sims. Good luck with your research and we would love to hear about
your progress and results when you'd like to share that information.
Best,

Marj

On Sun, Feb 14, 2010 at 3:51 AM, ali cetin =cemali 1999@vahoo.com= wrote:
= Dear Madam/Sir

>

=|am Al Cetin phd student at Middle East Technical University Ankara/

= Turkey. | would like to use your three simulations in my research project.
=

=The name of my research is :

=

= The effects of blended web based learning with inquiry and expository
=teaching methods on 9th grade students’ physics achievements, physics
= aftitudes, science process skills and internet attitudes about electricity

= subject

>

= Forthi project, a web site is prepared with the name of

= www.dersfizik.netingu

=

=|n this web site | used your three simulations:

= . Circuit construction Kit (DC Only)

= (hitpiwww. dersfizik. netlingufindex. php?page=79)

=2 Resistance in a wire (hitp2iiwww dersfizik netfingufiindex php?page=32)
= 3. Battery resistor circuits

= (hitpiwww. dersfizik. netlingufindex. php?page=34)

=

= (If you want to see your simulations, click below links and use Id and

= passwords below.)

=(ld: deneme ; password: 332211)

=

=when students join my web site- there is a linkto these simulations in your
=web site. and then they can use the simulations in English. However there
=will be nearly 300 students in my study and they don’t know English well.

= Today | saw "translation utility” in your site. If you let me, | would like

= to download your simulations to my web site and use them directly (starting
=to simulations, it will be written "taken by phet colorado.edu™).

=

=Would you let me use it like that way?

=

= Sincerely

=

= Ali GETIN
-

=

PhET Help Desk
phethelp@colorade.edu

Physics Education Technology
University of Colorado

390 UCB

Boulder, CO 80309-0440
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APPENDIX L-4

PERMISSION MINISTRY OF EDUCATION

e
O‘ ; TANKAYA KAYMAKAMLIG
b llge Milli Egitim Madirliga
BOLUM :  Strateji Geligtirme o e D) 30 03 2010
SAYI  : B.OBAMEMA.0602.11312/ {3405

KONU 1 AL CETIN
Aragtirma [zni

ILGILI OKUL MUDURLUKL ERINE

flgi \nkara Valilig Milli Egitim Mudiirlagiindn 24/03/2010 tarihli ve 27570 sayih yazisi,

onTu Ortadgretim Fen ve Matematik Alanlar Egitimi EABD Doktora Gfrencisi Ali
CETIN'in “Web destegi ile harmantanmeg sorgulayics ve actklayici dgretim yintemierinin 9. sumf
agrencilerinin Fizik Dersine ve internete karst turumlarina, bilimsel sitre¢ becerilerine ve Jizik
bayarilarina elektrik konusundaki ethileri”™ kKonulu tez calismast ile ilgili okulunuzda yapma

istefinin uygun gortildiigiine iliskin ilgi vaz ckte gOnderilmigtir.

Muhtifli anket Ornedi arastirmactya {1 Milli Egitim Miidtrligiinee ulastipiloug  olup,
uygulama yapilacak sayida aragtirmacy tarafindan ¢ogaltlarak, aragtirmamn géniilliilitk esasina

dayalt olarak yonerge esaslart ¢ergevesinde uygulatunimas: hususunda geregini rica ederim.,

-

Ek: 1 Yaz Ormegi
I Liste

Adres. Tol: 4186375-4188458  web nDUiCankaya.meb.gov.u

Kumreyiar Ca
3. 5ukak Kz

Fax: 4192784 -85 fposta | cankayaldd stratel@rmmd. gov.r
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TC.
. ANKARA VALILIGH
Milli Egitim Madiirligi

BOLUM  : istatistik Bolima o
SAYI : B.B.08.4 MEM.4.06.00.06-312/ 2.5 70 26£/03/2010
KONU  : Arastirma izni

Al CETIN

CANKAYA KAYMAKAMLIGINA
(lige Milli Egitim Mudirligii)

Hgi: a) MLE.B. Bagh Okul ve Kurumlarda Yapilacak Arastirma ve Arasturma Destegine
Yénelik Izin ve Uygulama Yonergesi.
b} MEB EARGED' in arastirma izinlerine iliskin 1170472007 tarih ve 1950 sayth vazisi.
¢) 0270972009 tarih ve 74835 sayth Valilik Onays.
d) 05/1172009 tarih ve 98610 sayih Valilik Onayi. *
¢) Orta Dogu Teknik Universitesinin 10/03/2010 tarih ve 400-1584 sayth yazisy.

Onta Dogu Teknik Universitesi Ortadgretim Fen ve Matematik Alanlan Egitimi .EABD
Doktora  6grencisi Ali CETINin “Web destegi ite harmanlanmis sorgulayier ve acikiayier
Gg@retim vountemlerinin 9. sumif dgrencilerinin Fizik Dersine ve infernete kKarsi tutumlaria,
bilimsel siire¢ becerilerine ve fizik basarilarina elektrik Konusunda ki etkiler.” konulu
aragirma ile ilgili anketi. ck listedeki  ilgeniz okullarinda uygulama yapilmas: istegi
Mudiriagimiz Degerfendirme Komisyonunca uygun gérilmiistiir.

Mithiirlit anket Smekleri (17 savfa) aragurmaciya ulastizilins olup. uygulama vapilacak
sayida arastirmacs tarafindan ¢ogalularak. aragtirmanin ilgi (a) yonerge ¢ergevesinde géniilliiliik
esasing gre uygulanmasini rica ederim. 4

Q ¢in

Valia.
Miudiir Yardimeisi

EKLER -
t-Okut Listesi (1 Sayfa)

[ Ml Egitim Midirlugt-Begevier | ANKARA Tel:2237522---212 66 40-200
Istatisuk Bélimi Fax:223 7522

istatistik06 @meb. gov.tr

Bilgi Igin : Nermin CELENK
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ODTU 2006

Orta Dogu Teknik Universitesi insan Arastirmalar

e e

I

Etik Kurulu Basvuru Formu

Cahgmalar, Etik Kurulun onayimin ahnmasindan sonra aktif olarak baslatiimalidir,

. Arastrmamin baghgi;: Web destegi ile harmanlanmus sorgul

9. simf Gdrencilerinin fizik dersine

emlerinin
ve internete karyt wtumlanng, bilimsel stireg becerilerine ve fizik
basarilarina elektrik konusundaki etkileri

ayier ve agiklayics Sretim yont

2. Arastrmanin niteligi (Uygun olan kutuyu igaretleyiniz) 71 Ogiretim Uyesi:f\mstmnasx X Doktora Tezi
1 Yiiksek Lisans Tezi £l Diger {belirtiniz) ‘
3. Aragtrmacinny/Arastirmacilanin: et
Adi-Soyad ~_M__A_tif{‘;EriN____ Boltmi __QOFMAE_Fizik Ogretmenligi  Telefonu _S05_ 3410679
Adresi

. Natwoyolu Caddesi Tuzlucayr Mahallesi No:41/6 Mamak /ANKARA

-t E-posta adresi _e115199@metu.cduti

(Varsa) Danismanin: Adi-Soyadi__Dr. Omer Farak Ozdemir Telefonu 312210 3691

Veri Toplanacak Dénem: Baslangic 0170342010 Ritis CO17/ 057 3010
.. Veri Toplanmasi Planianan Yerler/Mekanlar, Kurum ve Kuruluglar:
T

//a‘ _ Ozel : Sr- -
/b (6775 R ey £
R, . Anadols Lisesi N g - 2
“x .- . * Anadolu Liscsi h i
\\ —
\\..-/ -
Calismanin/Projenin desteklenip desteklenmedigi: 54' Desteksiz 7 Destekli

Desteklenen bir proje ise, destekleyen kurum: 0 Universite 13 TUBITAK
0 Uluslararas: (belirtiniz) o [ Diger (belirtiniz)
. Bagvurunun statiisi: ;ﬁYeni bagvury 01 Revize edilmis bagvury

Bir Snceki projenin devams ise;

17 Bir duceki projenin devany

yiirlitiilen ¢alisma dnceden onaylanan gahismadan herhangi bir farkiihk gdsteriyor
(1 Bvet 3 Hayir

Evet ise agiklaymz:

muy?

* Lisans Ofrencilerinin arastmmalarim Ydnlendiren akademik damsnraniarinin veya hocalarnm olmas: gén:kmcktedir.
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APPENDIX M

DATA USED IN THE STUDY

GENDER  MOT Mode preEAT prePAS preSPST  postEAT  postPAS  postSPST
1 ,00 ,00 8,00 36,00 83,00 9,00 36,50 90,00
1 ,00 ,00 7,00 37,50 73,00 13,00 26,00 80,00
2 ,00 ,00 11,00 27,00 72,00 7,00 27,00 50,00
1 ,00 ,00 18,00 35,50 99,00 16,00 32,00 93,00
1 ,00 ,00 4,00 34,00 85,00 14,00 26,00 68,00
2 ,00 ,00 8,00 39,50 47,00 18,00 38,00 103,00
1 ,00 ,00 13,00 35,00 112,00 15,00 29,00 94,00
1 ,00 ,00 7,00 40,00 96,00 15,00 30,00 86,77
1 ,00 ,00 18,00 35,50 91,00 14,00 37,50 38,00
2 ,00 ,00 18,00 38,50 74,00 21,00 37,00 86,00
2 ,00 ,00 12,00 35,00 87,00 17,00 38,50 93,00
1 ,00 ,00 8,00 38,00 73,00 5,00 25,00 75,00
1 ,00 ,00 15,00 37,50 93,00 16,00 26,00 107,00
2 ,00 ,00 17,00 35,00 36,00 14,00 29,00 47,16
1 1,00 ,00 17,00 38,00 95,00 19,00 30,50 88,00
2 1,00 ,00 12,00 38,00 69,00 17,00 39,50 74,00
2 1,00 ,00 13,00 37,00 73,00 20,00 39,50 72,74
2 1,00 ,00 16,00 40,00 79,00 14,00 33,00 75,00
2 1,00 ,00 19,00 39,00 76,00 23,00 37,50 79,00
1 1,00 ,00 15,00 34,00 88,00 12,00 30,50 92,00
2 1,00 ,00 21,00 35,00 88,00 21,00 34,50 89,00
2 1,00 ,00 15,00 39,00 77,00 15,00 34,50 74,00
2 1,00 ,00 15,00 32,00 85,00 14,00 37,00 89,00
1 1,00 ,00 18,00 20,00 111,00 11,00 20,50 110,00
1 1,00 ,00 17,00 38,00 79,00 14,00 32,00 103,00
2 1,00 ,00 16,00 34,50 65,00 19,00 15,50 77,00
1 1,00 ,00 6,00 36,00 72,00 15,00 34,50 84,00
1 1,00 ,00 14,00 38,50 88,46 15,00 32,00 84,00
2 1,00 ,00 17,00 36,00 62,00 17,00 35,50 66,00
2 1,00 ,00 17,00 27,00 94,00 13,00 37,50 89,00
1 1,00 ,00 12,00 38,00 73,00 19,00 15,50 74,33
2 1,00 ,00 18,00 37,00 90,48 22,00 9,50 82,39
2 1,00 ,00 12,68 33,00 80,44 9,00 33,00 76,00
2 1,00 ,00 12,00 38,00 94,00 16,00 37,00 105,00
1 1,00 ,00 11,00 37,00 84,00 19,00 38,50 78,00
1 1,00 ,00 18,00 27,00 82,00 19,00 34,00 90,00
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1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

,00

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

18,00
17,00
13,00
12,00
18,00
15,00
16,00
19,00
11,00
14,00
11,00
14,00
22,00
21,00
12,00
16,00
16,00
10,00
17,00
17,00
17,00
16,00
12,68
15,00
6,00

16,00
14,00
15,00
17,00
19,00
18,00
15,00
19,00
13,00
16,00
13,00
18,00
10,00
15,00
14,00
15,00
16,00
14,00
18,00

31,50
34,50
33,50
40,00
37,00
32,50
31,00
36,00
24,50
40,00
39,00
34,50
30,00
29,00
27,00
30,00
38,00
37,50
36,00
24,50
34,50
31,00
24,00
37,00
30,50
36,50
35,50
31,00
38,00
39,00
38,00
36,00
37,50
39,00
37,00
32,50
37,00
35,50
37,00
37,00
35,00
30,50
37,50
29,00
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119,00
102,00
56,00
100,00
75,43
82,00
78,00
82,00
79,30
80,00
94,00
98,00
93,22
83,00
45,00
85,00
57,00
36,00
77,00
91,00
80,00
65,00
111,00
92,92
101,00
28,00
100,00
88,00
75,00
71,00
78,00
80,44
82,00
47,00
63,00
70,00
119,00
81,30
84,00
86,00
108,00
90,00
90,72
64,00

11,00
23,00
20,00
24,00
21,00
19,00
24,00
21,00
19,00
21,00
21,00
21,00
24,00
20,00
22,00
25,00
23,00
14,00
25,00
24,00
23,00
25,00
25,00
26,00
23,00
25,00
18,00
24,00
24,00
24,00
27,00
23,00
25,00
19,00
25,00
18,00
25,00
5,00

23,00
24,00
21,00
26,00
21,00
23,00

21,00
33,50
40,00
36,00
39,00
35,50
40,00
36,50
38,50
38,50
39,50
39,50
29,00
37,00
39,00
35,50
40,00
37,00
39,00
35,00
39,50
29,50
25,50
39,00
30,50
35,50
36,00
30,00
39,00
38,50
40,00
37,00
40,00
36,50
39,00
38,00
40,00
36,00
39,50
39,50
38,50
36,00
38,00
35,00

120,00
96,00
60,00
87,00
78,46
54,00
89,00
89,00
81,00
81,66
110,42
120,00
95,00
62,00
52,00
90,49
63,00
54,97
76,00
96,81
71,00
92,00
92,00
99,00
96,00
120,00
114,00
94,00
79,00
80,00
84,00
74,12
84,00
79,00
71,00
79,00
85,00
81,00
96,00
82,00
102,00
101,00
87,00
69,00
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1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

1,00
1,00
1,00

17,00
14,00
18,00
20,00
17,00
15,00
16,00
16,00
18,00
15,00
18,00
12,00
14,00
14,00
16,00
16,00
17,00
15,00
17,00
12,00
21,00
11,00
14,00
11,00
16,00
20,00
13,00
15,00
20,00
13,00
12,68
12,68
12,68
11,00
7,00

12,00
14,00
15,00
18,00
15,00
11,00
15,00
11,00
9,00

26,00
39,50
38,00
40,00
38,00
35,50
31,00
40,00
38,00
37,00
39,00
23,00
34,00
38,00
38,00
37,00
35,00
38,00
35,00
38,00
28,50
34,00
38,00
32,50
38,00
34,00
40,00
34,00
38,00
38,00
31,69
31,69
31,69
35,00
39,00
36,00
40,00
38,00
37,00
33,00
38,00
31,50
38,00
38,00
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74,00
76,00
75,00
103,00
96,00
73,00
87,00
94,00
93,00
80,85
81,00
92,00
91,00
65,00
72,00
81,00
80,34
94,00
91,00
95,00
76,85
67,00
74,00
84,00
102,00
86,00
58,00
79,00
84,00
53,00
80,98
80,98
80,98
87,00
92,00
81,00
93,00
63,34
92,00
108,00
82,00
93,00
90,34
96,00

24,00
18,00
21,00
21,00
18,00
17,00
19,00
19,00
21,00
22,00
19,00
11,00
20,00
16,00
21,00
17,00
22,00
20,00
20,00
20,00
22,00
23,00
22,00
20,00
20,00
22,00
20,00
19,00
18,00
10,00
16,00
21,00
20,00
17,00
17,00
24,00
17,00
21,00
19,00
15,00
13,00
18,00
18,00
23,00

35,50
35,00
37,00
40,00
39,00
39,00
37,00
38,00
40,00
28,00
38,00
25,00
26,00
40,00
39,00
38,00
39,00
36,50
39,00
39,00
36,00
37,00
37,00
33,00
35,00
38,00
39,00
32,00
38,50
40,00
25,50
36,00
36,00
32,00
27,00
40,00
38,50
38,50
33,00
36,50
36,50
35,50
39,00
39,00

79,00
81,00
94,46
84,00
98,00
97,00
81,00
92,00
109,00
81,00
80,00
102,00
71,22
40,00
77,00
99,00
96,77
82,00
86,00
94,00
74,50
61,12
87,00
88,00
88,00
67,00
57,00
82,00
70,00
59,24
86,77
66,00
59,00
86,00
92,92
68,00
96,00
51,89
98,00
101,00
89,12
95,00
95,00
95,00
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1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

9,00

20,00
16,00
16,00
16,00
9,00

12,00
8,00

16,00
15,00
13,00
15,00
9,00

10,00
15,00
16,00
20,00
3,00

10,00
10,00
10,00
9,00

12,00
13,00
12,68
10,00
11,00
12,00
10,00
9,00

10,00
8,00

15,00
11,00
11,00
19,00
13,00
11,00
16,00
14,00
2,00

13,00
12,00
8,00

37,00
40,00
33,50
34,00
37,00
39,00
39,00
33,00
39,00
33,50
37,50
36,00
24,00
37,00
37,00
26,50
37,00
33,00
40,00
38,00
33,00
40,00
35,00
28,50
38,00
30,00
40,00
34,50
38,50
30,00
32,00
35,50
40,00
38,50
38,50
39,00
32,50
29,00
19,00
39,00
38,00
37,50
37,00
40,00
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77,00
88,00
88,78
84,00
82,00
88,00
71,22
64,00
95,00
83,00
100,00
81,24
86,00
61,22
60,06
79,00
60,00
57,00
92,24
74,00
83,00
99,00
62,72
99,22
102,00
85,00
84,00
98,00
83,00
97,87
88,00
86,00
97,00
83,00
106,00
92,00
82,00
88,00
113,00
101,00
99,22
91,00
89,00
96,24

15,00
22,00
19,00
19,00
19,00
17,00
16,00
17,00
13,00
19,00
12,00
18,00
17,00
17,00
16,00
17,00
8,00

17,00
14,00
18,00
18,00
17,00
15,00
23,00
14,00
22,00
20,00
16,00
18,00
20,00
14,00
22,00
21,00
10,00
19,00
17,00
21,00
21,00
19,00
19,00
14,00
19,00
16,00
14,00

40,00
39,00
36,50
37,00
37,00
35,00
39,00
37,00
37,00
38,50
24,50
35,50
37,00
31,50
37,00
33,50
39,00
30,50
40,00
36,00
34,50
40,00
35,00
35,50
38,50
35,50
38,00
39,50
38,50
39,00
39,00
33,00
40,00
38,00
38,00
39,00
35,00
34,50
26,00
39,00
31,00
35,00
35,00
27,50

82,00
93,00
93,00
81,00
90,00
78,00
102,81
61,46
90,00
80,00
91,22
82,00
74,00
59,00
57,00
85,12
66,00
40,00
97,00
66,00
85,00
81,00
64,24
103,00
90,00
68,00
74,00
109,00
75,00
99,00
86,00
68,00
88,00
71,00
114,00
93,00
78,33
75,00
112,00
95,00
94,12
80,00
83,00
109,00



N — = NN~ N = N = = N~ N~ N = NN~ = N~ = = = DN DN ~ = DD D DD NN DN~ /= = = s

13,00
13,00
12,00
13,00
5,00

12,00
13,00
12,00
9,00

17,00
14,00
12,00
16,00
14,00
14,00
13,00
15,00
15,00
15,00
12,00
17,00
16,00
12,00
20,00
20,00
5,00

14,00
5,00

5,00

10,00
10,00
10,00
5,00

11,00
11,00
13,00
3,00

7,00

1,00

3,00

12,68
12,68
12,68
12,68

24,00
27,50
36,50
35,50
36,00
38,00
39,50
36,50
36,00
39,00
35,50
38,50
30,00
28,00
38,50
33,00
37,00
40,00
39,00
34,50
37,50
38,00
35,50
36,50
40,00
38,00
36,00
28,00
33,00
37,00
30,00
12,00
23,00
33,00
38,50
21,00
33,50
20,50
26,00
15,50
31,69
31,69
31,69
31,69

192

84,00
107,22
63,00
63,00
64,00
80,44
104,00
49,00
52,00
109,00
82,11
50,00
84,00
52,00
81,00
88,00
81,00
81,00
79,44
95,00
88,00
59,00
46,00
120,00
115,00
88,26
111,00
105,22
81,00
81,00
88,00
52,00
72,44
71,00
82,00
82,00
93,00
59,00
91,00
40,00
80,98
80,98
80,98
80,98

15,00
20,00
17,00
19,00
20,00
18,00
17,00
18,00
15,00
20,00
18,00
7,00

22,00
19,00
21,00
21,00
22,00
21,00
20,00
4,00

15,00
20,00
21,00
20,00
21,00
16,00
18,00
17,00
21,00
19,00
18,00
20,00
17,00
19,00
15,00
18,00
21,00
9,00

15,00
15,00
20,00
20,00
19,00
19,00

31,00
38,00
35,00
38,50
37,00
39,00
35,00
39,00
37,00
33,50
39,00
40,00
37,00
34,00
37,50
38,00
39,00
38,50
37,00
28,00
38,00
32,50
40,00
40,00
39,50
21,00
38,50
39,00
30,50
35,00
33,50
22,00
20,00
34,50
36,00
36,00
38,00
21,00
15,50
24,00
40,00
22,50
35,00
37,00

91,00
99,00
55,00
55,00
120,00
76,00
88,00
60,00
52,00
119,00
81,00
50,00
85,00
53,00
75,00
89,00
72,00
83,00
80,00
100,00
87,00
64,00
70,00
120,00
115,00
99,00
81,42
107,42
85,00
79,00
94,00
64,00
74,00
80,00
87,00
92,33
100,00
83,00
111,00
60,00
60,00
97,00
95,89
83,00











