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Abstract

This study aims to use the 7E learning model integrated with creative drama to determine its effects
on the success of physics teacher candidates. Lesson plans were prepared on 'magnetic fields, which
combined the 7E learning model with creative drama. These plans were put into practice using 16
physics teacher candidates. A magnetic fields topic achievement test and semi-structured interview
forms were used as data collection tools for the research. Based on the magnetic fields topic
achievement test findings, the 7E learning model integrated with creative drama increased the success
of the physics teacher candidates. In the interviews, it was found that almost all of the incorrect and
incomplete information initially given by the students had been replaced by correct information. For
these reasons, it can be concluded that the integrated use of creative drama with the 7E learning model

increased the general success of the teacher candidates.
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Introduction

Physics plays a large part in daily life, and its importance is undisputed. However, many
studies have emphasized that students have difficulty understanding physics topics (Angell,
2004; Gebbels, Evans, & Murphy, 2010; Sahin & Yagbasan, 2012a; Williams, Stanisstreet,
Spall, Boyes, & Dickson, 2003). Study results revealed that the reasons for the difficulty in
understanding stem from a lack of motivation and real-life application, the subject being too
abstract and uninteresting (Ornek, Robinson, & Haugan, 2008; Sahin & Yagbasan, 2012a),
student prejudices about physics being difficult (Oon & Subramaniam, 2011), students liking
physics less than they do other sciences (Barmby & Defty, 2006), and the inability of students
to link physics with their own life experiences (Redish, Saul, & Steinberg, 1998), etc. In order
to facilitate students' success in physics, it is important to structure the learning-teaching
process in a way that helps eliminate the barriers mentioned above. Thus, it is necessary to
provide student-centered education. As indicated in the literature, constructivism, is a student-
centered approach, has come to the fore in educational processes, especially since the late
1900s. According to constructivism, learning is an active process where students constantly
build ideas from their own experiences. Generally speaking, what students know, what they
should know, and how they can begin to assimilate new information is the focus of the student-
centered constructivist learning design (Maharg, 2000). In constructivism, an individual
creates the knowledge herself or himself instead of taking it readily from an authority or a
teacher (Sherman, 2000). The importance of constructivism, especially in science education,
is emphasized from the past to the present (e.g., Arik & Yilmaz, 2020; Cobern, 1993; Ural &
Biimen, 2016; Weil-Barais, 2001). The 7E learning model, which is based on constructivism
(Karplus & Their, 1967), and creative drama, which is compatible with constructivism (Aykag
& Ulubey, 2008), were included in the scope of this study, which focused on teaching one of

the physics subjects.
7E Learning Model

The learning cycle model to science education, a student-centered approach, was originally
designed as a three-stage cycle based on constructivism (Karplus & Their, 1967). Then, the
5E (consists of five stages; Bybee, 1997) and 7E (consists of seven stages; Bybee, 2003)
learning models were created by increasing the number of stages over time. The increasing
number of stages has progressed by changing the name or structure of some stages and adding
new stages (Kanli, 2009). Specifically, the number of studies that have used the 5E learning

model in physics education is quite high, and general results indicate that this model
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contributes significantly to both attitude and success (Ayaz, 2015). In recent years, various

researches including the 5E learning model that have positive results on instructing physics
subjects are still being conducted (Ceran & Ates, 2019; Sarikaya & Akbas, 2020; Unlii &
Dokme; 2020). However, although studies have been conducted on the use of the 7E learning
model (7E model) in physics education, they are much more limited, especially when
compared to using the 5E model for teaching physics topics. These studies suggest that the 7E
model is an effective method for use in physics education (Baybars & Kiiclikozer, 2018;
Demirezen & Yagbasan, 2013; Kanli & Yagbasan, 2008; Komikesari et al., 2020; Miadi,
Kaniawati, & Ramalis, 2018; Myint & Nyunt, 2018; Primanda, Distrik, & Abdurrahman,
2018; Turgut, Colak, & Salar, 2016; Warliani, Muslim, & Setiawan, 2017; Yerdelen-Damar
& Eryilmaz, 2019).

The stages of the 7E model (Engage, Explore, Explain, Elaborate, Extend, Exchange,
and Evaluate) can be briefly summarized as follows (Bybee, 2003). In the ‘engage’ stage,
students' interests and motivations should be increased, and their images should be developed.
In the 'explore’ stage, students should have the opportunity to share common experiences,
develop concepts and skills, and make discoveries in line with their thoughts. In the 'explain’
stage, an environment should be created in which the students can explain their findings to
others and are encouraged to express their thoughts. In the 'elaborate’ stage, students should
be allowed to advance their knowledge of concepts and link them to other contexts. In the
‘extend' stage, activities should be included that involve applying knowledge to support the
previous stage, applying the knowledge in different disciplines, and helping to solve numerical
problems about a new concept when needed. In the ‘exchange'’ stage, in an environment where
students can freely express their ideas, they should share new concepts with their teachers and
peers and try to reinforce their learning through listening and discussion. Finally, in the
‘evaluate’ stage, feedback should be given to the students using various evaluation criteria
(Bybee, 2003).

Creative Drama

Harriet Finlay Johnson, one of the first practitioners of creative drama, argued that students
learn better by seeing and doing and that it is better to build educational processes using a new
student-centered understanding (Johnson, 1912). In addition, Odegaard (2003) analyzed the
use of drama in science education and stated that drama offers students the opportunity to
experience the cognitive, affective, and active aspects of learning in an integrated way.

Braund's (1999) study on the topic of electricity determined that drama activities helped
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science teacher candidates explain abstract ideas. Studies support this finding (Abed, 2016;

Dorion, 2009). Therefore, as physics concepts are highly abstract and difficult for students to
visualize, a creative drama may help students in these respects. Further, numerous studies
emphasize that creative drama activities can help students associate concepts with daily life
(Henry, 2000) and positively affect their motivation (Abed, 2016; Batdi, 2020; Odegaard,
2003). A wide range of studies have demonstrated that creative drama is effective in increasing
the level of success in science and/or physics topics (Arieli, 2007; Braund, 1999; Cokdar &
Yilmaz, 2010; Danckwardt-Lilliestrom, Andrée, & Enghag, 2020; Kilingaslan & Simsek,
2015; Pantidos, Spathi, & Vitoratos, 2001; Saricayir, 2010; Sahin & Yagbasan, 2012b; Zimba
& Simpemba, 2019). Moreover, in various meta-analysis studies, it has been found that
creative drama has positive and significant effects on success in science subjects ( Lee, Patall,
Cawthon, & Steingut, 2015; Simsek & Karatas, 2020). In addition, it has been determined that
creative drama positively affects students' attitudes towards a class or topic (Abed, 2016;
Stagg, 2020; Taskin & Mogol, 2016; Timothy & Apata, 2014; Toraman & Ulubey, 2016).
Similarly, according to teachers 'views, the creative drama increases students' love for and

interest in the course (Toksun, 2019).

Although there are various definitions of creative drama in the literature, the definition
and stages selected as the basis of this study are explained as follows. Creative drama in
education is a form of acting on a topic using techniques such as role-play and improvisation,
based on the experiences and lives of the group members. It is managed by a group leader
using a predetermined environment and group structure (Adigiizel, 2006). Adigiizel (2006)
proposed that creative drama activities should be designed in three stages: (1) preparation-
warm-up, (2) improvisation, and (3) evaluation-discussion. The main purpose of the first stage
is to create a group dynamic and ensure that students are ready for the next stage. This stage
is mostly structured by the teacher, during which games are usually played. The games should
be chosen so that the students are prepared for the topic to be studied. The second stage is
when all development studies are implemented. At this stage, improvisation, role-play, and
other techniques are used. Shared experiences and the subsequent evaluation of creative drama
are shaped based upon how the individual has 'performed' during this stage and how the
experience was perceived. The third stage entails the evaluation of the results obtained in the
drama studies. In general, any educational gains are discussed during this stage, and the
essential aspects, importance, and quality of the process are determined.
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Purpose

Based on the results of these studies on the 7E model and creative drama, the question ‘can
these methods, which are proven to be effective in physics education, be integrated?' has been
raised. If they can be integrated, 'how does this usage affect participants' learning regarding
physics subjects?" Although we have not found any studies in the literature that integrate the
7E model with creative drama, certain studies have researched the use of creative drama in
conjunction with various methods or techniques such as the SE model (Ayvact & Yilmaz,
2009), activity-based teaching (Timothy & Apata, 2014), and the Jigsaw Il technique (Demir,
2012), and these combinations were found to have a positive effect on students. Therefore,
investigating the effectiveness of the integrated use of the 7E model with creative drama in
physics education forms the basis of this study. We chose the subject of magnetism because
of the students' difficulty in learning this subject (Maloney, O'Kuma, Hieggelke, & Van
Heuvelen, 2001; Sahin & Yagbasan, 2012a). Specifically, the topic 'magnetic fields' was
chosen because it served to lay the foundations of the study of magnetism and was part of the
physics IV course in the education program that the teacher candidates were studying at a state
university. The magnetic fields topic was limited to the magnetic field concept, the magnetic
force acting on a charged particle in a magnetic field, and the magnetic force acting on a

current-carrying wire.

This study aimed to determine the effects of the integrated use of creative drama with
the 7E model on the success of 16 physics teacher candidates enrolled at a state university and

taking a physics IV course on the topic of magnetic fields.
Methodology

The study used a mixed model, which includes both qualitative and quantitative research
methods. The study was carried out according to the triangulation design developed by
Creswell and Clark (2007). Triangulation design is based on the principle of complementation
of weak aspects of a type of data by another type of data (Creswell & Clark, 2007). In the
quantitative dimension of this research, a multiple-choice achievement test was used as a pre-
test and a post-test. Since generalization was not aimed in this study, the results were presented
descriptively and interpreted without conducting inferential statistical analysis for quantitative
data. In the qualitative aspect of the study, semi-structured interviews were used. Data

obtained from the interviews were subjected to content analysis.
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Participants

The research focused on 16 teacher candidates enrolled in physics teaching program and
physics IV course at a state university. Physics 1V is a fourth-semester course in the physics-
teaching program. All the teacher candidates had experience participating in creative drama
activities. They participated in implementing three preliminary lesson plans in which creative
drama was used as a method. The first two lesson plans focused on subjects such as individual
differences, communication, improvisation, and role-playing, which are necessary to avoid
problems in creative drama. The third lesson plan focused on using creative drama in a physics
subject. All lesson plans took two hours each (during the process of developing these three
lesson plans, the opinions of three experts were considered. One of these experts was a creative
drama instructor, and the other two were academics with expertise in creative drama. In
addition, one of the academics was also a physics education specialist). The research included

in this study is part of a larger investigation on the subject.

At the beginning of this study, 35 prospective teachers who undertook the Physics IV
course were given information about this study and were asked whether they would like to
participate. Feedback was received from all pre-service teachers about their wish to
participate. Per the scope of this research, the pre-service teachers were selected based on the
pre-test scores for the magnetic fields topic achievement test. Based upon these scores, a
heterogeneous group consisting of 16 teacher candidates, categorized into the lower, middle,
and upper levels, were created. These teacher candidates participated in the practices designed
for the 7E model integrated with creative drama prepared for the subject of the magnetic field

within the scope of this study.
Data Collection

Data collection tools included a magnetic fields topic achievement test (MFTAT) and semi-
structured interview forms (SSIF 1, SSIF 2, and SSIF 3). The MFTAT was administered to
all 16 teacher candidates before and after their participation in the practices, and the semi-
structured interviews were conducted using three teacher candidates before and after
participation in the practices. After applying MFTAT as a pre-test to teacher candidates, three
were selected for the interviews using these pre-test results. These three teacher candidates
were selected from the lower, middle, and upper levels of the pre-test MFTAT results to

provide data diversity.
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Magnetic fields topic achievement test

Information on the development of the MFTAT within the scope of this research is
summarised as follows. Initially, a 23-item multiple-choice pilot test was prepared based on
the opinions of five physics education specialists (the opinions and suggestions of the
specialists were taken over a table, including the distribution of the acquisitions to the
questions to ensure content validity). The test was then applied to 202 students. These students
are non-participants of this study, had undertaken courses covering magnetic fields topics in
previous years, and were studying in a science or physics teaching program. After item
analysis, obtaining the opinions of 10 specialists (Of the ten faculty member specialists, five
completed Ph.D. in Department of Physics Education, one received Ph.D. in Department of
Physics while four continued Ph.D. education in Department of Physics Education), making
necessary corrections, and removing some questions, the test was finalized. There were 20
multiple-choice items in the revised MFTAT, and Cronbach's alpha was 0.71. The acquisitions

related to the questions in the MFTAT are presented in Table 1.

Table 1. Distribution of the questions in the MFTAT to the acquisitions

Acquisitions Question no
Students explain the concept of a "magnetic field" through the example of 1,2

a magnet.

Students explain the relationship between "magnetic field" and "magnetic 3,4,5
field lines".

The students say that the magnetic field is continuous. 6,7

Students explain what a magnetic force acting on charged particles in a 8,9, 10
magnetic field depends on.

Students use the right-hand rule to find the direction of the magnetic force 11,12
acting on charged particles in a magnetic field.

Students explain the movement of charged particles in a magnetic field. 13, 14, 15, 16, 17
Students explain which variables depend on the magnetic force acting on 18, 19

the current passing wire in the magnetic field.

Students use the right-hand rule to find the direction of the magnetic force 20

acting on a current passing wire in a magnetic field.
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In order to ensure construct validity, in line with the exploratory factor analysis

performed on the data obtained from the test and the opinions of the ten experts mentioned
above, it was decided that the test could be considered in three sub-dimensions, and the

boundaries of the sub-dimensions were drawn as follows.

First sub-dimension: In this sub-dimension, some direction-finding questions and
questions required inference based on direction-finding. For this reason, the name 'questions
that required direction finding' was deemed suitable for this sub-dimension. Question numbers
in this sub-dimension are 11, 12, 13, 16, and 20. Second sub-dimension: There were questions
based on conceptual knowledge, questions involving relationships between concepts, and
those involving the cause-effect relationship. What is meant here is the concept of magnetic
field and related concepts such as magnetic force, magnetic field line, and continuity of the
magnetic field. For this reason, the name 'conceptual questions' was deemed suitable for this
sub-dimension. Question numbers in this sub-dimensionare 1, 2, 3,4, 5, 6, 7, 8, and 17. Third
sub-dimension: In this sub-dimension, there were questions involving proportional and
sequential comparison of magnitudes, that is, questions that require the use of a formula to
answer them. For this reason, the name 'questions that required the use of a formula' was
deemed appropriate for this sub-dimension (related formulas: F=qvBSina, r=mv/qB,
T=2nm/qB, F=ILBSina). Question numbers in this sub-dimension are 9, 10, 14, 15, 18, and
19.

Cronbach's alpha calculated for the sub-dimensions was 0.86, 0.51, and 0.57,
respectively. If the number of items is small, the Cr-alpha value may be low (Seker and
Gengdogan, 2014, p. 47; Taber, 2017). In addition, there are studies in the literature
emphasizing/exemplifying that the reliability coefficient may be low, especially in concept
tests (e.g. Eryilmaz, 2010; Kaltak¢i, 2012; Kanli, 2015). For these reasons, considering that
10 expert opinions were included in the classification process, the sub-dimensions previously

described in this paper were considered when analyzing the MFTAT.
Semi-structured interview forms

The semi-structured interview forms were developed in accordance with the objectives of the
lesson plans. There are three subtopics within the subject of the magnetic field, and three
different lesson plans were created for each subtopic. Thus, one interview form was developed
for each plan (SSIF1, SSIF 2, and SSIF 3). When developing the forms, three academics in
the physics education department were asked for their opinions and suggestions regarding the

questions in the forms. The student interviews were designed to be conducted before and after
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the implementation of each lesson plan. There were no time limits in the interviews, and their

durations ranged from 15 to 30 minutes. The interviews were conducted in a quiet

environment and were recorded using a tape recorder with the students' permission.
Lesson Plans and Process of Implementation

While designing the lesson plans, creative drama stages were integrated with various stages
of the 7E model. We conducted a literature search on the topic to determine the best strategy.
All materials obtained from this review were evaluated, and the most appropriate steps were
determined. In other words, the way to integrate the stages of creative drama into the pre-
selected stages of the 7E model was not followed in this process. The activities obtained as a
result of the research and thought to be the most suitable for the subject/creative drama were
integrated into the appropriate stages of the 7E model.

For example, in Lesson Plan 2 (see appendix), when the decision was made to revive the speed
selector during the creative drama's 'improvisation' stage, it was considered appropriate to
mount the 7E model in the 'extend' stage. This was because to animate the speed selector, the
students must first discover the right-hand rule and the variables that the magnetic force
depends on during the 'explore’ stage of the 7E model. In addition, in the 'elaborate’ stage, they
must understand how the charged particle moves in the magnetic field. In the 'extend' stage,
they use the information learned in the 'explore’ and 'extend’ stages to advance their knowledge
using a different sample, and connect it to other contexts. For these reasons, it was decided
that creative drama'’s 'improvisation' stage should be mounted on the ‘extend' stage of the 7E
model. When developing the lesson plans, the opinions and recommendations of two
academics were obtained—one in the field of physics education and the other in the integrated
field of physics education and creative drama. In order to assess the feasibility of using the
lesson plans following the changes made following the academics' guidance, pilot studies
were carried out for the first two lesson plans with a different group of physics teacher
candidates. Due to the limited amount of time available to the students and the fact that the
course plans would provide sufficient guidance in terms of their applicability, the pilot
applications for Lesson Plans 1 and 2 were considered as sufficient. No major problems were
encountered in the applicability of the lesson plans during the pilot implementation process;
however, time became an issue. Four hours were initially allocated for each lesson plan, and
while the pilot applications were implemented, all of the 7E model’s stages were carried out
consecutively over this duration. However, it was observed that the students had difficulty

concentrating after the first three hours. For this reason, the implementation of each plan was
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divided over two different days, and the duration was extended by one hour to make the

activities more convenient. The final arrangements were made after the pilot applications, and
the lesson plans were finalized at a length of five hours each, and the teaching was divided
into two different days of three hours and two hours, respectively. Thus, the complete teaching
course lasted for 15 lessons. The stages in which creative drama activities took place according
to the final lesson plans were the extend and exchange stages for Lesson Plans 1 and 2, and
the explore and explain stages for Lesson Plan 3.

Lesson Plan 1 concentrated on the concept of the magnetic field, magnetic field lines,
and the continuity of the magnetic field. Lesson Plan 2 was based on the magnetic force acting
on the charged particles in a magnetic field, and Lesson Plan 3 focused on the magnetic force
acting on a current-carrying wire in a magnetic field. See the summary of Lesson Plan 2

provided in the appendix section to get a sense of the lesson plans.
Data Analysis
Analysis of the data obtained from the MFTAT

The MFTAT was rated out of 100 and contained 20 questions. Therefore, five points were
given for each correct answer and zero points for each wrong answer. In the Results section
below, the student's scores for each sub-dimension and for the entire test are descriptively

presented. In addition, normalized gain scores (<g»), which are calculated with the

(average of post test scores —average of pre test scores)

. . formula, are presented. The criteria for
(maximum possible score—average of pre—test scores)

interpreting the <g» value are as follows: «g>>0.7 is high, 0.7>«g>>0.3 is medium, and <g»<0.3
is low (Hake, 1998). Moreover, the frequency and percentages of the correct answers for each

question are also presented.
Analysis of data obtained from the semi-structured interview forms

The data obtained from voice recordings were transferred to a computer, subjected to content
analysis, and the pre-implementation and post-implementation were separately considered.
The process was conducted as follows. The data obtained from the interviews with students
were read in order during the analysis. As they were read, the information given by students
related to the achievements of the lesson plans was specified and numbered. The coding was
completed so that each digit represented a different code. The codes were then placed into
three categories (incorrect information, incomplete information, and correct information) by

identifying commonalities between the generated codes. The incorrect information category
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contained codes that had an error or errors detected from the students' information; the

incomplete information category contained codes indicating that the student did not know the
information, and the correct information category contained codes indicating that the student

had the correct information.

In order to ensure the consistency of the analysis, it was planned to have experts
alongside the researchers as the interview data were encoded. The interview inventories were
divided into six groups because they were quite long. The list, including the interview
inventories and related codes and categories, was given to six academics working in the
physics education department. The academics coded the interview inventories based upon the
list. Next, the academics' codes were compared with those of the researchers. Following the
comparisons, any disagreements were discussed in person with the academicians. The analysis
was then completed after making final corrections. In presenting the findings obtained from

the interviews, students' names were anonymized, and the aliases' S1', 'S2', and 'S3" were used.
Results
Findings from the MFTAT

The results of the average scores of the MFTAT and its sub-dimensions for the physics teacher
candidates who participated the 7E model integrated with creative drama implementations are

given in Table 2.

Table 2. Descriptive results of the teacher candidates' average scores of the MFTAT

The
Avg. Max.  number
MFTAT Procedure SD. «@
Score score  of the
quest.
1%t Sub-dimension: Questions Pre-test 531 4.64 068 25 .
that required direction-finding  post-test 1875 6.19
nd -di ion-: Pre-test 13.13 5.2
2 S_ub dimension: Conceptual 043 45 9
questions Post-test 26.88 8.54
rd -di ion: i Pre-test 9.06 491
3 Sub-dimension: Questions 0.45 30 5

that required the use of a formula  pgst-test 18.44 6.76

Pre-test 2750 10.64
Whole test 0.50 100 20
Post-test 64.06 14.74
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According to Table 2, the post-test average scores increased for each sub-dimension
and of the whole test compared to the pre-test scores. The value of <g» is in the medium criteria
(0.7><g»>0.3) for each sub-dimension and whole test. In other words, it can say that the
improvement of the teacher candidates' learning outcomes was in the medium criteria. The
maximum value of «g> is in the 1st sub-dimension 0.68, which is close to the high criteria
(0.7). Therefore, it can say that the improvement of teacher candidates' learning outcomes was
more in the sub-dimension of questions requiring direction-finding than in other sub-
dimensions. Table 3 lists the separation of all of the MFTAT's questions, the number of teacher

candidates who answered each question correctly, and the percentages.

Table 3. Number and percentages of teacher candidates who answered questions correctly in
the MFTAT

Sub- Pre-test Post-test

Question no and content
dimension f % f %

1%'sub- 11-Investigation of the direction of the magnetic field by 7 43.8 11 68.8

dimension giving the trajectory of an electron in the magnetic field.

12-Investigation of the trajectory of the positively charged 1 6.3 14 875
particle when it enters perpendicularly to a uniform magnetic
field.

13-Investigation of the angle values between vand B toallow 4 25.0 8 50.0
a charged particle to make a spiral motion in the magnetic
field.

16-Investigation of the trajectory of a positively charged 2 125 14 875
particle by giving the instantaneous velocity vector within a

given magnetic field's direction.

20-Investigation of the possible directions of the magnetic 3 18.8 13 81.3
field and current by giving the direction of the force acting on
the current-carrying wire in the magnetic field.

2"4sub-  1-Investigation of the reason why a magnet attracts a 9 56.3 7 43.8

dimension substance.
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2-Investigation of the properties of the magnetic field via 2 125 4 25.0

magnets (how many dimensions the magnetic field has, etc.).

3-Investigation of magnetic field lines (whether the magnetic
field lines are sufficient to explain the concept of the magnetic
field, etc.).

4-Investigation of magnetic field lines (whether magnetic

field lines can interrupt each other, etc.).

5-Investigation of the magnetic field lines outside the magnets

via two magnet systems.

6-Investigation of the there is a magnetic field in the magnet
and whether there is a magnetic field in the spaces between

the magnetic field lines.

7-Investigation of the continuity of the magnetic field lines
through the magnet.

8-Investigation of whether magnetic forces will act on a

stagnant particle in the magnetic field.

17-Investigation of whether the magnitude of the velocity of
a charged particle that enters perpendicularly to a magnetic

field with velocity v will change.

5 313

5 313

10 62.5

5 313

5 313

12 750

13 81.3

13 81.3

16 100.0

5 313

4 250

12 750

3" sub-

dimension

9-Investigation of the variables that the magnitude of the
magnetic force depends on if the charged particle enters

perpendicularly to the magnetic field (F=qvB).

10-Investigation of the dependence of the magnetic force's
magnitude on the angle if the charged particle enters the

magnetic field angularly (F=qvBSina).

14-Investigation of the variables on which the radius of the
trajectory depends on if a charged particle enters
perpendicularly to the magnetic field (r=mv/gB).

15-Investigation of the variables on which the orbital period

is dependent on if a charged particle enters perpendicularly to

7 43.8

2 125

8 50.0

2 125

14 875

12 750

13 81.3

4 250
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the magnetic field (T=2am/qB).

18-Investigation of the variables that the magnitude of the 2 125 8 50.0
magnetic force acting on the current-carrying wire depends
on (F=ILBSina).

19-Investigation of the variables that the magnitude of the 8 50.0 8 50.0
magnetic force acting on the current-carrying wire depends
on (F=ILBSina).

Upon examining Table 3, all questions (except the 1st and 19th) demonstrate that a
higher percentage of the teacher candidates answered questions correctly in the post-test than
in the pre-test. The percentage of correct answers for the first question decreased from 56.3%
in the pre-test to 48.8% in the post-test, while the pre-test and post-test percentages remained
the same for the 19th question. In the first question, the magnet attracted a substance was
considered. From the answers given, it could be seen that all teacher candidates knew that the
magnet attracts a substance because the magnetic force affects the substance due to the
magnetic field. However, in addition to this correct information, five teacher candidates
thought that magnet and substance were loaded with opposite charges, and four of them
thought that an electrical force was acting due to the electrical field created by the magnet.

In the 19th question, where the pre-test and post-test percentages remained the same,
the magnitudes of the magnetic force acting on two wires of the L and 2L length placed in the
same magnetic field B are given as F and 4F, and the teacher candidates were asked to mark
the correct sentence among the options. In the post-test, eight teacher candidates marked the
correct option c (If the angles of the x and y wires within the magnetic field are equal, the
strength of current passing through the y wire is two times greater than the strength of the
current passing through the x wire), which corresponds to the word absolutely in this question.
The other eight teacher candidates chose option b (The strength of the current passing through
the y wire is greater than the strength of current passing through the x wire), which does not

meet the word absolutely in the question.

In the pre-test, the percentage of teacher candidates who answered questions correctly
was below 50%, except in four questions (1st, 5th, 14th, and 19th), but 50% or more answered
15 questions correctly in the post-test. The questions with a correct answer rate <50% in the

post-test were 1, 2, 7, 8, and 15. The answers to the first question were mentioned previously
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in the text. Although the post-test percentages in the 2nd, 7th, 8th, and 15th questions remained

<50%, they increased compared to the pre-test. Considering the answers given by the teacher
candidates who answered the second question incorrectly, it has been observed that most of
them had erroneous information that one pole of the magnet was positive and the other pole
was negatively charged. When the answers given by the teacher candidates who answered the
7th question incorrectly were examined, it was found that most of them were confused by the
possibility that the magnetic field lines start at the N pole of a magnet and end at the S pole of
another magnet (i.e., the continuity of the magnetic field). It was determined that the teacher
candidates who answered the 8th question incorrectly thought that the poles of the magnet
were charged. When considering the answers given by the pre-service teachers who answered
the 15th question incorrectly, it was found that they either did not remember the formula T =

2nm / gB or remembered it incorrectly.

For the questions that required direction finding, this percentage did not fall below

50% in the post-test and was over 80% in three out of five questions.
Findings From the Semi-Structured Interviews

As aresult of the content analyses of the pre-interview and post-interview data, the distribution

of the numbers of codes into categories and students is given in Table 4.

Table 4. Distribution of the numbers of codes into categories and students

Student

Category Interview type S1 S2 S3

Pre-interview 10 5 5
Correct information

Post-interview 28 21 25

Pre-interview 9 9 13
Incorrect information

Post-interview 0 0 1

Pre-interview 6 7 3

Incomplete information
Post-interview 2 1 0
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Upon examination of Table 4, the teacher candidates had mostly incorrect and

incomplete information before implementation and correct information after implementation.
When examining the post interview data in the incorrect and incomplete information
categories presented in Table 4, the following results were obtained: it was found that S1 did
not know whether the magnetic field line model had aspects that could not explain the
magnetic field and did not know what formula could be interpreted for the period of the
charged particle moving in the magnetic field (this result also exemplified the low percentage
of correct answers in the post-test for the 15th question in the MFTAT). It was found that S2
did not know how the charged particle moves when it enters the magnetic field with an angle
between the velocity vector and the magnetic field vector other than 90°, 0°, and 180°. It was
determined that S3 had the erroneous knowledge that 'The magnetic field lines start outside
the magnet at the N pole and end at the S pole, and start again inside the magnet and continue
from the S pole to the N pole' (this result also exemplifies the low percentage of correct

answers in the post-test for the 7th question in the MFTAT).

Because it is impossible to provide all codes determined for the students, only those
associated with the direction of the magnetic force acting on the charged particles in the
magnetic field are given as a detailed example in Figure 1 below. In figure 1, the codes
determined before the implementation were one in the correct information category, four in
the incorrect information category, and two in the incomplete information category. After the
implementation, they were six in the correct information category, zero in the incorrect
information category, and one in the incomplete information category. The related codes

identified before and after the implementation are indicated with arrows.
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Pre-implementation

The right-hand rule can be used to
indicate the direction of the velocity
using the thumb; the magnetic field can
be indicated using back of the palm; and
the direction of the magnetic force can be
indicated using four fingers.

When the positively charged particle is
released into the magnetic field, a
magnetic force acts on the particle in the
direction of the magnetic field.

The magnetic force acts in the direction
of the magnetic field on the positively
charged particle that enters the magnetic
field B with velocity v at an angle of
180°.

The direction of magnetic forces acting
on negatively and positively charged
particles entering the same magnetic field
at the same velocity is the same.

The right-hand rule can be used to
indicate the direction of the magnetic
field using the thumb; the velocity can be
indicated using the index finger; and the
direction of force can be indicated using
the middle finger.

How the right-hand rule can be used to
find the direction of the force acting on a
charged particle that enters
perpendicularly to the magnetic field.

How the charged particle moves when it
enters the magnetic field with an angle
between the velocity vector and the
magnetic field vector other than 90, 0,
and 180°.

Post-implementation

The magnetic force does not act on
charged particles moving in the same
direction as the magnetic field.

The direction of the magnetic forces acting
on the - and + charged particles entering
the same magnetic field at the same
velocity is opposite.

The magnetic force does not act on the
charged particle standing in the magnetic
field.

The right-hand rule can be used to indicate
the direction of the velocity using the
thumb; the magnetic force can be indicated
using the palm; and the direction of the
magnetic field can be indicated using four
fingers.

The right-hand rule can be used to indicate
the direction of the magnetic field using
the palm; the force can be indicated using
the thumb; and the velocity can be
indicated using four fingers.

The charged particle makes a spiral motion
if it enters the magnetic field with an angle
between the velocity vector and the
magnetic field vector other than 90, 0, and
180°.

S2

How the charged particle moves when it
enters the magnetic field with an angle
between the velocity vector and the
magnetic field vector other than 90, 0, and
180°.

Figure 1. Codes determined before and after implementation related to the direction of the

force acting on the charged particle in the magnetic field

The code, 'the right-hand rule can be used to indicate the direction of the velocity using
the thumb; the magnetic field can be indicated using back of the palm, and the direction of
magnetic force can be indicated using four fingers', was determined in the pre-implementation
as being the correct information for a positively charged particle that enters the magnetic field
perpendicularly. An example of the pre-interview with student S1 about this code is as

follows:

Researcher: There is a magnetic field on the plane of the page. The positively charged

particle enters the magnetic field with velocity v. Can you draw how the particle moves?

uoljew.iojuil 339410)

uonewsiojul

919|dwodu)



232 E. Sahin & R. Yagbasan/ Pamukkale University Journal of Education, 54, 215-248, 2022
S1: | think that according to the right-hand rule, my thumb pointing into the page is

showing me the velocity because it is positively charged, the palm is facing up, and | guess
that the force of the magnetic field is upwards like this. Therefore, I think it moves in this way.

An example of the post-interview with student S1 relevant to this code is as follows:

Researcher: ...There is a magnetic field inside. There is a magnetic field into the plane
of the page. We send the particle +q to the magnetic field at velocity v (from the left side).

Could you draw the motion?
S1: The motion is upwards like this.
Researcher: How did you find this?

S1: According to the right-hand rule, the four fingers show the direction of the
magnetic field on the page, our thumb shows the direction of velocity, and the palm shows the
force of the magnetic field because it is charged positively; thus, it is upwards. Then, the

particle moves up.

X %X X X  x X x
[ _;"' | —
b XX xS x e x xS x
gt LD sl [
x ox My
-9
(a) (b)

Figure 2. S1's drawings during pre-interview (a) and post-interview (b)

The basic information that S1 provided about the right-hand rule was correct during
the pre-interview and the post-interview. S1's explanation of the right-hand rule differed in
the two interviews because the students themselves identified the right-hand rule during group
work, which differed from the one that S1 had previously learned. Figure 2 (a) and (b) drawn
by S1 during the pre-and post-interviews shows that the trajectory followed by the charge of

+q better represents the reality in the post-interview.
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Figure 3. S2's drawing of the charged particle entering the magnetic field at an angle of 180°

during pre-interview

Figure 3 was drawn in the pre-interview with S2, and the researcher asked how the +q
charge would move when it entered the magnetic field from the right side at an angle of 180°
with the magnetic field, as in the figure (left). S2 stated that the velocity of the charge would
decrease because of the force going in the opposite direction to that of the movement. As such,
it was determined that S2 thought that the magnetic force in the direction of the magnetic field
would be applied to the positively charged particle which enters the magnetic field B at an
angle of 180° with velocity v. S2's post-interview was similar to the pre-interview. In the post-
interview, S2 used the right-hand rule to discover how the charged particle would move.
However, when S2 realized that it could not be used, S2 concluded that the magnetic force
would not affect the charged particles moving in the same direction as the magnetic field and

confirmed this by commenting that a was 180° in the formula, qVBSina.

In the pre-interview with S3, the right-hand rule that the teacher candidate used to find
the force acting on the charged particles entering perpendicularly to the magnetic field vector
in different places was applied as using the thumb to show the direction of the magnetic field,
the index finger to show the velocity, and the middle finger to show the force. Figure 4 (a)
and (b) below are examples of the diagrams made in this interview. In the post-interview, to
find the direction of the force in various places, the right-hand rule was used to indicate the
direction of the magnetic field using the palm, the direction of force using the thumb, and the
direction of velocity using four fingers. Figure 5 (a) and (b) below are examples of diagrams

related to this procedure.

(@) (b)

Figure 4. S3's drawings during the pre-interview
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Figure 5. S3's drawings during the post-interview
Discussion and Conclusion

This study aimed to determine the effects of the integrated use of creative drama with the 7E
model on the success of 16 physics teacher candidates studying at a state university and taking
a physics 1V course on the topic of magnetic fields. Data were obtained from the MFTAT and
semi-structured interviews. According to the findings obtained from the MFTAT, it was
determined that the post-test average scores of the teacher candidates increased for the whole
test and each sub-dimension when compared with the pre-test. Based on the normalized gain
scores, it was found that the improvement of the teacher candidates' learning outcomes was in
the medium criteria. In the interviews, it was found that almost all of the incorrect and
incomplete information initially given by the students had been replaced by correct
information. For these reasons, it can be concluded that the integrated use of creative drama

with the 7E model increased the general success of the teacher candidates.

When the questions in the achievement test were examined one by one in terms of the
percentage of correct answers, it was observed that the percentage of correct answers in all
questions except two of them increased in the post-test. In addition, the percentage of correct
answers in the post-test was 50% or >50% except for five questions. Based on these findings,
the questions (six questions in total) whether the percentage of correct answers did not
increase and remained <50% in the post-test were examined in detail. One of these questions
is that the percentages were the same in the pre-test and post-test. In the post-test, half of the
pre-service teachers chose option ¢, which was the correct answer, while the other half chose
option b, which did not meet the expression "absolutely' in the question (i.e., it was not correct
under all conditions). It was thought that there was significant inattentiveness in the teacher

candidates that marked option b in this question. After reading this option, the teacher
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candidates may have answered the question without reading option (c). We believe that the

number of teacher candidates who answered this question correctly would be even greater if
options (b) and (c) reversed places. When the wrong answers given to four of the other five
questions were examined, it was observed that all teacher candidates knew that the reason the
magnet attracts a substance is that the magnetic force acts on the substance because of the
magnetic field. However, in addition to this information, it was observed that some teacher
candidates thought that magnet and matter were charged with opposite charges, some thought
that an electrical force was affected by the electrical field created by the magnet, and some
thought that one pole of the magnet was positively and the other pole was negatively charged.
In addition, it was found that some of the teacher candidates thought that the magnetic field
was not continuous, and some were confused about this issue. Because most of this incorrect
information is associated with the electric field subject, it may have occurred during this
subject in previous courses or in previous levels of education for some teacher candidates.
Even the teacher candidates may have influenced each other during their interactions and
discussions, and as a result, some teacher candidates may have learned erroneous information
about the subject of the electric field. This result can be interpreted as indicating that students
may arrive at a learning environment with incomplete, incorrect, or biased ideas (Stepans,
2006).

In the literature, there are studies in which some students had erroneous
information/mental models (Dinger, 2018; Sederberg, Latvala, Lindell, Bryan, & Viiri, 2010)
that the poles of the magnet were charged. In addition, Guisasola, Almudi, and Zubimendi
(2004) pointed out that most students used a model of electrical analogy that confuses the
electric and the magnetic fields. Similarly, Dinger (2018) found that some students intertwined
the electric field and the magnetic field in their study. These findings suggest that the problems
of teacher candidates identified in these three questions may be based on the confusion related
to the electric field and the magnetic field. Thus, it is important to determine the preliminary
knowledge of the electric field first and take the necessary precautions in designing education,
taking into account the possibility of confusing the concepts of electric and magnetic fields.
When the wrong answers given to the remaining question were examined, it was seen that
they either did not remember the formula T = 2mm/qB or remembered it incorrectly. Activities
related to the T formula were included in the 7E model's elaborate stage, where creative drama
activities were not included in Lesson Plan 2. In the extended phase where creative drama

activities took place, mainly F=qvbSina and r=mv/qB formulas were included (Students had
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to make inferences from these formulas to determine the motion trajectories in the

improvisation processes). Since it was found that the post-test percentages were high in the
questions in which the F and r formulas were questioned in the achievement test but low in
the question in which the T formula was questioned, it can be inferred that the processes of
creative drama may contribute to teacher candidates' learning the formulas. In the literature,
there are no studies that examined the effects of creative drama on teaching formulas in
science subjects to the best of our knowledge. Therefore, it is thought that the inference made
in this study may be valuable. In the literature, some studies determined the positive effects
of creative drama on students' achievement and could access data collection tools (Copur,
2014; Durusoy, 2012). It was found that the data collection tools in these studies included
questions requiring the use of formulas. Although there are no findings in these studies
regarding the effects of creative drama on the teaching of formulas, it can be said that the
studies support the inference that creative drama may contribute to teaching formulas in

science subjects.

After evaluating results from the questions that required direction finding, conceptual
questions, and the use of a formula—which together represent the three sub-dimensions of the
MFTAT—it was found that the most improvement of teacher candidates' learning outcomes
was for the questions that required direction-finding. In addition, none of the six questions
discussed above were included in the sub-dimension of questions that required direction. In
order to understand the reason for this, the activities were evaluated. It was inferred that the
creative drama activities might have provided a sound basis for finding the direction of the
magnetic force. In Lesson Plan 2, students were encouraged to remember and to repeatedly
use the right-hand rule they learned in the previous stages of the 7E model. Based upon this,
they participated in activities to aid in remembering the variables on which the magnitude of
the magnetic force depends and determine the trajectory of the charged particle in the
magnetic field. It was observed that the teacher candidates who placed themselves in a
magnetic field to understand the movement of the charged particles by repeatedly conducting
similar improvisations needed to engage their minds while personally participating in the
process continuously—they had to observe their classmates, make corrections after realizing
their mistakes, and actively engage and take part. In addition, they engaged in discussions
with their teachers and with each other from time to time to maintain constant communication
during the practice. Saricayir (2010) stated that students actively participated in drama

processes by correcting each other's mistakes and that one of the most important benefits of
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drama was to encourage students’ discussions with each other. Pantidos, Spathi, and Vitoratos

(2001) stated that creative drama made physics more comprehensible and more familiar. By
considering that creative drama can help explain/understand abstract ideas (Abed, 2016;
Braund, 1999; Zimba & Simpemba, 2019), it can be concluded that the creative drama process
may have provided support to teacher candidates' explanations of abstract concepts regarding
magnetic fields. In a recent study by Cents-Boonstra et al. (2020), not only were students
found to be very engaged, but teachers were also more motivated by lessons that included
drama, music, and visual arts. In addition, given that studies have emphasized creative drama
in increasing students’ motivation (Abed, 2016; Batdi, 2020; Odegaard, 2003), it can be
concluded that it may have increased the motivation of the teacher candidates in the creative
drama processes by featuring activities that enabled participation in the processes through
having fun. As a matter of fact, various studies have confirmed that students have fun in

creative drama processes (e.g., Paksu & Ubuz, 2009; Zimba & Simpemba, 2019).

The literature identified no study concerning the effects of the integrated use of
creative drama and the 7E model on success. However, there are studies conducted to
determine the effects of the 7E model and creative drama on success in the teaching of physics
topics separately, and the results of these are generally consistent with the results obtained in
this study. For example, the 7E model was found to be an effective method of teaching physics
in studies on the topics of electrical circuits (Demirezen & Yagbasan, 2013), force and motion
(Kanli & Yagbasan, 2008), de Broglie: matter waves (Baybars & Kiigiikozer, 2018),
electromagnetism (Turgut et al., 2016), the concept of static fluid (Miadi et al., 2018) and
mechanical waves (Warliani et al., 2017). Studies on the topics of electricity (Braund, 1999),
sound physics and solar energy (Hendrix et al., 2012), and force and motion (Kilingaslan &
Simsek, 2015) showed that creative drama is an effective method in improving students'
achievements. Differing from these, a study on the subject of 'mirrors and their uses’,
performed using sixth-grade students, found that the use of the 5E model together with
creative drama positively affected the students’ success (Ayvaci & Yilmaz, 2009). When this
combination was used for teaching, students' associating the subject with daily life increased.
The results of Ayvaci and Yilmaz's (2009) study, based on the 5E model, are compatible with
the current study's findings. In addition, similar results were identified in studies where
creative drama was used in conjunction with activity-based instruction (Timothy & Apata,
2014) and the Jigsaw Il technique (Demir, 2012).



238 E. Sahin & R. Yagbasan/ Pamukkale University Journal of Education, 54, 215-248, 2022
As such, it can be concluded that the use of the 7E model, when designed in

conjunction with creative drama, taking into account the points discussed above, can provide
an important contribution in increasing teacher candidates' success in the topic of magnetic
fields.

Implications

This research determined that the 7E model, when integrated with creative drama, increased
the general success of university-level students. Therefore, similar methods could be used in
other degree courses by taking precautions regarding the problems highlighted in the
discussion section of this study. This study revealed the importance of determining students’
existing knowledge for the subject to be taught and other associated subjects. Therefore, by
determining students' preliminary information, educators are advised to consider this outcome.
This study demonstrated the contributions of creative drama by successfully answering
questions that required direction-finding. It is believed that creative drama can enable students
to think in three dimensions when teaching directions concerning abstract concepts such as
magnetic field, electrical field, force, and speed. Therefore, new research can be conducted
whereby creative drama is used when teaching these various abstract concepts. Finally, as this
study has inferred that creative drama may contribute to teaching formulas in science subjects,

new studies can be conducted in this direction.
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Appendix

Lesson Plan 2

Topic: Magnetic fields; Duration: 5%50 minutes

Learning outcomes: Regarding the movement of charged particles in a magnetic field, students should be able to:

(1) Explain what a magnetic force acting on charged particles in a magnetic field depends on.

(2) Use the right-hand rule to find the direction of a magnetic force acting on charged particles in a magnetic field.

(3) Explain the movement of charged particles in a magnetic field.

Learning-teaching process

Grouping: At the beginning of the course, students are divided into four groups. Groups are created by the teacher in a way
that is heterogeneous and takes into account the individual characteristics of students. Each group is then placed at a
different table, and the ‘engage’ phase starts.

‘Engage’ phase of 7E model

Photographs taken in the regions where the auroras can be seen are shown using a PowerPoint presentation. Then, students
are asked what the common points of these photographs are, and how they relate to the topic. A video of about a minute,
taken in a region close to one of the poles of the Earth, with a clear view of the auroras in the sky, is then projected on the
white screen. The students watch it, and comment. The students are then asked how these lights might relate to the
magnetic field. Their answers are considered, and the basis of these lights is stated as the magnetic force acting on the
charged particles in the magnetic field. The students are asked about the magnetic force acting on the charged particles.
Then, the ‘explore’ phase begins.

‘Explore’ phase of 7E model

An experiment involving a cathode ray tube is carried out to discuss with students what the magnetic force acting on
charged particles in the magnetic field may depend on. A computer with four simulations must be installed on the table of
each group. They are told that three simulations (simulations 1, 2, and 3 prepared in this study using the interactive physics
program) will be used to investigate the magnetic force acting on the charged particles moving in the magnetic field.
Theese simulations are reflected onto the white screen, and explained. In simulation 1, the velocity vector of the charged
particle was constructed so as to be always perpendicular to the magnetic field vector. The direction of the magnetic field
was inward from the screen. In addition, this simulation was designed to allow the particle to perform curvilinear motion
when it enters the magnetic field, but not to allow it to complete its circular motion. Simulation 2 is basically the same as
simulation 1, except that the magnetic field is directed outward from the screen. In these two simulations, students could
change the magnitude of the magnetic field, the direction in which the particle enters the magnetic field, the velocity of the
particle, and the sign and magnitude of the particle’s charge. They could also calculate the value of the magnetic force.
Simulation 3 has the same logic as the first two. However, in this simulation, there were two particles, one whose velocity
vector is in the same direction as the magnetic field vector, and the other is in the opposite direction. A worksheet
(worksheet 1) is given to each group. Worksheet 1 has been prepared so that students could reach the formula F=qvBSina.
Students are asked to conduct group work and to use the simulations to fill in worksheet 1. The teacher leads the process by
going around the groups, and when necessary, makes suggestions through asking questions. At this stage, students discover
the right-hand rule and what the magnetic force depends on from using the simulations.

‘Explain’ phase of 7E model

The teacher asks questions on worksheet 1, and asks the groups to explain their discoveries and to provide their reasoning.
During these explanations, the teacher directs the discussion when necessary.

‘Elaborate’ phase of 7E model

Worksheet 2 is given to each group. All students are asked to complete it through group work, then volunteers are asked to
solve questions on the board. Worksheet 2 contains different examples from the simulations. At this stage, the students use
what they have discovered in the ‘explore’ stage for different examples. Up to this point, all activities have focused on the
direction and magnitude of the magnetic force acting upon the charged particle. Now, the movement of the charged particle
in the magnetic field is discussed. For this purpose, various activities are introduced at this time ( ¥ = mvigB; T = 2nm/gB;
simulation 4, worksheet 3; simulation 5; Van Allen belts).

‘Extend’ phase of 7E model

‘Preparation or Warm-up' Stage of Creative Drama: Musical Warm-up Activity

Students are asked to walk in time to music playing in the classroom (students may dance if they wish), and to take care not
to bump into each other while walking. The teacher accompanies the students and gives instructions, ensuring that the
process runs as follows. Following the teacher's instructions, the students initially walk on the ground with quick steps,
continue to walk with faster steps, then walk with slower steps. If music is playing, they can walk in any direction they
want, at any velocity they want, using any movements they want. The music is stopped at various intervals for around 10-
15 seconds. Each time the music stops, students make the following movements in the 10-15 second period:

Stop 1: Each student changes their movements when the music stops. For example, students can change their speed, change
direction, or stop if they want. In short, they can do whatever they want. What is important here is that they make a change.
When the music starts, they can walk freely again as they wish. Stop 2: When the music is stopped, the students stop and
walk in an opposite direction. When the music starts, they can walk freely again. Stop 3: When the music is stopped, the
students pretend that they have suddenly turned into a positive charge and are entering a constant magnetic field from the
ceiling to the floor. Thus, when the music is stopped, they know that a magnetic force will act on them because they are a
positive charge entering a constant magnetic field with velocity v. At that moment, depending on the direction of their
movements, they determine the direction of the magnetic forces that will act on them, they think about how to move, and
they make their movements when the music stops. Here, the teacher candidates are expected to determine their direction
using the right-hand rule, and to consistently act using the direction they find. After the last stop, the movement of several
of the students is discussed. Students are asked to remember the right-hand rule by asking questions such as the direction
they went in, why they went in that direction, and so on.
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‘Improvisation’ Stage of Creative Drama: Velocity Selector Improvisation Activity

The desks in the class are drawn to the edge of the room, and a large area is created so that there is enough space to perform
comfortably. Students are given roles, and improvisations are conducted over three stages. The basis of the first stage is the
movements of the particles entering a region with only an electric field; the basis of the second stage is the movements of
particles entering a region where there is only the magnetic field; and the basis of the third phase is the movements of the
particles (i.e. the velocity selector) entering the region where both the electric field and magnetic field are present.

setesresrrasessnrs  Phase 1: There is only an electric field. Roles are written on paper, such as two students are a +q
. g charge, two students are a -q charge, one student is a neutral charge, half of the remaining students are
e a positively charged plate, and the other half are a negatively charged plate. The papers are mixed,
and students are asked to choose one. This ensures that every student has a role. Those representing
the positively charged plate and those representing the negatively charged plate are mutually arranged
to be approximately one metre apart. The other five remaining students wait outside the area between the plates. The
students are asked various questions (for example, what is the direction of the electrical field between the plates? Does a
force act when the positive charge enters between the plates?). After discussion, one of the students, who role-plays the +q
charge, moves between the plates at the speed of v (their movement is improvised). Then, in turn, the other student who
role-plays the charge of +q with the speed of 2v, the student who role-plays the charge of-q with the speed of v, the other
student with a speed of 2w, and the student who role-plays the neutral charge enter between the plates using any speed to act
out their movements. During this process, the students comment on the directions and distances between the improvisations
by using the formulae learnt in previous courses. When the students' comments are incomplete or incorrect, the correct
explanations are given by asking leading questions, and animations are performed in accordance with the explanations.

«t s 13« « Phase?2: There is only a magnetic field. Before the lesson, 15 photocopied papers are crossed out to

v, ..+ .. .2 coverthe entire paper. That is to say that a cross mark was placed on A4 white papers, large enough to
= ... .. covertheentire size and leave a dark colour. Students are told that there are no more charged plates in
' o the field, but that there is a magnetic field, and photocopied papers are distributed on the ground so
that the crossed-out mark stays above. The crossed-out marks are said to indicate the direction of the

magnetic field. A similar process to the first phase is repeated so that the trajectory followed by the charged particles
entering the magnetic field is continued by the various states (different velocities, different charges, etc.), and is provided

for improvisation.

T 1T o1 o% % %

Phase 3: There are electrical and magnetic fields present at the same time. In this stage, the crossed-out marks on the
.................. ground are not removed, such as in the first phase, and the installed plates are recreated by the
% r 11 students. Thus, it is said that in the case where both the magnetic field and the electrical field are

present at the same time in the region, improvisations will be made (animating the speed selector).
One of the students animating the charge of +q is asked questions before performing the role-play
(e.g. “When the charge of +q enters the region where both the electrical and magnetic fields are
present, what forces affect the +q charge? What are the aspects of these forces? Which side will the
charge move to?’), to create an atmosphere of discussion. After the discussion, one of the students role-playing the +q
charge enters the zone with the speed of v, and improvises the movement. Then, in turn, the other student role-playing the
+q charge, the two students role-playing the -q charge, and the student role-playing the neutral load each improvise their
identified movements. Then, the improvisations are repeated (the +q charged particle entering the field with 2v speed, -2q
charged particle entering the field with v speed, etc.) for different roles. During events, the students” roles are changed from
time to time. During this process, students comment on the radius of the curvature and the aspects of the movements by
using formulae learnt in previous courses. In addition, students communicate with each other through discussion. When
necessary, discussions are introduced regarding the shapes drawn on the board. When the students’ comments are lacking
or incorrect, the correct explanations are given and improvisations are performed in accordance with the explanations.

The mass spectrometer shape with the velocity selector is reflected on the white screen, and information about the mass
spectrometer is given.

‘Exchange’ phase of 7E model
‘Evaluation-Discussion’ Stage of Creative Drama: Newspaper Preparation Activity

Students are divided into four groups. A piece of A4 paper is given to each group, and they are asked to prepare a
newspaper article covering a current technological application related to charged particles moving within the magnetic field
(students were asked to search for current applications about charged particles moving in the magnetic field at the end of
the previous lesson). Then, the prepared news is read aloud in turn by members of the group.

‘Evaluate’ phase of 7E model

Evaluation scales are given to all students. Students are asked to answer questions individually, and after they have filled in
the scale, questions are solved by the students on the board. The evaluation scale contains questions about the lesson plan’s
achievements. Important points are emphasised by the teacher when necessary. Thus, the students evaluate themselves, and

the teacher evaluates students.
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Giris

Giinliik hayatimizda oldukga biiyiik bir yeri olan fizik konularinin énemi tartigsmasiz kabul
edilmektedir. Ancak bir¢ok arastirmada 6grencilerin fizik konularin1 anlamakta zorlandiklari
vurgulanmistir (Angell, 2004; Gebbels, Evans ve Murphy, 2010; Sahin ve Yagbasan, 20123;
Williams, Stanisstreet, Spall, Boyes ve Dickson, 2003). Ogrencilerin fizik konularini1 anlamakta
zorlanma nedenleri ile baglantili olan c¢alismalarin sonuglari, 6grencilerin zorlanmalarinin
motivasyon eksikligi, ger¢ek hayat uygulamalarinin olmamasi, fizigin ¢ok soyut olmasi,
fizigin ilgi cekici olmamasi (Ornek, Robinson ve Haugan, 2008; Sahin ve Yagbasan, 2012a),
ogrencilerde fizik konularinin zor olduguna dair 6nyargi olmasi (Oon ve Subramaniam, 2011),
fizigin diger fen alanlarina gore daha az sevilmesi (Barmby ve Defty, 2006), 6grencilerin fizik
ile kendi yasam deneyimleri arasinda baglanti kuramamalar1 (Redish, Saul ve Steinberg,
1998) gibi nedenlerden kaynaklandigmi ortaya koymaktadir. Ogrencilerin fizikte basaril
olmalarim1 kolaylastirmak i¢in 6grenme-0gretme siirecini yukarida bahsedilen engelleri
ortadan kaldiracak sekilde yapilandirmak onemlidir. Bu nedenle 6grenci merkezli egitim
verilmesi bir gerekliliktir. Literatiirde de belirtildigi gibi 6grenci merkezli olan yapilandirmaci
yaklasim, 6zellikle 1900'lii yillarin sonlarindan itibaren egitim siireclerinde 6n plana ¢ikmustir.
Yapilandirmaci yaklasima gore 6grenme, 6grencilerin siirekli olarak kendi deneyimlerinden
fikirler iirettikleri aktif bir siiregtir. Genel olarak, 6grencilerin ne bildikleri, ne bilmeleri
gerektigi ve yeni bilgileri nasil 6ziimsemeye baglayacaklari, 6grenci merkezli yapilandirmaci
ogrenme tasariminin odaginda yer almaktadir (Maharg, 2000). Yapilandirmaci yaklagimda
birey bilgiyi bir otoriteden ya da 6gretmenden kolayca almak yerine kendisi yaratir (Sherman,
2000). Gegmisten giiniimiize yapilandirmaci yaklasimin ozellikle fen egitimindeki onemi
vurgulanmaktadir (6rnegin, Arik ve Yilmaz, 2020; Cobern, 1993; Ural ve Biimen, 2016; Weil-
Barais, 2001). Fizik konularindan birinin 6gretimine odaklanan bu ¢aligmanin kapsamina,
temelinde yapilandirmaci yaklagim olan 7E 6grenme modeli (Karplus ve Their, 1967) ve
yapilandirmaci yaklagimla uyumlu olan yaratici drama (Ayka¢ ve Ulubey, 2008) dahil

edilmistir.
7E Ogrenme Modeli

Ogrenci merkezli bir yaklasim olan 6grenme halkasi modeli, baslangigta yapilandirmact
yaklasim temelinde ii¢ asamali olarak tasarlanmistir (Karplus ve Their, 1967). Daha sonra
asama sayis1 zamanla arttirilarak SE (bes asamali; Bybee, 1997) ve 7E (yedi asamali; Bybee,
2003) 6grenme modelleri olusturulmustur. Asama sayisinin artmasi siireci, baz1 agamalarin

ad1 veya yapisi degistirilerek ve yeni asamalar eklenerek ilerlemistir (Kanli, 2009). Ozellikle
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SE 6grenme modelinin fizik egitiminde kullanilmasina yonelik gergeklestirilen arastirmalarin

say1s1 oldukea fazladir ve bu aragtirmalarda genel olarak, bu modelin hem tutum hem de basar1
acisindan onemli katkilarinin olduguna dair sonuglar elde edilmistir (Ayaz, 2015). Son
yillarda S5E 6grenme modelini igeren ve fizik konulariin 6gretiminde olumlu sonuglarin elde
edildigi ¢esitli arastirmalar hala gergeklestirilmeye devam etmektedir (Ceran ve Ates, 2019;
Sarikaya ve Akbas, 2020; Unlii ve Dékme; 2020). Ancak, 7E 6grenme modelinin (7E modeli)
fen egitiminde kullanilmasina yonelik gergeklestirilen calismalar da yapilmis olmasina
ragmen Ozellikle fizik konularmin 6gretiminde SE modeli ile kiyaslandiginda ¢ok daha
simnirlidir. Bu c¢alismalar 7E modelinin fizik egitiminde etkili bir yontem oldugunu
gostermektedir (Baybars ve Kiigiikdzer, 2018; Demirezen ve Yagbasan, 2013; Kanli ve
Yagbasan, 2008; Komikesari ve digerleri, 2020; Miadi, Kaniawati ve Ramalis, 2018; Myint
ve Nyunt, 2018; Primanda, Distrik ve Abdurrahman, 2018; Turgut, Colak ve Salar, 2016;

Warliani, Muslim ve Setiawan, 2017; Yerdelen-Damar ve Eryilmaz, 2019).

7E modelinin asamalart (merak uyandirma, arastirma, aciklama, genisletme,
iligkilendirme, fikir aligverisi-paylagsma, degerlendirme) kisaca su sekilde Ozetlenebilir
(Bybee, 2003). 'Merak uyandirma' asamasinda 6grencilerin ilgi ve motivasyonlari artirilmali,
hayal giicleri gelistirilmelidir. 'Kesfetme' asamasinda 6grenciler, ortak deneyimleri paylasma,
kavram ve beceriler gelistirme, diisiinceleri dogrultusunda kesifler yapma firsatina sahip
olmalidir. ‘Acgiklama’ asamasinda 6grencilere kendi bulgularini baskalarina agiklama firsati
verilerek onlarin kendi disilincelerini anlatmalar1 konusunda tesvik edildikleri bir ortam
yaratilmalidir. 'Genisletme' agamada, ogrencilere kavramlarla ilgili bilgilerini ilerletme ve
bunlar1 diger baglamlara baglama firsat: verilmelidir. 'Tliskilendirme' asamasinda, bir 6nceki
asamay1 destekleyecek sekilde bilginin uygulanmasini igeren, bilginin farkli disiplinlerde
uygulanmasin1 saglayan ve gerektiginde yeni bir kavramla ilgili sayisal problemlerin
¢oziilmesine yardimci olan etkinliklere yer verilmelidir. ‘Fikir aligverisi-paylasma’
asamasinda 0grencilerin fikirlerini 6zgiirce ifade edebilecekleri bir ortamda, yeni kavramlari
hem Ogretmenleri hem de akranlar ile paylasarak, dinleyerek ve tartisarak 6grenmeleri
pekistirilmeye c¢alisilmalidir. Son olarak, ‘degerlendirme’ asamasinda ¢esitli yollarla

degerlendirmeler yapilarak 6grencilere geri bildirim verilmelidir (Bybee, 2003).
Yaratict Drama

Yaratici dramanin ilk uygulayicilarindan Harriet Finlay Johnson, 6grencilerin gorerek ve
yaparak daha iyi 6grendiklerini ve egitim siire¢lerinin 6grenci merkezli yeni bir anlayisla inga

edilmesinin daha iyi oldugunu savunmustur (Johnson, 1912). Odegaard (2003), dramanin fen
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egitiminde kullanimini incelemis ve dramanin 6grencilere 6grenmenin bilissel, duyussal ve

aktif yonlerini biitiinlesik bir sekilde deneyimleme firsatt sundugunu belirtmistir. Braund
(1999) elektrik konusunda yaptigi calismada, drama etkinliklerinin fen bilgisi 0gretmen
adaylarmin soyut fikirleri aciklamalarina yardimci oldugunu belirlemistir. Bu bulguyu
destekleyen ¢alismalar da mevcuttur (Abed, 2016; Dorion, 2009). Bu nedenle fizik kavramlari
olduk¢a soyut ve 6grenciler i¢in gorsellestirmesi zor oldugu i¢in yaratict drama bu agidan
ogrencilere yardimci olabilir. Ayrica yaratict drama etkinliklerinin 6grencilerin kavramlari
giinliik yasamla iliskilendirmesine yardimci olabilecegini (Henry, 2000) ve motivasyonlarini
olumlu yonde etkiledigini vurgulayan (Abed, 2016; Batdi, 2020; Odegaard, 2003) ¢ok sayida
caligsma bulunmaktadir. Yaratict dramanin fen ve/veya fizik konularinda bagarilarini artirmada
etkili oldugu ¢ok sayida arastirmalarla ortaya konmustur (Arieli, 2007; Braund, 1999; Cokdar
ve Yilmaz, 2010; Danckwardt-Lilliestrom, Andrée ve Enghag, 2020; Kilingaslan ve Simsek,
2015; Pantidos, Spathi ve Vitoratos, 2001; Saricayir, 2010; Sahin ve Yagbasan, 2012b; Zimba
ve Simpemba, 2019). Ayrica, ¢esitli meta-analiz ¢alismalarinda, yaratict dramanin fen
konularindaki basarilar {izerinde olumlu ve anlamli etkileri oldugu tespit edilmistir ( Lee,
Patall, Cawthon ve Steingut, 2015; Simsek ve Karatas, 2020). Ayrica, yaratict dramanin
ogrencilerin derse/konuya yonelik tutumlarini olumlu yonde etkiledigi belirlenmistir (Abed,
2016; Stagg, 2020; Taskin ve Mogol, 2016; Timothy ve Apata, 2014; Toraman ve Ulubey,
2016). Benzer sekilde, 6gretmen goriislerine gore yaratict drama Ogrencilerin derse olan

sevgisini ve ilgisini arttirmaktadir (Toksun, 2019).

Yaratict dramanin alanyazinda cesitli tanimlar1 yer almakla birlikte bu calisma

kapsaminda temel alinan tanim ve asamalar1 asagida agiklanmistir:

Egitimde yaratic1 drama, herhangi bir konuda dogaclama, rol oynama gibi tekniklerden
yararlanarak, bir grupla ve grup lyelerinin birikimlerinden, yasantilarindan yola ¢ikarak
canlandirmalar yapmaktir. Bu siireg, grubun yapisina gére dnceden belirlenmis ortamda bir
lider tarafindan yonetilir (Adigiizel, 2006). Adigiizel (2006) yaratic1 drama etkinliklerinin (1)
hazirlik-isinma, (2) canlandirma ve (3) degerlendirme-tartisma seklinde {i¢ asamaya gore
tasarlanmasini  Onermistir. ‘Hazirlik-Isitnma’ asamasinin asil amaci, bir grup dinamigi
olusturmak ve Ogrencilerin bir sonraki agsamaya hazir duruma gelmelerini saglamaktir. Bu
asama daha ¢ok 6gretmen tarafindan yapilandirilir ve bu agamada genellikle oyunlar yer alir.
Oyunlar, dgrencileri ¢alisilacak konuya hazirlayacak nitelikte segilmelidir. Ikinci asama, tiim
olusum ¢alismalarinin yapildigi asamadir. Bu asamada, dogaglama, rol oynama ve diger

teknikler kullanilir. Paylasilan deneyimler ve ardindan yaratict dramanin degerlendirilmesi,
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bireyin bu asamada nasil ‘performans gosterdigine’ ve deneyimin nasil algilandigina gore

sekillenir. Uglincii asama, drama calismalarinda elde edilen sonuglarin degerlendirildigi
asamadir. Genel olarak egitsel kazanimlar lizerine tartismalar bu asamada yapilir ve siirecin

0zii, onemi ve niteligi bu asamada belirlenir.
Amacg

7E modeli ve yaratici drama ile ilgili olarak gergeklestirlen bu ¢aligmalarin sonuglarindan yola
cikildiginda 'fizik egitiminde etkililigi kanitlanmis olan bu yontemler biitiinlestirilebilir mi?",
biitlinlestirilebilirse ‘bu kullanim katilimcilarin fizik konularina iliskin 6grenmelerini nasil
etkiler?” sorular1 giindeme gelmektedir. Alanyazinda 7E modeli ile yaratici dramanin
biitiinlestirildigi bir ¢aligmaya rastlamamis olmamiza ragmen, yaratict dramanin SE modeli
(Ayvact ve Yilmaz, 2009), aktivite temelli 6gretim (Timothy ve Apata, 2014), Jigsaw Il
teknigi (Demir, 2012) gibi ¢esitli yontem ya da tekniklerle birlikte kullaniminin arastirildigi
ve bu kullanimlarin 6grenciler iizerinde olumlu etkilerinin tespit edildigi baz1 caligmalara
ulagilmistir. Bu nedenle, 7E modelinin yaratici drama ile biitiinlestirilerek kullaniminin fizik
egitiminde etkililiginin arastirilmasi bu ¢alismanin temelini olusturmaktadir. Ogrencilerin
manyetizma konularin1  6grenmekte zorlanmalar1 (Maloney, O’Kuma, Hieggelke ve Van
Heuvelen, 2001; Sahin ve Yagbasan, 2012a) nedeniyle bu konu sacilmistir. Ogretmen
adaylarinin 6grenim gordigi devlet {iniversitesindeki egitim programinda, manyetizmanin
temellerinin Fizik IV dersi kapsaminda yer alan Manyetik Alan konusu ile atilmasi sebebiyle
‘Manyetik Alan’ konusu secilmistir. Manyetik Alan konusu manyetik alan kavramini,
manyetik alanda ytiklii par¢aciga etki eden manyetik kuvveti ve igerisinden akim gecen tele

etki eden manyetik kuvveti kapsayacak sekilde sinirli tutulmustur.

Bu arastirmanin amaci, yaratici drama ile 7E modelinin biitiinlestirilerek
kullanilmasinin {niversitede O6grenim goren ve Fizik IV dersini almakta olan 16 fizik

Ogretmen adayinin, manyetik alanlar konusundaki basarilarina etkilerini belirlemektir.
Yontem

Arastirmada hem nitel hem de nicel arastirma yontemlerini igeren karma model kullanilmistir.
Arastirma, Creswell ve Clark (2007) tarafindan gelistirilen zenginlestirilmis desene gore
gerceklestirilmistir. Zenginlestirilmis desenin temelinde, bir veri ¢esidinin diger veri ¢esidinin
zayif yonlerini tamamlayarak giiclendirmesi yer almaktadir (Creswell & Clark, 2007). Bu
arastirmanin nicel boyutunda 6n test ve son test olarak coktan se¢meli basar1 testi

kullanilmistir. Bu arastirmada genelleme amaci giidiilmedigi i¢in sonuglar betimsel olarak
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sunulmus ve nicel veriler ¢ikarimsal istatistik analizleri yapilmadan yorumlanmistir.

Aragtirmanin nitel boyutunda yar1 yapilandirilmig gériismeler kullanilmistir. Goriismelerden

elde edilen veriler icerik analizine tabi tutulmustur.
Katihmeilar

Arastirma bir devlet {iniversitesinde Fizik Ogretmenligi Programina kayitl Fizik IV dersini
almakta olan 16 6gretmen aday: ile gerceklestirilmistir. Fizik IV dersi fizik 6gretmenligi
programinin dordiincii yartyilinda yer almaktadir. Tiim O6gretmen adaylar1 yaratict drama
etkinliklerine katilma deneyimine sahiptir. Ogretmen adaylar1 yaratici dramanm ydntem
olarak kullanildig1 hazirlik niteliginde {i¢ adet ders planinin uygulamalarina katilmiglardir.
[lk iki ders planinda yaratic1 drama siireglerinde problem yasamamak igin gerekli olan bireysel
farkliliklar, iletisim, dogaclama, rol yapma gibi konulara odaklanilmistir. Uciincii ders
planinda, bir fizik konusunda yaratici dramanin kullanimina odaklanilmistir. Tiim ders
planlarinin siireleri ikiser saattir (bu ti¢ ders planinin gelistirilmesi siirecinde ti¢ uzmanin
goriisleri alinmigtir. Bu uzmanlardan biri yaratict drama egitmeni, diger ikisi ise yaratici
drama konusunda uzman akademisyenlerdir. Ayrica, akademisyenlerden biri ayn1 zamanda
fizik egitimi uzmanidir). Bu arastirma, konuyla ilgili daha genis bir ¢calismanin bir parcasidir.
Calismanin basinda Fizik IV dersini alan 35 6gretmen adayina bu arastirma hakkinda bilgi
verilmis ve katilmak isteyip istemedikleri sorulmustur. Tiim 6gretmen adaylarindan katilmak
istediklerine dair geri bildirim alinmistir. Bu arastirma kapsamindaki 6gretmen adaylari
manyetik alanlar konusu basari testi 6n test puanlarina gore se¢ilmistir. Bu puanlar alt, orta ve
ist diizey olarak smiflandirilarak 16 6gretmen adayindan olusan heterojen bir grup
olusturulmustur. Bu 6gretmen adaylari, manyetik alanlar konusunda 7E modeli ile yaratici

dramanin biitiinlestirilmesiyle tasarlanan uygulamalara katilmiglardir.
Verilerin Toplanmasi

Arastirmada veri toplama araci olarak manyetik alan konusu bagari testi (MAKBT) ve yar1
yapilandirilmig goriisme formlar1 (YYGF 1, YYGF 2 ve YYGF 3) kullanilmistir. MAKBT,
16 6gretmen adayinin tamamina uygulamalarin 6ncesinde ve sonrasinda uygulanmis, yari
yapilandirilmis goriismeler ise li¢ 6gretmen aday1 ile uygulamalarin dncesinde ve sonrasinda
gerceklestirilmistir. Bu ii¢ 6gretmen aday1, veri ¢esitliliginin saglanabilmesi icin MAKBT 6n

test sonuglarinin alt, orta ve list diizeylerinden se¢ilmistir.



E, Sahin ve R, Yagbasan/ Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 54, 215-248, 2022 221

Manyetik alanlar konusu basari testi

Bu aragtirma kapsamindaki MAKBT'nin gelistirilmesine iliskin bilgiler asagida 6zetlenmistir.
Baslangigta bes fizik egitimi uzmaninin goriisleri de alinarak 23 maddelik ¢oktan segmeli bir
pilot test hazirlanmistir (uzmanlarin goriis ve Onerileri kapsam gecerligini saglamak igin
kazanimlarin sorulara dagilimini igeren bir tablo iizerinden alinmistir). Ardindan, test toplam
202 6grenciye uygulanmistir. Bu 6grenciler, bu arastirmain ¢aligma grubunda degildir, daha
onceki yillarda Manyetik Alan konusunu kapsayan dersler almis olup, Fen/Fizik Ogretmenligi
programinda O6grenim gormekte olan Ogrencilerdir. Madde analizi sonucunda gerekli
diizeltmeler yapildiktan, bazi sorular ¢ikarildiktan ve 10 uzmanin (besi doktorasimi Fizik
Egitimi Bilim Dalinda, biri Fizik Anabilim Dalinda tamamlamis, dordii Fizik Egitimi Bilim
Dalinda doktora egitimine devam etmekte olan akademisyenler) goriisti alindiktan sonra test
son seklini almistir. MAKBT’de coktan se¢cmeli 20 madde yer almaktadir. Test i¢in
hesaplanan Cr-Alpha giivenirlik katsayisi 0.71°dir. MAKBT'de yer alan sorulara iliskin

kazanimlar Tablo 1'de sunulmustur.

Tablo 1. MAKBT de Yer Alan Sorularin Kazanimlara Dagilimi

Kazanimlar Soru no
Ogrenciler “manyetik alan” kavramimi miknatis drnegi iizerinden agiklar. 1,2
Ogrenciler, “manyetik alan” ile “manyetik alan ¢izgileri” arasindaki iliskiyi 3,4,5
aciklar.

Ogrenciler, manyetik alanin siirekli oldugunu soyler. 6,7

Ogrenciler, yiiklii pargaciklara manyetik alanda etki eden manyetik 8,9,10
kuvvetin nelere bagh oldugunu agiklar.

Ogrenciler, yiiklii pargaciklara manyetik alanda etki eden manyetik 11,12
kuvvetin yoniinii bulabilmek i¢in sag el kuralini1 kullanir.

Ogrenciler, yiiklii pargaciklarin manyetik alandaki hareketini agiklar. 13, 14, 15, 16, 17

Ogrenciler, igerisinden akim gecen tele, manyetik alanda etki eden 18, 19
manyetik kuvvetin nelere bagli oldugunu agiklar.

Ogrenciler, igerisinden akim gegen tele, manyetik alanda etki eden 20
manyetik kuvvetin yoniinii bulabilmek i¢in sag el kuralin1 kullanr.
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Yap1 gecerliginin saglanmasi i¢in testten elde veriler lizerinde yapilan agimlayici

faktor analizi ve yukarida bahsedilen 10 uzmanin goriisleri dogrultusunda testin, ii¢ alt boyutta

ele alinabilecegine karar verilmis ve alt boyutlarin sinirlar1 agagidaki gibi ¢izilmistir.

Birinci alt boyut: Bu alt boyutta yén bulma sorular1 ve yon bulmaya dayali ¢ikarim gerektiren
sorular yer almaktadir. Bu nedenle bu alt boyuta ‘yon bulma gerektiren sorular® ismi uygun
goriilmiistiir. Bu alt boyuttaki soru numaralar1 11, 12, 13, 16 ve 20°dir. Ikinci alt boyut: Bu alt
boyutta kavramsal bilgiye dayali sorular, kavramlar aras iligkileri iceren sorular ve neden-
sonug iliskisi igeren sorular yer almaktadir. Burada kavramlardan kastedilen, manyetik alan
kavrami1 ve bu kavramla iliskili olan manyetik kuvvet, manyetik alan ¢izgisi, manyetik alanin
stirekliligi gibi kavramlardir. Bu nedenle ‘kavramsal sorular® adi bu alt boyuta uygun
goriilmiistiir. Bu alt boyuttaki soru numaralar 1,2, 3, 4, 5, 6, 7, 8 ve 17'dir. Uciincii alt boyut:
Bu alt boyutta biiyiikliiklerin oransal ve sirali karsilastirmasini igeren, yani cevaplanmasi i¢in
bagint1 kullanilmasini gerektiren sorular yer almaktadir. Bu nedenle bu alt boyuta ‘baginti
kullanmay1 gerektiren sorular® adi uygun goriilmistiir (ilgili bagintilar: F=qvBSina, =mv/qB,
T=2nm/qB, F=ILBSina). Bu alt boyuttaki soru numaralar1 9, 10, 14, 15, 18 ve 19°dur.

Alt boyutlar i¢in hesaplanan Cronbach alfa degerleri sirasiyla 0.86, 0.51 ve 0.57'dir.
Madde sayis1 az oldugunda Cr-alfa degerinin diisiik olabilecegi (Seker ve Gengdogan, 2014,
s. 47; Taber, 2017), literatiirde 6zellikle kavram testlerinde giivenirlik katsayisinin diisiik
olabilecegini vurgulayan/ornekleyen c¢alismalarin (6rn. Eryilmaz, 2010; Kaltak¢i, 2012;
Kanli, 2015) yer aldig1 ve sorularin siniflandirma siirecinde 10 uzmanin goriisiine yer verildigi
g6z oOniine alinarak, MAKBT verileri analiz edilirken yukarida agiklanan alt boyutlar dikkate

alimastir.
Yart yapulandrilmis goriisme formlart

Yar1 yapilandirilmis goriigme formlari, ders planlarinin kazanimlarina uygun olacak sekilde
gelistirilmistir. Manyetik alanlar konusu igerisinde ii¢ alt konu oldugu i¢in, her bir alt konu
i¢cin olmak tizere {i¢ ders plani olusturulmustur. Boylece her bir plan i¢in bir adet olmak iizere
ti¢ adet goriisme formu (YYBF 1, YYGF 2 ve YYGF 3) gelistirilmistir. Formlarin gelistirilme
stirecinde Fizik Egitimi Anabilim Dali’nda goérev yapan ii¢ akademisyenin, formda yer alan
sorulara yonelik goriis ve Onerileri alinmigtir. Goriismeler, her ders planinin uygulanmasindan
once ve sonra yapilacak sekilde tasarlanmistir. Goriismelerde siire kisitlamasi yapilmamas,
goriismelerin sitireleri 15dk ile 30dk arasinda degismistir. Gorlismeler sessiz bir ortamda

gergeklestirilmis ve 6grencilerden izin alinarak ses kayit cihazi ile kayit altina alinmastir.
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Ders Planlari ve Uygulama Siireci

Ders planlar1 tasarlanirken yaratici dramanin asamalart 7E modelinin ¢esitli agamalar ile
biitiinlestirilmistir. En iyi yolu ¢izebilmek i¢in konuyla ilgili literatiir taramas1 yapilmistir.
Elde edilen tiim materyaller degerlendirilmis ve en uygun adimlar belirlenmistir. Bir baska
deyisle, bu sliregte yaratict dramanin agsamalarini 7E modelinin 6nceden se¢ilmis asamalarina
biitiinlestirme yolu izlenmemistir. Arastirma sonucunda elde edilen ve konuya/yaratici
dramaya en uygun oldugu diisiiniilen etkinlikler 7E modelinin uygun asamalarina entegre
edilmistir. Ornegin, Ders Plam1 2'de (ekte sunulmustur), yaratict dramanin 'canlandirma’'
asamasinda hiz se¢icinin canlandirilmasina karar verildiginde, 7E modelinin 'iliskilendirme'
asamasina monte edilmesi uygun gorilmiistiir. Bunun nedeni, hiz segiciyi canlandirmak igin
ogrencilerin dnce manyetik kuvvetin bagli oldugu degiskenleri ve sag el kuralin1 7E modelinin
'kesfetme' asamasinda kesfetmeleri gerektigidir. ilave olarak, ogrenciler "genisletme"
asamasinda, yiiklli parcacigin manyetik alanda nasil hareket ettigini anlayabilmis olmalidirlar.
Boylece, 'kesfetme' ve 'genisletme' agsamalarinda ogrendikleri bilgileri, 'genigletme'
asamasinda farkli bir 6rnek kullanarak bilgilerini ilerletmek ve diger baglamlara baglamak
icin kullanacaklardir. Bu nedenlerle yaratict dramanin 'canlandirma’ asamasinin 7E modelinin
"iligkilendirme' asamasima monte edilmesi gerektigine karar verilmistir. Ders planlar
olusturulurken biri fizik egitimi alaninda, digeri hem fizik egitimi hem de yaratict drama
alaninda uzman olmak iizere iki akademisyenin goriis ve Onerileri alinmistir. Bu goriis ve
Onerilere gore yapilan diizenlemelerin ardindan ders planlarinin uygulanabilirligini
gorebilmek amaciyla bu arastirmanin ¢aligma grubundan farkl bir fizik 6gretmen aday1 grubu
ile ilk iki ders plam igin pilot uygulamalar gergeklestirilmistir. Ogrencilerin ayirabilecegi
zamanin sinirlt olmast ve ders planlariin uygulanabilirligini gdérebilmek acisindan yeterli
diizeyde yol gostereceginin diisiiniilmesi nedeniyle ders plani 1 ve 2 i¢in pilot uygulamalarin
gercgeklestirilmesinin yeterli olacagi diisiiniilmistiir. Pilot uygulama siirecinde ders planlarinin
uygulanabilirligi ile ilgili biiylik problemlerle karsilasilmamistir. Karsilasilan en 6nemli
problem zaman ile ilgili olmustur. Bir ders plani igin ayrilan siire baglangicta dort ders saati
olarak diislinlilmiis ve pilot uygulamalar gerceklestirilirken, 7E modelinin tiim asamalar1 dort
ders saati siiresince arka arkaya gergeklestirilmistir. Ancak 6grencilerin ilk {i¢ saatten sonra
konsantrasyon gii¢liigii yasadigi gézlemlenmistir. Bu nedenle, her bir planin uygulamasi iki
farkli giine boliinmiis ve etkinliklerin daha rahat gergeklestirilmesi igin siire bir saat
uzatilmistir. Pilot uygulamalardan sonra son diizenlemeler yapilarak ders planlari, her birinin

stiresi beser saat olmak iizere, {icer saatlik ve ikiser saatlik iki ayr1 glinde gerceklesecek
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sekilde tamamlanmistir. Boylece, uygulamalar toplam 15 ders siirmiistiir. Son duruma gore,

yaratict drama etkinlikleri ders plan 1 ve 2'de iliskilendirme ve fikir aligverigi-paylasma

asamalarinda, ders Plan1 3'te kesfetme ve agiklama asamalarinda yer almistir.

Ders Planm1 1'de, manyetik alan kavrami, manyetik alan ¢izgileri ve manyetik alanin
stirekliligi, ders plan1 2'de manyetik alandaki yiiklii pargaciklara etki eden manyetik kuvvet,
ders plan1 3'te, manyetik alanda akim tasiyan tele etki eden manyetik kuvvet konularina

odaklanilmistir. Ders planlarinin anlagilabilmesi i¢in ders plani 2'nin 6zeti ekte verilmistir.
Verilerin Analizi
MAKBT’den elde eilen verilerin analizi

20 sorudan olusan MAKBT 100 iizerinden puanlandirilmistir. Boylece, her bir soru
maddesine verilen dogru cevaplar i¢in bes puan, yanlis cevaplar igin ise sifir puan verilmistir.
Bulgular boliimiinde 6grencilerin, testin her bir alt boyutundan ve tamamindan almis olduklari

puanlar betimsel olarak sunulmustur. Tlave olarak,

(son test puanlarinin ortalamasi —6n tets puanlarinin ortalamasi)

formilii  kullanilarak  hesaplanan

(alinabilen maksimum puan—o6n test puanlarinin ortalamasi)
normallestirilmis kazanim degerleri (<g») sunulmustur. <g»> degerlerini yorumlama kriterleri su
sekildedir: «g>>0.7 yiiksek, 0.7>¢>>0.3 orta ve «g»<0.3 diisiik (Hake, 1998). Ayrica, her bir

soruya verilen dogru cevaplarin frekans ve yiizdeleri de bulgular boliimiinde sunulmustur.
Yart yapulandrilmis goriisme formlarindan elde edilen verilerin analizi

Ses kayitlarindan elde edilen veriler Oncelikle bilgisayar ortamina aktarilmistir. Veriler,
uygulama Oncesi ve uygulama sonrasi ayr1 ayri olacak sekilde dikkate alinarak, igerik
analizine tabi tutulmustur. Analiz siirecinin ayrintilar1 su sekildedir: Analiz siirecinde,
oncelikle 6grencilerle yapilan goriismelerden elde edilen veriler sirayla okunmustur. Okuma
sirasinda kazanimlarla iligkili olarak 6grencilerde oldugu tespit edilen bilgiler belirlenmis ve
bu bilgiler numaralandirilmistir. Béylece her bir rakam farkli bir kodu temsil edecek sekilde,
kod verme islemi tamamlanmistir. Ardindan, olusturulan kodlar arasindaki ortak ydnler
belirlenerek kodlar iic kategori (hatali bilgi, eksik bilgi, dogru bilgi) olacak sekilde
simiflandirilmigtir. Hatali bilgi kategorisi kapsaminda 6grencilerin sahip oldugu bilginin
icerisinde hata veya hatalarin tespit edildigi kodlar; eksik bilgi kategorisi kapsaminda bilgiyi
ogrencinin bilmediginin tespit edildigi kodlar; dogru bilgi kategorisi kapsaminda ise,

ogrencinin bilgiye dogru olarak sahip oldugunun tespit edildigi kodlar yer almistir.
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Analizin gilivenirliginin saglanmasi i¢in, goriisme dokiimlerinin arastirmacilarin

disinda uzmanlar tarafindan kodlamasi planlanmistir. Cok uzun olmasi sebebiyle, goriisme
dokiimleri altiya boliinmiistiir. Goriisme dokiimleri ve ilgili kodlar ile kategorilerin oldugu
liste Fizik Egitimi Ana Bilim Dali’nda gorevli 6 akademisyene verilmistir. Akademisyenler
listeye gore goriisme dokiimlerini kodlamislardir. Ardindan, akademisyenlerin kodlari,
arastirmacilarinkilerle  karsilastirilmistir.  Ozellikle goériis  ayriligt  olan  kisimlarin
akademisyenler ile goriismeler yapilarak tartisilmasi sonucunda, son diizeltmeler yapilarak
analizler tamamlanmistir. Goriismelerden elde edilen bulgular sunulurken 6grencilerin gergek

isimleri gizli tutularak O1, 02, O3 takma isimleri kullanilmistir.
Bulgular
MAKBT’den Elde Edilen Bulgular

Yaratici drama ile biitiinlestirilen 7E modeline gore 6grenim goren fizik 6gretmen adaylarinin,
MAKBT’nin alt boyutlarindan ve tamamindan aldiklar1 puanlarin ortalamalarina iliskin

sonuclar Tablo 2’de verilmistir.

Tablo 2. Ogretmen Adaylarimin MAKBT den Aldiklari Puanlarin Ortalamalarina Iligkin

Sonuclar
] Ort. Max.
MFTAT Islem S.S. @ Soru no
puan puan
1. Atboyut: Yon bulma On test 531 464
) 068 25 5
gerektiren sorular Son test 1875  6.19
On test 13.13 5.12
2. Alt boyut: Kavramsal sorular 043 45 9

Son test 26.88 8.54

3. Altboyut: Bagint1 killanmay1 On test 9.06 491
. 045 30 6
gerektiren sorular Son test 1844 676
On test 27.50 10.64
Testin tamami 0.50 100 20

Son test 64.06 14.74
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Tablo 2’ye gore son test puan ortalamalar1 her bir alt boyut ve testin tamami i¢in 6n test

puanlarina gore artig gostermistir. <g» degeri her bir alt boyut ve tiim test i¢in orta diizeydedir
(0.7>¢<g>>0.3). Diger bir deyisle, 6gretmen adaylarinin 6grenme ¢iktilarindaki gelisimin orta
diizeyde oldugu sdylenebilir. <g>'nin maksimum degeri birinci alt boyutta 0,68 olup, bu deger
yiiksek kritere (0,7) yakindir. Bu nedenle, 6gretmen adaylarimin 6grenme ¢iktilarindaki
gelisimin yon bulmay1 gerektiren sorular alt boyutunda diger alt boyutlara gore daha fazla
oldugu soylenebilir. MAKBT’deki tiim sorular ayr1 ayri ele alinarak, her bir soruyu dogru

cevaplayan 6gretmen aday1 sayilari ve yiizdeleri Tablo 3’te verilmistir.

Table 3. MAKBT 'deki Sorulart Dogru Cevaplayan Ogretmen Aday: Sayi ve Yiizdeleri

Alt On test Son test

Soru no ve igerigi
boyut f % f %

1. Alt 11-Manyetik alan icerisindeki bir elektronun izledigi yoriinge 7 43.8 11 68.8

verilerek, manyetik alanin yoniiniin sorgulanmas.

boyut

12-Pozitif yikli pargacigin, diizglin bir manyetik alana dik 1 6.3 14 875

olarak girdiginde izleyecegi yoriingenin sorgulanmasi.

13-Yiikli parcacigin manyetik alanda spiral hareket yapmast 4 25.0 8 50.0
icin, v ile B arasindaki aginin alabilecegi degerlerin

sorgulanmas.

16-Pozitif yiiklii pargacigin, yonii verilen manyetik alandaki 2 125 14 87.5

anlik hiz vektorii verilerek, izleyecegi yoriingenin sorgulanmasi.

20-Manyetik alan igeriSindeki akim gegen tele etki eden kuvvetin 3 18.8 13 81.3
yonii  verilerek, manyetik alan ve akimin yodnlerinin

sorgulanmas.

2. Alt 1-Miknatisin bir maddeyi ¢gekmesinin sebebinin sorgulanmast 9 56.3 7 43.8
boyut . . o yerq e
2-Miknatislar ~ ilizerinden manyetik alanin  6zelliklerinin 2 125 4 25.0

sorgulanmasi (manyetik alanin ka¢ boyutlu oldugu vb.).

3-Manyetik alan cizgilerinin 6zelliklerinin ~ sorgulanmas1 5 31.3 12 75.0
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(manyetik alan ¢izgilerinin manyetik alan kavramini agiklamada

yeterli olup olmadigi vb.).

4-Manyetik alan ¢izgilerinin 6zelliklerinin  sorgulanmas1 5 31.3 13 81.3

(cizgilerin kesismesinin miimkiin olup olmadig1 vb.).

5-Iki miknatis sitemi iizerinden miknatislarin disindaki manyetik 10 62.5 13 81.3

alan ¢izgilerinin sorgulanmasi.

6-Miknatisin icerisinde manyetik alan olup olmadiginin, 5 31.3 16 100.0
manyetik alan c¢izgileri arasindaki bosluklarda manyetik alan

olup olmadiginin sorgulanmasi.

7-Miknatis iizerinden manyetik alan ¢izgilerinin siirekliliginin 0 0.0 5 31.3

sorgulanmas.

8-Manyetik alan icerisindeki durgun yiikli bir parcaciga 1 6.3 4 250

manyetik kuvvet etki edip etmeyeceginin sorgulanmasi.

17-Manyetik alana v hiziyla dik olarak giren yiiklii bir parcacigin 5 31.3 12 75.0

hizinin biiyiikliigiiniin degisip degismeyeceginin sorgulanmasi.

3. Alt 9-Yikli pargacigin manyetik alana dik olarak girmesi 7 43.8 14 87.5
boyut durumunda, manyetik kuvvetin biiyiikliigiiniin bagli oldugu
degiskenlerin sorgulanmasi (F=qvB).

10-Yukli parcacigin manyetik alan acili olarak girmesi 2 125 12 75.0
durumunda, manyetik kuvvetin biiyiikliiglintin aciya bagliliginin

sorgulanmas1 (F=qvBSina).

14-Yukli parcacigin manyetik alana dik girmesi durumunda 8 50.0 13 81.3
izleyecegi yoriingenin yarigapinin bagli oldugu degiskenlerin

sorgulanmasi (r=mv/qB).

15-Yiklii parcacigin manyetik alana dik girmesi durumunda 2 125 4 25.0
izleyecegi yoriingenin periyodunun baglh oldugu degiskenlerin

sorgulanmasi (T=2nm/qB).
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18- Icerisinden akim gegen tele etki eden manyetik kuvvetin 2 125 8 50.0
bliytikliigiiniin ~ bagli oldugu degiskenlerin  sorgulanmasi

(F=ILBSina).

19- igerisinden akim gecen tele etki eden manyetik kuvvetin 8 50.0 8 50.0
blytikliigiiniin ~ bagli oldugu degiskenlerin  sorgulanmasi

(F=ILBSina).

Tablo 3 incelendiginde, iki soru (1. ve 19.sorular) haricindeki tiim sorular i¢in son
testte soruyu dogru cevaplayan 6gretmen aday1 oranlarinin 6n teste gore daha biiyiik oldugu
goriilmektedir. Birinci soruda dogru cevap verme yiizdesi 6n-testte %56,3 iken son-testte
%48,8’e diismiistiir, 19. soruda ise On test ve son test yiizdeleri ayn1 kalmustir. Birinci soruda
miknatisin bir maddeyi ¢ekmesinin sebebi sorgulanmistir. Bu soruya verilen cevaplardan tiim
ogrencilerin, miknatisin bir maddeyi ¢cekmesinin sebebinin manyetik alandan dolay1 maddeye
manyetik kuvvet etki etmesi oldugunu bildikleri goriilmiistiir. Ancak, bu dogru bilgiye ilave
olarak ogrencilerden besinin miknatis ile maddenin zit yiiklerle yiiklii oldugunu, dérdiiniin
ise miknatisin olusturdugu elektriksel alandan dolay1 bir elektriksel kuvvetin etki ettigini

diistindiikleri gorilmiistiir.

On test ve son test yiizdelerinin aym kaldigi 19. soruda, ayn1 B manyetik alanina
yerlestirilmis L ve 2L uzunlugundaki iki tele etkiyen manyetik kuvvetin biiyiikliikleri F ve 4F
olarak verilmis ve 6gretmen adaylarindan se¢enekler arasindan kesinlikle dogru olan ciimleyi
isaretlemeleri istenmistir. Son testte 0gretmen adaylarimin sekizi bu soruda “kesinlikle”
kelimesine uygun olarak, dogru cevap olan ¢ se¢enegini (x ve y tellerinin manyetik alan ile
yaptigi agilar esit ise, y telinden gegen akim siddeti, x telinden gegen akim siddetinin 2 katidir)
isaretlemiglerdir. Diger sekiz 6gretmen adayi ise bu soruya cevap verirken, soruda yer alan
“kesinlikle” kelimesine uygun olmayan b sikkini (y telinden gegen akim siddeti, x telinden

gecen akim siddetinden daha biiyiiktiir) isaretlemislerdir.

On testte sorular1 dogru cevaplayan 6gretmen adaylarinin oram dért soru (1., 5., 14. ve
19.) hari¢ % 50'in altinda olmasina karsin son testte 15 soruda dogru cevaplayanlarin orani
% 50 ve daha tistiindeydi. Son testte dogru cevaplama oran1 %50 nin altinda kalan sorular 1,
2, 7, 8 ve 15’tir. Birinci soruya verilen cevaplar yukarida agiklanmisti. 2., 7., 8. ve 15.
sorularda son test yiizdeleri %50’nin altinda kalmis olsa da 6n teste gore artmustir. Ikinci

soruyu yanlis cevaplayan 0gretmen adaylarinin verdikleri cevaplara bakildiginda; ¢ogunun
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miknatisin bir kutbunun pozitif diger kutbunun negatif yiiklii oldugu hatali bilgisine sahip

olduklar1 goriilmistiir. Yedinci soruyu yanlis cevaplayan dgretmen adaylariin verdikleri
cevaplar incelendiginde, cogunun manyetik alan ¢izgilerinin bir miknatisin N kutbunda
baslayip baska bir miknatisin S kutbunda son bulma ihtimali konusunda kafalarinin karigik
oldugu tespit edilmistir (manyetik alanin stirekliligi). Sekizinci soruyu yanlis cevaplayan
Ogretmen adaylarinin miknatisin kutuplarinin yiiklii oldugunu diistindiikleri belirlenmistir. 15.
soruyu yanlis cevaplayan o6gretmen adaylarinin verdikleri cevaplar dikkate alindiginda

T=2nm/qB formiiliinii ya hatirlamadiklar1 ya da yanlis hatirladiklar1 tespit edilmistir.

Yon bulma gerektiren sorularda dogru cevap oranm son testte %50'in altina

diismezken, bes sorudan ti¢linde %80'in lizerine ¢ikmustir.
Yar1 Yapilandirilmis Goriismelerden Elde Edilen Bulgular

Gorlisme Oncesi ve goriisme sonrasi verilerin igerik analizleri sonucunda, kod sayilarinin

kategorilere ve 6grencilere dagilimi Tablo 4'te verilmistir.

Tablo 4. Kod Sayilarinin Kategorilere Ve Ogrencilere Dagilimi

Ogrenci

Kategori Goriisme tiirii 01 02 03

On goriisme 10 5 5
Dogru bilgi

Son goriisme 28 21 25

On goriisme 9 9 13
Hatal1 bilgi

Son goriisme 0 0 1

On goriisme 6 7 3
Eksik bilgi

Son goriisme 2 1 0

Tablo 4’e gore dgretmen adaylar1 uygulama oncesinde ¢ogunlukla yanlis ve eksik
bilgilere, uygulama sonrasinda ise dogru bilgilere sahiplerdi. Tablo 4°te hatal1 bilgi ve eksik
bilgi kategorilerindeki son goriisme verileri incelendiginde su sonuglara ulasilmistir: O1’in

manyetik alan ¢izgileri modelinin manyetik alani agiklayamadigi yonlerinin olup olmadigim
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ve manyetik alan i¢inde hareket eden yiiklii parcacigin periyodu i¢in hangi formiilden yorum

yapilabilecegini bilmedigi goriilmiistiir (bu sonug, basari testindeki 15. soru i¢in son test dogru
cevap yiizdesinin diisiik olmasini da 6rneklendirmektedir). O2 nin, yiiklii parcacigin manyetik
alna 90°, 0° ve 180°’den farkli bir a¢iyla girdiginde nasil hareket edecegini bilmedigi
bulunmustur. O3’iin, ‘manyetik alan ¢izgileri miknatisin disinda N kutbunda baslayip S
kutbunda son bulur, miknatisin igerisinde yeniden baslar S kutbundan N kutbuna dogru devam
eder’ hatali1 bilgisine sahip oldugu tespit edilmistir (bu sonug, basari testindeki yedinci soruya

verilen son test yiizdelerinin diisiik olmasini1 da 6rneklendirmektedir).

Ogrencilerde tespit edilen tiim kodlar1 vermek miimkiin olmadigindan, 6rnek
olusturmasi i¢in sadece manyetik alandaki yiiklii parcaciklara etki eden manyetik kuvvetin
yonii ile iligkili olan kodlar ayrintili bir sekilde Sekil 1’de verilmistir. Sekil 1°de uygulama
oncesinde 6grencilerde tespit edilen kod sayilar1 dogru bilgi kategorisinde bir, hatali bilgi
kategorisinde dort ve eksik bilgi kategorisinde ikidir. Uygulama sonrasinda ise dogru bilgi
kategorisinde alt1, hatal1 bilgi kategorisinde sifir ve eksik bilgi kategorisinde birdir. Semada

uygulama Oncesi ve uygulama sonrasi tespit edilen iligkili kodlar oklarla gosterilmistir.



Dogru Bilgi

Hatal Bilgi

Eksik Bilgi

~
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UYGULAMA ONCESI

Sag el kurali bagparmak hizin, avug dist
manyetik alanin, dért parmak manyetik
kuvvetin yoniinii gdsterecek bigimde
kullanilabilir.

UYGULAMA SONRASI

231

Manyetik alan ile ayn1 dogrultuda hareket
eden yiiklii pargaciklara manyetik kuvvet
etki etmez.

Pozitif yiiklii pargacik manyetik alana
birakildiginda, pargcaciga manyetik alan
yoniinde bir manyetik kuvvet etki eder.

Ayn1 manyetik alana ayn1 hizla giren
negatif ve pozitif yiikli pargaciklara etki
eden manyetik kuvvetlerin yonii birbirine
zittir.

V hiziyla B manyetik alanina aralarindaki
ag1 180° olacak sekilde giren pozitif
yiiklii pargaciga manyetik alan yoniinde
manyetik kuvvet etki eder.

Manyetik alan igerisinde durmakta olan
yiiklii pargaciga manyetik kuvvet etki
etmez.

Ayn1 manyetik alana ayni hizla giren
negatif ve pozitif yiiklii parcaciklara etki
eden manyetik kuvvetlerin yonii aynidir.

Sag el kural1 bagparmak hizin, avug igi
manyetik kuvvetin, dért parmak manyetik
alanin yoniinii gosterecek bigimde
kullanilabilir.

Sag el kurali, bagparmak manyetik alanin,
isaret parmagi hizin, orta parmak
kuvvetin yoniinii gésterecek bigimde
kullanilabilir.

Sag el kurali avug i¢i manyetik alanin,
basparmak kuvvetin, dért parmak hizin
yoniinii gosterecek bigimde kullanilabilir.

Manyetik alana dik olarak giren yiikli
pargaciga etki eden kuvvetin yoniinii
bulabilmek i¢in sag el kuralinin nasil
olabilecegi.

Yiiklia pargacik manyetik alana, hiz
vektori ile manyetik alan vektorii
arasindaki aginin 90°, 0° ve 180°°den
farkl1 bir ag1 ile girdiginde spiral hareket

yapar.

18119 nioq

N

Yiikli pargacik manyetik alana, hiz
vektorii ile manyetik alan vektori
arasindaki aginin 90°, 0° ve 180°’den
farkli bir a¢1 ile girdiginde nasil hareket
edecegi.

Yiikla parcacik manyetik alana, hiz
vektoril ile manyetik alan vektorii
arasindaki aginin 90°, 0° ve 180°’den
farkl1 bir ag1 ile girdiginde nasil hareket
edecegi.

13119 isx3

Sekil 1. Manyetik alandaki yiiklii parcaciga etki eden kuvvetin yonii ile iliskili olarak

uygulama oncesi ve sonrasi tespit edilen kodlar

O1°de uygulama 6ncesinde dogru bilgi kategorisinde manyetik alana dik olarak giren
pozitif yiiklii pargacik i¢in tespit edilen “Sag el kurali bagparmak hizin, avug dis1t manyetik
alanin, dort parmak manyetik kuvvetin yoniinii gosterecek bigimde kullanilabilir” kodu ile
ilgili 6n gériismenin bir 6rnegi asagidaki gibidir:

Arastirmaci: Burada sayfa diizleminin igine dogru bir manyetik alan var. Manyetik
alana porzitif yiiklii bir parcacik v hiziyla giriyor su sekilde, o parcacigin nasil hareket
edecegini ¢izebilir misin?

OI: Ben séyle diisiiniiyorum hani sag el kuralina gore, hani i¢ sayfa diizleminin icine

dogru su basparmagim hizi gosteriyor bana arti yiiklii oldugu i¢in avug i¢i yukarrya bakiyor
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ve sey ee kuvvette yukari séyle oluyordu galiba manyetik alan kuvveti o yiizden soyle gider

diye diistiniiyorum.
Bu kodla ilgili olarak O1 ile yapilan son goriismenin bir 6rnegi asagidaki gibidir:

Arastirmaci: ... Iceri dogru bir manyetik alan var. Sayfa diizleminin icine dogru bir
manyetik alan var. +q yiikiinii v hiziyla manyetik alana gonderiyoruz (sol taraftan). Hareketini

bana cizebilir misin?
OI: Hareketi séyle yukartya dogru olur.
Arastirmaci: Nasil buldun bunu?

Ol: Sag el kuralina gére. Dért parmagimizi sayfa diizleminin igine dogru manyetik
alan yoniinii gosterecek sekilde, basparmagimiz hizi gosterecek sekilde, arti q yiiklii oldugu
icin de avug icine bakan taraf da manyetik alan kuvvetini gosteriyor. Yani yukariya dogru

oluyor. Ondan sonra yukari dogru hareket eder.

XK XX X x XX
& ;"' | . g -

g 4 L /
. X \ X |P( X ﬁ(\lé( LS
X X !'\__/.‘)‘(( ¥

b4 ¥, & " |- ".T.;‘E[L‘

-q

(a) (b)

Sekil 2. On gériisme (a) ve son goriisme (b) sirasinda O1’in ¢izimleri

Sag el kuraliyla ilgili O1’in verdigi temel bilgiler 6n gériismede ve son gériismede
dogruydu. Iki goriismede tespit edilen sag el kuralinin farkli olmasinin sebebi, grup
caligmalar1 sirasinda gruplarin kendilerinin bir sag el kurali belirlemeleri, bdylece grubun
ortak olarak belirledigi sag el kuralinm, O1’in daha 6nce 6grendigi sag el kuralindan farkli
olmasidir. O1’in 6n ve son goriismelerde ¢izdigi sekil 2(a) ve (b)’ye bakildiginda, +q yiikiiniin

izledigi yoriingenin son goriismede gercegi daha iyi temsil ettigi goriilmektedir.

=
— 8
.

=

Sekil 3. On goriisme sirasinda O2'nin,  manyetik alana 180°'Tik bir aciyla giren yiiklii

parg¢aciga iliskin ¢izimi
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02 ile yapilan 6n goriismede sekil 3 ¢izilmis ve arastirmaci pozitif q yiikiiniin sekildeki

gibi manyetik alanla 180° ac1 yaparak sag taraftan manyetik alana girdiginde nasil hareket
edecegini sormustur. 02, yiikiin kuvvetle karsilasacagini ve hizinin azalacagini belirtmistir.
Buradan, O2’nin V hiziyla B manyetik alanina aralarindaki ag1 180° olacak sekilde giren
pozitif yiiklii parcaciga manyetik alan yoniinde manyetik kuvvet etki edecegini diisiindiigii
tespit edilmistir. Son gorlismede ise, on goriisme ile benzer bir goriigme yapilmistir. Son
goriismede O2, yiiklii parcacigin nasil hareket edecegini bulabilmek icin sag el kuralim
kullanmaya c¢alismig, ama kullanamadigim1 fark edince manyetik alan ile ayni dogrultuda
hareket eden yiiklii parcaciklara manyetik kuvvetin etki etmeyecegi ¢ikarimini yapmis ve

qVBSina formiiliindeki a’nin 180° olmas1 yorumunu yaparak teyit etmistir.

03 ile yapilan 6n gériismede, 6gretmen adaymin manyetik alan vektoriine dik olarak
farkli yerlerden giren yiiklii pargaciklara etki eden kuvveti bulabilmek ic¢in kullandig1 sag el
kurali, bagparmak manyetik alanin, isaret parmagi hizin, orta parmak kuvvetin yoniinii
gosterecek bigimde olmustur. Sekil 4 (a) ve (b) bu tespitle ilgili olan goriismedeki ¢izimlere
ornektir. Son goriismede ise ¢esitli yerlerde kuvvetin yoniinii bulabilmek i¢in, sag el kurali
avug ici manyetik alanin, basparmak kuvvetin, dort parmak hizin yoniinii gosterecek bigimde

kullanilmustir. Sekil 5 (a) ve (b) bu tespitle ilgili olan goriismedeki gizimlere 6rnektir.

(a) (b)

x x x x X

XX %X ok oA X q.E,_T,,.—' x
(o XX X X
LS S S 4 I G S .
‘ﬂ;;}( X X % ¥
“
(a) (b)

Sekil 5. Son gériisme sirasinda O3 ’iin gizimleri
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Tartisma ve Sonug¢

Bu arastirmanin amaci, yaratici drama ile 7E modelinin biitiinlestirilerek kullanilmasinin bir
devlet tiniversitesinde 6grenim goren ve fizik 1V dersini alan 16 fizik 6gretmen adaymin
manyetik alanlar konusundaki basarilarina etkilerini belirlemektir. Veriler MAKBT ve yar1
yapilandirilmis goriismelerden elde edilmisti,. MAKBT'den c¢lde edilen bulgulara gore
Ogretmen adaylarinin son test ortalama puanlarinin 6n teste gore tiim test ve her bir alt boyut
icin arttig1 belirlenmistir. Normallestirilmis kazanim degerlerine gore, 6gretmen adaylarinin
ogrenme ciktilarindaki gelisimin orta diizeyde oldugu tespit edilmistir. Yapilan goriismelerde
ogrencilerin baslangigta verdikleri hatali ve eksik bilgilerin hemen hemen tamaminin dogru
bilgilerle degistirildigi tespit edilmistir. Bu nedenlerle yaratici drama ile 7E modelinin
biitiinlestirilerek kullaniminin 6gretmen adaylarinin genel basarilarini arttirdigi sonucuna

varilabilir.

Basar1 testinde yer alan sorular dogru cevap yiizdesi acisindan tek tek incelendiginde
son testte ikisi harig tiim sorularda dogru cevap yiizdesinin arttig1 goriilmiistiir. Ilave olarak,
son testte dogru cevap yiizdeleri bes soru haricinde %50 veya %50’nin iizerindeydi. Bu
bulgulardan yola ¢ikilarak, dogru cevap yiizdelerinin son-testte artmadig: sorular ile %50’ nin
altinda kaldig1 sorular (toplam alti soru) ayrintili olarak incelenmistir. Bu sorulardan biri,
ylizdelerin On test ve son testte ayni kaldigi bir sorudur. Bu soruda, son testte dgretmen
adaylarin yarist dogru cevap olan c segenegini isaretlemisler, diger yarist ise sorudaki
“kesinlikle” 1ifadesini karsilamayan yani her kosulda dogru olmayan b secenegini
isaretlemislerdir. Bu soruda b sikkini isaretleyen 6gretmen adaylarinda 6nemli bir dikkatsizlik
oldugu diisiiniilmiistiir. Ogretmen adaylar1 bu segenegi okuduktan sonra soruyu (c) se¢enegini
okumadan cevaplamis olabilirler. (b) ve (c) siklar1 yer degistirse bu soruya dogru cevap veren
Ogretmen adaylarinin sayisinin daha fazla olacagi disiinilmektedir. Diger bes sorudan
dordiine verilen yanlis cevaplar incelendiginde, tiim O6gretmen adaylarinin miknatisin bir
maddeyi ¢cekmesinin sebebinin miknatisa manyetik alandan dolay1 bir manyetik kuvvet etki
etmesi oldugunu bildikleri goriilmiistiir. Ancak bu bilgilere ek olarak bazi Ogretmen
adaylarinin miknatis ve maddenin zit yiiklere sahip oldugunu, bazilarinin miknatisin
olusturdugu elektriksel alandan dolay1 elektriksel kuvvet etki ettigini diistindiikleri, bazilarinin
ise miknatisin bir kutbunun pozitif diger kutbunun negatif yiiklii oldugunu diistindiikleri
goriilmiistiir. Ilave olarak, dgretmen adaylarindan bazilarinin manyetik alanin siirekli
olmadigin diisiindiikleri bazilarinin da bu konuda kafalarinin karisik oldugu tespit edilmistir.

Bu hatali bilgilerin ¢cogu elektrik alan konusu ile ilgili oldugundan, baz1 6gretmen adaylarinda
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daha onceki derslerde veya daha Onceki egitim kademelerinde bu konunun islenmesi

stirecinde olugmus olabilir. Hatta 6gretmen adaylari, birbirleriyle etkilesimleri ve tartismalari
sirasinda birbirlerinden etkilenmis ve bunun sonucunda bazilari elektrik alanlari konusu
hakkinda hatali bilgiler 6§renmis olabilirler. Bu sonug, 6grencilerin bir 6grenme ortamina

eksik, hatali veya yanl fikirlerle ulasabileceklerinin bir gostergesi olarak yorumlanabilir

(Stepans, 2006).

Alanyazinda bazi 6grencilerin miknatisin kutuplarinin yiiklii olduguna dair hatal
bilgilere/zihinsel modellere sahip olduklarmin yer aldig1 (Dinger, 2018; Sederberg, Latvala,
Lindell, Bryan ve Viiri, 2010) ¢alismalar bulunmaktadir. Ayrica, Guisasola, Almudi ve
Zubimendi (2004), ¢ogu 6grencinin elektrik ve manyetik alanlari karistiran bir elektrik analoji
modeli kullandigina dikkat ¢ekmistir. Benzer sekilde, Dinger (2018) calismasinda bazi
ogrencilerin elektrik alan ile manyetik alani i¢ ige gegirdiklerini tespit etmistir. Bu bulgular,
bu ii¢ soruda d6gretmen adaylarinda tespit edilen sorunlarin, elektrik alan ve manyetik alan ile
ilgili olan bu kafa karisikligindan kaynaklanabilecegi diisiincesini akla getirmektedir. Bu
nedenle, egitimin tasarlanmasi siirecinde Oncelikle dgrencilerin elektrik alan hakkindaki 6n
bilgilerinin belirlenmesi ve elektrik alan ile manyetik alan kavramini karistirma ihtimalleri
g6z Oniinde bulundurularak gerekli dnlemlerin alinmasi 6nemlidir. Geriye kalan bir soruya
verilen yanlis cevaplar incelendiginde, T=2nm/qB formiiliinii hatirlamadiklar1 ya da yanlis
hatirladiklar1 goriilmiistiir. T formiilii ile ilgili etkinlikler, ders plam1 2’de yaratici drama
etkinliklerinin yer almadigi genisletme asamasinda yer almaktadir. Iliskilendirme
asamasindaki yaratici drama etkinliklerinde, daha ¢ok F=qvbSina ve r=mv/qB formiillerine
yer verilmistir (dogaglama siireclerindeki hareket yoriingelerini belirlemek igin 6grenciler bu
formiillerden yararlanarak ¢ikarimlarda bulunmuslardir). Bagari testinde F ve r formiillerinin
sorgulandig1 sorularda son test yiizdelerinin yiiksek oldugu, fakat T formiiliiniin sorgulandig:
soruda diislik oldugu tespit edildiginden, yaratic1 drama etkinlikleri siire¢lerinde formdiillerin
kullanilmasmin 6gretmen adaylariin formiilleri 6grenmelerine katkilarinin olabilecegi
cikarimi yapilabilir. Alanyazinda, yaratict dramanin fen konularinda formiil 6gretimi
lizerindeki etkisini inceleyen herhangi bir ¢aligmaya rastlanmamistir. Bu nedenle bu
calismada yapilan c¢ikarimin degerli olabilecegi diisliniilmektedir. Alanyazinda yaratici
dramanin 6grenci basarisi lizerinde olumlu etkilerinin oldugunun belirlendigi ve veri toplama
araglarina erisebilen baz1 ¢alismalar bulunmaktadir (Copur, 2014; Durusoy, 2012). Bu
caligmalarda veri toplama araglarinin formiil kullanimini gerektiren sorular igerdigi tespit

edilmistir. Bu ¢alismalarda yaratict dramanin formiil 6gretimine etkisine iligkin herhangi bir
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bulgu bulunmasa da, ¢alismalarin yaratici dramanin fen konularinda formiil 6gretimine katki

saglayabilecegi ¢cikarimini destekledigi sOylenebilir.

MAKBT nin ii¢ alt boyutunu temsil eden yon bulma gerektiren sorular, kavramsal
sorular, bagint1 kullanmay1 gerektiren sorular i¢in elde edilen bulgular degerlendirildiginde,
Ogretmen adaylarimin 6grenme c¢iktilarindaki gelismenin en fazla yon bulma gerektiren
sorularda oldugu goriilmiistiir. Ayrica yukarida tartisilan alti sorunun higbiri yon bulmay1
gerektiren sorular alt boyutunda yer almamaktadir. Bunun nedenini anlamak i¢in etkinlikler
degerlendirildiginde, yaratic1 drama etkinliklerinin manyetik kuvvetin yoniinii bulmak i¢in
saglam bir temel olusturabilecegi sonucuna varilmistir. Ders Plam1 2'de 6grenciler, 7E
modelinin 6nceki asamalarinda 6grendikleri sag el kuralini hatirlamaya ve tekrar tekrar
kullanmaya tesvik edilmistir. Bu dogrultuda, Ogretmen adaylari manyetik kuvvetin
biiytikliigiiniin bagh oldugu degiskenleri hatirlamaya ve yiiklii par¢acigin manyetik alandaki
yorlingesini belirlemeye yardimci olacak etkinliklere katilmislardir. Yiklii parcaciklarin
hareketini anlamak i¢in kendilerini manyetik alandaki yiiklii parcaciklarin yerine koyan
Ogretmen adaylarinin, siirece birebir katilarak zihinlerini siirekli aktif kullanmalarini
gerektiren benzer canlandirmalar tekrar tekrar yapmalari, arkadaslarini gozlemlemeleri,
hatalarinin farkina vararak diizeltmeleri ve aktif bir sekilde katilim saglamalar1 gerekliligi
oldugu goriilmiistiir. Ayrica uygulama sirasinda siirekli iletisim halinde kalabilmek i¢in
zaman zaman Ogretmenleriyle ve kendi aralarinda tartismislardir. Sarigayir (2010),
ogrencilerin drama stireclerine birbirlerinin hatalarini diizelterek aktif olarak katildiklarini ve
dramanin en 6nemli faydalarindan birinin 6grencilerin birbirleriyle tartismalarini tesvik etmek
oldugunu belirtmistir. Pantidos ve digerleri (2001) yaratici dramanin fizigi daha anlasilir ve
tanidik hale getirdigini belirtmislerdir. Yaratici dramanin soyut fikirleri agiklamaya/anlamaya
yardimct olabilecegi (Abed, 2016; Braund, 1999; Zimba ve Simpemba, 2019) diisiiniildiigiinde,
yaratici drama siirecinin 6gretmen adaylarinin manyetik alanlar konusundaki soyut kavramlari
aciklamalarina destek saglamis olabilece§i sonucuna varilabilir. Son donemlerde Cents-
Boonstra ve digerleri (2020) tarafindan gergeklestirilen arastirmada, drama, miizik ve goérsel
sanatlar1 iceren derslerde sadece Ogrencilerin oldukg¢a ilgili oldugu degil ayni zamanda
ogretmenlerin de olduk¢a motive olduklari tespit edilmistir. Ayrica, yaratict dramanin
ogrencilerin motivasyonunu arttirdigini vurgulayan caligmalar (Abed, 2016; Batdi, 2020;
Odegaard, 2003) dikkate alindiginda, Siireglere eglenerek katilmalarini saglayan etkinliklere
yer verilmesinin, 6gretmen adaylarinin yaratic1 drama siireglerinde motivasyonlarini artirmis

olabilecegi sonucuna varilabilir. Nitekim ¢esitli arastirmalar Ogrencilerin yaratici drama
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stire¢lerinde eglendiklerini dogrulamaktadir (6rnegin, Paksu ve Ubuz, 2009; Zimba ve

Simpemba, 2019).

Alanyazinda yaratict drama ile 7E modelinin biitiinlesik olarak kullanilmasinin
basartya etkilerini belirlemeye yonelik gerceklestirilen bir arastirmaya ulasilamamistir.
Ancak, ayr1 ayr1 olarak 7E modelinin ve yaratict dramanin fizik konularmin 6gretiminde
basariya etkilerini belirlemeye yonelik gerceklestirilen ¢alismalar mevcuttur ve ¢aligmalarin
sonugclar1 genel olarak bu ¢alismada elde edilen sonuglarla tutarlidir. Ornegin 7E modelinin
etkililigine yonelik olarak; elektrik devreleri (Demirezen ve Yagbasan, 2013), kuvvet ve
hareket (Kanli ve Yagbasan, 2008), de Broglie madde dalgalar1 (Baybars ve Kiigiikozer,
2018), elektromanyetizma (Turgut ve digerleri, 2016), durgun akiskan kavrami (Miadi ve
digerleri, 2018) ve mekanik dalgalar (Warliani ve digerleri, 2017) konularinda yapilan
calismalar, 7E modelinin fizik konularmin O6gretiminde etkili bir yontem oldugunu
gostermistir. Elektrik (Braund, 1999), ses fizigi ve giines enerjisi (Hendrix ve digerleri, 2012),
kuvvet ve hareket (Kilingaslan ve Simsek, 2015) konularinda yapilan ¢aligmalar, yaratici
dramanin 6grencilerin basarilarini artirmada etkili bir yontem oldugunu gostermistir. Bu
caligmalardan farkli olarak, altinct sinif 6grencileri ile 'aynalar ve kullanimlari' konusunda
gerceklestirilen bir arastirmada 5E modelinin yaratict drama ile beraber kullanilmasinin
ogrencilerin basarilarini olumlu etkiledigi tespit edilmistir (Ayvaci ve Yilmaz, 2009). Bu
kombinasyon 6gretim i¢in kullanildiginda 6grencilerin konuyu giinliik yasamla iliskilendirme
diizeyleri yiikselmistir. Ayvaci ve Yilmaz'in (2009) 5E modeli temelli ¢aligmasinin bulgulari
bu ¢alismanin bulgulari ile uyumludur. Ayrica yaratici dramanin etkinlik temelli 6gretim
(Timothy ve Apata, 2014) ve Jigsaw II teknigi (Demir, 2012) ile birlikte kullanildigi

caligmalarda da benzer sonuclara ulagilmistir.

Sonug olarak, 7E modelinin yukarida tartisilan hususlar dikkate alinarak yaratici
drama ile birlikle tasarlanmasini igeren kullanimin, 6gretmen adaylarmin manyetik alanlar

konusundaki basarilarini artirmada 6nemli katkilar saglayabilecegi sonucuna varilabilir.
Oneriler

Bu arastirmada, 7E modelinin yaratic1 drama ile biitiinlestirildiginde tiniversite diizeyindeki
Ogrencilerin genel basarilarini arttirdig: tespit edilmistir. Bu nedenle, bu ¢alismanin tartigma
boliimiinde vurgulanan sorunlara yonelik onlemler alinarak benzer yontemler diger lisans
derslerinde kullanilabilir. Bu ¢alisma, 6grencilerin mevcut bilgilerinin belirlenmesinin sadece
ogretilecek konu icin degil, ilgili diger konular i¢in de nemini ortaya koymustur. Bu nedenle,

egitimcilerin 6grencilerin 6n bilgilerini belirleme siirecinde bu sonucu dikkate almalari
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onerilir. Bu calisma, yon bulmayr gerektiren sorulara verilen basarili cevaplardan yola

cikarak, yaratict dramanin katkilarini ortaya koymustur. Manyetik alan, elektrik alan, kuvvet,
hiz gibi soyut kavramlara iliskin yonler 6gretilirken yaratici dramanin 6grencilerin ti¢ boyutlu
diisiinmelerini saglayabilecegi diisiiniilmektedir. Bu nedenle, ¢esitli soyut kavramlara iliskin
yonler 6gretilirken yaratici dramanin kullanilacagi yeni arastirmalar yapilabilir. Son olarak,
bu aragtirmada yaratict dramanin fen konularinda formiil 6gretimine katki saglayabilecegi

cikarimi yapildigindan, bu yonde yeni ¢alismalar yapilabilir.

Etik Kurul izin Bilgisi: Bu makale birinci yazarin ikinci yazar danismanhiginda hazirladigi
“7E ve yaratict drama destekli 7E modellerinin fizik 6gretmen adaylarinin manyetik alan

konusunda basart ve tutumlarina etkileri” isimli tez ¢alismasindan tiretilmistir (Tez No:

328844).
Yazar Cikar Catismasi Bilgisi: Yazarlar ¢ikar catismasi olmadigini beyan etmektedir.

Yazar Katkasi: Tiim bomliimlerde her iki yazarin da katkilari bulunmaktadir.
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Appendix

Ders Plam 2

Konu: Manyetik Alanlar; Siire: 5x50 dakika

Kazamimlar: Yiiklii par¢aciklanin, manyetik alandaki hareketi ile ilgili olarak dgrenciler;

(1) Yiiklii pargaciklara, manyetik alanda etki eden manyetik kuvvetin nelere bagh oldugunu agiklar.

(2) Yiiklii par¢aciklara, manyetik alanda etki eden manyetik kuvvetin yoniinii bulabilmek i¢in sag el kuralimi1 kullanir.

(3) Yiiklii pargaciklarn, manyetik alandaki hareketini agiklar.

Ogrenme—6gretme siireci

Guplama: Dersin baginda grenciler dort gruba ayrilir. Gruplar, 6gretmen tarafndan 6grencilerin bireysel 6zellikleri dikkate
almarak ve heterojen bir sekilde olugturulur. Ardindan, her grup farkh bir masaya yerlestirilir ve 'merak uyandirma’
agamasi baglar.

7E modelinin ‘merak uyandirma’ asamast

Gokyliziindeki 1g1malarn goriilebildigi bolgelerde gekilden fotograflar powerpoint sunumu olarak gosterilir. Ardindan,
dgrencilere bu fotograflarm ortak noktalarmin ne oldugu, konumuzla nasil bir iligkisinin oldugu sorulur. Daha sonra,
Diinya'nin kutuplarina yakin bir bolgede ¢ekilmis olan, gokyiiziindeki isimalarin net olarak goriilebildigi yaklagik bir
dakikalik bir video beyaz ekrana yansitilir. Ogrenciler videoyu izler ve yorum yapar. Ardindan dgrencilere bu 1simalarmn
manyetik alanla nasil bir iligkisi olabilecegi sorulur. Ogrencilerin cevaplan dinlenir ve bu 1gimalarin temelinde manyetik
alandaki yiiklii pargaciklara manyetik kuvvet etki etmesinin oldugu soylenir. Ardindan, 6grencilere yiiklii pargaciklara etki
eden manyetik kuvvet ile ilgili sorular sorulur, cevaplarin ardindan 'kesfetme' agamasina gegilir.

7E modelinin ‘kesfetme’ asamast

Ogrencilerle manyetik alandaki yiiklii parcaciklara etki eden manyetik kuvvetin nelere bagl olabilecegini tartigmak igin
katot 1511 tiipiinii igeren bir deney gergeklestirilir. Her grubun masasina dort simiilasyonun yiiklendigi bir bilgisayar
kurulmug olmalidir. Manyetik alanda hareket eden yiiklii pargaciklara etki eden manyetik kuvveti aragtirmak igin ii¢
simiilasyonun (simiilasyon 1, 2 ve 3; similasyonlar interactive physics programu kullamlarak bu ¢alisma kapsaminda
hazirlanmugtir) kullamlacagi sdylenir. Bu simiilasyonlar beyaz ekrana yansitilir ve agiklanir. Simiilasyon 1, yiikli
pargacifin hiz vektorli manyetik alan vektoriine daima dik olacak sekilde yapilandinlmstir. Manyetik alanin yonii
ekrandan iceriye dogrudur. Ayrica bu simiilasyon, pargaciin manyetik alana girdiginde egrisel hareket yapmasina izin
verecek, ancak dairesel hareketini tamamlamasmna izin vermeyecek sekilde tasarlanmistir. Simiilasyon 2, manyetik alanin
ekrandan digar1 dogru olmasi disinda temelde simiilasyon 1 ile aymdir. Bu iki simiilasyonda &grenciler manyetik alanin
biiylikligiini, pargacifin manyetik alana girme yoniinii, pargacigm lmzimi ve pargacifm yiikiiniin isaretini ve bityiikligiini
degistirebilirler. Ayrica manyetik kuvvetin degerini de hesaplayabilirler. Simiilasyon 3, ilk iki simiilasyon ile aym mantifa
sahiptir. Ancak, bu simiilasyonda iki par¢acik vardir. Parcaciklardan birinin hiz vektorii manyetik alan vektéri ile aym
yonde, digerinin ise zit yondedir. Her gruba bir ¢alisma yapragi (¢alisma yaprag 1) verilir. Caligma yaprag 1, 6grencilerin
F=qvBSino. formiiliine ulagabilmeleri igin hazirlanmustir. Ogrencilerden grup calismasi yapmalar ve simiilasyonlan
kullanarak ¢aligma yaprag 1'i doldurmalar istenir. Ogretmen gruplar1 dolagarak siireci ydnlendirir ve gerektiginde sorular
sorarak onerilerde bulunur. Bu asamada 6grenciler, simiilasyonlari kullanarak sag el kurahm ve manyetik kuvvetin nelere
bagli oldugunu kesfederler.

7E modelinin ‘actkiama’ asamasi

Ogretmen gahisma yaprag: 1 iizerinden sorular sorar ve gruplardan kesifettiklerini sebepleriyle beraber agiklamalarim ister.
Bu agiklamalar sirasinda dgretmen gerektiginde tartismay: yonlendirir.

7E modelinin ‘genisletme’ asamasi

Her gruba ¢alisma yaprag 2 verilir. Tiim 0grencilerden grup galismasi yaparak ¢alisma yapragi 2°yi doldurmalari, ardindan
goniillii 6grencilerden galigma yaprag: 2°deki sorulan tahtada gozmeleri istenir. Caligma yaprag: 2, simiilasyonlardan farkh
dmekler igermektedir. Bu asamada Sgrenciler 'kesfetme' asamasinda kesfettiklerini farkli dmmeklerde kullanirlar. Bu
noktaya kadar, tiim faaliyetler yiiklii parcacik {izerine etkiyen manyetik kuvvetin yonii ve biiyiikliigiine odaklanmustir.
Buradan sonra, yiiklii pargacigin manyetik alandaki hareketinin tartisilacagi ¢esitli etkinlikler gergeklestirilir ( r=mv/gB;
T=2rm/qB; simiilasyon 4, ¢alisma vaprag1 3, simiilasyon 5; Van Allen kusaklari).

7E modelinin ‘iligkilendirme’ agamasi

Yaratict Dramanmin "Hazirlik-Isinma’ Asamast: Miizikli Issnma Etkinligi

Ogrencilerden, sinifta galan miizik esliginde yiiriimeleri (isterlerse dans edebilirler) ve yiiriirken birbirlerine garpmamaya
ozen gostermeleri istenir. Ofretmen ogrencilere eslik eder ve yénergeler vererek siirecin asagida agiklandifn gibi
ilerlemesini saglar. Ogrenciler 6gretmenin talimatlarma uyarak énce hizh adimlarla yiiriirler, daha hizh adimlarla yiiriimeye
devam ederler, daha sonra daha yavag adimlarla yiiriitler. Miizik ¢aldif1 siirece istedikleri yonde, istedikleri siiratle,
istedikleri hareketi yaparak yiiriirler. Siirecte miizik, ¢esitli araliklarla durdurulur ve yaklagik 10-15s kadar durgun halde
kalir. Miizik her durdugunda, 10-15s’lik zaman diliminde 6grenciler asagidaki hareketleri yaparlar:

Duraklama 1: Miizik durdugunda her 6grenci hareketlerini degistirir. Ornegin, dgrenciler isterlerse hizlarm degistirebilir,
yon degistirebilir veya durabilirler. Kisacasi, istediklerini yapabilirler. Burada 6nemli olan degisiklik yapmalarnidir. Miizik
baslayinca tekrar istedikleri gibi dzgiirce yiiriiyebilirler. Duraklama 2: Miizik durdugunda &grenciler durur ve ters yone
dogru yiirtirler. Miizik basladifinda tekrar Gzgiirce yiiriiyebilirler. Duraklama 3: Miizik durdugunda Ggrenciler aniden
pozitif yiike doniigtiikklerini ve tavandan zemine dogru sabit bir manyetik alana girdiklerini varsayarlar. Boylece, miizik
durduruldugunda, sabit bir manyetik alana v lmziyla giren pozitif bir yiik olduklar: i¢in manyetik bir kuvvetin kendilerine
etki edecegini bilirler. O anda hareketlerinin yoniine gore kendilerine etki edecek manyetik kuvvetin yoniinii belirlerler,
nasil hareket edeceklerini diigliniirler ve miizik durdugunda hareketlerini yaparlar. Burada 6§retmen adaylarindan sag el
kuralmi kullanarak yén belirlemeleri ve bulduklar1 ydnle tutarli bir gekilde hareket etmeleri beklenmektedir. Son
duraklamanm ardindan birkag¢ 6grencinin hareketi tartigilir. Hangi dogrultuda gittikleri, neden o dogrultuda gittikleri gibi
sorular sorularak ogrencilerden sag el kuralim hatirlamalar: istenir.
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Yaratict Dramanin ‘Canlandirma’ Asamasi: Hiz Secicinin Canlandirilmasi Etkinligi

Simiftaki siralar odanm kenarmna gekilerek rahat bir sekilde gahsabilecek kadar genig bir alan yaratilir. Ogrencilere roller

verilir ve canlandirmalar ii¢ agamada gergeklestirilir. Birinci agamamin temelinde sadece elekiriksel alamn oldugu bir

bélgeye giren parcaciklarin hareketleri, ikinci agamanin temelinde sadece manyetik alanin oldugu bir bdlgeye giren

pargaciklarin hareketleri, ligiincii asamanin temelinde ise elektriksel ve manyetik alamn ayni anda oldugu bir bélgeye giren
.................. pargaciklarin hareketleri (yani liz segici) yer almaktadir.

v E  Asama 1: Sadece elektriksel alamn oldugu duwrum. Roller, iki dgrenci +q yiikil, iki 6grenci -q yiikii,
bir @renci notr yiik, geriye kalan dgrencilerin yaris1 pozitif yiiklii plaka, diger yansi ise negatif yiikld
plaka olacak sekilde kagitlara yazilir. Bu kagitlar kansgtinlir ve dgrencilerden birer kagit segmeleri
istenir. Boylece her dgrencinin bir rolii olmas: saglanir. Pozitif yiiklii plakay: temsil eden 6grenciler
ile negatif yiiklii plakay: temsil eden 6grenciler karsilikli olarak aralarinda yaklagik 1m mesafe olacak sekilde dizilirler.
Diger bes dgrenci de plakalann arasinda kalan alamin disinda beklerler. Ogrencilere gesitli sorular (levhalar arasindaki
elektriksel alaninin yonii nedir?, pozitif yiik levhalar arasina girdiginde bir kuvvet etki eder mi? vb.) yoneltilir. Tarismanin
ardindan +q yilikiinii canlandiracak olan &grencilerden biri, v lziyla levhalarin arasina girerek hareketi canlandirir.
Ardindan sirayla, +q yiikiinii canlandiracak olan diger dgrenci 2v hizi ile, -q yiikiinii canlandiracak olan égrencilerden biri v
iz ile, digeri 2v iz ile, nétr yikkii canlandiracak olan 6grenci herhangi bir hiz ile levhalar arasma girerek hareketi
canlandirir. Bu siiregte, 6grenciler canlandirmalar arasinda yénler ve mesafelerle ilgili olarak, énceki derslerde 6grendikleri
formiillerden yararlanarak yorumlar yaparlar. Ogrencilerin yorumlan eksik veya yanls oldugunda, yonlendirici sorular

sorularak dogru agiklamalar yapihr ve canlandirmalar agiklamalara uygun olacak sekilde

#or e nn o gergeklestirilir.

wat YUY Nt dcama 2: Sadece manyetik alanin oldugu durum. Dersten nce, kagidin tamanmuni kaplayacak sekilde
#o8 s x5 15 adet fotokopi kagidinm iizeri gizilir. Yani A4 beyaz kaftlara tiim boyutu kaplayacak kadar biiyik
=010 ox s oo ye koyu renkli bir ¢arpn igareti gizilir. Ogrencilere alanda artik yiiklii levhalarin olmadig1, ancak bir

manyetik alanin oldugu sdylenir ve garp: igareti yukarida kalacak sekilde fotokopi kagitlar1 yere dagitilir. Carpr isaretlerinin
manyetik alanin ySniinii gosterdigi sdylenir. Asama 1'e benzer bir siire¢ bu agamada da tekrarlanir. Yani manyetik alana
giren yiiklii pargaciklarin izleyecegi yoriingeler gegitli durumlar (farkl lzlar, farkl yiikler vb.) igin

.................. canlandirilir.
”‘ tERr YR L Asama 3: Elektriksel ve manyetik alamn aym anda oldugu durum. Bu asamada yerdeki garpi
wet ¢ 111 5 s igaretleri kaldinlmaz, ilave olarak agamal'deki gibi yiikli levhalar 6grenciler tarafindan tekrar

olusturulur. Boylece bilgede hem manyetik alarin hem de elektriksel alanin aym anda oldugu
durumda canlandirmalar yapilacag soylenir (huz segicinin canlandirnlmasi). +q yiikiini canlandiran
dgrencilerden birine, canlandirmay: gerceklegtirmeden 6nce sorular sorularak (+q yiikii hem elektriksel hem de manyetik
alanin oldugu bélgeye girdiginde, yiike hangi kuvvetler etki eder?, kuvvetlerin yonleri nasildir?, yiik hangi tarafa dogru
hareket eder vb.) tartigma ortamm yaratihir. Tartigmanin ardindan +q yiikiinii canlandiracak olan dgrencilerden biri v iz ile
bolgeye girerek hareketi canlandinr. Ardindan swrayla, +q yiikiinii canlandiracak olan diger dgrenci, -q yikiini
canlandiracak olan iki dgrenci ve notr yiikii canlandiracak olan 6grenci belirledikleri hareketleri canlandirirlar. Daha sonra
canlandirmalar (+q yiiklii pargaci@in alana 2v hiziyla girmesi, -2q yiiklii pargacigin alana v liziyla girmesi vb.) farkl roller
icin tekrarlamr. Etkinlikler sirasinda dgrencilerin rolleri zaman zaman degistirilir. Bu siiregte 6grenciler, hareketlerin egrilik
yarigaplan ve yonleri ile ilgili olarak, 6nceki derslerde 6grendikleri formiillerden yararlanarak yorumlar yaparlar. Ayrica
ogrenciler birbirleriyle tartiyma yoluyla iletigim kurarlar. Gerektiginde tahtaya sekiller gizilerek tartigmalar yapilr.
Ogrencilerin yorumlan eksik veya yanhs oldugunda dogru agiklamalar yapilir ve agiklamalar dogrultusunda dogaglamalar

yapilir.

Hiz secicinin dahil oldugu kiitle spektrometresinin gekli beyaz ekrana yansitilir ve kiitle spektrometresi hakkinda bilgi
verilir.

I X X I 1 X X X

7E modelinin ‘fikir aligverigi-paylasma’ asamasi

Yaratici Dramanin ‘Degerlendirme-Tartisma’ Agamast. Gazete Haberi Hazirlama Etkinligi

Ogrenciler dort gruba ayrilir. Her gruba birer adet A4 kagdh verilir ve manyetik alan iginde hareket eden yiiklii pargaciklar
ile ilgili giincel teknolojik uygulama kapsayan bir gazete haberi hazirlamalar istenir (8grencilerden bir énceki dersin
sonunda manyetik alanda hareket eden yiiklii parcaciklar ile ilgili giincel uygulamalan aragtirmalari istenmistir). Daha
sonra hazirlanan haberler sirayla grup iiyeleri tarafindan sesli olarak okunur.

7E modelinin ‘degerlendirme’ asamasi

Tiim Sgrencilere degerlendirme &lgedi verilir. Ogrencilerden sorular bireysel olarak yamtlamalar1 istenir ve &lgefi
doldurduktan sonra sorular tahtada 6grenciler tarafindan ¢oziiliir. Degerlendirme &lgegi, ders planinin kazammlarina iligkin
sorular igermektedir. Onemli noktalar gerektiginde ogretmen tarafindan vurgulanir. Béylece dgrenciler kendilerini,
dgretmen de dgrencileri degerlendirir.



